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Summary

fibronecYinp ro te in  isoforms have severa l fu n c t io n s  in  the  
body and p lay  a v i t a l  ro le  in m a in ta in in g  th e  in t e g r i t y  
o f  human p la c e n ta . The m u lt i fu n c t io n a l  p ro p e r t ie s  o f  FN 
may have been mediated by the  a b i l i t y  o f  FN isoforms to  
bind to  c e l l s  and o th e r  e x t r a c e l l u l a r  m a tr ix  components 
such as co llag en s  and f i b r i n .  These and o th e r  fu n c t io n a l  
p ro p e r t ie s  which have been assigned to  FN are  thought to  
have been made po s s ib le  by the  e x is te n c e  o f  m u l t ip le  FN 
isoform s.

In  o rder to  in v e s t ig a te  the  presence o f  m u l t ip le  FN 
i s o f o r m s ,  human p l a c e n t a l  FN was i n v e s t i g a t e d  a t  
m olecular and p ro te in  l e v e l .  At the  m olecu lar le v e l  a 
p l a c e n t a l  cDNA l i b r a r y  was s c r e e n e d  by m o l e c u l a r  
p r o b i n g .  A t  t h e  p r o t e i n  l e v e l  t h r e e  m o n o c lo n a l  
a n t ib o d ie s  ( McAbs) were used in  im m u n o h is to lo g ic a l  
s tu d ie s .

Screening a cDNA l i b r a r y  from the c h o r io n ic  p la te  
o f a human p la c e n ta  re s u lte d  in  the  is o la t io n  o f  severa l  
clones o f  which two were analysed f u r t h e r .  Both clones  
extended tow ard th e  re g io n s  o f  a l t e r n a t i v e  s p l i c i n g  
( e . g .  ED-1 and I I I C S ) .  Both r e g io n s  o f  a l t e r n a t i v e  
s p l i c i n g  were p re s e n t  in  one o f  th e  c lo n e s  ( HCF24) ,  
w h i ls t  in  the second clone (HCF17), both regions were 
absent.

Exclusion or in c lu s io n  o f  these regions has not y e t  
been r e p o r t e d  and may a c c o u n t  f o r  some o f  t h e  

v a r a i b i 1 i t i e s  se en  a t  t h e  p r o t e i n  l e v e l  in  human 
p la c e n ta .



Im m unohistological s tu d ie s  were a ls o  c a r r ie d  out to  
in v e s t ig a te  the  p a t te rn  o f  a l t e r n a t iv e  s p l ic in g  a t  the  
p ro te in  le v e l .  The r e s u l ts  were not as c le a r  cu t as the  
cDNA f in d in g s .  Th is  may have been caused by the  na ture  
o f  th e  w ork, o r  p o s s ib ly  by d i f f e r e n t i a l  l e v e l  o f  

a l t e r n a t iv e  s p l ic in g  in  d i f f e r e n t  p la c e n ta e .

As p a r t  o f  a team organized by the  WHO to  is o la t e  
and c h a ra c te r iz e  t ro p h o b la s t  c e l l - s u r f a c e  d e term inan ts ,  
our group was asked to  prov ide  research and e x p e r t is e  a t  
the  m olecular le v e l .  The second p a r t  o f  t h is  work was 
t h e r e f o r e  concerned w ith  i n v e s t i g a t i n g  to w a rd  t h a t  
o b je c t iv e .

Our aim was to  i d e n t i f y  p l a c e n t a l  s p e c i f i c  cDNA 
c lo n e (s )  which could be expressed as membrane p ro te in s .  
The expressed p ro te in s  could be id e n t i f i e d  by a number 
o f  monoclonal a n t ib o d ie s  (McAbs) provided to  us by o th e r  
members o f  the above team. The obvious choice was to  use 
a m am m alian e x p r e s s io n  s y s te m  w h ic h  a l l o w s  t h e  
e x p r e s s i o n  o f  t h e  s u r f a c e  d e t e r m i n a n t s  as n a t i v e  
p ro te in s ,  and a ls o  a llow s  the proper p o s t - t r a n s la t io n a l  
m o d if ic a t io n  to  ta ke  p la c e . The plasmid based expression  
system o f  CDM8  which uses a mammalian host c e l l  (COS) 
developed by Seed and coll&Xgues ( 1 9 8 7 ) ,  seemed most 
a t t r a c t i v e  s in ce  i t  had p re v io u s ly  been successfu l in  
the  is o la t io n  o f  severa l c e l l  su rface  de te rm in an ts . The 
cDNA clone coding f o r  a c e l l  s u rface  de term inan t would 
be ab le  to  express the  de term inan t a f t e r  t r a n s fe c t io n  
in to  COS c e l l s .  However, the COS system d id  not lead to  
any is o la t io n  o f  tro p h o b la s t  s p e c i f ic  c lo ne .

Lack o f  progress w ith  the  COS expression system  
m ean t t h a t  o t h e r  m eth od s  o f  a p p ro a c h  had t o  be 
in v e s t ig a t e d .  One such ap proach  was t o  a m p l i f y  DNA 
sequences by PCR or to  use a n o th e r  e x p r e s s io n  system  
such as lambda g t 1 1 .



i v

PCR approach d id  n o t a m p l i f y  th e  FD0161G c lo n e .  
The main co m p lica tio n  is  thought to  have been caused 
by the  Cys /H is  d i f fe r e n c e  in  the  amino ac id  sequence o f  

th e  FD0161G a n tig e n . The 3 ’ end o f  the upstream prim er  
was designed to  be complementary in  p a r t  to  the  codons 
f o r  c y s te in e  (based on th e  p a r t i a l  amino ac id  sequence 
o f  FD0161G reco gn ised  p o l y p e p t i d e s ) ,  b u t  l a t e r  t h i s  
re s id u e  was found to  be h i s t i d i n e  (C h a p te r  7 ) .  T h is  
codon d i f fe r e n c e  would be enough to  d e - s t a b i l i z e  th e  3 ’ 
end o f  the  upstream prim er and may account f o r  lack  o f  
s p e c i f ic  PCR product.

The lambda expression system could on ly  be used f o r  
FD0161G reco g n ised  a n t ig e n  when p o ly c lo n a l  a n t ib o d y  

a g a in s t  FD0161G an tig en  became a v a i la b le .

U s in g  lam bd a g t 1 1 cDNA l i b r a r y  a n o n - s u r f a c e  
p r o t e i n  was i s o l a t e d  by u s in g  FD0161G p o l y c l o n a l  

a n t ib o d y ,  however, t h i s  c o u ld  n o t  be re p e a te d  u s in g  
o th e r  Abs as no p o ly c lo n a l  Abs w ere a v a i l a b l e  f o r  
is o la t in g  o th e r  determ inants (GB17, GB25, and GB24). DNA 
sequencing and in s i t u  h y b r id is a t io n  in d ic a te d  t h a t  the  
FD0161G is o la te d  clone codes f o r  3 b e ta -h yd ro xy -5 -e n e  
s te r o id  dehydrogenase, HSD. Immunofluorescence s ta in in g  
o f COS c e l l s  t ra n s fe c te d  w ith  th e  HSD clone showed t h a t  
acetone f ix e d  c e l l s  s ta in e d  w ith  FD0161G, w h ile  v ia b le  
COS c e l l s  from  th e  same e x p e r im e n t  d id  n o t .  These  
f in d in g s  suggest t h a t  the HSD might not be p resen t in  
the  c e l l  membrane. The p o s i t iv e  s ta in in g  o f  f ix e d  c e l l s  
may have been due to  the d e l ip id a t io n  o f  the  membrane 
r e s u l t in g  in the  lumen end o f  the  HSD becoming exposed 
to  the  Ab.
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1.1 The Human P la c e n ta

P l a c e n t a  i s  t h e  p a r t  o f  t h e  c o n c e p tu s  t h a t  
mammalian e v o lu t io n  has s e le c te d  as the  best means o f  
ensuring secure developmental c o n d it io n s  f o r  the  fe tu s  
and a llo w in g  g e s ta t io n  to  be b e n e f ic ia l  to  the  fe tu s .  
A f t e r  the  b la s to c y s t  has im planted in to  the  endometrium, 
th e  t ro p h o b la s t  d e r iv a t iv e s  from the embryo combine w ith  
m aternal u te r in e  decidual t is s u e s  to  form th e  p la c e n ta  
(Wegmann & G i l l ,  1983) .  The human p la c e n ta ’ s r o le ,  in  
i t s  l im i te d  l i f e  span o f  f o r t y  weeks, is  to  nourish  the  
fe tu s  and m ain ta in  th e  f e t a l  environment and thus the  
s t ru c tu re  and fu n c t io n  o f  the  p la c e n ta  changes during  
i t s  p e r io d  o f  growth as i t  i s  r e q u ir e d  by th e  
d e v e lo p in g  embryo and f e t u s .  I t  a c ts  as a p h y s i c a l  
b a r r i e r  s e p a r a t i n g  t h e  m a t e r n a l  and f e t a l  b l o o d  
c i r c u l a t i o n s  but a l l o w i n g  th e  exchange o f  s u b s ta n c e s  
such as m e ta b o li te s  and hormones between th e  mother and 
f e t u s .  The p la c e n ta l  m i c r o v i l l i ,  whi ch  e f f e c t i v e l y  
in c re a s e  th e  s u r fa c e  a re a  o f  th e  p l a c e n t a  in  c o n t a c t  
w ith  the maternal blood, are  thought to  f a c i l i t a t e  t h is  
t r a n s f e r  (Jones & Fox, 1979) .

The p l a c e n t a  i s  a c o mp l e x  o r g a n  composed o f  
d i f f e r e n t  types o f  tro p h o b la s t  and a v a r ie t y  o f  o th e r  
f e t a l  t is s u e s  such as s tro m a , e n d o t h e l i u m ,  and b l ood  
elem ents . Furtherm ore, th e  ju n c t io n  area  o f  th e  human 
p la c e n ta  w ith  the  u terus  comprises a m ix tu re  o f  f e t a l  
and m a te rn a l ly  derived  c e l l s  in d i r e c t  c o n ta c t .

1 . 1 . 1  D e c id u a l iz a t io n  and P re p a ra t io n  f o r  Im p la n ta t io n

Im p la n ta t io n  and subsequ ent d e v e lo p m e n t o f  th e  
human p l a c e n t a  depend on c e r t a i n  c h a n g e s  i n  t h e  
e n d o m e t r i u m  t h a t  c u l m i n a t e  i n  t h e  d e c i d u a l  c e l l  
fo rm a tio n . Extensive  s tu d ie s  have been concerned w ith  
th e  e n d o c r in e  c o n tr o l  o f  th e  g e n e r a t io n  o f  u t e r i n e  
s e n s i t i v i t y  t o  d e c i d u a l  s t i m u l i  and t h e  e x t e n t  o f  
d e c id u a l iz a t io n  (G la s s e r ,  1972; O’ Grady & B e l l ,  1977;  
B e l l ,  1983) .  I t  has been shown t h a t  decidual i z a t io n  is  
induced spontaneously, a f t e r  hormonal p re p a ra t io n  during
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th e  la t e  s e c re to ry  phase o f  th e  menstrual c y c le  and does 
n o t  p r o c e e d  f u r t h e r  u n l e s s  p r e g n a n c y  e n s u r e s  a 
m a in ta in e d  p ro d u c t io n  o f  p r o g e s t e r o n e . The d e c id u a  
d i r e c t l y  beneath th e  s i t e  o f  i m p l a n t a t i o n  fo rm s  th e  
decidua basal is  ( F i g .  1 . 1 ) .  Surrounding th e  f e r t i l i z e d  
ovum and s e p a r a t in g  i t  from  th e  r e s t  o f  t h e  u t e r i n e  

c a v i ty  in  th e  e a r ly  months o f g e s ta t io n  is  th e  decidua  
c a p s u la r is ,  which forms as a r e s u l t  o f  deep im p la n ta t io n  
o f  th e  human f e r t i l i z e d  ovum. The re m a in d e r  o f  th e  
u te ru s  in  pregnancy, i s  l i n e d  by d e c i d u a l  p a r i e t a l  i s  
(O ’ Grady & B e l l ,  1977; F i g .  1 . 1 ) .  Since th e  f e r t i l i z e d  
ovum does not occupy th e  e n t i r e  u te r in e  c a v i ty  in  the  
e a r ly  months o f  pregnancy, th e re  is  a space between the  
ca psu lar and ..p-a.fie ta  1 p o rt io n s  o f  the  decidua. By the  
f o u r t h  month, th e  grow ing f e r t i l i z e d  ovum h i t s  th e  
u t e r in e  c a v i t y ,  le a d in g  t o  th e  f u s i o n  o f  b o th  th e  
c a p s u la r is  and p a r ie t a l  i s ,  o b l i t e r a t i n g  the  endom etria l  
c a v i ty  (Wynn, 1975) .

1 . 1 . 2  P la c e n ta l Form ation, Development and S tru c tu re

A f t e r  ovum f e r t i l i z a t i o n  and t h e  s u b s e q u e n t  
b la s to c y s t  fo rm a t io n ,  th e  human b l a s t o c y s t  l o s e s  i t s  
s u rro u n d in g  zona p e l l u c i d a  ( S a c c o ,  1 9 8 7 ) .  The o u t e r  
l a y e r  o f  t h e  b l a s t o c y s t  p r o l i f e r a t e s  t o  f o r m  t h e  
t r o p h o b la s t ic  c e l l  mass, from  whi ch  c e l l s  i n f i l t r a t e  

b e t w e e n  t h e  e n d o m e t r i a l  e p i t h e l i u m  and t h u s  t h e  
b l a s t o c y s t  becomes c o m p l e t e l y  embedded in  t h e  
endometrium by th e  e le v e n th  or t w e l f t h  day (Fox, 1978; 
Fi g.  1 . 2 ) .  Th is  is  fo llo w e d  by th e  d i f f e r e n t i a t i o n  o f  
th e  t r o p h o b la s t  in t o  a p e r i p h e r a l  l a y e r  o f  p r i m i t i v e  
s y n c y t o t r o p h o b l a s t  and an i n n e r  l a y e r  o f  
c y to tro p h o b la s t ,  which s t a r t s  p r o ! i t e r a t i n g  to  form th e  
precursors o f  the  prim ary v i l l i  (Boyd & H am ilton , 1970) .  
Between th e  9 th  to  25 th  day o f  g e s t a t i o n  t h e r e  i s  a 
p e r io d  o f  in te n s e  growth and d i f f e r e n t i a t i o n ,  wh i ch  
re s u l ts  in  the  c h o r io n ic  v i l l i  becoming e s ta b l is h e d .  The 

prim ary v i l l i  a re  s o l id  t ro p h o b la s t ,  which a r is e  from  
th e  Langhans c e l l s .  A f t e r  developing a mesenchymal co re ,
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Allanto is
Umbilical cord

Decidua basalis 

Chorionic v illi

V ite lline  sac

&

M yom etrium

Decidua parieta lis_ /» y i

Decidua capsularis_ lu■ • WA m nio tic  ca v ity — ' * • + * * *

Uterine cavity

Chorionic cavity 
(extraembryonic celom)

Cervical mucous plug

F ig u re  1.1 S c h e m a t ic  d ra w in g  sh o w in g  f o r m a t i o n  o f  t h e  

r e g i o n s  o f  t h e  d e c i d u a  and t h e  c h o r i o n i c  v i l l i  ( f r o m  

J u n q u e i r a  e t  a l , 1 9 8 9 ) .
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F ig u re  1 .2  Schematic r e p r e s e n t a t i o n  p l a c e n t a l  f o r m a t io n  

and development.  The f i g u r e  shows t h e  i m p l a n t e d  f o u r -  

week embryo (A)  and e n la r g e d  i m p l a n t a t i o n  s i t e  (B )  and 

c h a n g in g  r e l a t i o n s  o f  t h e  f e t a l  membranes t o  t h e  d e c id u a  

f r o m  th e  f o u r t h  t o  t w e n t y - s e c o n d  weeks o f  p re g n a n c y  (C -  

F ) .  (From Moore, 1973 ) .
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which conta ins  f ib r o b la s t s ,  ph agocy to tic  Hofbauer c e l l s  
and co lla g e n  f i b e r s ,  the  v i l l i ,  w ith  the  development o f  
f e t a l  c a p i l l a r i e s  in  the  mesenchymal cores, a re  c lassed  
as secondary v i l l i .  The mature v i l l i  have an o u te r  la y e r  
o f  s y n c y t io tro p h o b la s t ,  a la y e r  o f  c y to tro p h o b la s t  and 
an in ner la y e r  o f  connective t is s u e  c o n ta in in g  the  f e t a l  
c a p i l l a r i e s .  The d i a m e t e r  o f  t h e  v i l l i  d e c r e a s e s  

throughout pregnancy, from 170 urn in the  f i r s t  t r im e s t e r  
t o  40 urn a t  te rm  ( Fox,  1 9 7 8 ) .  I n  a d d i t i o n  t o  th e  
c h o r io n ic  v i l l i ,  th e re  is  another c lass  o f  v i l l i ,  whose 
fu n c t io n  would seem to  be to  anchor the  p la c e n ta  to  th e  
m aternal endometrium. These v i l l i  a re  composed o f  s o l i d  
t r o p h o b l a s t  and a r e  s t r u c t u r a l l y  i d e n t i c a l  t o  t h e  
p r im a ry  c h o r io n ic  v i l l i .  These c e l l s  s u b s e q u e n t ly  
p r o l i f e r a t e  to  form th e  c y to t ro p h o b la s t ic  s h e l l  ( C l i n t  

e t  a l . ,  1979) .  The c y to tro p h o b la s t ic  c e l l  columns which 
e x t e n d  t h r o u g h  t h e  p e r i p h e r a l  s y n c y t i u m  and j o i n  
t o g e t h e r  t o  f o r m  t h e  c y t o t r o p h o b l a s t i c  s h e l l ,  a r e  
d e riv e d  from the  c y to tro p h o b la s ts  found in th e  Langhans 
l a y e r  o f  th e  p la c e n ta  (Boyd & H a m i l t o n ,  1970;  Wynn,  
1972) .

L a te r ,  a f t e r  mesodermal cores growth leads to  th e  
secondary and t e r t i a r y  v i l l i ,  the  c e l l u l a r  t r o p h o b l a s t ,  
a t  th e  t i p s  o f  t he  v i l l i ,  fo rm s th e  c y t o t r o p h b l a s t i c  
c e l l  columns, which are  not invaded by mesenchyme and 
are  not v a s c u la r is e d , but a re  anchored to  th e  decidua o f  
th e  basal p la t e .  These c e l l s ,  subsequently , p r o l i f e r a t e  
and s p r e a d  l a t e r a l l y ,  t o  f o r m  a c o n t i n u o u s  
c y t o t r o p h b l a s t i c  s h e l l  w h i c h  d i v i d e s  t h e  
s y n c y t io t r o p h o b la s t  in t o  two l a y e r s ,  t h e  d e f i n i t i v e  
syncytiu m  on th e  f e t a l  a s p e c t  o f  th e  s h e l l  and th e  
p e r ip h e ra l  syncytium between the  s h e l l  and th e  dec idua.  
The d e f i n i t i v e  syncytium p e rs is ts  as the  l i m i t i n g  la y e r  
o f  th e  i n t e r v i l l o u s  space, wh e r e a s ,  t h e  p e r i p h e r a l  
syncytium g ives r is e  to  masses o f  syncytium - 1  ik e  g ia n t  
c e l l s  th a t  extend through the  decidua b a s a l is  and in to  

th e  myometrium, which to g e th e r  form the  p la c e n ta l  bed 
( Boyd & H a m i l t o n ,  1 9 7 0 ;  Wynn,  1 9 7 5 ;  F o x ,  1 9 7 8 ;  
P i j n e n b o r g  e t  a 7 . ,  1 9 8 1 a ) .  F u r t h e r m o r e ,  t h e
c y to t ro p h b la s t ic  c e l l s  invade and p a r t i a l l y  re p la c e  th e
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e n d o th e liu m  o f  th e  d e c id u a l p o r t i o n  o f  th e  d e c id u a l  
s p i r a l  a r t e r i e s ;  t r o p h o b l a s t s  c a u s e  c o n s i d e r a b l e  

d is ru p t io n  o f  the  a r t e r i a l  w a l l ,  w ith  th e  d e p o s it io n  and 
fo rm a t io n  o f  f i b r i n o i d  m a t e r i a l  ( P i j n e n b o r g  e t  a 7 . ,  
1981b; F i g .  1 . 2 ) .

The es tab lish m e n t o f  the  t r o p h o b la s t ic  s h e l l  would 
a l l o w  ra p id  growth o f  th e  d e v e l o p i n g  p l a c e n t a .  T h i s ,  
subsequently , leads to  an expansion o f  th e  i n t e r v i l l o u s  
space, in to  which sprouts o f  s y n c y t io tro p h o b la s ts  extend  
from  th e  p r im a ry  v i l l o u s  s t ems.  These v i l l i ,  as th e  
p la c e n ta l  developm ent p ro c e e d s , become o r i e n t a t e d  

tow ards th e  u t e r in e  c a v i t y ,  d e g e n e r a te  and f o r m th e  
chorion laeve which comes in to  c o n ta c t w ith  the  p a r ie t a l  
decidua o f  the  opposite  w a ll  o f  the  u te ru s . Moreover, 
th ose  v i l l i  on t he  s i d e  o f  t h e  c h o r i o n ,  t o w a r d s  t h e  

d e c i d u a  b a s a l i s ,  p r o l i f e r a t e  t o  f o r m  t h e  c h o r i o n  
frondosum, which develops in to  the  d e f i n i t i v e  p la c e n ta  
( F i g  1 . 3 ) .  During t h is  p e r io d , some regress io n  o f  the  
c y to t ro p h b la s t ic  elements in  th e  c h o r io n ic  p la te  and in  

t h e  t r o p h o b l a s t i c  s h e l l  t a k e  p l a c e ,  w h e r e  t h e  
c y t o t r o p h o b la s t ic  c e l l  columns d e g e n e r a te  and become 
l a r g e ly  rep laced by f i b r i n o i d  m a te r ia l  (R o h r’ s Layer ) ,  
clumps o f  c e l l  rem ain to  form  th e  * c y t o t r o p h o b l  a s t i  c 
c e l l  is la n d s ’ (Boyd & H am ilton , 1970; Fox, 1978) .

The p la c e n ta l  septa  ( F i g .  1 . 4 )  appear during  the  
t h i r d  g e s t a t io n a l  month (Boyd & H a m i l t o n ,  1 9 7 0 ) .  The 
c y to t ro p h o b la s t ic  c e l l s  which predominate in  both th e  
basal p la te  and the  se p ta , have been r e fe r r e d  to  as ’ X- 
c e l l s ’ , however, t h e i r  f e t a l  o r i g i n  has been c l e a r l y  
confirmed by the  presence o f  Y chromosome, i f  the  fe tu s  
is  male (Fox, 1978) .

By the  end o f  the  fo u r th  month o f  pregnancy, th e  
p la c e n ta  has a t ta in e d  i t s  d e f i n i t i v e  form and undergoes 
no f u r t h e r  anatomical m o d if ic a t io n s .  I t  is  composed o f  
the  c h o r io n ic  p la t e ,  which is  on one s id e  covered w ith  
th e  amnion and on th e  o th e r  s i d e  i s  a t t a c h e d  t o  th e  
f e t a l  c o ty le d o n s .  These p r o j e c t  t o w a r d s  t h e  d e c i d u a  
b a s a l is ,  to g e th e r  w ith  th e  c y to t ro p h b la s t ic  s h e l l ,
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10 Chononic p la n  
(connective tissue 
and trophoOlast)

11 Chorion trondosum

12 Fibrin deposits

13 Blood vessel opening 
into intervillous space

14 Uterine glands 
(compressed or 
regressing)

15 Basal uterine glands

16 Coiled arteries

17 Myometrium

1 Epithelium ol amnion

2 Connective tissue

3 Trophoblast

4 Anchoring vtlli

6 Intervillous 
blood spaces

9 Maternal blood vessels

7 Anchoring villi

8 Decidual cells in the 
decidua basalis

F ig u r e  1 .3  F iv e  months pregnancy,  a panoramic v ie w .  The
u p p e r  p a r t  o f  t h e  f i g u r e  r e p r e s e n t s  t h e  f e t a l  p o r t i o n  o f  
t h e  p l a c e n t a .  The f i g u r e  sh o w s  s u r f a c e  o f  t h e  a m n io n  
( 1 ) ,  merged c o n n e c t i v e  t i s s u e  o f  amnion and c h o r i o n  ( 2 ) ,  
t r o p h o b l a s t  o f  c h o r i o n  ( 3 ,  10) ,  a n c h o r i n g  v i l l i  a r i s e
f r o m  t h e  c h o r i o n i c  p l a t e  ( 4 )  and e x te n d  t o  t h e  u t e r i n e  
w a l l ,  and embed i n  t h e  d i c i d u a  b a s a l i s  ( 7 )  and f l o a t i n g  
v i l l i  ( c h o r i o n  f r o n d o s u m ) ,  s e c t i o n e d  i n  v a r i o u s  p la n e s  
( 5 ,  11) due t o  t h e i r  g ro w th  i n  a l l  d i r e c t i o n s  f r o m
t h e  a n c h o r i n g  v i l l i ;  t h e s e  v i l l i  " f l o a t "  i n  t h e  
i n t e r v i l l o u s  s p a c e  ( 6 ) ,  w h i c h  a r e  b a t h e d  i n  m a t e r n a l  
b l o o d .  The m a te r n a l  p o r t i o n  o f  t h e  p l a c e n t a  o r  d i c i d u a  
b a s a l i s  shows embedc/^/ a n c h o r i n g  v i l l i  ( 7 ) ,  g ro u p s  o f  
l a r g e  d i c i d u a !  c e l l s  ( 8 ) ,  u t e r i n e  g la n d s  ( 1 4 ) ,  m a t e r n a l  
b l o o d  v e s s e l s  ( 9 ) ,  and m a t e r n a l  b l o o d  v e s s e l  i s  s e e n  
o p e n i n g  i n t o  an i n t e r v i l l o u s  s p a c e  ( 1 3 ) .  F i b r i n  
d e p o s i t e w s  a p pe a r  on t h e  s u r f a c e  o f  t h e  d e c id u a  b a s a l i s  
( 12 )  and i n c r e a s e  i n  vo lume and e x t e n t  as t h e  p re g n a n c y  
c o n t i n u e s  and shown t o  be m a i n l y  i n  t h e  fo rm  o f  f i b r i n  
( S u r c l i f f e  e t  a l . ,  1 9 8 2 ) .  The f i g u r e  i s  f r o m  F i o r e
( 1 9 8 9 ) .
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Stratum

Chorionic plate

Chorionic villi 
(secondary)

Intervillous space

vessels
Placental septum 

Branch vilU

Decidua basalis

compactum

Stratum
spongiosum

Myometrium

Anchoring villus 
(cytotrophoblast) the decidua 

detaches at this point

F i g u r e  1 . 4  S c h e m a t ic  d r a w in g  o f  p l a c e n t a l  s t r u c t u r e .
A r ro w s  i n d i c a t e  t h e  b lo o d  f l o w  f ro m  d e c id u a l  a r t e r i e s  t o  

i n t e r v i l l o u s  s p a c e  and b a c k  t o  d e c i d u a l  v e i n s .  The 

c h o r i o n i c  p l a t e ,  c h o r i o n i c  v i l l i  s e c t i o n  and t h e  b a s a l  

p l a t e  a r e  a l s o  shown. (From J u n q u e i r a  e t  a l . ,  1989) .
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form s th e  basal p l a t e  ( F i g .  1 . 4 ) .  The s m a l l e s t  f e t a l  
c o ty le d o n s  form  groups o f  v i l l i ,  n e a r  th e  c h o r i o n i c  
p l a t e .  The te rm in a l  v i l l i  a r e  fo rm ed  f r om t h e  s i d e  
branches o f  th e  an ch o rin g  v i l l i ,  whi ch f l o a t  i n  t h e  
i n t e r v i l l o u s  s p a c e ,  some o f  w h i c h  a r e  u n i t e d  by 
s y n c y t ia l  bridges or by d epo s its  o f  f i b r i n o i d  substances  
on the  s u rface  o f  th e  a d ja c e n t v i l l i  (Fox, 1978) .

These te rm in a l v i l l i  which are  the  fu n c t io n a l  u n its  

o f  t h e  p l a c e n t a  a r e  composed o f  an o u t e r  
s y n c y t io tro p h o b la s t ic  la y e r ,  an in ner c y to t ro p h o b la s t ic  
la y e r  (Langhans c e l l s )  and t he  v i l l o u s  stroma which is  
composed o f  f ib r o b la s t s ,  Hofbauer c e l l s  (which appear to  
be macrophages) (Wynn, 1975;  Fox,  1 9 7 8 ) ,  e n d o t h e l i a l  
c e l l s  o f  th e  f e t a l  c a p i l l a r i e s  and o t h e r  mesenchymal 
elements ( F i g .  1 . 5 ) .  As the  p la c e n ta  ages, these form  
numerous s u b d iv is io n s .  The more o b v i o u s  h i s t o l o g i c  
changes t h a t  are  c o n s is te n t  w ith  increased e f f ic ie n c y  o f  
t r a n s f e r  in c lud e  an increase  in  the  r a t i o  o f  the  v i l l o u s  
s u r fa c e  to  volume, a d e c re a s e  in  t h i c k n e s s  o f  th e  
s y n cy tiu m , d i s c o n t i n u i t y  o f  th e  Langhans l a y e r  and 
red u ctio n  in  th e  p ro p o rt io n  o f  v i l l o u s  connective  t is s u e  
r e l a t i v e  to  the  tro p h o b la s t  ( F i g .  1 . 5;  Boyd & H am ilto n ,  
1970; Wynn, 1975) .

1 . 1 . 3  S y n c y tio tro p h o b la s t  and C yto tro p h o b la s t

There a re  co n s iderab le  m orphological d i f fe r e n c e s  
between th e  s y n c y t io t r o p h o b la s t  and c y t o t r o p h o b l  a s t  
c e l l s .  The c y to t r o p h o b la s t  c e l l s  show c o n s i d e r a b l e  

v a r i a t i o n  i n  s h a p e ,  w h i c h  i s  d e p e n d a n t  on t h e i r  
p o s it io n in g  in  the  p la c e n ta l s t ru c tu re  and th e  g e s ta t io n  
p e r io d . The un inuclea ted  c y to tro p h o b la s t  c e l l s  fu se  to  
f o r m  t h e  s y n c y t i o t r o p h o b l a s t  c e l l s .  T h e s e  
s y n c y t io tro p h o b la s t  c e l l s  form th e  o u te r  m u lt in u c le a te d  
s y n c y t ia l  l a y e r  o f  th e  p l a c e n t a  and th e y  i n v a d e  th e  
m ate rn a l endom etrium . The s y n c y t i o t r o p h o b l a s t  o f  t h e  
t e r m  p l a c e n t a  i s  t h e  p r e d o m i n a n t  t r o p h o b l a s t i c  
c o mp o n e n t ,  as t h e  r a t i o  o f  c y t o t r o p h o b 1 a s t  t o  
s y n c y t io tro p h o b la s t  decreases throughout g e s ta t io n .  The
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Placenta at Five Months

1 t»op*ot>n»t

2 Cytotropnobiast
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% Fatal o iood  vessels

•  A itacned vJ iu *

1 Oec>duei call

Placenta at Term
v r  r

I

e

L'̂ rSSCS"

1 Syncytial trophoblast

2 Connactiva tissue

3 Fatal blood vassals

4 Macrophages 
(Hofbauer ceils)

F ig u r e  1 .5  C h o r io n ic  v i l l i  a t  5 months o f  pregnancy and 

a t  t e r m .  I n  c o n t r a s t  t o  v i l l i  i n  e a r l y  s t a g e s  o f  

p r e g n a n c y  ( A ) ,  t h e  c h o r i o n i c  e p i t h e l i u m  i s  o n l y  

s y n s y t i o t r o p h o b l a s t i c  t y p e .  A n o t h e r  f e a t u r e  o f  t e r m  

p l a c e n t a  i s  t h e  p re s e n c e  o f  numerous f e t a l  b lo o d  v e s s e l s  

( f r o m  d i  F i o r e ,  1989) .
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e x te rn a l  su r face  o f  the  s y n c y t io t ro p h o b la s t  is  invested  
w i t h  a t h i c k  c o a t  o f  m i c r o v i l l i ,  b a th e d  by e x t r a -  
e n d o t h e l i a l  m a t e r n a l  b l o o d ,  w h ic h  i s  o u t s i d e  t h e  
c o n f in e s  o f  th e  en d o th e l iu m  o f  t h e  m oth ers  v a s c u l a r  
system (Hamilton & Hamilton,  1977; Truman & Ford, 1984) .

1 .2  P la c en ta l  P ro te in s  and Markers

The p la c e n ta l  p ro te in s  f a l l  i n to  th re e  groups, ( 1 )  
p r o t e i n s  w i t h  hormonal f u n c t i o n s ,  ( 2 ) p r o t e i n s  w i t h  
e n z y m a t i c  f u n c t i o n s  and ( 3 )  p r o t e i n s  w i t h  unknown  
fu n c t io n .  Many o f  these p la c e n ta l  p ro te in s  have not been 
shown to  be e s s e n t ia l  f o r  f e t a l  or  p la c e n ta l  w e l l  being  

during pregnancy and ap p a re n t ly  normal pregnancies have 
come to  term w ithou t  the sy nthes is  o f  one or  more o f  th e  
p lac e n ta l  p ro te in s  (Gordon & Chard, 1979; Chard, 1982; 
Reshef e t  a l . ,  1 9 9 0 ) .  Though many o f  t h e  p r o t e i n s  
produced by the  p lac e n ta  have no proven f u n c t io n ,  they  
are  s tud ied  w ith  the  hope t h a t  the  more is  known about  
the  s t r u c t u r e  o f  the p r o t e in s ,  the c lo s e r  one w i l l  be in  
deducing t h e i r  fu n c t io n .

1 .2 .1  Monoclonal A nt ibod ies  ( McAbs) Aga inst  Human 
P lac e n ta l  Determinants

A wide v a r i e t y  o f  McAbs have been ra is e d  a g a in s t  
human p la c e n ta l  t ro p h o b la s t  p rep ara t io n s  (Sunderland e t  
a 7.,  1981; Johnson & M ol loy ,  1983; Loke e t  a 7 . ,  1984;
Bulmer & Johnson 1985; Hsi e t  a 7 . ,  1987 and some o th e r  
re fe rences  l a t e r  in  t h i s  c h a p t e r ) .  Several o f  the  McAbs 
r a is e d  a g a i n s t  human p l a c e n t a l  t r o p h o b l a s t  c e l l s  a r e  
n o n - s p e c i f i c ,  be ing r a is e d  a g a i n s t  s u r f a c e  membrane 
p r o te in s ,  common to  both t ro p h o b la s t  and o th e r  t i s s u e s .  
These n o n -s p e c i f ic  McAbs r a is e  the p o s s i b i l i t y  o f  shared  
membrane c o m p le x e s  b e tw e e n  t h e  p l a c e n t a  and o t h e r  
t is s u e s .
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Thiede & Choate (1963)  and Fox & Karkhongor (1 9 7 0 ) ,  
using immunofluorescent s t a i n i n g ,  have found t h a t  human 
c h o r i o n i c  gonadotroph in  (hCG) i s  l o c a l i s e d  in  bo th  
c y t o t r o p h o b l a s t -  and s y n c y t i o t r o p h o b l a s t  and i n  
c y to t ro p h o b la s t ic  c e l l s  t i s s u e  c u l t u r e .  Since then hCG 
has been l o c a l i s e d  in  d i f f e r e n t  c e l l s  o f  p l a c e n t a  
(Gaspard e t  a 7 . ,  1980; T a b a r e l l i  e t  a 7., 1983; Kurman e t  

a 7.,  1984) .  Some o f  the o th e r  p ro te in s  inc lude hPL, SP1, 
PAPP-A, e tc  (L in  & H a lb e r t ,  1976; M c In tyre  e t  a 7., 1981; 
T a b a r e l l i  e t  a 7 . ,  1983; f o r  a f u l l e r  review o f  the  e a r l y  
pregnancy f a c t o r s ,  see E l l e n d o r f f  & Koch, 1985) .

1 . 2 . 2  Trophoblas t  Surface Markers

D i f f e r e n t  s tu d ies  have been d i re c te d  towards the  
t ro p h o b la s t ,  s ince the  p la c e n ta l  c e l l s  o r i g i n a t e  from 
t ro p h o b la s t  c e l l s  and these c e l l s  subsequently  cover the  
surface  o f  the p lac e n ta  and extraembryonic membranes, 
coming in to  d i r e c t  co n ta c t  w ith  meternal t is s u e s  over a 
wide a re a  d u r in g  g e s t a t i o n .  Most a t t e n t i o n  has been  
focussed on the  s y n c y t io t ro p h o b la s t  because i t  is  easy 
t o  p u r i f y  i t s  m i c r o v i l l o u s  b ru s h  b o r d e r  w h ic h  i s  
d i r e c t l y  e x p o s e d  t o  m a t e r n a l  b l o o d  c i r c u l a t i o n .  
T r a n s f e r r i n  and IgG r e c e p t o r s  w e re  i d e n t i f i e d  on 

s y n c y t i o t r o p h o b l a s t s  ( F a u l k  & Johnson,  1977;  F a u l k  & 
G a l b r a i t h ,  1979; Johnson & Brown, 1980; Johnson e t  a 7. ,
1 9 8 2 )  i n  a d d i t i o n  c o m p le m e n t  co m p on ent  C3 and  
t ro p h o b la s t  an t igen  1 (TA1) have been de tec ted  in  t h i s  
l a y e r  as w e l l  (F a u lk  & Johnson, 1977;  F a u lk  e t  a 7 . ,  
1978) .

Recent ly ,  the advent o f  hybridoma technology has 
opened up new avenues o f  a p p r o a c h ,  t o  t h e  s t u d y  o f  
t r o p h o b l a s t - s p e c i f i c  o r  t r o p h o b l a s t  a s s o c i a t e d  
molecules. Some o f  these monoclonal an t ib o d ie s  (McAbs) 
have been used to  d i f f e r e n t i a t e  m o rp h o lo g ic a l ly ,  very  
s i m i l a r  t ro p h o b la s t  c e l l  popu la t ions  o f  human f i r s t -  
t r im e s t e r  ch o r io n ic  v i l l i  from each o th e r  (B u t te rw o r th  & 
L o k e ,  1 9 8 5 )  and t h r e e  s e p a r a t e  f e t a l  t r o p h o b l a s t  
p o p u l a t i o n s  w e re  i d e n t i f i e d  w i t h i n  t h e  t e r m
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amniochorionic membrane (Bulmer & Johnson, 1985) .  Some 
o t h e r  p l a c e n t a l  t r o p h o b l a s t - s p e c i f i c  m o n o c lo n a l  
a n t ib o d ie s  and t h e i r  s p e c i f i c i t y  w i l l  be discussed in  
s e c t io n  1 .4  (c o n t r a c e p t io n ) .

1 .3  F ib ro n e c t in  a t  the  P ro te in  Level

1 .3 .1  E x t r a c e l l u l a r  M a tr ic e s

E x t r a c e l l u l a r  m atr ices  are  composed p r i m a r i l y  o f  
th re e  types o f  macromolecules: co l la g en s ,  proteoglycans  
and g l y c o p r o t e i n s .  C o l la g e n s  c o n s t i t u t e  a group o f  
g e n e t i c a l l y  d i s t i n c t ,  but r e la t e d  molecules w ith  unique  
t i s s u e  d i s t r i b u t i o n  ( B o r n s t e i n  & Sage,  19 80;  N im n i ,  
1983) .  S i m i l a r l y ,  proteoglycans are  a h ig h ly  polymorphic  
g ro u p  o f  m o l e c u l e s  t h a t  a l s o  h ave  s p e c i a l i z e d  
d i s t r i b u t i o n s  i n  t i s s u e s  and d i f f e r e n t  t y p e s  o f  
e x t r a c e l 1u l a r  m a t r ic e s  ( H a s c a l l  & H a s c a l l ,  1 9 8 1 ) .  
G l y c o p r o t e i n s  a r e  a l s o  m a j o r  co m p o n en ts  o f  t h e  
e x t r a c e l l u l a r  m atr ices  and severa l  fu n c t io n s  have been 
assigned to  them.

The i n t e r a c t i o n  o f  c e l l s  w i th  one another and w i th  
e x t r a c e l l u l a r  m a te r ia ls  (m a tr ic e s ,  s o l i d  su r fa ce s ,  e t c )  
a r e  o f  v i t a l  i m p o r t a n c e  t o  c e l l  f u n c t i o n .  T h e s e  
in t e r a c t io n s  have major e f f e c t s  on the  p r o ! i t e r a t i o n ,  

d i f f e r e n t i a t i o n  and o r g a n i z a t i o n  o f  c e l l s .  Our  
u n d e r s t a n d i n g  o f  t h e s e  i n t e r a c t i o n s  has a d v a n c e d  
co ns iderab ly  in  recent  years and i t  is  now c l e a r  t h a t  
they are  o f te n  mediated by a c la ss  o f  high m olecular  
w e i g h t  g l y c o p r o t e i n s  t h a t  a r e  i n v o l v e d  i n  b o th  
i n t e r a c t i o n  and in  the ac tua l  s t r u c t u r e  o f  e x t r a c e l l u l a r  
m a t r i c e s .  The most i n t e n s i v e l y  s t u d i e d  o f  t h e s e  
g lyc o pro te ins  is  f i b r o n e c t i n  (FN ) ,  but th e re  is  a s e t  o f  
p r o t e i n s  w i t h  a n a l o g o u s  p r o p e r t i e s  ( l a m i n i n ,  von  
W il leb ra nd  p r o t e in ,  thrombospondin, v i t r o n e c t i n ,  e t c ) ,  
the  a n a ly s is  o f  which is  a ls o  progressing apace (Hynes,  
1985) .
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1 . 3 . 2  C e l l - M a t r i x  I n t e r a c t i o n s

The m ost o b v i o u s  c o n s e q u e n c e  o f  c e l l  m a t r i x  
i n t e r a c t i o n s  i s  c e l l  a t t a c h m e n t ,  t h a t  r e s u l t s  in  
anchoring o f  c e l l s .  However, the e f f e c t s  o f  c e l l - m a t r i x  
i n t e r a c t io n s  c l e a r l y  go w el l  beyond mere anchoring o f  
c e l l s  and inc lude c e l l u l a r  responses such as increased  
m ig ra t io n ,  d i f f e r e n t i a t i o n ,  and s t im u la te d  or a r re s te d  
growth ( R u o s la h t i  e t  a 7 . ,  1 9 8 8 ) .  I n  c o n s i d e r i n g  t h e
e f f e c t s  o f  e x t r a c e  1 1 u 1 a r  m a t r i x  on c e l l s ,  i t  i s  
im p o r ta n t  to  note  t h a t  t h e r e  a r e  t h r e e  e s s e n t i a l l y  
independent aspects o f  the r e la t i o n s h i p  o f  a g iven c e l l  
w i t h  th e  e x t r a c e l l u l a r  m a t r i x :  1 ) t h e  p r o d u c t i o n  o f
e x t r a c e  1 1 u 1 a r  m a t r i x  p r o t e i n s  by t h e  c e l l ,  2 ) t h e  
d e po s i t io n  o f  the  p ro te in s  produced in to  an in s o lu b le  
m a tr ix  and 3) the  a b i l i t y  o f  the  c e l l s  to  i n t e r a c t  w ith  
m a tr ic e s  made by o t h e r  c e l l s .  Normal c e l l s  t y p i c a l l y  
p a r t i c i p a t e  in  a l l  th re e  o f  these aspects ,  w h i le  tumuor 
c e l l s  are  f r e q u e n t ly  d e f i c i e n t  in  one or  more o f  these  
areas (R uoslaht i  e t  a l . ,  1988) .

1 . 3 . 3  G lycopro te ins

Dur ing embryogenesi s , m o rp h o g e n e t ic  p r o c e s s e s  
in vo lve  i n t e r a c t io n s  among c e l l s  and between c e l l s  and 
t h e i r  immediate environment,  the  e x t r a c e 1 l u l l a r  m a tr ix  
( D u f o u r  e t  a 7 . ,  1 9 8 8 ) .  The c o m p o n en ts  o f  t h e
e x t r a c e l l u l a r  m a tr ix  and t h e i r  c e l l - s u r f a c e  rece p to rs  

t h a t  a r e  i n v o l v e d  i n  a d h e s i v e  s y s te m s  h a v e  been  
i d e n t i f i e d  and e x te n s iv e ly  s tud ied  in  many l a b o r a t o r i e s .  
T h ese  a d h e s i v e  p r o c e s s e s ,  e n c o u n t e r e d  d u r i n g  
embryogenesis, malignancy, hemostasis, wound h e a l in g ,  
h o s t  d e f e n s e  and m a i n t e n a n c e  o f  c o n n e c t i v e  t i s s u e  
i n t e g r i t y ,  in vo lv e  the  p a r t i c i p a t i o n  o f  g ly c o p ro te in s  
w ith  a subunit  molcu lar  weight o f  about 250 kDa (Dufour  
e t  a 7 . , 1 9 8 8 ) .  The g l y c o p r o t e i n s ,  w h ic h  h a ve  been  
i s o la t e d ,  p u r i f i e d  and were o r i g i n a l l y  named according  
to  t h e i r  sources or  t h e i r  b i o lo g ic a l  a c t i v i t i e s ,  come 
from a f a m i l y  now known as f i b r o n e c t i n  ( r e v i e w e d  by 
Hynes & Yamada, 1982; Dufour e t  a 7.,  1988) .
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1 . 3 . 4  D i s t r i b u t i o n  o f  F ib ro n e c t in  P ro te in s

As mentioned above, c e l l - c e l l  and c e l l - s u b s t r a t e  
i n t e r a c t i o n  p lay  a fundamental r o le  in  c e l l  behaviour,  
and d i f f e r e n t i a t i o n .  Among the e x t r a c e l l u l a r  components 
involved in  these events,  f i b r o n e c t i n  is  probably  the  
most i m p o r t a n t  and w i d e l y  d i s t r i b u t e d .  T h i s  h i g h  
m o l e c u l a r  w e i g h t  g l y c o p r o t e i n  i s  p r e s e n t  i n  b lo o d  
plasma, e x t r a c e l l u l a r  m a t r i c e s ,  b a s a l  l a m i n a ,  and a t  
c e l l  s u r f a c e s  (Owens e t  a l . ,  1 9 8 6 ) .  I t  has been  

i d e n t i f i e d  no t  o n ly  in  v e r t e b r a t e  s p e c i e s  such as 
am phib ia  (Heasman e t  a l . ,  1981;  Akiyama & Johnson,
1983) ,  f i s h  ( N a t a l i  e t  a l . ,  1981; Duband e t  a l . ,  1987) ,  
b i r d s  ( V a h e r i  & M o s h e r ,  1 9 7 8 )  and h i g h e r  mammals 
(Mosessin & U m f le e t ,  1970)  b u t  a l s o  in  i n v e r t e b r a t e s  
such as the  sea urch in  ( Iw a ta  & Nakano, 1981) and in 
in sec ts  such as Drosophi la  (Gratecos e t  a l . ,  1988) .  I t  
has been i m p l i c a t e d  i n  a v a r i e t y  o f  c e l l  c o n t a c t  
processes ,  in c l u d i n g  c e l l  a t t a c h m e n t  and m i g r a t i o n ,  
o p s o n i z a t i o n  and wound h e a l i n g .  E x p r e s s i o n  o f  
f i b r o n e c t i n  appears to  be developmental!y  re g u la te d  and 
is  modulated by mal ignant t ra n s fo rm at io n  o f  c e l l s  (Owens 
e t  a l . , 1986) .

1 . 3 . 5  FN Subunits

FN i s  a d i s u 1p h i d e - 1 i n k e d  d i m e r  c o m p r i s e d  o f  
subunits  o f  approximate ly  230-250 kDa molecular  w e igh t .  
Two major forms o f  the molecule have been d is t in g u is h e d :  
a plasma form (pFN),  which is  a so lu b le  heterodimer and 
a c e l l  s u r f a c e - a s s o c i a t e d  ( o r  c e l l u l a r )  fo rm  ( c F N ) ,  
which cons is ts  o f  dimers and m ult imers .  The l a t t e r  have 
a f i b r i l l a r  s t r u c t u r e  and are  h ig h ly  in s o lu b le  (Owens e t  
a l . ,  1986) .  D i f fe re n c e s  between the subunits  o f  the  two 
m ajor  f i b r o n e c t i n  types  have been i d e n t i f i e d  u s in g  
monoclonal a n t i b o d i e s  ( A t h e r t o n  & Hynes,  1 9 8 1 )  and 
pept ide  mapping (Hayashi & Yamada, 1982; Sekiguchi e t  
a l . ,  1 9 8 5 ) .  Each s u b u n i t  o f  p la s m a  and c e l l u l a r  
f i b r o n e c t i n  a ls o  shows c o n s i d e r a b l e  h e t e r o g e n e i t y  in  
charge and s iz e  which is  on ly  p a r t l y  accounted f o r  by
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v a i a b l e  p o s t - t r a n s 1 a t i o n a 1 m o d i f i c a t i o n  ( e . g .  
g ly c o s y la t io n ,  phosphory la t ion ,  and s u lp h a t io n )  (Paul & 
Hynes, 1 9 8 4 ) .  T h is  im p l i e s  t h a t  t h e r e  a r e  p r i m a r y  
s t r u c t u r a l  d i f f e r e n c e s ,  not on ly  between the  subunits  o f  
p la s m a  and c e l l u l a r  f i b r o n e c t i n ,  b u t  a l s o  b e tw e e n  
s u b u n i ts  w i t h i n  each ty p e  o f  t h e  m o l e c u l e .  FN may, 
t h e r e f o r e ,  represent  a f a m i ly  o f  very c lo s e ly  r e la t e d  
g ly co p ro te in s  (Owens e t  a l . ,  1986)

1 . 3 . 6  M o lecu lar  S t r u c tu r e  o f  FN Subunits

I n d iv id u a l  FN molecules are  dimers o f  s i m i l a r  but  
n o t  i d e n t i c a l  p o l y p e p t i d e s .  The p lasm a FN (p FN )  i s  
synthesized by hepatocytes and then secre ted  in t o  the  
bloodstream. On the o th e r  hand the c e l l u l a r  FN (cFN) is  
made by many c e l l  t y p e s ,  i n c l u d i n g  f i b r o b l a s t  and  
e p i t h e l i a l  c e l l s ,  which a f t e r  s e c re t io n  can be deposited  
as long in s o lu b le  f i b r i l s  in  the e x t r a c e l l u l a r  m a t r ix .  
Primary s t r u c t u r a l  d i f f e r e n c e s  e x i s t ,  not on ly  between 
plasma and c e l l u l a r  FNs, but a lso  among the subunits  o f  
each type .  Despite  t h e i r  h e te ro g e n e i ty ,  a l l  FN subunits  
show a common modular o r g a n i z a t i o n  in  t h e i r  p r i m a r y  
s e q u e n c e ,  w h ic h  c o n t a i n s  a s e r i e s  o f  h o m o lo g ous  
repea t in g  u n i t s ,  the s o - c a l l e d  homology types I ,  I I  and 
I I I  ( a b o u t  4 0 ,  60 and 90 am ino  a c i d s  i n  l e n g t h ,
r e s p e c t iv e ly )  (Petersen e t  a l . ,  1983) .  In  a d d i t io n  to  
these s t r u c t u r a l  s i m i l a r i t i e s ,  the  va r ious  form o f  FN 
s u b u n i t s  s h a r e  common f u n c t i o n a l  p r o p e r t i e s  t h a t  
correspond to  domains f o r  bonding o th e r  e x t r a c e l l u l a r  
m a t r ix  macromolecules and t h e  c e l l  s u r f a c e  (Owens e t  
a l . ,  1986) .

1 . 3 . 7  Homology Types I ,  I I ,  I I I

The f i b r o n e c t i n  c h a in  p r e s e n t s  t h r e e  t y p e s  o f  
in t e r n a l  homologies ( types  I ,  I I ,  and I I I ) .  As shown in  
Figure  1 .6 ,  most o f  f i b r o n e c t i n  i s  formed by type I I I  
u n i t s .  The p r o t e in  a lso  conta ins fo u r  regions which have 
no homologous counterpar ts  w i t h in  the  molecule .  These
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Figure  1 .6  Functional  domain mode f o r  f i b r o n e c t i n  (A) 
and s t r u c t u r e  o f  mature p r o t e i n  ( B ) .  In  A t h e  two  
po lypept ide  chains,  the d i s u l f i d e  bonds, the approximate  
s ize s  o f  the binding domains and the binding l igands  are  
in d ic a te d .  In  B Type I  homologies (b lack  boxes),  Type I I  
homologies (dashed boxes) and Type I I I  homologies (empty 
boxes) are shown.
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occur a t  the  amino- and carboxy -  te rm in i  o f  the  p ro te in  y 
and between the f i r s t  and l a s t  two type I I I  u n i t s .  The 

p r o t e in  sequence de f in es  the ex act  lo c a t io n  o f  the  only  
two f r e e  s u lp h y d r y l  groups known t o  e x i s t  in  each  
subunit  o f  f i b r o n e c t i n .  One o f  them is  the same as the  
SH group i d e n t i f i e d  in  bovine plasma f i b r o n e c t i n  (V ib e -  
Pedersen e t  a l . ,  1982) .  The lo c a t io n  o f  the second one 
is  c o n s is te n t  w i th  the mapping o f  a f r e e  su lphydry l  to  a 
p o s i t io n  c lose to  the C - te rm in a l  f i b r i n -  b inding domain 
o f  human plasma f i b r o n e c t i n  (Smith e t  a l . ,  1982; Owens 
e t  a l .  , 1986) .

The two subunits  are  jo in e d  by d i s u l f i d e  bonds very  
near t h e i r  C - te rm in a l .  W ith in  each subunit  th e re  is  a 
s e r i e s  o f  t i g h t l y  f o l d e d  g l o b u l a r  d o m a in s ,  ea ch  
s p e c ia l i z e d  f o r  binding to  o th e r  molecules or  to  c e l l s  
(F ig  1 .6 ;  Hynes, 1985) .  The two Type I I  homologies are  

about 60% i d e n t i c a l  w i t h i n  s p e c i e s  and each i s  98% 
i d e n t ic a l  between bovine and human FNs (Hynes, 1985) .  
Also  th e  amino a c id s  sequence o f  i n d i v i d u a l  Type I I I  
r e p e a t s  in  r a t  ( S c h w a r z b a u e r  e t  a l . ,  1 9 8 5 ) ,  human 
( K o r n b l i h t t  e t  a l . ,  1985) and bovine (Skorstengaard e t  
a l . ,  1986) FN a re  b e t t e r  th a n  90% c o n s e r v e d ,  w h i l e  
d i f f e r e n t  repeats  w i t h in  a species are  much less s i m i l a r  
( t y p i c a l l y  20-40%) (Schwarzbauer e t  a l . ,  1987) .  These 
s i m i l a r i t i e s  may s u g g e s t  t h a t  t h e  p r o c e s s  o f  
en dodup l ica t ion  and divergence o f  Type I I I  u n i ts  occured  
long before the divergence o f  mammals (Schwarzbauer e t  
a l . ,  1987) .

1 . 3 . 8  Subunit  V a r ia t i o n s  Due t o  A l t e r n a t i v e  S p l ic in g

I t  has been known f o r  years t h a t  plasma FN co nta ins  
s u b u n i t s  o f  two d i f f e r e n t  m o b i l i t i e s  on SDS-  
polyacry lam ide ge ls  and t h a t  FN from f i b r o b l a s t s  shows a 
d i f f e r e n t  s u b u n i t  p a t t e r n  (Yamada & Kennedy,  1979;  
Tamkun & Hynes, 1983; Paul & Hynes, 1984) .  As FNs are  
g l y c o p r o t e i n s ,  i t  was u n c le a r  w h e th e r  t h i s  d i f f e r e n t  
s u b u n i t  p a t t e r n  m i g h t  be due t o  d i f f e r e n t i a l  
g ly c o s y la t io n ,  which is  known to  occur or  o ther  f a c t o r s
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were involved such as presence o f  more than one gene 
(Fukuda e t  a l ,  1982; Paul & Hynes, 1984) .  To t e s t  the  
r o l e  o f  g 1y c o s y 1 a t i o n  in  t h e  FN v a r i a t i o n  FN was 
synthesized in the  presence o f  tunicamycin ,  which blocks  
a d d i t io n  o f  asparagine - 1  inked carbohydrates ,  the  major  
ty p e  on FN. Even such c a r b o h y d r a t e - f r e e  FN, showed 
m u l t i p le  subunits  on 2D ge ls  and d i f f e r e n c e s  between FNs 
from d i f f e r e n t  sources (P a u l  & Hynes 1984;  P r i c e  & 
Hynes, 1 9 8 5 ) .  F u r th e rm o re ,  p r o t e o l y t i c  f r a g m e n t s ,  
th oug ht  to  be c a r b o h y d r a t e - f r e e , showed d i f f e r e n c e s  
among d i f f e r e n t  FNs ( Hayashi & Yamada 1 9 8 1 ,  1983;
Sek iguch i  e t  a l . ,  1981, 1985;  S e k ig u c h i  & Hakomori
1983a, b ) ,  and a McAb was is o la t e d  t h a t  shows h igher
binding to  f i b r o b l a s t  than to  plasma FN (A th er ton  & 
Hynes 1 9 8 1 ) .  A l l  o f  t h e s e  r e s u l t s  s u g g e s t e d  t h e  
p o s s i b i l i t y  o f  s t r u c t u r a l  d i f f e r e n c e s  betweeen subu n i ts ,  
although i t  was s t i l l  poss ib le  t h a t  they arose by p o s t -  
t r a n s l a t i o n a l  m o d i f i c a t i o n s .  I t  was o n l y  when cDNA 
clones were is o la t e d  t h a t  i t  could be shown c o n c lu s iv e ly  
t h a t  t h e r e  e x i s t  FN s u b u n i ts  w i t h  d i f f e r e n t  p r i m a r y  
sequences (Schwarzbauer e t  a l . ,  1983; K o r n b l ih t t  e t  a l . ,  
1984a, b) which might account f o r  most o f  the  v a r i a t i o n s  
seen above.

1 . 3 . 9  A l t e r n a t i v e  S p l ic in g  Regions in  FN mRNA

The accumulated evidence from cDNAs is o la t e d  from  
human and r a t  f i b r o n e c t i n  in d ic a te s  t h a t  th e re  are  a t  
l e a s t  th re e  regions o f  v a r i a b i l i t y  in  the f i b r o n e c t i n  
t r a n s c r i p t s .  One re g io n  i s  l o c a t e d  between t h e  c e l l -  
binding and h e p a r in -b in d in g  domains o f  the p r o t e in  and 
invo lves  the presence or absence o f  a 270 bp segment in  
f i b r o n e c t i n  mRNAs re fe re d  to  as the e x t r a  domain (E D - I  
or  ED-A, K o r n b l i h t t  e t  a l . ,  1 9 8 4 a )  ( F i g .  1 . 7 ) .  The 
second and more r e c e n t l y  c h a r a c t e r i z e d  r e g i o n  maps 
between the  c o l la g e n -  and the  c e l l  I - b i n d i n g  domains o f  
the p r o t e in ,  and invo lves  another f u l l  type I I I  rep ea t  
( E D - I I  or  ED-B) t h a t  can be included or be absent in

20



EOII EDI III CS
SH SH

FIBRIN COLLAGEN 
HEPARIN

DNA SH SH

" V n " - r r  i W

EOll EDI

III c s

C
■ O C X 3  - O C D C 3  

[ / X D  -CZ/V
95a« c

. z — ^
:A -— •Ac

RAT HUMAN 

+ +

F i g u r e  1 . 7  V a r i a t i o n s  o f  t h e  f i b r o n e c t i n  p r i m a r y  
s t r u c t u r e .  The p r i m a r y  s e q u e n c e  o f  f i b r o n e c t i n  i s  
l a r g e ly  composed o f  repeats  o f  th re e  types o f  homology. 
The l o c a t i o n s  o f  th e  v a r io u s  f u n c t i o n a l  domains a r e  
shown. The lo c a t io n  o f  the th re e  regions o f  v a r i a t i o n s  
caused by a l t e r n a t i v e  s p l i c in g  are a lso  shown ( I I C S ,  ED- 
I  and E D - I I ) .  The poss ib le  type o f  v a r i a t i o n s  in  the  
I I I C S  region in human and r a t  are  a lso  in d ic a te d .
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the mature mRNA (Gutman & K o r n b l i h t t ,  1987; Schwarzbauer  
e t  a l . ,  1987) .  The t h i r d  reg ion ,  corresponds to  the  non­
homo logous segment which connects the l a s t  two type I I I  
u n i ts  a t  the  C - te rm in a l  end o f  th e  p ro te in  (connect ing  
segment I I I ,  I I I C S )  ( K o r n b l i h t t  e t  a l . ,  1 9 8 4a ,b ) ,  which 
appears t o  be o f  v a r i a b l e  l e n g t h  in  d i f f e r e n t  mRNAs 
(Owens e t  a l . ,  1986; Dufour e t  a l . ,  1988) .

1 . 3 . 9 . a A l t e r n a t i v e  S p l ic in g  in  th e  I I I C S  Region

When cDNA c lo ne s  were i s o l a t e d  from  r a t  l i v e r ,  
th re e  c lasses were found, which d i f f e r e d  in  sequence a t  
a p o i n t  between th e  p e n u l t i m a t e  and f i n a l  Type I I I  
repeats ,  in  the  c e n t r a l  region o f  FN (Schwarzbauer e t  
a l . ,  1983) .  In  clones o f  one c la s s ,  these two Type I I I  
repeats were contiguous, whereas clones o f  the o th e r  two 
classes had in s e r t s  o f  285 and 360 bases encoding 95 or  
120 am ino  a c i d s ,  r e s p e c t i v e l y .  The 120 am ino  a c i d  
segment c o n s is te d  o f  th e  95 r e s i d u e  segment p l u s  an 
e x t r a  25 amino ac ids a t  the N - te rm ina l  ( F ig .  1 . 7 ) .  S1 
n u c l e a s e  a n a l y s e s  showed t h a t  a l l  t h r e e  c l o n e s  
re p re s e n te d  genuine mRNAs found in  r a t  l i v e r  and in  
o th e r  c e l l  types .  The 95 and 25 amino ac id  segments were 
c o m p le te ly  d i f f e r e n t  from any o f  t h e  t h r e e  t y p e s  o f  
repe a t ing  homology and they were shown to  be ex trem ely  
p r o l i n e - r i c h  (Hynes, 1985; Dufour e t  a l . ,  1988) .

The f i r s t  human cDNA c lo n e  c o v e r i n g  t h e  I I I C S  
re g io n  showed a f u r t h e r  v a r i a t i o n .  I t  c o n t a i n e d  an 
i n s e r t  encoding, 89 amino ac ids homologous w i th  th e  25 
amino ac id  segment plus the  f i r s t  64 residues o f  the  95 
amino ac id  segment ( K o r n b l i h t t  e t  a l  1 9 8 4 a ,b ) .  Another  
human cDNA c lone ,  from a d i f f e r e n t  c e l l  source encoded 
the e n t i r e  120 amino ac id  segment (Bernard e t  a l . ,  1985)  
and o th er  clones have now been is o la t e d  which c o n ta in  no 
i n s e r t ,  or an i n s e r t  encoding on ly  the  64 amino ac id  
segment.  These v a r i a n t s  a r e  a l l  d iagrammed in  F i g u r e  
1 .7 .  I t  appears t h a t  3 v a r ia n ts  are  poss ib le  in  r a t  and 
5 in  human FN f o r  t h i s  region (Hynes, 1985; Dufour e t  
a l . ,  1988) .
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1 . 3 . 9 . b  A l t e r n a t i v e  S p l ic in g  in  th e  ED-I  (ED-A) Region

A second region o f  v a r i a t i o n  was f i r s t  de tec ted  in  
human cDNA’ s by K o r n b l i h t t  e t  a 7 . ,  ( 1 9 8 4 a ,  b ) ,  who
i s o la t e d  two c lasses o f  FN cDNA clones from a human c e l l  
l i n e  (F ig .  1 . 7 ) .  The clones d i f f e r  as to  the presence or  
absence o f  a segment o f  270 bases encoding an e n t i r e  
Type I I I  r e p e a t .  S1 n u c le a se  a n a l y s i s  c o n f i r m e d  t h a t  
these both represent  genuine mRNAs. While the  e x t r a  Type 

I I I  repeat  is  not encoded by any o f  the cDNA clones from  
r a t  l i v e r  (Schwarzbauer e t  a l . ,  1983) ,  i t  i s  p resent  in  
th e  r a t  gene, and is  e x p res s ed  in  o t h e r  c e l l  t y p e s  
(Odermatt  e t  a 7., 1985) .  T h e re fo re ,  th e re  are  ( a t  l e a s t )  
two p o s i t i o n s  o f  s u b u n i t  v a r i a t i o n  a t  wh ich  p r o t e i n -  
encoding segments can be present  or  absent.

1 . 3 . 9 . c  A l t e r n a t i v e  S p l ic in g  in  th e  E D - I I  (ED-B) Region

V a r i a b i l i t y  i s  p r o d u c e d  by t h e  i n c l u s i o n  o r  
exc lus ion  o f  a f u l l  repeat  o f  type I I I  homology, named 
E D - I I ,  by v i r t u e  o f  i t s  s i m i l a r i t y  t o  t h e  p r e v i o u s l y  
described ED-I  ( Vibe-Pedersen e t  a 7.,  1984; K o r n b l i h t t
e t  a 7., 1984b; Gutman & K o r n b l i h t t ,  1987; Schwarzbauer
e t  a l . ,  1987) .  The E D - I I  repeat  is  encoded by e x a c t l y
one exon in  the  human genome and a l t e r n a t i v e  s p l i c i n g  
seems t o  occur by an e x o n - s k i p p i n g  mechanism ( V i b e -  
P e d e r s e n  e t  a l . ,  1 9 8 4 ;  O d d e r m a t t  e t  a l . ,  1 9 8 5 ) .
S i m i l a r i t i e s  between ED-I  and E D - I I  regions are  e v id e n t  

both s t r u c t u r a l l y  and f u n c t i o n a l l y  ( F ig .  1 . 7 ) .  In  both 
cases f u l l  ty p e  I I I  r e p e a t s  a r e  encoded by s i n g l e  
( fused)  exons. This  is  in  c o n t r a s t  w ith  the o th e r  n ine  
type I I I  repeats  analyzed so f a r ,  in which two s m a l le r  
exons are  needed f o r  each u n i t  (V ibe-Pedersen e t  a l . ,  
1 9 8 4 ;  P a d g e t t  e t  a l . ,  1 9 8 6 ) .  M o st  i n t e r e s t i n g l y ,  
a l t e r n a t i v e  s p l i c i n g  o f  the E D - I I  exon seems to  have the  
same c e l l  s p e c i f i c i t y  as t h a t  o f  E D - I .  S1 n u c l e a s e  
mapping ex p er im en ts  have r e v e a l e d  t h a t  t h e  E D - I I  i s  
present in  FN mRNAs from c e l l s  known to  produce cFN,
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i n d ic a t in g  t h a t  t h i s  type I I I  repeat  is  r e s t r i c t e d  to  
c e l l  su r face  FN, as happens w ith  E D - I .

C o m b i n a t i o n  o f  a l l  t h e  p o s s i b l e  p a t t e r n s  o f  
s p l i c i n g  may g e n e r a t e ,  f rom  a s i n g l e  gene ,  up t o  2 0  

d i s t i n c t  FN po lypept ides  in  humans, 12 in  r a t  and 8  in  
the ch ick  (Dufour e t  a l . ,  1988) .  This data  a lso  suggest  
t h a t ,  w h i l e  m ost c e l l s  o f f e r  a po o l  o f  20 FN 
p o ly p e p t id e s  in  humans ( 1 2  in  t h e  r a t  and 8  i n  t h e  
c h ic k )  to  make up FN dimers or  mult imers,  hepatocytes  
have a more r e s t r i c t e d  pool o f  f i v e  subunits  ( t h r e e  in  
the  r a t  and two in  the ch ic k )  to  o f f e r .  I t  should be 

n o t e d  t h a t ,  e ven  th o u g h  m ost c e l l s  seem a b l e  t o  
t r a n s c r ib e  a l l  poss ib le  FN mRNA v a r i a n t s ,  the  r e l a t i v e  
prop or t ions  o f  each v a r i a n t  d i f f e r  among d i f f e r e n t  c e l l  
t y p e s .  H o w e v e r ,  t h e  e x p r e s s i o n  p a t t e r n  o f  e a c h  FN 
v a r i a n t  i n  e m b r y o n i c  d e v e l o p m e n t  i s  n o t  y e t  known  
(Dufour e t  a l . ,  1988) .

1 .3 .1 0  A l t e r n a t i v e  S p l ic in g  and Subunit  Complexity

1 . 3 . 1 0 . a E D - I” Isoforms

The primary t r a n s c r i p t  o f  the  f i b r o n e c t i n  gene is  
processed to  produce a v a r i e t y  o f  d i f f e r e n t  mRNAs and 
t h e  h e t e r o g e n e i t y  o f  f i b r o n e c t i n  s u b u n i t s  may be 
observed a t  the p ro te in  l e v e l .  Var ious l in e s  o f  evidence  
i n d ic a t e  t h a t  the presence o f  the ED-I  may account f o r  a 
d i f f e r e n c e  between c e l l u l a r  and plasma f i b r o n e c t i n .  Th is  
evidence may be summarized as fo l lo w s :
1. ED-conta in ing f i b r o n e c t i n  mRNAs are synthes ized  by 
var ious  human c e l l  l i n e s  but not by l i v e r  c e l l s .  I t  has 
been shown t h a t  hepatocytes are  the  p r in c ip a l  source o f  
plasma f i b r o n e c t i n  (Tamkun and Hynes , 1983) ,  c o n s is te n t  
w ith  the synthes is  o f  e x c lu s iv e ly  ED - I"  mRNA by these  
cel I s .
2. The ED-I  has not been seen a t  the p o lyp ep t ide  le v e l  
in  bovine plasma f i b r o n e c t i n .
3. Among o ther  s t r u c t u r a l  d i f f e r e n c e s ,  i t  has been shown 
t h a t  h e p a r in -b in d in g  fragments are  approx im ate ly  1 0 0 0 0 u

24



l a r g e r  in  c e l l u l a r ,  than in  plasma f i b r o n e c t i n ,  in  both 
t h e  c h i c k e n  ( H a y a s h i  & Yamada,  1 9 8 1 )  and human 
(Sekiguchi e t  a 7. ,  1985) .  The s i z e  and lo c a t io n  o f  the  
polypeptide d i f f e r e n c e s  are  c o in c id e n t  w ith  E D - I .

1 . 3 . 1 0 . b  S ig n i f ic a n c e  o f  E D - I+ Isoforms

The presence o f  an e x t r a  t y p e  I I I  u n i t  ( E D - I )  
between the  c e l l - b i n d i n g  and h e p ar in -b in d in g  domains o f  
one ty p e  o f  f i b r o n e c t i n ,  b u t  n o t  t h e  o t h e r ,  may be 
f u n c t i o n a l l y  s i g n i f i c a n t .  For  e x a m p le ,  i t  has been  
reported  t h a t  c e l l u l a r  f i b r o n e c t i n  is  co ns iderab ly  more 
a c t i v e  than plasma f i b r o n e c t i n  in  r e s t o r i n g  normal  
morphology to  a transformed f i b r o b l a s t  c e l l  l i n e  (Yamada 
& Kennedy, 1979) .  I t  i s  po ss ib le  t h a t  the fu n c t io n  o f  
E D -I  i s  to  in c re a s e  th e  d i s t a n c e  between t h e  c e l l -  
b in d in g  and h e p a r i n -  b in d in g  s i t e s ,  r e s u l t i n g  in  an 
enhanced binding a c t i v i t y  o f  the  c e l l u l a r  f i b r o n e c t i n  
molecule (Owens e t  a l . ,  1986) .

1 . 3 . 1 0 . C  S ig n i f ic a n c e  o f  I I I C S  Isoforms

D i r e c t  evidence has been obta ined t h a t  a l t e r n a t i v e  
s p l i c i n g  in  the I I I C S  region accounts f o r  some o f  the  
f i b r o n e c t i n  subunit  v a r i a n t s .  A nt ibod ies  were ra ise d  to  
t h e  95 am ino  a c i d  ( 2 8 5  bp )  s e q u e n c e  o f  t h e  I I I C S  
synthesized as a b e ta -g a la c to s id a s e  fus ion  p r o te in  in  
lam bda g t1  1 ( Schw ar  z b a u e r  e t  a l . ,  1 985 ) .  I n
immunoblott ing experiments the  a n t i  serum reacted  on ly  
w i t h  th e  l a r g e r  s u b u n i t  o f  r a t  and h a m s te r  p lasm a  
f i b r o n e c t i n .  The serum a lso  recognized a l l  subunits  o f  
c e l l u l a r  f i b r o n e c t i n .  The r e s u l t s ,  thus in d ic a t e  t h a t  
some o f  th e  m o le c u la r  w e ig h t  d i f f e r e n c e s  be tw een t h e  
subunits o f  plasma f i b r o n e c t i n  a r i s e  from a l t e r n a t i v e  
s p l ic in g  o f  the  I I I C S .  The ant ibody data a lso  show t h a t  
c e l l u l a r  f i b r o n e c t i n  are  c h a ra c te r is e d  by th e  presence  
o f  p a r t ,  o r  a l l  o f ,  t h e  I I I C S  s e q u e n c e .  T h i s  i s  
c o n s i s t e n t  w i t h  t h e  r e s u l t s  o f  t h e  a n a l y s i s  o f  
f i b r o n e c t i n  cDNAs f r o m  human e p i t h e l i a l  c e l l s  and
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f i b r o b l a s t s .  However, th e  f u n c t i o n a l  i m p l i c a t i o n s  o f  
t h i s  and th e  more s u b t l e  v a r i a t i o n s  in  t h i s  r e g i o n  
remain unc lear  (Owens e t  a l . ,  1986) .

The a l t e r n a t i v e  s p l i c i n g  o f  FN mRNAs in  th e  I I I C S  
region means t h a t  the CS1 sequence (a  c e l l - b i n d i n g  s i t e  
lo c a te d  a t  th e  a m in o - t e r m in a l  end o f  t h e  I I I C S ,  see  
s e c t io n  1 . 3 . 1 1 )  t h a t  promotes c e l l  adhesion o f  melanoma 
or neural c r e s t  c e l l s  is  present  in c e r t a i n ,  but not  
a l l ,  FN v a r i a n t s .  Thus, some FNs can possess a l l  s i t e s ,  
w h i le  o thers  may have on ly  the RGDS (see s e c t io n  1 . 3 . 1 1 )  
and high a f f i n i t y  s i t e  r e g i o n ,  and t h e  d i f f e r e n t  FNs 
could  t h e r e b y ,  s p e c i f i c a l l y  prom ote  t h e  a d h e s i o n ,  o r  
m igra t io n  o f  one c e l l  type r a t h e r  than another .  I t  i s  
conceivable  t h a t  d i f f e r e n t  kinds o f  FNs, c a r r y in g  some 
or  a l l  o f  the t o t a l  complement o f  adhesion s i t e s ,  a re  
secreted a t  s p e c i f i c  regions o f  the  embryo where they  
modulate c e l l u l a r  behavior  according to  the environment  
o f  th e  re g io n  or  i t s  degree o f  d i f f e r e n t i a t i o n .  T h i s  
s c e n a r io  m ight  e x p l a i n  f o r  t h e  o b s e r v a t i o n  t h a t  some 
a rea s  o f  th e  embryo a re  n e v er  o c c u p ie d  by m i g r a t i n g  
n e u r a l  c r e s t  c e l l s ,  even  th o u g h  t h e y  c o n t a i n  h i g h  
amounts o f  FN (Dufour e t  a l . ,  1988) .

1 . 3 . 1 0 . d  A l t e r n a t i v e  S p l ic in g  and T issue S p e c i f i c i t y

A l t e r n a t i v e  s p l i c i n g  o f  bo th  t h e  E D - I  and E D - I I  
exons is  c e l l  s p e c i f i c  and i t  accounts f o r  the  pr imary  
s t r u c t u r a l  d i f f e r e n c e s  between c e l l u l a r  and plasma FNs. 
In  f a c t ,  h e p a to c y tes  make o n l y  FN mRNAs l a c k i n g  bo th  
EDs, w h i le  f i b r o b l a s t s  and many o t h e r  c e l l s  make FN 
mRNAs both w i t h  and w i t h o u t  t h e  EDs (Tamkun e t  a l . ,  
1984; Paul e t  a l . ,  1986) .  These r e s u l t s  are  c o n s is te n t  
w ith  experiments in which a n t ib o d ie s ,  ra ised  a g a in s t  ED- 
s p e c i f i c  sequences, recognised e x t r a c e l l u l a r  m a t r ix  FN, 
but f a i l e d  to  re a c t  w ith  plasma FN (Borsi  e t  a l . ,  1987) .

I t  has been shown t h a t  t h e  p e r c e n t a g e  o f  FN 
m olecu les  c o n ta in in g  th e  E D - I  segment i s  a b o u t  10x  
higher  in  transformed human c e l l s  than in  normal human
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f i b r o b l a s t s  (Borsi  e t  a 7. ,  1987) .  FN from transformed
c e l l s  is  a ls o  composed o f  a popu la t ion  o f  molecules in  
which the  I I I C S  sequence is  more expressed than in  FN 
from normal c e l l s  ( C a s t e l l a n i  e t  a l . ,  1986) .  This  may 
suggest  t h a t  in  m a l ig n a n t  c e l l s  t h e  mechanisms t h a t  
re g u la te  the s p l i c i n g  o f  mRNA precursors  are  a l t e r e d .

The E D - I I  repeat  is  r a r e r  than ED-I  in  e s ta b l is h e d  
c e l l  l i n e s  but,  in  e a r l y  passage c u l tu re s  o f  f i b r o b l a s t s  
and a s t ro c y te s ,  the  prevalence o f  E D - I I  i s  s i m i l a r  to  
the ED-I ;  about 50% in each case (Schwarzbauer e t  a l . ,  
1987) .

1 .3 .11  Binding P ro p e r t ie s

As a major component o f  the  e x t r a c e l l u l a r  m a t r ix ,  
f i b r o n e c t i n  p ro b a b ly  i n t e r a c t s  i n d i r e c t l y  w i t h  c e l l  
s u r f a c e s  v i a  o t h e r  m a t r i x  c o m p o n e n ts ,  f o r  e x a m p le  
heparin  and type I I I  c o l la g e n .  In  c o n t r a s t  to  the  d i r e c t  
c e l l - b i n d i n g  a c t i v i t y  o f  f i b r o n e c t i n ,  much less is  known 
a b o u t  i t s  b i n d i n g  s i t e  t o  g 1 y c o s a m in o g  1  y e a n s  and  
c o l l a g e n s .  FN i n t e r a c t s  w i t h  a number o f  p o l y a n i o n i c  
substances. Hepar in ,  h y a lu ro n ic  a c id ,  dextran su lphate  
and DNA show b in d in g  t o  f i b r o n e c t i n ,  w h i l e  d e rm ata n  
su lphate  and c h o n d ro i t in  su lphates do not ( f o r  review  
see Ruoslahti  e t  a l ,  1981) .  Two h e p a r in -  and one DNA- 
binding s i t e  have been mapped to  d i f f e r e n t  domains o f  
the  molecule ( F ig .  1 .6 ;  Owens e t  a l . ,  1986) .

The i n t e r a c t i o n  o f  f i b r o n e c t i n  w i t h  c o l l a g e n s  
a p p e a r s  t o  be f u n d a m e n t a l  t o  t h e  o r g a n i z a t i o n  o f  
e x t r a c e l 1 u l a r  m a t r ic e s  and t h e  b e h a v i o r  o f  c e l l s  on 
th e s e  s u b s t r a t e s  ( P e a r l s t e i n  1 9 7 6 ;  McDonald e t  a l . ,  
1982; Nagata e t  a l . ,  1 9 8 5 ) .  Of t h e  g e n e t i c  t y p e s  o f
c o l la g en ,  type I I I  co l lagen  has the  h ighest  a f f i n i t y  f o r  
f i b r o n e c t i n  (Engval l  e t  a l . ,  1978) .

Another major b inding fu n c t io n  o f  f i b r o n e c t i n  is  
f o r  f i b r i n ,  which has been mapped to  two s i t e s ,  one a t  
the  amino term inus,  the o th e r  a t  the  carboxy terminus o f  
the  molecule ( F ig .  1 . 6 ) .  Both b inding a c t i v i t y  domains
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comprise type I  u n i t s ,  which s t ro n g ly  im p l ic a te s  them 
in the b inding a c t i v i t y  (Owens e t  a l . ,  1986) .

FN m o l e c u l e s  a c t  as b r i d g e s  b e tw e e n  t h e  c e l l  
s u rface  and e x t r a c e l l u l a r  m a te r ia l  because FN molecules  
c o n t a i n  a c e 1 1 - b i n d i n g  s i t e  and b i n d i n g  s i t e s  f o r  
c o l l a g e n ,  h e p a r in ,  g a n g l i o s i d e s  and f i b r i n .  These  
m u l t i p l e  b i n d i n g  s i t e s  e n a b l e  t h e  FNs t o  p l a y  an 
important  r o le  in  d ive rse  b i o lo g ic a l  phenomena in c lu d ing  
c e l l  a d h e s i o n ,  c e l l  m i g r a t i o n ,  h e m o s t a s i s  and  
thrombosis, wound he a l in g  and the a b i l i t y  to  induce a 
more normal phenotype in  t r a n s f o r m e d  c e l l s  (Hynes & 
Yamada, 1982; Mosher, 1984; Ruoslaht i  e t  a l . ,  1981) .

As in d ic a te d  above severa l  b inding a c t i v i t i e s  have 
been assigned to  d i f f e r e n t  regions o f  the f i b r o n e c t i n  
m o le c u le .  However, so f a r  o n ly  in  t h e  case  o f  th e  
a b i l i t y  to  b ind c e l l s  has t h e  a c t u a l  b i n d i n g  s i t e  
been i d e n t i f i e d .  P ie r s c h b a c h e r  & R u o s l a h t i  ( 1 9 8 4 a )  
demonstrated t h a t  the minimum sequence requ ired  f o r  c e l l  
binding was the t e t r a p e p t i d e  A rg -G ly -Asp-Ser  (RGDS). 
C o n s e r v a t iv e  s u b s t i t u t i o n s  in  p o s i t i o n  one t o  t h r e e  
complete ly  ab o l is h  a c t i v i t y ,  whereas the f o u r th  p o s i t io n  
can be v a r ie d  w ith  any o th er  amino ac id  (except  p r o l i n e )  
w ith o u t  loss o f  c e l l - b i n d i n g  a c t i v i t y  (P ierschbacher  & 
R u o s la h t i ,  1984b).  The RGDS t e t r a p e p t id e  is  present  on ly  
once on the f i b r o n e c t i n  sequence w i t h in  one o f  the  type  
I I I  u n i t s ,  and appears ou ts ide  the  blocks o f  conserved  
residues in  t h i s  reg ion .  I n t e r e s t i n g l y , th e re  is  another  
p o t e n t ia l  c e l l - b i n d i n g  s i t e  in  the  I I I C S  area  o f  r a t  but  
not human f i b r o n e c t i n  (RGDV in  r a t  compared w i th  REDV in  
human). This sequence occurs in  the  amino ac id  segment 
a t  th e  3 ’ end o f  th e  I I I C S  which i s  s p l i c e d  o u t  o f  
f i b r o n e c t i n  mRNA in l i v e r  (Schwarzbauer e t  a l  1983) .

The d i s c o v e r y  t h a t  t h e  FN t e t r a p e p t i d e  RGDS 
mediated adhesion o f  FN to  c e l l  su r face  was a tu rn in g  
p o in t  in the f i e l d  o f  c e l l  adhesion. RGDS appears on ly  
once in  the  FN sequence and is  embedded in  a type I I I  
repeat  which is  c o n s t i t u t i v e  to  a l l  FN v a r i a n t s .  RGDS
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s e q u e n c e s  h a ve  a l s o  been fo u n d  i n  o t h e r  a d h e s i v e  
p r o te in s ,  in c lu d in g  v i t r o n e c t i n ,  von W i l leb ra nd  f a c t o r ,  
thrombospondin and co l lag ens .  I n t e r e s t i n g l y ,  a l l  these  
adhesive molecules i n t e r a c t  w ith  the  su rface  o f  c e l l s  
th rough  d i s t i n c t  r e c e p t o r s ,  t h a t  n e v e r t h e l e s s ,  s h a r e  
common s t r u c t u r a l  p r o p e r t ie s .  These receptors  have been 
grouped i n t o  a s i n g l e  f a m i l y  c a l l e d  RGD r e c e p t o r s  o r  
i n t e g r i n s  (Owens e t  a 7 . ,  1986;  Hynes,  1987;  Buck &
H o rw itz ,  1987) .

1 . 3 . 1 1 . a I n t e g r i n s

In t e g r i n s  are  composed o f  two noncova lent ly  l in k e d  
alpha and beta chains which are  both in t e g r a l  membrane 
g ly c o p ro te in s .  The i n t e g r i n  f a m i ly  has been t e n t a t i v e l y  
subdivided in to  th re e  groups o f  p r o t e in s ,  each w i th  a 
common b e ta  s u b u n i t  but  w i t h  v a r i a b l e  a l p h a  s u b u n i t s  
(Hynes, 1987; Buck & H o r w i t z  , 1 9 8 7 ) .  The d i f f e r e n t
a lpha chains are  denoted by the  na ture  o f  the l ig a n d  or  
by the o r i g i n a l  c e l l  type .  Even though both subunits  a re  
r e q u i r e d  t o  p r o v i d e  t h e  b i n d i n g  a c t i v i t y  o f  t h e  
rec e p to r ,  recent  s tu d ie s  in d ic a te  t h a t  the  beta subunits  
a p p a r e n t ly  p a r t i c i p a t e  in  t h e  r e c o g n i t i o n  o f  t h e  RGD 
s e q u e n c e ,  w h i l e  t h e  a l p h a  s u b u n i t s  d e t e r m i n e  t h e  
s p e c i f i c i t y  o f  the  b inding t o  each p a r t i c u l a r  type  o f  
adhesive p r o t e in  (Hynes, 1987; Dufour e t  a l . ,  1988) .

1 . 3 . 1 1 . b  High A f f i n i t y  and CS1 Binding S i t e s

Besides RGDS, o ther  s i t e s  in  the  FN molecule  may 
mediate or  p a r t i c i p a t e  in  c e l l  b ind ing .  In  p a r t i c u l a r ,  
t h e  low a f f i n i t y  o f  R G D S - c o n t a i n i n g  p e p t i d e s  f o r  
f i b r o b l a s t s ,  compared w ith  t h a t  o f  i n t a c t  FN, led t o  th e  
h y p o th e s is  t h a t  a s i t e ,  d i s t i n c t  f rom  RGDS b u t  in  
a s s o c ia t io n  w ith  i t ,  might be requ ired  f o r  high a f f i n i t y  
b i n d in g .  T h is  ’ h igh a f f i n i t y  s i t e ’ has r e c e n t l y  been  
l o c a l i z e d  w i t h i n  a ty p e  I I I  u n i t ,  a p p r o x i m a t e l y  300  
amino ac ids away from RGDS and toward the  amino term inus  
( F ig .  1 .8 ;  Obera e t  a l . ,  1987) .  The high a f f i n i t y  s i t e
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Figure  1 .8  D i f f e r e n t  c e l l - b i n d i n g  s i t e s  i d e n t i f i e d  on 
f i b r o n e c t i n .  A high a f f i n i t y  s i t e  is  lo c a l is e d  towards 
the amino-terminal  from the RGDS sequence. Both the  high 
a f f i n i t y  and the RGDS s i t e s  are used f o r  at tachment and 
sp re ad ing  o f  f i b r o b l a s t s .  A n o th e r  c e l l - b i n d i n g  s i t e  
c a r r ie d  by the CS1 sequence o f  the  I I I C S  domain promotes 
s p e c i f i c  adhesion o f  melanoma c e l l s
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alone is  not s u f f i c i e n t  to  mediate c e l l  adhesion, which 
a ls o  r e q u i r e s  th e  presence  o f  RGDS. Two o t h e r  c e l l -  
binding s i t e s  map in  the  I I I C S  segment: one i s  located  
a t  th e  c a r b o x y - t e r m in a l  end o f  I I I C S  and has been 
i d e n t i f i e d  in  humans as th e  REDV ( A r g - G l u - A s p - V a l ) 
t e t r a p e p t i d e  ( RGDV in  r a t s ) .  The o t h e r  c e l l - b i n d i n g  
s i t e ,  termed CS1, is  located  a t  the ami no - te rm ina l  end 
o f  I I I C S  ( F i g .  1 .8 ;  Humphries e t  a l . ,  1 9 8 6 ,  1 9 8 7 ) .
I n t e r e s t i n g l y ,  these s i t e s ,  whose presence is  regu la te d  
by a l t e r n a t i v e  s p l i c i n g ,  s p e c i f i c a l l y  prom ote  t h e  
adhesion o f  melanoma c e l l s  (H u m p h r ies  e t  a l . ,  1 9 8 6 ,  
1987) .  Receptors f o r  the  IH C S - b in d in g  s i t e s  have not  
been i s o la t e d ,  but p r e l im in a r y  data  in d ic a t e  t h a t  they  
a ls o  belong to  the in t e g r i n  f a m i ly .  In  conclus ion ,  the  
presence o f  cons iderab le  f l e x i b i l i t y  in  the  c o n tro l  o f  
c e l l  b e h a v io r  by FN, a f a c t  which may have i m p o r t a n t  
im p l ic a t io n s  during development (Dufour e t  a l . ,  1988) .

1 -3 .1 2  S t r u c t u r e  o f  th e  FN Gene

Human f i b r o n e c t i n  gene has been a s s i g n e d  t o  
chromosome 2  us ing  human-mouse h y b r i d s  and s p e c i e s -  
s p e c i f i c  anti-human f i b r o n e c t i n  monoclonal a n t ib o d ie s  
( Z a r d i  e t  a l  , 1 9 8 2 ) ,  s o m a t ic  c e l l  h y b r i d s  and cDNA 
p r o b i n g  (P r o w s e  e t  a l . ,  1 9 8 6 )  and by i n - s i t u  
h y b r i d i s a t i o n  ( J h a n w a r  e t  a l . ,  1 9 8 6 ) .  D e s p i t e  t h e  
e x is te n c e  o f  m u l t i p le  forms o f  FN, th e re  is  on ly  one 
copy o f  the FN gene in  the human and r a t  genomes. Th is  
gene is  about 75 kb long, conta ins  around 50 exons and 
i s  t r a n s c r i b e d  from a s i n g l e  p ro m o te r  i n t o  a s i n g l e  
primary t r a n s c r i p t ,  which g ives r i s e  to  the  d i f f e r e n t  FN 
mRNAs, th rough a c o m p l ic a te d  p a t t e r n  o f  a l t e r n a t i v e  
s p l ic in g s ,  occurr ing  in  th re e  separate  regions (Dufour  
e t  a l .  , 1988) .

The s e q u e n c e  o f  t h e  l o n g e s t  p o s s i b l e  FN mRNA 
molecule , deduced from severa l  cDNA and genomic c lo ne s ,  
i s  composed o f  8418 n u c le o t id e s ,  7431 o f  which code f o r  
the 2477 amino ac ids  o f  the pr imary t r a n s l a t i o n  product .  
A 31 amino a c id  segment c o m p r is in g  t h e  s i g n a l  and
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propep t ides ,  precedes the  amino terminus o f  the  mature 
p o ly p e p t id e .  The same p re -  and pro-coding sequences were 
found in  a l l  mRNAs encoding the d i f f e r e n t  subunits  o f  
plasma and c e l l u l a r  FNs ( D u f o u r  e t  a l . ,  1 9 8 8 ) .  T h i s  
ru le s  out co n tro l  a t  the  membrane t r a n s lo c a t i o n  s i t e  as 
a mechanism to  e x p la in  the  d i f f e r e n t i a l  l o c a l i z a t i o n  and 
behavior  o f  the  two forms.

Most o f  the  Type I  and both o f  the Type I I  u n i ts  
are  encoded by a s in g le  exon each, w h i le  14 o f  the  17 
Type I I I  u n i t s  a re  coded f o r  by two exons e a c h .  The 
oth er  th re e  Type I I I  repeats  are  encoded by a longer  
( f u s e d ? )  s i n g l e  exon each.  T h i s  s t r i c t  c o r r e l a t i o n  
between the  in t ro n /e x o n  o r g a n iz a t io n  o f  the gene and the  
r e p e t i t i v e  s t r u c t u r e  o f  the  p r o t e in ,  to g e th e r  w i th  the  
f a c t  t h a t  o th e r ,  ap p a re n t ly  u n re la te d ,  genes c a r r y  and 
express segments which are  homologous to  FN Type I  and 
Type I I  sequences, s t ro n g ly  r e in f o r c e  the theory  o f  exon 
s h u f f l i n g  f o r  the  o r i g i n  o f  mult idomain p ro te in s  (Owens 
e t  a l . ,  1986; Dufour e t  a 7 . ,  1988;  see a l s o  s e c t i o n
1 . 3 . 1 4 ) .

1 . 3 .1 3  R egula t ion  o f  FN Expression

There are  severa l  p o t e n t ia l  t r a n s c r i p t i o n a l  c o n t ro l  
e lem ents  in  th e  5* f l a n k i n g  r e g i o n  and in  t h e  f i r s t  
in t ro n  o f  the gene. The f i b r o n e c t i n  gene is  s u b je c t  to  
complex c o n t r o l  mechanisms, b e in g  r e g u l a t e d  by c e l l  
d e n s i t y  and growth r a t e ,  o n c o g e n ic  t r a n s f o r m a t i o n , 
d i f f e r e n t i a t i o n  s t a t e  and g ly c o c o r t ic o id s  (Adams e t  a l . ,  
1982; Senger e t  a l . ,  1983; O l i v e r  e t  a l . ,  1983; A l lebac h  
e t  a l . ,  1985; Pate l  e t  a l . ,  1987) .

1 . 3 .1 4  E v o lu t io n ary  Im p l ic a t io n s

There are  severa l  e v o lu t io n a r y  im p l ic a t io n s  o f  the  
s t r u c t u r e  o f  the FN gene and p r o t e in .  The f i r s t  and most 
o b v i o u s  i s  t h a t  t h e  r e p e a t i n g  h o m o l o g i e s  s t r o n g l y  
suggest  t h a t  th e  FN gene a ro s e  by endodupl  i c a t i o n  o f
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severa l  p r im o r d ia l  minidomains or  modules, corresponding  
w ith  the  present  day homology Type I ,  I I ,  and I I I .  This  
su ppos it ion  is  supported by analyses o f  the  in t ro n -e xo n  
s t r u c t u r e  o f  th e  gene, which shows c l e a r l y  t h a t  each  
Type I I I  repeat  is  encoded by a basic  rep ea t in g  u n i t  in  
the  gene. Seven Type I I I  repeats  in  the  r a t  FN gene are  
p r e c is e ly  separated ,  in  each case by an in t ro n  (Odermatt  
e t  a 7. , 1 985 ) .  Type  I I I  r e p e a t s  t h a t  can  be
a l t e r n a t i v e l y  s p l i c e d ,  th e  t w e l f t h ,  i s  encoded by a 
s i n g l e  exon ( Vi be -Pedersen  e t  a l . ,  1984;  O d e r m a t t  e t  
a l . ,  1985) ,  but a l l  the o thers  analysed thus f a r  are  
in te r r u p te d  by an in t ro n  (Odermatt e t  a l . ,  1985) .

I t  seems very l i k e l y  t h a t  the  s in g le  o r  double exon 
u n i t s  e n c o d i n g  e a ch  r e p e a t  a r e  t h e  m o d u le s  t h a t  
underwent d u p l ic a t io n  and d ivergence to  generate  th e  FN 
gene. Th is  d u p l ic a t io n  and divergence must have occurred  
w e l l  b e f o r e  t h e  d i v e r g e n c e  o f  v e r t e b r a t e s ,  w h i l e  
i n d i v i d u a l  r e p e a ts  show o n l y  20-60% homology w i t h i n  
species ( i . e .  are  q u i te  w id e ly  d iv e rg e d ) ,  the  homology 
between v e r t e b r a t e  s p e c ie s  in  a g iv e n  r e p e a t  i s  more 
than 90% (Hynes, 1985) .  That i s ,  once the  d u p l ic a t io n  
and d iv e rg e n c e  had o c c u r r e d ,  t h e  gene became h i g h l y  
conserved. This is  t r u e ,  not on ly  a t  the le v e l  o f  amino 
ac id  sequence, but a lso  a t  the n u c le o t id e  le v e l  and even 
a p p l ie s  to  severa l  u n t ra n s la te d  segments o f  the  gene. 
For example, th e re  is  a h ig h ly  conserved s t r e t c h  o f  200 
b a s e s  i n  t h e  3* u n t r a n s l a t e d  r e g i o n ,  i m m e d i a t e l y  
preceding the  po ly-A  a d d i t io n  s ig n a l  ( K o r n b l i h t t  e t  a l . ,  
1983; Schwarzbauer e t  a l . ,  1 9 8 3 ) .  S i m i l a r l y ,  t h e  6

in t ro n -e xo n  boundaries t h a t  have been determined in  the  
human gene (Vibe-Pedersen e t  a l . ,  1984) are  very  s i m i l a r  
to  those in  the  corresponding p o s i t io n  in the  r a t  gene 
(Odermatt e t  a l , ,  1985; Hynes, 1985) .

Another f a s i n a t i n g  aspect o f  the  e v o lu t io n  o f  th e  
FN gene a ls o  has come to  l i g h t .  Banyai e t  a l .  (1983 )  
noted t h a t  t i s s u e  plasminogen a c t i v a t o r  ( t -P A )  has an N- 
te rm in a l  Type I  repeat  homologous w i th  those in  FN. The 
r e la t e d  plasminogen a c t i v a t o r ,  urokinase (u -P A ) ,  lacks  
t h i s  homology. t -PA binds to  f i b r i n  whereas u-PA does
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n o t ,  which i s  c o n s i s t e n t  w i t h  t h e  id e a  t h a t  Type I  
homology confers  a f f i n i t y  f o r  f i b r i n  and as i t  i s  a lso  
suggested by the presence o f  3 and 5 Type I  homologies 
in  the  two f i b r i n - b i n d i n g  s i t e s  o f  FN. More r e c e n t ly ,  
McMullen and Fujikawa (1985)  determined the  sequence o f  
human F a c to r  X l l a  ( a c t i v a t e d  Hagemann f a c t o r ) .  T h i s  
protease conta ins  one copy o f  each o f  the  Type I  and I I  
h o m o l o g i e s ,  as w e l l  as o t h e r  c o n s e r v e d  s t r u c t u r a l  
domains c h a r a c t e r i s t i c  o f  serum protease .  The Type I I  
homology is  i d e n t ic a l  w i th  one or  both Type I I  repeats  
o f  FN a t  more than 50% o f  the  p o s i t io n s ,  and is  a lso  
e x t r e m e ly  s i m i l a r  to  two Type I I  r e p e a t s  fo und  in  a 
bovine seminal plasma p r o t e i n  (M c M u l le n  & F u j i k a w a ,  
1 9 8 5 ) .  The Type I  r e p e a t  o f  F a c t o r  X l l a  i s  c l o s e l y  
r e l a t e d  t o  t h o s e  o f  FN and t - P A .  T h u s ,  t h e  two  
d is u l f id e -b o n d e d  minidomains present  in  m u l t i p l e  copies  
in FN are  a lso  found in  o th e r  p r o t e in s .  They presumably 
moved, from one gene to  another ,  by a process o f  exon 
r e a s s o r t m e n t  o f  s h u f f l i n g  ( G i l b e r t ,  1 9 7 8 ) .  T h i s  
hypothesis gains support from the  observa t ion  t h a t  the  
Type I  repeat  in  t -PA is  encoded p r e c is e ly  by one exon 
(Ny e t  a l . ,  1 9 8 4 ) .  T h e r e f o r e ,  t h e s e  m in id o m a in s  t h a t  
appear to  be involved in p r o t e in -b in d in g  fu n c t io n s  in  FN 
may s u b s e r v e  s i m i l a r  r o l e s  i n  o t h e r  p r o t e i n s .  
Furthermore, Patthy  e t  a 7. (1984 ) noted t h a t  Type I I
homologies a re  r e l a t e d  in  sequence t o  t h e  c o r e  o f  
" k r i n g l e s " , w h ic h  a r e  p r o t e i n - b i n d i n g  m o d u le s  
c h a r a c t e r i s t i c  o f  p r o t e o l y t i c  enzymes; t h i s  s u g g e s ts  
even more d i s t a n t  e v o lu t io n a ry  r e la t io n s h ip s  among these  
var ious  minidomains (Hynes, 1985) .

The s i n g l e  l a r g e  gene t h a t  encodes t h i s  m o d u la r  
s t r u c t u r e  i s  composed o f  a s e r i e s  o f  m u l t i p l e  s m a l l  
exons. Some o f  these exons appear to  have found t h e i r  
way in to  o ther  genes, where they presumably c a r r y  ou t  
s i m i l a r  fu n c t io n s  (Hynes, 1985) .

1 .3 .1 5  Human P la c e n ta l  FN

P lac enta l  e x t r a c e l l u l a r  m a t r ix ,  in  a d d i t io n  to  the
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t r o p h o b l a s t  d i f f e r e n t i a t i o n ,  s u p p o r t s  many o t h e r  

c e l l u l a r  m ig ra to ry  and developmental changes o c curr ing  
during embryogenesis and the  i n t e g r i t y  o f  the p la c e n ta l  
membrane which is  necessary f o r  maintenance o f  pregnancy 
(A p l in  anf  Foden, 1982) .  I t s  r o le  and presence in  the  
p l a c e n t a ,  a m n io t ic  f l u i d  and f e t a l  t i s s u e s  has been  
i n v e s t i g a t e d  (Zhu e t  a l . ,  1984;  M a ts u u ra  & Hakomori  , 
1985; Sekiguchi e t  a l . ,  1986; Molnar-G. e t  a l . ,  1988;
R o b e r t  e t  a l . ,  1988  and o t h e r  r e f e r e n c e s  i n  t h i s  
s e c t i o n ) .

FN is  one o f  th e  m ajor  components o f  t h e  human 
p l a c e n t a  and i t  has been l o c a l i s e d  by 
im m u n o h is to lo g ic a l  methods a round t h e  f e t a l  b lo o d  
v e s s e ls ,  stroma o f  p l a c e n t a l  v i l l i  ( I s e m u r a  e t  a l . ,  
1985; Kurosawa e t  a l . ,  19 8 5 )  and in  t h e  p l a c e n t a l  
c h o r io n ic  p l a t e  (K h a la f  e t  a l . ,  1985) .  FN has been shown 
t o  be a b u n d a n t  i n  human p l a c e n t a  and i n  f a c t  i t  
c o n s t i t u te s  between 1 . 8 - 2 . 9 *  o f  the  dry weight o f  the  
p la c e n ta l  v i l l i  (Bray,  1985) .

Human plasma f i b r o n e c t i n  conta ins  75*  b ian tennary  
a s p a r a g i n e - l i n k e d  g l y c o p e p t i d e s  and 2 5 *  t r i a n t e n n a r y  
s t ru c tu re s  (F is h e r  & Laine,  1979) .  In  c o n t r a s t ,  f e t a l  
p la c e n ta l  f i b r o n e c t i n  conta ins  s u b s ta n t ia l  amounts o f  
p o ly la c to s am in e -c o n ta in in g  g lycopep t ides ,  many in  the  
form o f  t e t ra a n te n n a ry  asparagine-linked o l ig o s a c c h a r id e s  
o f  7-10 kDa s iz e  (Zhu e t  a l . ,  1984) .  The presence o f  
th e s e  l a r g e  o l i g o s a c c h a r i d e s  weakens t h e  b i n d i n g  o f  
f i b r o n e c t i n  t o  denatured  c o l l a g e n  ( g e l a t i n )  (Zhu & 
L a in e ,  1 9 8 5 ) .  The phenomenon o f  weakened b i n d i n g  t o  
denatured co l la g e n ,  however, f o r  the  type o f  f i b r o n e c t i n  
found in term p lac e n ta ,  has not y e t  been r e la t e d  to  any 
d i f f e r e n c e  i n  t h e  f u n c t i o n a l  c a p a c i t y  o f  t h e  
f i b r o n e c t i n s .  Human f e t a l  plasma f i b r o n e c t i n  (Yamaguchi 
e t  a l . ,  1984) and am nio t ic  f l u i d  f i b r o n e c t i n  (Krus ius  e t  
a l . , 1985) have been r e p o r t e d  t o  c o n t a i n  a s m a l l e r
amount o f  p o l y 1 a c t o s a m i n e  s t r u c t u r e  and a h i g h e r  
c a rb o h y d ra te  c o n te n t  than a d u l t  p lasm a f i b r o n e c t i n .  
However, p l a c e n t a l  t i s s u e  f i b r o n e c t i n  i s  much l e s s  
s o l u b l e  t h a n  t h e  p la s m a  o r  a m n i o t i c  f l u i d  f o r m s ,
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indicating chemical differences there are as yet 
undefined. To see whether polylactosaminyl fibronectin 
was unique to the term placenta, a developmental study 
of the carbohydrates of placental tissue fibronectin 
during gestation was conducted by Zhu and Laine (1987). 
They found that a steady increase in the size, 
carbohydrate quantity, and polylactosamine glycosylation 
on tissue fibronectin occurs throughout the lifetime of 
the placenta attaining its final form only during the 
last month before birth. This increase in carbohydrate 
is accompanied by a steadily diminishing binding 
affinity to gelatin.

1 . 4  A l t e r n a t i v e  S p l i c i n g

Eukaryotic cells have a characteristic feature in 
that protein isoforms which are structurally distinct, 
cell type specific and developmentally regulated are 
produced by a regulated manner. Thus far at least two 
broadly categorised systems have been identified to be 
responsible for the g eneration of this protein 
diversity. One of these systems involves the selection 
of one gene among the member of a multigene family for 
expression in a particular cell, developmental stage or 
other conditions (Breitbart et al., 1987). Two examples
are the expression of haemo g l o b i n  (Hb) and 
immunoglobulin (Ig), the former one is developmentally 
regulated and the latter one can be affected by 
different physiological conditions. There are at least 
three different Hb molecules, embryonic, foetal and 
adult forms (Antonarakis et al., 1985). The Ig molecules 
are much more diverse and the light chain has 3 segments 
and the heavy chain has 4 segments but because there are 
usually more than one copy for each segment (e.g. the 
variable gene cluster has about 200 members) the 
combination of these gene clusters can result in 
thousands of different possibilities (Rabbits 1984). 
These forms of protein diversity are achieved by DNA 
rearrangement. There is another mechanism which also 
give rise to different protein isoforms as above but the
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main difference in here is that there is only one gene 
involved and the diversity is caused by alternative pre- 
mRNA splicing.

The protein isoforms generated by alternative 
splicing usually share extensive regions of identity and 
only vary in specific domains. The domain variability, 
caused by alternative splicing, affects almost all 
aspects of protein function, ranging from localisation 
to the modulation of enzyme activity (Smith et al . , 
1989; Latchman 1990).

Alternative splicing, as a mechanism to regulate 
gene expression and generate protein diversity, has 
several advantages over gene rearrangement and extensive 
multigene families. In this way protein isoforms are 
made without any need for additional members of a gene 
family or any change in the transcriptional activity. In 
other word the role of alternative splicing is to 
increase the coding power of the genome (Smith et al. , 
1989).

The m e c h a n i s m  involved in the r e g u lation of 
alternative splicing has been intensely examined (for 
recent reviews see Leff et al., 1986; Breitbart et a l . , 
1987; Smith et al., 1989; Latchman 1990) in recent years 
and major advances have been made in understanding the 
biochemical basis of the splicing reaction since the 
discovery of pre-mRNA splicing. There are still areas of 
splicing (as well as alternative splicing) which remain 
obscure such as the basis for the e x tremely high 
precision of the splicing reaction and the selective 
advantages and evolutionary origin of introns (Smith et 
al., 1989). Meanwhile alternative pre-mRNA splicing has
become a subject of major interest in two ways, firstly 
as an important biological regulatory mechanism and 
secondly for providing insights into some fundamental 
aspects of splicing.

By 1986 more than 50 genes were known to generate 
protein d iversity through the use of alter n a t i v e
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splicing but their number has expanded so rapidly since 
then (Breitbart et al. , 1987; Smith et al., 1989). Thus 
far neither the experimental data available nor the 
hypotheses put forward for the removal of introns in 
pre-mRNA splicing can fully explain the cell- and 
developmental-specific patterns of alternative splicing 
seen in some mRNA splicings (Breitbart et al., 1987).

When compared with c o n s t i t u t i v e  splicing (where 
each and every one of the exons present in the gene are 
incorporated into one mature mRNA; Breitbart et a l . , 
1987) the alternative splicing often appears to be 
generated by subtle changes in the basic splicing 
mechanisms (Smith et al., 1989). This is not to say that 
the consensus sequences or splice-site elements in this 
case differ significantly from elements involved in 
constitutive splicing (Breitbart et a l ., 1987)
Nevertheless there are cases in which extreme variants 
in the c i s  elements are associated with utilisation of 
differential splice-site (Smith et a l . , 1989 ). There
are, however, cases where novel c i s  elements, unrelated 
to the type of consensus elements seen in constitutive 
splicing, are involved (Breitbart et al., 1987; Smith et 
a l ., 1989). The major cause of alternative splicing, 
where no apparent c i s  element variation can be seen, may 
be caused by differences in cellular t r a n s  factors as 
seen in cell-specific and developmentally regulated 
splicing (Smith et al. , 1989). This is not to say that
the constitutive splicing does not utilise cellular 
t r a n s  factors because they have been shown to be 
involved in apparently constitutive splicing (Breitbart 
and Nadal-Ginard 1987).

M a n i f e s t a t i o n  o f  A l t e r n a t i v e  S p l i c i n g

Unlike their p r o karyotic counterparts, most 
eukaryotic genes in addition to exons contain another 
type of sequences (introns) which are present in the 
pre-mRNA transcripts but are absent in the mature mRNA. 
Introns are not therefore represented in the coded 
protein (Breitbart et al., 1987). The intron sequences
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PATTERNS OF ALTERNATIVE RNA SPLICING
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F ig  1 .9  P a t t e r n  o f  a l t e r n a t i v e  s p l i c i n g .  C o n s t i t u t i v e  

exons ( b l a c k  b o x e s ) ,  a l t e r n a t i v e  s e q u e n c e s  ( s t r i p e d  

boxes) and in t r o n s  ( s o l i d  l i n e s )  a re  s p l i c e d  a c co rd in g  

to  d i f f e r e n t  pathways ( d o t t e d  l i n e s ) ,  as d e s c r ib e d  in  

t h e  t e x t .  A l t e r n a t i v e  p r o m o t e r s  ( T A T A )  and  

p o ly a d e n y la t io n  s i g n a l s  (AATAAA) a re  i n d i c a t e d  ( p i c t u r e  

from B r e i t b a r t  e t  a l . , 1987.).
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are posttranscriptionally removed from the mRNA in 
always at the same position (Breitbart et al, , 1987).
This type of splicing contributes no diversity to gene 
expression and one pre-mRNA transcript is converted to 
one mature mRNA (Solnick 1985). In most genes studied so 
far the mature mRNA is generated by all the exons 
present in the gene being joined together through 
ligation of consecutive pairs of donor and acceptor 
splice sites present in the exon-intron boundaries 
(Breitbart et al., 1987).

Constitutive splicing as mentioned above yields a 
single mature mRNA from each transcriptional unit in 
spite of exons being interrupted as many as 50 times by 
introns (Solnick 1985). Though generally constitutive 
splicing is regarded to be precise, e f ficient and 
apparently universal (i.e. in higher eukaryotes), but 
sometimes all the exons are not joined in consecutive 
manner (Breitbart et a l ., 1987). This p a t t e r n  of
splicing is termed a l t e r n a t i v e  splicing and can exclude 
all or part of an individual exon from the mature mRNA 
in some transcripts but include them in others (Fig. 
1.9; Breitbart et al., 1987; e.g. alternative pattern of 
splicing of EDs and IIICS regions in FN, see section 
1.3.9) .

It is now known that alternative splicing occurs 
in a wide variety of metazoans ranging from D r o s o p h i l a  

to human (for full list and references see Breitbart et 
al. , 1987). The protein products of alternative splicing 
have a wide variety of functions and distributions. 
These products include proteins of the contractile 
apparatus, extracellular matrix, cytoskeleton, membrane 
receptors, hormones and enzymes involved in the 
intermediary metabolism and DNA transposition (for full 
references see Breitbart et al., 1987).

1 . 4 . 2  P a t t e r n  o f  A l t e r n a t i v e  P re -m R N A  S p l i c i n g

In some genes such as contractile protein genes
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alternative splicing is a prevalent mechanism which 
generates isoform diversity (Breitbart et al. , 1987).
Alternative splicing has also been shown to be present 
in several of sarcomeric proteins such as myosin heavy 
chain, alkali myosin light chain, tropomyosin, skeletal 
and cardiac troponin T and FN (for full list of 
references see Breitbart et al. , 1987 and for FN see
section 1.3).

Splicing usually occur when a donor and acceptor 
site are present in the pre-mRNA transcript and are 
joined together to form mature mRNA (Padgett et a l . , 
1986). Whenever this process does not occur all the time 
and in some mRNA a particular pair of donor and acceptor 
sites fail to join the result would be formation of at 
least two mRNAs with different primary sequences 
(Breitbart et a l . , 1987). There are various ways in
which alternative splicing can occur and they are 
summarised in Figure 1.9. These patterns of splicings 
have been given similar names by Breitbart et al. (1987)
and Smith et al. (1989) and for convenience same names
will be used here. These include combinatorial exons, 
internal donor and acceptor sites, mutually exclusive 
exons, retained introns and alternative 5*- and 3 J- 
terminal exons. Some of these patterns of splicing, due 
to their relevance to the pattern of al t e r n a t i v e  
splicing seen in FN, will be described in more detail 
than others.

1.4.2.a Combinatorial Exons

Some exons function as cassettes and can be 
included or excluded from the mature mRNA independently, 
that is to say such exons are sometimes present and in 
other time absent from the mRNA. Therefore if n number 
of cassette exons are present in a given gene then 2n is 
the number of potential isoforms which might arise from 
such a gene at the level of mRNA modification (Breitbart 
et al., 1987; Smith et al., 1989). A very high diversity 
can be generated when several cassette exons are present
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in a gene and the best example of such system is the 
pattern of alternative splicing seen in fast skeletal 
troponin T (TnT) gene (Breitbart et al. , 1987). In TnT
gene there are five consecutive cassettes exons (4-8) 
which are spliced in a combinatorial fashion and in 
theory as many as 32 different protein isoforms can be 
generated (Breitbart et a l . , 1987; Fig. 1.10). The
genera t i o n  is, however, ti s s u e - s p e c i f i c  or 
developmentally regulated. Presence of yet another pair 
of cassette exons at the 5 ’ end can increase this 
diversity even further (2^) (Breitbart et al . , 1987;
Smith et al., 1989).

1 . 4 . 2 . b  I n t e r n a l  D o n o r  a n d  A c c e p t o r  S i t e s

In most cases the donor and the acceptor sites for 
splicing are located in the exon/intron boundaries but 
in other times there may be donor and acceptor sites 
within the coding sequences which alternatively can 
cause such sequences be included or excluded from the 
mature mRNA (Breitbart et al., 1987; Smith et al ., 1989; 
Fig 1.10C and D). With most other types of alternative 
splicing this type can also cause a frameshift, or 
premature termination of reading frames (Smith et al. , 
1989). The best example is the pattern of splicing seen 
in the IIICS region of FN. Presence of one internal 
donor and one acceptor sites in combination of those in 
the exon/intron boundaries can generate up to 5 
different isoforms from a single exon (see section 
1.3.9.a).

1 . 4 . 2 . C  M u t u a l l y  E x c l u s i v e  E x o n s

Sometimes there are pairs of exons one of which is 
always present and the other one is skipped (Breitbart 
et a l . , 1987; Smith et a l . , 1989 ). That is to say
internal exons are sometimes mutually exclusively 
incorporated into the mature mRNA. Each m u t u a l l y  
exclusive cassette encodes an alternative version of the 
protein. Mutually exclusive cassette exons can be seen 
in rat alpha and beta-tropomyosin genes (Breitbart et 
al., 1987).
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1.4.2.d Retained Introns

As the name suggests in this case introns can be 
retained in the mature mRNA and the protein product of 
such mRNA would contain peptide segment from such intron 
(Smith et a l . , 1989; Fig. 1.10E). This is apparently 
caused by the failure of the splicing mechanism to 
splice an intron and it can be seen in gamma-fibrinogen 
gene transcripts (Breitbart et al., 1987).

1 . 4 . 2 . e  A l t e r n a t i v e  5 * -  a n d  3 * - T e r m i n a l  E x o n s

In some cases different promoters or 
cleavage/polyadenylation sites are utilised resulting in 
alternative 5 ’ and 3* end sequences (Breitbart et a l . , 
1987; Smith et a l ., 1989). This may be caused by
presence of multiple promoters or poly (A) sites 
(Breitbart et al., 1987). This kind of utilisation leads 
to variability in the protein sequence in the N or C 
termini and may cause differential regulation of gene 
expression via effect on other processes dependent on 
such a protein (Smith et al., 1989).

1 . 4 . 3  E v id e n c e  f o r  t h e  E x i s t e n c e  o f  A l t e r n a t i v e  S p l i c i n g  

F a c t o r s

It has been long believed that tissue-specific or 
developmentally regulated patterns of alternative 
splicing need more than just presence of for example 
internal donor or acceptor sites or presence of multiple 
promoter or poly (A) sites (Leff et al., 1986). It has 
been therefore suggested that some kind of regulatory 
factors might be involved. To provide evidence for the 
existence of such factors, many workers have used 
minigene constructs containing the alternative spliced 
exons and monitored their pattern of splicing by 
introducing them to various cell types or conditions. In 
many such experiments the correct pattern of tissue 
specific splicing have been obtained with two different 
types of cells (Paul et al. , 1986; Castellani et a l . ,
1986; Schwarzbauer et al. , 1987; also see Breitbart et
al., 1987; Smith et al., 1989 and Latchman 1990).
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The f a c t  t h a t  d i f f e r e n t  p a t te rn s  o f  s p l i c i n g  were 
o b t a i n e d  i n  d i f f e r e n t  c e l l  t y p e s  u s i n g  i d e n t i c a l  
co nstru c ts  ( L e f f  a t  a l . 1987; Crenshaw e t  a 7 . , .  1987;
Balza e t  a l . ,  1988; Barone e t  a l . ,  1989) prov ides c l e a r  
ev id e n c e  f o r  th e  e x i s t e n c e  o f  a l t e r n a t i v e  s p l i c i n g  
f a c t o r s .  The f i n d i n g s  i n  t h e s e  s t u d i e s  and t h e  

i d e n t i f i c a t i o n  o f  c i s - a c t i n g  sequences w ith  which the  
a l t e r n a t i v e  s p l i c i n g  f a c t o r s  i n t e r a c t  have led t o  many 
attempts  to  i d e n t i f y  these f a c t o r s .  The in v e s t ig a t io n s  
in  D ro s o p h i la  have been most p r o m is i n g  and s e v e r a l  
candidates  have been i d e n t i f i e d  ( f o r  reviews see Padgett  
e t  a l . ,  1986; M a n i a t i s  & Reed, 1987;  B a k e r ,  1989;  
Latchman, 1990) .

1 . 4 . 4  O n /O ff  R egula t ion  o f  Gene Expression a t  th e  Level  
o f  S p l ic in g

A l t e r n a t i v e  s p l i c i n g  may e v e n  a c t  as o n / o f f  
r e g u la t o r .  Recent s tu d ie s  in  D rosophi la  i n d ic a t e  t h a t  
s p l i c i n g  i s  used to  tu rn  the  expression o f  p r o t e in  gene 
products on and o f f .  A la rg e  p ro p o r t io n  o f  Drosoph i la  
genes have a t  l e a s t  one in t ro n  o f  the  la rg e  s i z e  c la ss  
suggest ive  o f  a d d i t io n a l  fu n c t io n .  The a v a i l a b l e  sample 
o f  genes suggests t h a t  a s i g n i f i c a n t  f r a c t i o n  o f  these  
la rg e  in t ro n s  may fu n c t io n  in  o n / o f f  r e g u la t io n  o f  gene 
e x p re s s io n  a t  th e  l e v e l  o f  s p l i c i n g  ( f o r  r e v i e w  see  
Bingham e t  a l . ,  1988) .

1 .6  WHO and F e r t i l i t y  R egula t ion

1 . 5 . 1  S p e c ia l  Programme o f  R e s e a r c h ,  D e v e lo p m e n t  and  
Research T r a in in g  in  Human Reproduction

As shown in  F ig .  1 .1 1 ,  th e  popu la t ion  o f  the  world  
i s  in c r e a s in g  in  an e x p o n e n t i a l  manner.  Dem ographers  
r e c e n t ly  reported  t h a t  th e re  are  now more than 5 b i l l i o n  
people on t h i s  p la n e t .  In fo rm a t io n  about the  dram at ic  
i n c r e a s e  i n  w o r l d  p o p u l a t i o n ,  w i t h  i t s  s e r i o u s  
consequences regard ing the  q u a l i t y  o f  a l l  human l i f e ,
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has been known f o r  severa l  decades. In  the e a r l y  1970’ s,  
s e v e r a l  o r g a n i z a t i o n s ,  i n c l u d i n g  t h e  W or ld  H e a l t h  
O r g a n i z a t i o n  (WHO) i n s t i t u t e d  l a r g e - s c a l e  
m u l t i d i s c i p l i n a r y  programmes o f  research,  w i th  the goal 
o f  developing new methods o f  c o n tra c e p t iv e  technology.  
In  a d d i t io n ,  the  spec ia l  programTneso^these o r g a n iz a t io n s  
i n s t i t u t e d  s tu d ies  regard ing e f f e c t i v e n e s s ,  u t i l i z a t i o n  
and c o n t i n u a t i o n  r a t e s  o f  e x i s t i n g  m eth od s  o f  
c o n t r a c e p t i o n  as w e l l  as s t u d i e s  o f  a c c e p t a n c e  o f  
var ious  methods o f  con tracep t ion  by groups o f  d i f f e r e n t  
socio-economic backgrounds and e th n ic  o r i g i n s  ( M i s h e l l ,  
1986) .

F o r  t h e  a b o ve  p u r p o s e  a S p e c i a l  Programme o f  

Research ,  Development and R e s e arc h  T r a i n i n g  in  Human 
Reproduction was s e t  up by the WHO on request from the  
member s t a te s  in  e a r l y  1970*s. The programme has a broad 
mandate from th e  World H e a l t h  A ssem bly .  T h i s  mandate  

encompasses a spectrum o f  a c t i v i t i e s ,  such as research  
on and the  development o f  new and improved methods o f  
f e r t i l i t y  r e g u la t io n ,  e x te n s iv e  s tu d ies  on the  s a f e t y  
and e f f i c a c y  o f  e x i s t i n g  and new ly  d e v e lo p e d  methods  
e t c .  S u b s eq uen t ly ,  a m u l t i c e n t r e d  r e s e a r c h  team was 
d e v e l o p e d  i n t o  a u n i q u e  m u l t i n a t i o n a l  and  
m u l t i d i s c i p l i n a r y  c o l l a b o r a t i n g  mechanism, t h e  Task  
F o r c e ,  w h ic h  t o g e t h e r  w i t h  t h e  n e t w o r k  o f  c e n t r e s  
conducting c l i n i c a l  research c o n s t i t u t e s  the backbone o f  
the  Programme’ s a c t i v i t i e s  in  research and development  
(reviewed by D ic z f a lu s y ,  1986) .

One a r e a  o f  t h e  P ro g ra m m e ’ s r e s e a r c h  and  
development has been focused on making new and improving  
the  e x i s t i n g  f e r t i l i t y  re g u la t io n  methods. These new and 
some o f  th e  e x i s t i n g  methods o f  f e r t i l i t y  r e g u l a t i o n  
i n c l u d e :  l o n g - a c t i n g  s y s t e m i c  m e th o d s ,  o r a l
c o n t r a c e p t i v e s ,  p o s t - o v u l a t o r y  m ethods ,  i n t r a u t e r i n e  
d e v ic e s ,  p l a n t  e x t r a c t s  f o r  f e r t i l i t y  r e g u l a t i o n s ,  
r e g u la t io n  o f  male f e r t i l i t y ,  s t e r i l i z a t i o n  ( o f  male o r  
f e m a l e ) ,  n a t u r a l  r e g u l a t i o n  o f  f e r t i l i t y  o r  n a t u r a l  
f a m i l y  p la n n in g  and a n t i - f e r t i 1 i t y  v a c c i n e s  (s u c h  as  
antisperm, an t i -b e ta -hC G  and a n t i - t r o p h o b l a s t  v a c c in e s ) .
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F igure  1.11 World popu la t io n  growth. As i t  can be seen 
the  world popu la t ion  is  growing in  exponent ia l  manner 
and th e re  w i l l  be over 6 x 1 0 9  people in year  2 0 0 0 .
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1 . 5 . 2  C on tra ce p t iv e  Vaccines

A s a f e ,  e f f e c t i v e  and r e v e r s i b l e  b i r t h  c o n t r o l  
v a c c in e  would be a g r e a t l y  needed a d d i t i o n  t o  t h e  
c u r r e n t l y  a v a i l a b l e  f e r t i l i t y  r e g u la t in g  methods and an 
a t t r a c t i v e  p ro p o s i t io n  to  fa m i ly  planning programmes. 
The advantages o f  such a vaccine would be numerous: i t s  
e f f e c t s  w o u ld  be o f  lo n g  d u r a t i o n  and d e v o i d  o f  
m e t a b o l i c  s i  d e - e f f e c t s ; i t  c o u ld  be a d m i n i s t e r e d  by 
paramedical personnel as p a r t  o f  the  primary h e a l th  care  
s y s t e m ;  and i t s  s y n t h e t i c  co m p on en ts  c o u l d  be 
manufactured on a la rg e  sc a le  and a t  a low co s t .  The 
p o t e n t i a l  h a z a r d s  o f  such a m ethod i n c l u d e  c r o s s ­
r e a c t i v i t y  w ith  n o n - ta rg e t  an t ig en s ,  the fo rm at ion  o f  
immune complexes, poss ib le  f e t a l  damage, adverse g e n e t ic  
s e l e c t i o n ,  some t o x i c  e f f e c t s  o f  t h e  c a r r i e r s  a n d / o r  
ad juvants  used and the p o s s i b i l i t y  o f  i r r e v e r s i b i 1 i t y .

1 . 5 . 3  The Task Force on Immunological Methods o f
F e r t i l i t y  R egula t ion

The T a s k  F o r c e  on I m m u n o l o g i c a l  M e th o d s  o f  
F e r t i l i t y  Regula t ion  (Task Force) i n i t i a t e d  i t s  s tu d ie s  
as e a r l y  as 1973. The o r i g i n a l  o b j e c t i v e s  were  t o  
develop immunological methods to :  (a )  p revent  or  d i s r u p t  
i m p l a n t a t i o n ;  ( b )  p r e v e n t  sperm  t r a n s p o r t  and  
f e r t i l i z a t i o n ;  (c )  prevent b la s to c y s t  hatch ing through  
i n t e r f e r e n c e  w i t h  t h e  zon a  p e l l u c i d a ;  and a n o t h e r  
o b je c t iv e  was added l a t e r  as: prevent ion  o f  p la c e n ta l  
fo rm ation  by i n h i b i t i o n  o f  t ro p h o b la s t  growth.

1 . 5 . 4  P lacenta  and C on trace p t ive  Vaccines

The human p la ce n ta  conta ins  and se cre tesa  number o f  
b i o l o g i c a l l y  a c t i v e  p ro te in s  which are  necessary f o r  the  
maintenance o f  pregnancy and f o r  the  development o f  the  
f e t u s .  I t  should be poss ib le  to  block t h e i r  a c t io n  by 
immunochemical te c h n iq u e s  and th u s  i n t e r f e r e  w i t h  
i m p l a n t a t i o n  o r  e a r l y  d e v e l o p m e n t  o f  t h e  e m b r y o .
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A nt ibod ies  ra ised  a g a in s t  p la c e n ta l  su rface  de term inants  
may a l s o  ha ve  a c y t o t o x i c  e f f e c t  and l e a d  t o  t h e  
d e s t ru c t io n  or  immunological r e j e c t i o n  o f  the conceptus.

The i n i t i a l  work was, how ever ,  c o n c e n t r a t e d  on 
severa l  p la c e n ta l  hormones * o r  p ro te in s  and a ls o  sperm 
e n z y m e s .  Due t o  s e v e r a l  r e a s o n s  t h e  T a s k  F o r c e  
concentrated p r i m a r i l y  on beta-hCG and sperm isoenzyme 
l a c t i c  dehydrogenase ( LDH-C4) and some o f  these methods 
have reached the c l i n i c a l  t r i a l  stage ( f o r  a thorough  
review see D ic z f a lu s y ,  1986) .

1 . 5 . 5  P la c en ta l  T r o p h o b la s t -S p e c i f i c  C e l l - S u r f a c e  
Determinants

Searching o th e r  avenues f o r  the above purpose, in  
1987 the Task Force organized a m u l t in a t io n a l  team o f  
s c i e n t i s t s  t o  work toward i s o l a t i n g  human p l a c e n t a l  
t r o p h o b l a s t - s p e c i f i c  c e l l - s u r f a c e  d e t e r m i n a n t s  w h ich  
might be used f o r  developing a n t i - f e r t i l i t y  vacc ines .  
The team’ s tasks were to  i s o l a t e  and i d e n t i f y  as many 
a n t i b o d i e s  t o  th e  p l a c e n t a l  s p e c i f i c  c e l l - s u r f a c e  
determinants as poss ib le  and to  t e s t  these a n t ib o d ie s  
a g a i n s t  o t h e r  human t i s s u e s .  Those a n t i b o d i e s  w h ich  

proved to  be p l a c e n t a l  s p e c i f i c  c o u ld  be used f o r  
i s o l a t i n g  th e  r e l e v a n t  d e t e r m i n a n t .  T h is  i n v o l v e s  
t r a n s f e c t i n g ,  f o r  example COS, c e l l s  w ith  cDNA from  
human p lace nta  (see below).  The c e l l s  express ing such 
determinants  could be used f o r  i s o l a t i n g  the  gene (o r  
cDNA c lo n e )  coding f o r  such d e t e r m i n a n t s .  M o l e c u l a r  
c lo n in g  t h e r e f o r e  p ro v id e s  p o w e r f u l  methods f o r  t h e  
i n v e s t i g a t i o n  o f  th e  s t r u c t u r e  and f u n c t i o n  o f  such  
p ro te in s  and expressing such p ro te in s  f o r  l a r g e - s c a l e  
ant igen  product ion .  These an t igens  could be used f o r  the  
production o f  an a n t i  f e r t i l i t y  vaccine and the  c l i n i c a l  
t r i a l s  which need to  be fo l lo w e d .  As a p a r t  o f  the  above 
in v e s t ig a t io n  team our group was asked to  d e f in e ,  a t  the  
m o le c u la r  l e v e l ,  th e  p l a c e n t a l  s p e c i f i c  c e l l - s u r f a c e  
determinants and i s o l a t e  the cDNA clones coding f o r  such 
determ inants .
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1 . 5 . 6  M o l e c u l a r  S t u d i e s  o f  P l a c e n t a l  S p e c i f i c  
Determinants

The i s o l a t i o n  o f  p l a c e n t a l  c e l l - s u r f a c e  
d e te r m in a n ts  a t  th e  m o le c u la r  l e v e l  i n v o l v e s  s e v e r a l  
steps ,  such as p re p a ra t io n  o f  p la c e n ta l  cDNA expression  
l i b r a r y ,  expression o f  the  cDNA c lones,  immunological 
i s o l a t i o n  o f  th e  c e l l s  e x p r e s s i n g  t h e  t a r g e t  Ag and 
a m p l i f i c a t i o n  and c h a r a c t e r i z in g  the  i s o la t e d  c l o n e ( s ) .

1 . 5 . 7  A n t ibod ies  S p e c i f i c  t o  Human P lacenta

Several an t ib o d ie s  which had been ra is e d  a g a in s t  
human p l a c e n t a l  t i s s u e s  and fo u n d  t o  be p l a c e n t a l  
s p e c i f i c  w e re  chose n  by t h e  T ask  F o r c e  t o  be 
i n v e s t i g a t e d  and t h e i r  r e l e v a n t  d e t e r m i n a n t s  be 
i d e n t i f i e d .  Some o f  the a n t ib o d ie s  which are  going t o  be 
used in  t h i s  work in c lu d e  FD0161G, GB17, GB25, FT10  
McAbs.

1 . 5 . 7 . a FD0161G

The FD0161G McAb was prepared by immunizing B a lb /c  
mice w i t h  f r e s h l y  p rep ared  s y n c y t i o t r o p h o b l a s t  c e l l  
sheets o f  human f i r s t  t r im e s t e r  p lacentae  (Anderson e t  
a l . ,  1987; M u e l le r  personal communication).  FD0161G is  
an IgG1 s u b c l a s s  and has k a p p a  l i g h t  c h a i n .  
Immunoperoxidase s t a in in g s  have shown t h a t  FD0161G McAb 
s t a i n e d  s t r o n g l y  both v i l l u s  s y n c y t i o t r o p h o b l a s t  and 
n o n - v i l l o u s  c y t o t r o p h o b l a s t  o f  human f i r s t  t r i m e s t e r  
p la c e n ta l  se c t io n s .  FD0161G a ls o  has been shown to  r e a c t  
s t ro n g ly  w ith  c u l tu re d  f i r s t  t r i m e s t e r  t ro p h o b la s t  and 
v i l l o u s  s y n c y t io t ro p h o b la s t  o f  term p la c e n ta .

The Ag recognised by the FD0161G McAb m igra te s  on 
SDS-PAGE as a s in g le  e n t i t y  having an apparent m o lecu la r  
weight o f  43 kDa f o r  the d i t h i o t h r e i t o l  reduced p r o t e i n .  
The unreduced p r o t e i n  m ig r a t e s  s i m i l a r l y ,  i n d i c a t i n g  
t h a t  the is o la t e d  p r o t e in  possesses n e i t h e r  i n t e r  nor
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i n t r a c h a i n  d i s u l p h i d e  bonds ( M u e l l e r  p e r s o n a l  
communication).

1 . 5 . 7 . b  GB17

GB17 McAb was p r e p a r e d  by u s i n g  t e r m  human 
p l a c e n t a l  s y n c y t i o t r o p h o b 1 a s t  m i c r o v i l l i  as t h e  
immunogen (Hsi e t  a 7 . ,  1987) .  The iso type o f  GB17 was
determined to  be IgG1 kappa (Hsi e t  a l . ,  1987) .

Immunohistological s tu d ie s  demonstrated the  GB17 
ant igen  to  be present  on s y n c y t io t ro p h o b la s t  o f  human 
term, f i r s t -  and second t r i m e s t e r  t ro p h o b la s t .  The Ag 
recognized was shown to  m igra te  as a s in g le  p r o te in  band 
o f  175 kDa on SDS-PAGE (Hsi e t  a 7., 1987) .

1 . 5 . 7 . C  GB25

The GB25 McAb was p rep a re d  by u s in g  te rm  human 
p l a c e n t a l  s y n c y t i o t r o p h o b 1 a s t  m i c r o v i l l i  as t h e  
immunogen (Hsi & Yeh, 1986) .  I t s  iso type  was shown to  be 
IgG1 kappa. I t  recognizes s y n c y t io t r o p h o b la s t , v i l l o u s  
c y to t ro p h o b la s t  o f  the f i r s t  t r i m e s t e r  p lacentae  and a 
m a j o r i t y  o f  th e  r e s id u a l  c e l l s  o f  c y t o t r o p h o b l a s t i c  
s h e l l  i n  t h e  b a s a l  p l a t e s  and t h e  c e l l s  i n  t h e  
c y to t ro p h o b la s t ic  columns (Hsi & Yeh, 1986) .  The s i z e  o f  
the  Ag recognized by GB25 McAb is  not known.

1 . 5 . 7 . d  GB24

GB24 McAb is  not a Task Force recomended Ab but the  
Ag i t  recognizes might be the  TLX an t igens (see below)  
and i t  is  in v e s t ig a te d  a longside  the above McAbs.

The GB24 i s  a mouse McAb ( I g G 1 )  r a i s e d  a g a i n s t  
human term p la c e n ta l  m i c r o v i l l i  (Hsi e t  a l . ,  1988) .  This  
Ab recognizes a t rophob las t - lym phocyte  c r o s s - r e a c t iv e  
Ag. I n  a d d i t i o n ,  i t  r e c o g n i z e s  n o rm a l  p e r i p h e r a l
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leukocytes ,  f re s h  sperm a f t e r  the  spermatozoa have been 
f i x e d  and permeabi 1 ized and acrosomal region o f  i n t r a ­
t e s t  i c u l a r .  GB24 an t igen  seems to  be th e  MCP (membrane 
c o f a c t o r  p r o t e i n )  which i s  i n v o l v e d  in  t h e  cascade  
e v e n t s  l e a d i n g  t o  t h e  c o m p le m e n t  a c t i v a t i o n  ( H s i  
personal communication). Two p r o t e in  bands o f  62 kDa and 
75 kDa have been im m u n o p r e c ip i t a t e d  by t h i s  Ab f rom  
p la c e n ta l  m i c r o v i l l i  (Hsi e t  a 7.,  1988) .

1 . 5 . 8  TLX

The e x is t e n c e  o f  t r o p h o b l a s t - 1ymphocyte c r o s s ­
r e a c t i v e  a n t i g e n s  ( T L X )  was f i r s t  p r o p o s e d  as  
t r o p h o b l a s t  A n t ig e n  2 (TA2)  by F a u lk  e t  a l .  ( 1 9 7 8 ) .  
L a te r ,  based on the  c y t o t o x i c i t y  data  o f  r a b b i t  a n t i -  
t r o p h o b l a s t  s e ra  t o  lym p h o c y te s ,  M c I n t y r e  and F a u lk  
(1982)  extended t h i s  TLX Ag system in to  a hypothesis to  
e x p la in  how the f e tu s  su rv ive s  as an a l l o g r a f t  through  
pregnancy. This hypothesis formed the s c i e n t i f i c  basis  
f o r  t h e  i n i t i a l  c l i n i c a l  t r i a l  o f  l y m p h o c y t e  
im m m u n iz a t i o n  f o r  t h e  c h r o n i c  a b o r t e r s  o f  unknown  
e t io lo g y  (T a y lo r  & Faulk ,  1981) .  The basic c r i t e r i a  o f  
the TLX Ags de f ined  by the hypothesis a re :  (1 )  the  Ag is  
p re s e n t  on both t r o p h o b l a s t  and ly m p h o c y te ,  a l t h o u g h  
expression o f  t h i s  Ag is  not n e c e s s a r i ly  r e s t r i c t e d  to  
only  these two types o f  c e l l s ;  ( 2 )  the Ag is  a l l o t y p i c  
and v a r i a b l e  from in d iv id u a l  to  in d i v i d u a l ;  and (3 )  the  
Ags have a ro le  in  the  maternal re c o g n i t io n  o f  f e t a l  Ag 
and can i n i t i a t e  a s p e c i f i c  p r o t e c t iv e  response from the  
mother (M c In tyre  & Faulk ,  1982) .  The Ag o f  GB24 f u l f i l l s  
th e  f i r s t  c r i t e r i a ,  in  t h a t  GB24 i s  p r e s e n t  on bo th  
Trophoblasts  and lymphocytes. Recogniz ing two d i f f e r e n t  
pept ides ( i . e .  62 kDa and 75 kDa) may suggest t h a t  GB24 
Ag is  a l l o t y p i c  and so f u l f i l l s  the  second c r i t e r i a  o f  
TLX Ags.

The d e m o n s tra t io n  o f  t h r e e  d i f f e r e n t  t y p e s  o f  
p lacentae  w ith  two independent groups A and B (Hsi e t  
a l . ,  1988) ,  f i t s  in to  the p r e d ic t io n  by McIntyre and 
Fau lk  (1 9 8 6 )  f o r  th e  TLX Ag system  u s in g  s t a t i s t i c a l
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a n a l y s i s  o f  lymphocyte c y t o t o x i c i t y  d a t a  o f  r a b b i t  
a n t i t r o p h o b la s t  sera  (M c ln t  yre  & Faulk ,  1986) .  However, 
the  c l e a r  i d e n t i f i c a t i o n  and c h a r a c t e r i z a t i o n  o f  a TLX 
Ag by GB24 McAb does not reso lve  the basic  mystery o f  
m a t e r n o f e t a l  immunobiology and f u r t h e r  d a t a  on t h e  
f u n c t i o n a l  p r o p e r t i e s  o f  GB24 i s  needed (H s i  e t  a 7 . ,  
1988).

1 .6  Technica l  Aspects o f  th e  I n v e s t i g a t i o n

The screening f o r  p la c e n ta l  s p e c i f i c  c e l l - s u r f a c e  
d e t e r m i n a n t s ,  u s i n g  some o f  t h e s e  M cAbs , i n v o l v e s  

s e v e r a l  t e c h n i q u e s  such as m a k in g  p l a c e n t a l  cDNA 
l i b r a r y ,  c lo n in g  th e  l i b r a r y  i n t o  a s u i t a b l e  v e c t o r ,  
t r a n s f e c t i n g  th e  l i b r a r y  i n t o  a mammalian c e l l  l i n e ,  
screening these c e l l s  w i th  a n t ib o d ie s ,  i s o l a t i n g  those  
c e l l s  which express the  t a r g e t  de term inants ,  i s o l a t i n g  
the  cDNA c lo n e (s )  from these c e l l s ,  b a c k - t r a n s fe c t in g  
the cDNA clones f o r  f u r t h e r  t e s t i n g  as above as w e l l  as 
by immuno-staining methods and f i n a l l y  sequencing and 
c h a r a c t e r i s i n g  t h e  i s o l a t e d  c l o n e ( s )  (some o f  t h e  
techniques which are  going to  be used are  descr ibed in  
d e t a i l  in  next chapter  and are  only  described b r i e f l y  
h e re ) .

1 .6 .1  Expression L i b r a r i e s

Generation o f  an expression cDNA l i b r a r y  is  s i m i l a r  
t o  t h a t  o f  o t h e r  cDNA l i b r a r i e s  w i t h  o n l y  one main  
d i f f e r e n c e ,  the choice o f  v e c to r  is  l i m i t e d .  The l i b r a r y  

is  generated by a s e r ie s  o f  s teps ,  s t a r t i n g  w i th  the  
s y n th e s is  o f  cDNA, i t s  l i g a t i o n  i n t o  v e c t o r ,  and t h e  
t r a n s f o r m a t i o n  o r  t r a n s f e c t i o n  i n t o  b a c t e r i a l  o r  
mammalian c e l l s  r e s p e c t i v e l y . Only when the l i b r a r y  DNA 
i s  in  c e l l s  as a s e t  o f  in d e p e n d e n t  and r e p l i c a b l e  
e lem ents  can th e  e f f e c t i v e  s i z e  o f  t h e  l i b r a r y  be 
es t im ate d .  The major advantage o f  using lambda-derived  
c l o n i n g  v e c t o r  ( e .  g .  1 a m b d a - g t 1 1  ) ,  i s  t h a t  t h e  
recombinants can be packaged in t o  phage in v i t r o  w i th  an
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e f f i c i e n c y  o f  10 ~ 1 ( M a n i a t i s  e t  a l . ,  1 9 8 2 ) .  Packaged  
phage heads can transform  E. c o l i  w i th  an e f f i c i e n c y  o f  
c lose  to  u n i t y .  Th is  is  a very  much h igher  f requency  
than can be achieved f o r  plasmids, where w i th  the  best  
t ran s fo rm a t io n  e f f i c i e n c i e s  (108 /ug DNA) on ly  0.156 o f  
the  l ig a t e d  v e c to r  ends up as t ransform ants  (M a n ia t is  e t  
a l . ,  1982) .

The second re q u irm e n t  i s  t o  i d e n t i f y  s p e c i f i c  
c lo ne s  w i t h i n  th e  l i b r a r y  t h a t  encode t h e  r e q u i r e d  
p o l y p e p t i d e .  T h e s e  r e q u i r e m e n t s  have  been most  
f r e q u e n t ly  met, to  da te ,  by using lambda ve cto rs  and by 
screening w ith  n u c le ic  ac id  probes (n o ta b ly  in  lambda- 
g t1 0 ;  see C ha p te r  3 )  o r  w i t h  s p e c i f i c  a n t i b o d i e s  t o  
d e te c t  expressed p r o t e in  ep i topes  (n o ta b ly  in  lambda-  
9 t 1 1 ) .

1 . 6 . 1 . a Lambda Base Expression L ib r a ry

The s ig n i f i c a n c e  o f  phage lambda has a l re a d y  been 
discussed  in  t h a t  i t s  h i g h l y  e f f i c i e n t  DNA p a c k a g in g  
system enables the  c r e a t io n  o f  la rg e  and r e p r e s e n t a t iv e  
cDNA l i b r a r i e s .  In  t h i s  s e c t io n ,  the  use o f  lambda gt11 
as an e x p re s s io n  v e c t o r  i s  r e v ie w e d  and l a t e r  i t  i s  
compared w ith  a mammalian expression system.

Lambda gt11 (Young and Davis ,  1983) can except  cDNA 
sequences o f  up to  about 7 kp in  length in t o  a unique  
EcoRI s i t e  (F ig  1 . 1 2 ) ,  53 bp be fore  the  stop codon o f  
th e  lacZ  gene which encodes b e t a - g a l a c t o s i d a s e . Any 
a d ja c e n t  open re ad in g  fram e in  a cDNA i n s e r t  can be 
e x p r e s s e d  as a f u s i o n  p o l y p e p t i d e  w i t h  t h e  b e t a -  
ga lac tos idas e  p r o t e in .  Cloning is  not d i r e c t i o n a l ,  and 
the  frequency w i th  which a cDNA w i l l  be expressed in  th e  
c o r r e c t  frame and o r i e n t a t i o n  w i l l  t h e r e f o r e  be 1 / 6 . 
Lambda gt11 must be p h o s p h o r a t e d  before  l i g a t i o n  o f  
cDNA to  reduce the  y i e l d  o f  p a re n ta l  phage. There is  no 
system f o r  supressing pa re n ta l  phage as is  p o ss ib le  w i th  
f o r  example lambda gt10 (Young & Davis ,  1983) .  Thus, i t  
i s  i m p o r t a n t  t o  have  a low f r e q u e n c y  o f  p a r e n t a l
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Figure  1 .12  Map o f  lambda g t1 1 .  R e s t r i c t i o n  endonuclease  

c le a v a g e  s i t e s  a r e  d e s ig n a t e d  in  k i l o b a s e  p a i r s .  The  

t r a n s c r i p t i o n  o f  la c  Z is  in d ic a te d  by the  h o r i z o n t a l  

a r ro w .  The sequence o f  t h e  u n iq u e  EcoRI s i t e ,  t h e  

n u c le o t id e s  t h a t  immediate ly  surround i t ,  and th e  amino 
ac ids  encoded are  shown. DNA sequences in s e r t e d  in  th e  

EcoRI s i t e  can be exp re ss e d  as f u s i o n  p r o t e i n  ( f r o m  

Young and Davis,  1983) .
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(nonrecombinant) phage, o therw ise ,  very  Targe screenings  
a r e  n e c e s s a r y  t o  p r e v e n t  r a r e  r e c o m b i n a n t s  b e i n g  

obscured by the  overgrowth o f  the  pa re n ta l  phage.

The phages a re  grown on E.  c o l i  ( e . g .  p r o t e a s e -  
d e f i c i e n t  Ton” Y1090) c e l l s  and a f t e r  few  h o urs  o f  

incub at io n ,  f i l t e r  membrane impregnated w i th  the  7ac  
in d u c e r  IPTG, i s  layed  o v e r  t h e  p l a t e  and i n c u b a t e d  
continued.

The f i l t e r  then needs to  be s ta in e d  w i th  ant ibody  
(M ie rendor f  e t  a 7.,  1987) .  The prime requirements are
f o r  a low background and high s e n s i t i v i t y .  Because an 
incomplete length o f  po lypept ide  is  being expressed as a 
fu s io n  p r o t e in  in  E. c o l i ,  i t  i s  wise to  screen f o r  as 
many ep i topes  on the p r o t e in  as p o s s ib le .  Monoclonals  
t h a t  re a c t  w ith  an t igen  in  Western b lo ts  are  more l i k e l y  
to  combine w i th  s t a b le  e p i to pe s .  M ix tures  o f  monoclonal  
a n t i b o d i e s  a re  p r e f e r a b l e  t o  s i n g l e  ones .  P o l y c l o n a l  
a n t ib o d ie s  are  probably  most u s e fu l ,  e s p e c i a l l y  i f  th e re  
i s  a source o f  p u r i f i e d  an t igen  to  a c t  as an adsorpt ion  
c o n t r o l .  I t  w i l l  o f te n  be necessary to  adsorb a n t i s e r a  
w ith  E. c o l i  c e l l s ,  and p r e f i  I t e r a t i o n  through 0 .2  urn 
f i l t e r s  can a ls o  reduce background s t a i n i n g ,  po ss ib ly  
because o f  the removal o f  serum l ip o p r o t e in s  ( S u t c l i f f e  
e t  a l . ,  1 9 9 0 ) .  A wide v a r i e t y  o f  c o m m erc ia l  a n t i b o d y  
d e te c t io n  systems are  a v a i l a b l e  which uses 1 2 5 I - l a b e l e d  
p r o t e i n  A or  p r o t e i n  G, b i o t i n - a v i d i n - h o r s e r a d i s h  
peroxidase ,  or  a l k a l i n e  phosphatase.

1 . 6 . 1 . b  Plasmid Base Expression L ib r a r y

The use o f  mammalian c e l l s  f o r  the  expression and 
screening o f  cDNA clones is  an a t t r a c t i v e  a l t e r n a t i v e  to  
lambda c lo n in g .  The po lypept ide  can be expressed in  i t s  
n a t i v e  c o n fo rm a t io n  w i th  t h e  a p p r o p r i a t e  p a t t e r n  o f  
p o s t - t r a n s l a t i o n a l  m od i f ica t ion  One such a system is  the  
CDM ve c to r  system o f  Seed and co l lea gu e s ,  which has been 
s u c ce ss fu l  in  th e  c lo n in g  o f  a s e r i e s  o f  membrane 
p r o te in s ,  most o f  which were de f in ed  by s in g le  or  by a
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few McAbs (Seed & A ru f fo ,  1987; A ru f fo  & Seed, 1987; 
Seed, 1987; Simmons & Seed, 1988) .

The CDM8  plasmid ( F ig .  1 .1 3 )  i s  a s h u t t l e  v e c to r  
w i t h  an SV40 o r i g i n ,  w h ic h  a l l o w s  t h e  p l a s m i d  t o  
r e p l i c a t e  ep isom al ly  in COS c e l l s  (Seed & A r u f fo ,  1987) .  
COS c e l l s  conta in  a chromosomal copy o f  the  gene f o r  the  
SV40 T a n t i g e n ,  w h ic h  d e r i v e s  p l a s m i d  r e p l i c a t i o n  
(Gluzman, 1981) .  T ra n s ie n t  expression o f  cDNA sequences, 
cloned in t o  CDM8 , i s  i n i t i a t e d  by the  CMV promoter and 
enhancer 5 ’ to  the cDNA c lo n ing  s i t e ,  enab l ing  t r a n s i e n t  

expression o f  cDNA sequences. In  c o n t ra s t  to  the  lambda 
gt11 system, no fus ion  p r o t e in  is  formed and the  cDNA 
should t h e r e f o r e ,  conta in  th e  e n t i r e  coding sequence o f  
th e  p o l y p e p t i d e .  The cDNA i s  t h e r e f o r e  s i z e  s e l e c t e d  
b e fo r e  th e  l i b r a r y  i s  made ( A r u f f o  & Seed ,  1 9 8 7 ) ,  

because sm all  cDNA i n s e r t s  a r e  u n l i k e l y  t o  c o n t a i n  a 
complete coding sequence. A usefu l  d e t a i l  in the  design  
o f  two B s t X I  c l o n i n g  s i t e s  ( s e p a r a t e d  by 35 0  bp 
" s t u f f e r "  DNA sequence) i n c r e a s e s  t h e  e f f i c i e n c y  o f  
l i g a t i o n  o f  cDNA i n t o  th e  v e c t o r .  B s t X I  s i t e s  a r e  
in t e r r u p t e d  palindromes, o f  sequence S ’ CCANKS^TGGS’ . 
The middle s ix  bases are  in  in v e r te d  o r i e n t a t i o n  in  the  
two s i t e s ,  y i e l d i n g  i d e n t i c a l  and no n c o m p lem e n ta ry  
s t i c k y  en ds  a f t e r  c l e a v a g e  w i t h  B s t X I  r e s t r i c t i o n  
e n z y m e .  T h e se  w i l l  n o t  r e l i g a t e  w i t h o u t  an i n s e r t  
sequence, o b v ia t in g  the need to  phosphatase the  v e c to r .  
The cDNA i s  then l i g a t e d  i n t o  t h e  v e c t o r  v i a  B s t X I  
adaptor .

Another f e a t u r e  o f  CDM8  plasmid is  the presence o f  
a s y n th e t ic  ty ro s in e  suppressor tRNA gene (supF gene);  
such a plasmid can be se le c te d  in  a nonsupressing host  
co n ta in in g  a second plasmid, p3, which co n ta ins  amber 
mutated a m p i c i l l i n  and t e t r a c y c l i n e  drug r e s i s t a n c e  
elements (Seed, 1983) .  The p3 plasmid is  de r iv ed  from  
RP1, is  57 kb in  length ,  and is  a s t a b ly  m a in ta in ed ,  
s in g le  copy episome. The a m p i c i l l i n  re s is ta n c e  o f  t h i s  
plasmid r e v e r ts  a t  a high r a t e ,  so t h a t  ampr plasmids  
u s u a l l y  c a n n o t  be used i n  p 3 - c o n t a i n i n g  s t r a i n s .  
S e le c t io n  f o r  t e t r a c y c l i n e  a lone is  almost as good as
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CMV/T7 promoterM13 ori
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ttVX ori BstXI
Pstl
W o t j

SV40 ori splice •+- A

Py ori

F ig u re  1 .1 3  Map o f  CDM8  c l o n i n g  v e c t o r .  The 4512  bp 
v e c t o r  i s  made o f  8  segments.  PiVX i s  f rom  pBR322 
o r i g i n .  M13 o r i  i s  from M13 o r i g i n .  Sup F i s  f rom  
s y n th e t ic  ty ro s in e  suppressor tRNA gene (sup F gene) .  
CMV/T7 a r e  f ro m  human c y t o m e g a l o v i r u s  and T7 RNA 
polymerase prom oter .  The two p o l y l i n k e r  r e g i o n s  a r e  
s e p a ra te d  by a r e p la c e a b le  f r a g m e n t  c a l l e d  s t u f f e r .  
S p l i c e  +An i s  f r o m  pVS2 and a r e  s p l i c e  and  
po lyaden y la t ion  s ig n a ls .  Py o r i  is  from polyoma o r i g i n .  
F i n a l l y  SV40 o r i  is  from simian v i r u s  40 o r i g i n .  Some o f  
the r e s t r i c t i o n  endonuclease s i t e s  f l a n k in g  the  BstXI  
c loning s i t e s  are shown. The d i r e c t i o n  o f  t r a n s c r i p t i o n  
are in d ic a ted  by the arrows.
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s e le c t io n  f o r  amp+tet re s is ta n c e .  However, spontaneous 
background appearance o f  chromosomal s u p p r e s s o r  tRNA 

mutat ion presents an unavoidable  background (frequency
— Qo f  a b o u t  10 * )  i n  t h i s  s y s te m  (S e e d  p e r s o n a l  

communication).

1 . 6 . 2  Transform at ion  and A m p l i f i c a t i o n  o f  th e  cDNA
L ib r a ry

The cDNA l i b r a r y ,  in  CDM8 , i s  a m p l i f i e d  by 
t ransform ing  them in to  a p3 co n ta in in g  s t r a i n  such as 
E. c o 77 MC1061/p 3  (Casadaban e t  a 7 . ,  1983) c e l l s  and
growing them up under a n t i b i o t i c  s e l e c t i o n .  To m ain ta in  
sequence re p re s e n ta t io n ,  i t  i s  im portant  to  use a high  
e f f i c i e n c y  t ran s fo rm a t io n  method. For t h i s  purpose Seed 

and co l leagues have made the E. c o l i  MC1061/p3 c e l l s  
competent, by a v a r i a t i o n  o f  the  CaCl 2  procedure which 
y ie ld s  a t ra n s fo rm at io n  e f f i c i e n c y  o f  3 -5x10 8  co lo n ie s  
per ug o f  superco i led  vec to r  DNA (A r u f f o  & Seed, 1987) .

1 . 6 . 3  S e le c t io n  o f  Recombinant Clones Through T r a n s ie n t
Expression in  Mammalian C e l ls

A f t e r  a m p l i f i c a t i o n  in  E. c o l i , t h e  l i b r a r y  i s  
expressed in  COS c e l l s  so t h a t  c lones can be expressed  
and immunoselected. For the immunoselection procedure,  
t r a n s f e c t e d  COS c e l l s  a r e  m ix e d  w i t h  t h e  s p e c i f i c  
antibody o f  i n t e r e s t  and kept on ice  in  the  presence o f  
NaNg. The c e l l s  a re  then p e l l e t e d  th ro u g h  F i c o l l ,  t o  
remove unbound a n t i b o d y  and t h e n  p l a c e d  on 
b a c t e r io lo g ic a l  dishes coated w i th  a second an t ib ody .  
C e l ls  coated w ith  primary ant ibody a t tach  to  the  dish  
through the  second antibody br idge  and the  unbound c e l l s  
are  d iscarded.  This procedure is  known as panning  ( F ig .  
1.14;  Seed & A ru f fo ,  1987) .  The at tached  c e l l s  are  then  
lysed to  y i e l d  t h e i r  plasmids, which are  then p u r i f i e d  
and a m p l i f ie d  by r e - t r a n s fo rm a t io n  in t o  MC1061/p3 c e l l s  
(Seed & A ru f fo ,  1987) .

59
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F ig u r e  1 . 14  Immunoscreening o f  a cDNA l i b r a r y  f o r  c e l l  

s u r fa c e  d e te r m in a n ts  us ing a mammalian e x p r e s io n  system  

( p a n n in g ) .  A cDNA l i b r a r y  i s  t r a n s f e c t e d  i n t o  COS c e l l s  

and t h e s e  c e l l s  e x p r e s s  v a r i o u s  d e t e r m i n a n t s  (A)  ( o n l y  

one t y p e  i s  shown f o r  e a c h  c e l l ,  t h o u g h  e a c h  may 

r e c e i v e  s e v e r a l  c o p i e s  o f  d i f f e r e n t  p l a s m i d s ,  h e n c e  

e x p r e s s i n g  more t h a n  one t y p e  o f  p r o t e i n ) .  S p e c i f i c  McAb 

i s  added t o  t h e  c e l l s  ( p r i m a r y  Ab, e . g .  mouse a n t i - h u m a n  

McAb) i n  t h e  c u l t u r e  d i s h  ( B ) .  I n  a n o t h e r  d i s h  ( p a n n i n g  

d i s h )  t h e  s e c o n d a r y  Abs ( e . g .  sheep a n t i - m o u s e  Ab)  a r e  

made s t a t i o n a r y  i n  t h e  d i s h  ( C ) .  The c e l l s  a r e  t h e n  

t r a n s f e r r e d  i n t o  t h e  p a n n i n g  d i s h  and t h e  c e l l s  bounded 

t o  t h e  p r i m a r y  Abs ( e x p r e s s i n g  t h e  t a r g e t  d e t e r m i n a n t )  

b i n d  t o  t h e  s t a t i o n a r y  Abs and  t h e  f r e e  c e l l s  a r e  

washed away .  P l a s m i d s  f r o m  t h e  c e l l s  r e m a i n e d  i n  t h e  

p a n n i n g  d i s h  a r e  made ( H i r t  DNA) and a m p l i f i e d  i n  E. 
c o l  i  c e l  1s .
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To o b t a i n  s p e c i f i c  c l o n e s ,  t h r e e  c y c l e s  o f  
e x p r e s s io n ,  im m u n o s e le c t io n , and a m p l i f i c a t i o n  a r e  
u s u a l ly  re q u ire d .  In  the  f i r s t  cyc le  the COS c e l l s  can 
be transformed w i th  the  l i b r a r y  in  the form o f  p u r i f i e d  
DNA, using DEAE-dextran and DMSO shock (Lopata e t  a l . , 
1984; Selden, 1987) .  The COS c e l l s  are  t r a n s fe c te d  a t  a 
high frequency (10-40%) and t h i s  a l low s a l i b r a r y  to  be 
panned f r o m  a b o u t  5 x 1 0 6  c e l l s .  H o w e v e r ,  w i t h  t h i s  
approach th e  c e l l s  r e c e iv e  a m i x t u r e  o f  p l a s m i d s ,  so 
t h a t  c e l l s  t h a t  are  then panned w ith  a s p e c i f i c  ant ibody  
w i l l  c o n ta in  a l a r g e  number o f  d i f f e r e n t  " p a s s e n g e r"  
c l o n e s  as w e l l  as t h e  cDNA e n c o d i n g  t h e  r e q u i r e d  
e p i to p e .  Fu r ther  cyc les  o f  DEAE-dextran t r a n s f e c t i o n  and 
panning w i l l  not reduce the complex ity  o f  these clones  
beyond 10 2  to  10 3  (A. A ru f fo ,  personal communication).  
T r a n s f e c t i o n  by s p h e r o p la s t  f u s i o n  ( S a n d r i - G o ! d i n  e t  
a l . ,  1 9 8 1 )  has a l o w e r  e f f i c i e n c y  ( 1 - 5 % ) ,  and
t r a n s fe c ta n t s  are  most l i k e l y  to  r e s u l t  from the  fu s io n  
o f  a s in g le  E. c o l i  c e l l  w i th  a s in g le  COS c e l l .  This  
method i s ,  t h e r e f o r e ,  used in  t h e  second and t h i r d  
rounds o f  s e le c t io n  (Seed & A ru f fo ,  1987) .

The a d v a n t a g e  o f  t h e  COS c e l l  s y s te m  i s  t h a t  
ant igens o f  receptors  can be expressed in  t h e i r  n a t iv e  
s t a t e  as f u l l - l e n g t h  p o l y p e p t i d e s  on t h e  s u r f a c e  o f  
m am m alian  c e l l s .  T h u s ,  m o n o c lo n a l  o r  p o l y c l o n a l  
a n t i b o d i e s ,  o r  o t h e r  l i g a n d s ,  can be used t o  s e l e c t  
c e l l s  expressing th e  c lones.

1 . 6 . 4  A m p l i f i c a t i o n  o f  DNA Sequences by PCR

Polymerase chain re a c t io n  (PCR) is  a method whereby 

m ic r o g r a m  q u a n t i t i e s  o f  a s h o r t  s e q u e n c e  o f  DNA 
(commonly up to  few k i lo b a s es )  can be a m p l i f ie d  from an 
i n i t i a l  t e m p l a t e  o f  nanogram  q u a n t i t i e s  o f  h i g h  
c o m p l e x i t y  DNA ( W h i t e  e t  a l . ,  1 989 ) .  T h i s  p e r m i t s  
genet ic  a n a ly s is  on s in g le  d i p l o i d  c e l l  and s in g le  sperm 
(L i  e t  a l . ,  1988) .  PCR has been used in  severa l  ways to  
a s s is t  in  cDNA c lo n in g ,  both to  c re a te  new clones and 
to  extend the c lon ing  o f  ra re  cDNAs to  the  f u l l  length
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o f  t h e i r  co rre s p o n d in g  t r a n s c r i p t s  (Frohman e t  a 7 . ,  
1988; O’ Hara e t  a 7.,  1989; Lee & Caskey, 1990) .  Using
th e  g e n e t i c  code, PCR p r im e r s  can be d e s ig n e d  from  
p r o t e in  sequence. The degeneracy o f  the code can lead to  
a la rge  number o f  po ss ib le  o l ig o n u c le o t id e s .  Degenerate  
o l ig o n u c le o t id e s  have been s u c c e s s fu l ly  used t o  clone  

p r o t e in  coding sequences from cDNA l i b r a r i e s  o f  genomic 
DNA and in  the case o f  the  54 kDa subunit  o f  s ig n a l  
rec o g n i t io n  p a r t i c l e ,  from a s in g le  sequence o f  30 amino 
acids (B ern s te in  e t  a l . ,  1989; f o r  methods and f u r t h e r  
r e f e r e n c e s  see  Com pton ,  1 9 9 0 ) .  Some b a se  p a i r  
mismatching between pr imer and tem plate  may be t o l e r a t e d  
(Gould e t  a l . ,  1989) ,  provided th e re  is  a s t a b le  duplex  
a t  the 3 ’ end o f  the pr imer  so t h a t  DNA sy n th es is  can 
occur.

The a m p l i f i c a t i o n  o f  DNA (genomic or  cDNA) by PCR 
method req u ire s  the presence o f  two pr imer s i t e s  on the  
same p ie c e  o f  te m p la te  DNA. A f t e r  t h e  DNA has been  
r e n d e r e d  s i n g l e  s t r a n d e d  by h e a t i n g  t o  9 4 ° C ,  t h e  
temperature is  reduced so t h a t  the pr imer can anneal to  
th e  te m p la te  DNA. I f  th e  p r im e r s  a n n e a l  c l o s e  enough  
to g e th e r  a t  s i t e s  on complementary strands o f  DNA and 
w ith  t h e i r  3 ’ ends fa c in g  inward ( F ig .  1 . 1 5 ) ,  then DNA 
s y n th e s i s  can ex tend  those  3 ’ ends p a s t  t h e  o p p o s i t e  
p r im e r  s i t e ,  th e r e b y  c r e a t i n g  a new t e m p l a t e  f o r  a 
f u r t h e r  round o f  PCR. The r e s u l t  i s  th e  a m p l i f i c a t i o n  o f  
a sh o r t  p iece o f  DNA whose ends are  p r e c is e ly  d e f in ed  by 
the  primers employed (White e t  a 7 . ,  1989) .  DNA sy n th e s is  
i s  c a ta ly ze d  by Taq polymerase, which is  s u f f i c i e n t l y  
thermostable  to  w ithstand  40 cyc les  a t  a temperature  o f  
up t o  94°C and, hence, y i e l d  m ic ro g ram  q u a n t i t i e s  o f  
a m p l i f i e d  DNA (Gelfand & White ,  1990) .  The in c lu s io n  o f  
r e s t r i c t i o n  s i t e s  a t  th e  5 ’ ends o f  t h e  PCR p r i m e r s  
a l low s a m p l i f ie d  DNA to  be r e a d i l y  cloned in t o  v e c to rs  
f o r  sequencing and o th e r  work (S c h a r f ,  1990) .
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Cycle 1 Denature and Synthesize

t f
1 1  

ii

r 1

IT

M i :;! i i
! I 1 1

etc.

r 1 Li  r 11! Denature and Synthesize
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Figure  1. 15 PCR a m p l i f i c a t i o n  o f  DNA. PCR is  based on 
the enzymatic a m p l i f i c a t i o n  o f  a DNA fragment t h a t  is  
f lanked  by two o l ig o n u c le o t id e  pr imers t h a t  h y b r id is e  to  
opposite  strands o f  the t a r g e t  sequence. Repeated cyc les  
o f  heat dena tu ra t io n  of  the te m p la te ,  annea l ing o f  the  
primers to  t h e i r  complemetary sequences and extension o f  
the annealed primers w ith  a DNA polymerase r e s u l t  in  the  
a m p l i f i c a t i o n  o f  the segment de f ined  by the 5 ’ ends o f  
the pr imers.
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2.1 Materials

2.1.1 Prokaryotic and Eukaryotic Strains

The prokaryotic strains were all derivatives of 
E s c h e r i c h i a  c o l i  ( E . c o l i )  and the eukaryotic strain was 
COS-7 an SV40-transformed monkey cell line and these are 
listed in Table 2.1 and 2.2. Nomenclature follows the 
proposals of Demerec e t  a l  (1966), using the symbols for 
genotype recomended by Bachman e t  a l  (1976).

Table 2.1 Plasmid Free Strains

1I
i Name
i

1 1 1 1
{ Genotype \

i _ i

ii
References/Source [

_ ii
! DS941
ii
ii
i

, l a c Z  M 1 5 ,  l a c l q , t h r - 1 x 
1 r e c F 1 4 3 ,  l e u B 6 ,  h i s G 4 ,  ' 
! t h i - 1 , a r a - 1 4 ,  a r g E 3 ,  
xg a l K 2 ,  s u p E 4 4 ,  x y l - 5 ,  , 
1 m t l - 1 ,  t s x - 3 3 ,  r p s L 3 1  '

i
D.J. Sherratt J 
Dept of Genetics | 
Glasgow Univ. J

ii
! JM101 } /\ lac Pro, SupE, |

i
Messing e t  a l ., |

1I \ Thi, (rk+ ,mk+ )/Fl | 1981, N.A.Res.
11 j traD36, ProAB, | 9, 309 !
11
1

! LacIq ,Z/\15 |
i i

ii
i1

! A H F L
i i
! hsdB*", hsdM+ , supE, !

i
Young and Davis |

11 | thr, leu, thi, lacYl, [ 1983 |
11 | tonA21, hflA150 J ii
11
1

| [chr::TnlO] j
i i

ii
i1

! COS-7
11
11

i t
J Contains SV40 | 
| T antigen |
i i i i

i
Gluzman 1981 J

ii
ii
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Table 2.2 Plasmid Containing Strain

11
{ Name
i

Host genotype Plasmid
ii

Reference/Source[
ii

! MC1061/P3 /\(LacPOZYA)x74 p3
i

Casadaban {
ii
ii

gal U gal K str.A e t  a l ,  t 1983 |
ii

2.1.2 Plasmids and Bacteriophages

The plasmids used in this study are listed in 
Table 2.3. Nomenclature of plasmids follows Novic e t  a l ,  

(1976). The symbols for genotype are after Warren, Twigg 
and Sherratt (1978) and Tacon e t  a l ,  (1981). The 
nomenclature of the M13 bacteriophage clones follows the 
recommendation of Staden (1982).

2.1.3 Chemicals, Organic Compounds, Immunochemicals, 
Radiochemicals, Enzymes etc.

Chemicals, organic chemicals, immunochemicals, 
radiochemicals, enzymes and some other materials or 
reagents used are listed in Table 2.4 with the name of 
main suppliers.
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Table 2.3 Plasmids and Bacteriophages

Name Relevant marker Reference/Source

pUC 18 Mob-, Bom-, 
Ampr , Rom-

Yanish-Perron et a l . , 
1985

Ml3 mpl8 cloning vector 
drived from M13

Yanish-Perron et a l ., 
1985

mHCFl7 M13 mpl8+HCF17 this work Chapter 4

pBR322 Ampr , Tetr Sutcliffe 1978

\gt 10 \srl\l°, b527,srl\3° 
imm434 (sr 434+ ), 
srl\4°, srl\5°

Haynh, Young & Davis 
1984

pFH 1 as pBR 322 Kornblihtt et al., 1983

pFH 23 as pBR 322 Kornblihtt et a l ., 1984b

pFH 154 as pBR 322 Kornblihtt e t  a l ., 1984b

pHCF 11 as pUC 18 this work Chapter 4

pHCF 17 as pUC 18 this work Chapter 4

pHCF 24 as pUC 18 this work Chapter 4

\HCF 17 as \gt 10 this work Chapter 4

\HCF 24 as \gt 10 this work Chapter 4

CDM 8 Sup F Aruffo & Seed 1987

CD 2 as CDM8 Seed and Aruffo 1987

* The symbol \ means lambda e.g. \gtlO means lambda gtlO
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Table 2.4 Chemicals, General Chemicals, Organic 
Compounds,Immunochemicals, Radiochemicals, Enzymes and etc.

11
J Material
i

i i i i
! Source !
i ii

J Chemicals, general chemicals,
i i
! B.D.H., BRL, Hopkins & |

I organic compounds i Oratoreis, May and Baker|
ii
■

! and Sigma i
i ii

j Media
i

i i
J Difco and 0x 0 (d  !
i ii

! Agar
i

i i
! Davis and Difco !
i ii

1 Biochemicals
i

1 1 
! Sigma j
i ii

! Antibiotics
i

i i
! Sigma !
i ii

i Agarose
i i
! BRL and Sigma !
i ii

j BSA (for general use)
i i
! Sigma }

J BSA (for DNA work) J Pharmacia |
i ii

[ Sequencing kit
i

i i
! BRL |
i ii

i Gama 32P ATP and
i i
i i i i

j alpha 32P dNTP
i

Dupont J
i ii

j Alpha-35SdATP
i

i i
{ Amersham !
i ii

i Lamda DNA marker
i i
! Dr. K. Kaiser, Dept. !

ii | Genetics, Glasgow Univ.j
! IPTG and X-Gal
i

! BRL J
i ii

| tRNA and Glycogen
i i
j Boehringer-Mannheim !
i ii

| Lysozyme
11

i i
! Sigma |
1 1 1 1

Table 2.4 cont^.
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11
j Material
i

i i i i
} Source !
i ii

| Restriction enzymes
i

! 1 
j BRL & New England Biolab!
i ii

j Proteinase K and RNase
i

i i
!Boehringer-Mannheim & BRL!
i ii

i T4 ligase
i

i i
j BRL and NBL j
i ii

1 T4 kinase
i

! NBL I
i
J Calf intestinal alkaline 
j phosphatase (CIP)
i

i i
I BRL I
i i i i
i ii

j Nylon membrane
i

i i
! Pall Process Filtration j
i i

j Taq polymerase
i

i i
! Cambio |
i i

j Propidium iodide
i

i i
! Sigma !
< ii

! h 2o 2 
1

i i
! Fisons I
i iI

J Haematoxylin
i

i i
j Ortho Diagnostics {
i ii

| Diaminobenzodine (DAB)
i

i i
I Sigma !
i ii

} Periodic Acid
i

i i
! Sigma !
i ii

j Dynabeads
i

i i
! Dynatech !
i ii

| DEAE-dextran
i

1 ! 
! Sigma !
i ii

J Chloroquine diphosphate
i

i i
! Sigma 1
i ii

J DMSO
ii

i t
! Sigma !
i ii i
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2.1.4 Antibiotics

The concentrations of antibiotics used were as in 
Table 2.5. All the antibiotics were kept at -20°C, 
Tetracycline was kept in light proof tubes. When 
required, antibiotic stock solutions were added to 
molten agar pre-cooled to 55°C.

Table 2.5 Antibiotics

1!
1 Name
i!
1

Abr Selective
con.

ii
Stock soln. \

ii
i1

}Ampicillin
ii
|Chloramphenicol
ii
!Tetracyclin e
i
i

Amp

Chlm

Tet

50 ug/ml 

50 ug/ml 

12.5 ug/ml

i
50 mg/ml (dH20) }

ii
10 mg/ml (ethanol) J

'J/V °fs 1 
12.5 mg/ml (ethanol/H20)| 

A
i
ii
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2.1.5 Antibodies

Antibodies (Abs) with their specificity and type 
are listed in Table 2.6 The antibodies were used in 
different concentrations; and were usually diluted in 
TBS. For further details see the relevant results 
sections (chapters 4 and 7).

Table 2.6 Antibodies.

Name Specificity Type Source/Reference
1ST 2 M anti-H FN IgG Borsi e t  a l ., 1987
1ST 8 M anti-H FN IgG Zardi e t  a l ., 1988
1ST 9 M anti-H FN IgG Carnemolla e t  a l ., 

1987
W6/32 M anti-HLA-A,-B,-C Ig Barnstable, 1978
CD2 M anti-CD2 Ig Seed & Aruffo, 1987
GB 17 M anti-H Syncytio. Ig Hsi e t  a l ., 1987
GB 24 M anti-H TLX Ig Hsi e t  a l ., 1988
GB 25 M anti-H V. Troph. Ig Hsi e t  a l ., 1986
FD0161G M anti-H place. Ig Anderson e t  a l .,1987
Peroxidase 
G or S ant

5 conjugated 
:i-M Ab

IgG Sigma

FITC conjugated second Ab 
G or S anti-M Ab

IgG Dako, Sigma, Seralab 
SAPU (Scotish Ab PU)

H=human, M=mouse, S=sheep, G= goat and FITC=Fluorescein 
isothiocyanate ; FN= fibronectin, troph= trophoblast, 
V= villi and Syn= syncytitrophoblast
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2 . 1 . 6  O l i g o n u c l e o t i d e s

Oligonucleotides used for ligation as adaptors, as 
probes for hybridisation, as primers to run PCR and as 
size markers to run on p o l y a c r y l a m i d e  gel 
electrophoresis are listed in the Table 2.7.

T a b le  2 . 7  O l i g o n u c l e o t i d e s  U s e d  f o r  L i g a t i o n ,

H y b r i d i s a t i o n ,  PCR a n d  S i z e  M a r k e r s .

11
J No
ii
i

11
Name!

ii
i

Size
mer

Tm
min

ii
Tm | 
max |

i

Speci- 
f icity

ii
Sequence ! 

5 ’ 3 ’ !
ii

! 1 
i

i
189 !

i
8 22

i
22 | 

i
adapt.

i
CTC TAA AG |

ii
! 2 
1

i
192 j

i
12 34

i
34 j adapt.

i
ACA CGA GAT TTC !

i1
! 3 
1

i
380 J

i
17 52

i
52 J

i
CDM8

i
TAT AGG GAG ACC GGA AG !

i1
! 4 
1

i
382 |

i
17 50

i
50 ! 

1
CDM8

i
ACT GGT AGG TAT GGA AG |

i1
! 7
11
1

i
496 |

it
i

26 76
1

88 !
i
i

161G
i

CTGCAGACNGGNTGGACNCACCTNGT| 
TG TT j

i1
! 8
11
1

i
497 j

ii
i

26 78
i

92 j
ii
i

161G
i

CTGCAGGCNGGNGGNTTCCTNGGNCAj
TT J

i1
! 9
11
1

i
736 |

ii
i

26 78
i

92 |
ii
i

161G
i

AAGCTTTGNCCNAAAAANCCNCCNGCj 
GG !

i1
! io 
1

i
CD 2 J

i
15 50

i
50 |

i
CD2

i
CCA CCA GCC TGA GTG |

i1
j 11 
1

i
391 |

i
54 -

i
~ i 

i
-

i
size marker \

i1
1 12 
1

i
395 !

i
54 -

i
~ i 

i
-

i
size marker |

i1
! 13 
11........

i
HSB-T!

ii
54 -

i
~ i 

i........i
-

i
size marker J

i•
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2.1.7 Microbiological Culture Media and Supplements

L-B Broth: 10 g Bacto tryptone, 5 g yeast extract, 5 g
NaCl, 1 g glucose and 20 mg thymine; made up to 1 lit r e

in dH^O and adjust the pH to 7.0 with NaOH.

2YT Broth: 10 g Bacto tryptone, 10 g yeast extract, 5 g
NaCl; made up to 1 litre in dH^O.

TYM Broth: 2% Bacto tryptone, 0.5% yeast extract, 0.1 M
NaCl and 10 mM MgSO^

Soft Agar (0.6%): 6 g agar in 1 litre dH^O.

Minimal Medium: 17.5 g agar, 0.25 g trisodium citrate, 7 
g K^HPOtj., 2 g KH^PO*/, 4 g NfyjSOq and 0.1 g MgSO^. 7H2.0 , 
made to 1 liter in dH13. Alternatively to 300 ml water 
agar add 100 ml DM salts, 4ml 20% glucose and 2 ml 1% 
vitamin B1 was added.

Water Agar: 2% agar in distilled water.

SOC Medium: 2% Bacto tryptone, 0.5% Bacto yeast extract, 
10 mM NaCl, 2.5 mM KC1, 10 mM MgClg, 10 mM MgS04 and 20 
mM glucose.

Indicators: X-gal (5-Bromo-4-chloro-3-indolyl-B-
galactoside) was used in conjuntion with IPTG (isopropyl 
B-D thiogalactopyranoside) . These two were used for 
strains (i.e. DS941 and JM101) which were transformed by 
pUC or M13 vectors which provided a screen for plasmids 
with inserts in the polylinker region. Colonies 
containing inserts were generally white, as opposed to 
clones lacking inserts, which were usually blue. X-gal 
was stored at a c oncentration of 25 mg/ml in 
dimethylformamide (DMF) at -20°C and added to pre-cooled 
L-agar (48°C) to a final concentration of 50 ug/ml. IPTG 
was stored at a concentration of 25 mg/ml in water at - 
20°C and was used in conjunction with X-gal to a final 
concentration of 25 ug/ml.

72



Thiamine Vitamin B1 : Stock solution of Vitamin B1 was
made to 20 mg/ml in dl^O and kept at -20°C.
2.1.8 Sterilization

All growth media were sterilized by autoclaving at
120°C for 15 min, buffer solutions at 108^C for 10 min
and CaCl2 at 114^0 for 10 min. Heat sensitive reagents 
were sterilizes by fil-fy'ation using 0.22 um disposable 
filters.

2.1.9 Plating

The agar media, for plating, was melted in a steam
bath and cooled down to 48^C in a water bath before
adding supplements such as antibiotics, X-gal, IPTG or 
vitamin B1 whenever required. On minimal medium plates 
supplements were usually added to the top agar istead of 
minimal medium agar. When agar was set, the plates were 
usually let to dry for 1 hr at 37°C in a hot room. The 
drying was particularly important for quick absorbtion 
of liquid when large volumes of transformants were 
plated.

2.1.10 Electrophoresis Buffers and Dyes

10X TBE Buffer pH 8.0: 108 g Tris base, 55 g Boric Acid 
and 20 ml 0. 5M EDTA (pH 8.0); made up to 1 litre in 
dHt 0.

50X TAE Buffer pH 8.0: 242 g Tris base, 57.1 ml glacial 
acetic acid and 100 ml 0,5 M EDTA (pH 8.0) made to 1 
litre in dH^O,

5X Final Sample Buffer (FSB): 10% ficol, 0.05%
bromophenol blue, 0.25% orange G and 0.5% SDS made in IX 
TBE.
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Formamide Loading Buffer (for sequencing gels): 95%
deionized formamide, 0.1 g xylene cyanol FF, 0.1 g 
Bromophenol Blue and 10 mM 0.5 M EDTA made into 100 ml 
in dHgO.

Ethidium Bromide (EthBr): 10 mg/ml made in dl^O and kept 
in a dark bottle at 4°C.

2.1.11 Stock Solutions

1 M Tris: 121.1 g Tris base made up to 1 litre in dH^O
after adjusting the pH by adding concentrated HC1 (pH
7.4, 7.5 and 8.0 need approximately 70, 65 and 42 ml
concentrated HC1 respectively).

0.5 M EDTA (pH 8.0): 186 g of Na^-EDTA. 2H20 (disodium
ethylene diamine tetra acetate) made up in dH^O after 
adjusting the pH by 10 N NaOH.

10X TE Buffer: 100 mM Tris.Cl (pH 8.0) and 10 mM EDTA
(pH 8.0) made in distilled water.

10X E Buffer pH 8.2 (for making single colony gel 
buffer): 48.4 g Tris, 16.4 g Na acetate and 3.6 g
Na EDTA.2H70, made up to 1 litre in dH^O, adjust the pH 
by acetic acid.

10% SDS pH 7.2: 100 g of electrophoresis-grade SDS
(sodium dodecylsulf ate) , made up to 1 litre in dH^O 
after adjusting the pH to 7.2 by concentrated HC1.

20X SSC pH 7.0: 175.3 g NaCl and 88.2 g sodium citrate, 
made up to 1 litre after adjusting the pH to 7.0 by 10 N 
NaOH.

2OX SSPE pH 7.4: 174 g NaCl, 27.6 g NaH^PO^..H^O and 7.4 
g EDTA, made up to 1 litre in dH20 after adjusting the 
pH to 7.4 by 10 N NaOH.
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2.1.12 DNA Manipulation Buffers

Restriction Enzyme Buffers: The restriction enzyme
buffers which were mostly used are listed in Table 2.8. 
Other restriction enzyme buffers which were used are 
listed after Table 2.8.

| REact Tris-HCl PH MgC12 NaCl KC1 J
! No mM mM mM mM {

! 1 50 8.0 10 - !

J 2 50 8.0 10 50 |

! 3 50 8.0 10 100 I

! 4 20 7.4 5 50

! 5 10 CO DO 8 - I

! 6 50 -O 4*
. 6 50 50 j

! 7 50 10 50 50 j

! 8 20 -O 4*
- 10 - !

! 9 50 8.5 5 - j

! 10 100 7.6 10 150 !

! 11 10 9.0 12 - ioo |

Table 2.8 Restriction Enzyme Buffers (REact) Buffers 
(from BRL): The REact buffers were 10X concentration.
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10X XhoII Buffer: 6 mM Tris.Cl (pH 7.5), 6 mM MgClg, 7 
mM B-mercaptoethanol and 0.01% V/V X-100 Triton.

10X Bstxl Buffer: lOOmM Tris (pH 7.6), 1.5 M NaCl, 60 mM 
MgCl^:, lOmM dithiothreitol (DTT) and 1 mg/ml BSA.

10X Low Salt: 60 mM Tris (pH 7.5), 60 mM MgCl^, 50 mM
NaCl, 2,5 mg/ml BSA and 70 mM Mercaptoethanol(ME).

10X Ligation Buffer I: 20 mM DTT, 1 mg/ml BSA, 10 mM
spermidine and 1 mM ATP.

10X Ligation Buffer II: lOmM ATP, 20 mM DTT, lOmM
spermidine, 1 mg/ml BSA and 10 mM MgCl^.

10X Dephosphorylating Buffer (10X CIP Buffer): 0.5 M 
Tris.Cl (pH 9.0) 10 mM MgCl£ ? 1 mM ZnCl2 and 10 mM
spermidine.

Sequencing Annealing Buffer: 0.1 M Tris.Cl (pH 8.0);
0.1 M MgClg.

10X Taq Polymerase Buffer: 50 mM KC1, 1.5 mM MgCl2 » 10
mM Tri:HCl (pH 8.0) and 0.1 mg/ml gelatin.

2.1.13 DNA Labelling and Hybridization Buffers

10X End Labelling (Kinaseing) Buffer: 0.5 M Tris (pH 
7.5), 10 mM ATP, 20 mM DTT, 10 mM spermidine, 1 mg/ml
BSA and 10 mM MgCl^..

Radio - L a b e l l i n g  of DNA Probes by R a n d o m - P r i m e d  
Synthesis: One ml of reaction mix is made of 200 ul
solution A, 500 ul solution B and 300 ul solution C.

Solution A: 1 ml 1.25 M Tris.Cl (pH8.0), 0.125 M MgCl2 >
18 ul B-mercaptoethanol and 5 ul each of 100 mM stock of 
dCTP, dGTP and dTTP (in lx T E ).
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Solution B: 2 M Hepes titrated to pH 6.0 with 4 M NaOH.

Solution C: Hexadeoxyribonucleotides are dissolved in 1
mM TE pH 7.5 at 90 O.D. units per ml.

Sephadex Column Buffer: 150 mM NaCl, 10 mM EDTA, 0.1%
SDS and 50 mM Tris.Cl (pH 7.5).

Denaturing Solution: 1.5 M NaCl and 0.5 M NaOH.

Neutralizing Solution 1: 3 M Na acetate pH 5.5.

Neutralizing Solution 2: 1.5 M NaCl, 0.5 M Tris.Cl (pH
8 . 0 ) .

DNA Pre-Hybridisation Buffer: 5X Denhardt’s solution, 5X 
SSPE, 0.2% SDS and 100 ug/ml denatured nonhomologous DNA 
(salmon or herring sperm DNA) made in water.

100X Denhardt * s Solution: 2g ficoll, 2g BSA and 2g
polyvinylpyrolidone, made up to 100 ml in dH^O.

Low Stringent Wash Buffer: IX SSPE and 0.1% SDS made in 
dH20.

High Stringent Wash Buffer: 0.IX SSPE and 0.1% SDS made 
in dH20.

Probe Removal Buffer I: 0.4 M NaOH.

Probe Removal Buffer II: 0. IX SSC, 0.1% SDS and 0.2 M 
Tris pH 7.5.

2.1.14 DNA Preparation, Purification and General 
Purpose Solutions

Single Colony Gel Buffer: 2% Ficoll, 1% SDS, 0.01%
Bromophenol Blue and 0.01% Orange G, made up in buffer 
E.
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Birnboim Doly Solution I: 50 mM Glucose, 25 mM Tris-HCl 
pH8.0, 10 mM EDTA and add freshly made lysozyme to final 
concentration of 1 mg/ml immediately before use each 
time.

Birnboim Doly Solution II: 0.2 M NaOH and 1% SDS,
freshly made each time.

Birnboim Doly Solution III: To 60 ml of 5 M K o A c

added 11.5 ml of glacial acetic acid and 28.5 ml dH20.

Lytic Mix Solution: 2% Triton X-100, 50 mM Tris pH 8.0
and 60 mM EDTA pH 7.5.

STET Buffer: 50 mM Tris-HCl pH 8.0, 50 mM EDTA, 8%
sucrose, 5% Triton X-100 and add freshly made lysozyme 
to final concentration of lmg/ml immediately before use.

Phage Dilution Buffer: 7 g NaHP04, 3 g KH2P04, 5 g NaCl, 
0.25 g MgSO<^. 7H^O, 15 mg CaCl^ . 2H2 O and 1% gelatin
solution, made up to 1 litre in dH20.

PEG Solution: 20% PEG and 2.5 M NaCl.

DNA Resuspension Buffer (TNSE Buffer): IX T E , 0.1 M
NaCl, 1% SDS and ImM EDTA.

TFBI Buffer: 10 mM KOAc, 50 mM MnCl^, 100 mM KC1, 10 mM 
CaCl^? and 15% glycerol.

TFBI I Buffer: 10 mM Na_mops pH 7.0, 75 mM CaCl^j 10 mM
KC1 and 15% glycerol.

Linear Poly a c r y l a m i d e  for DNA Precipitation: 1%
acrylamide was made from 40% stock solution of 
acrylamide:bisacrylamide (19:1 W/W).

Linear Acrylamide for DNA Precipitation: 1% acrylamide
was made in dH20 and had no bisacrylamide.
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2.1.15 Staining Materials

Antibodies: See section 2.1.

Human Serum: Human serum had been obtained from pregnant 
women and was diluted in TBS.

BSA: 5% BSA fraction V made in TBS. BSA was made fresh 
each time and any excess was kept at 4°C and usually 
discarded after a week.

Haematoxylin: Harris Haemotoxylin was filtered before
use and kept in light proof bottle at 4°C for several 
months but after 3-4 months it had to be filtered again.

Saline: 9.5 g NaCl in 1 litre of dH ^ .

TBS: 100 ml 0.5 M Tris pH 7.5 and 900 ml saline.

Periotic Acid: 1 ml 50% periotic acid in 500 ml TBS
(0 .1% soln.).

Diaminobenzodine (DAB): 5 g DAB was dissolves in 50 ml
dimethyl formamide overnight in the dark. Once
dissolved 50 ml PBS was added to it to give 5% stock
solution, then made into 2 ml aliquots and kept at -
20°C. Working solution of DAB was made by adding 2 ml of
5% DAB solution into 500 ml PBS and 330 ul H 2O 2
(hydrogen peroxide).

Acid Alcohol: 99 ml ethanol and 1 ml 1 N HC1 (1%).

Scot Tap Water: 500 ml d H 20 and 100 ul am m o n i u m
hydroxide or alternatively 500 ml dH20, 1 g potassium
bicarbonate and 10 g MgSO/p

Propidium Iodide: 0.1% was made in d ^  0 and final
dilution was made in TBS.
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2.1.16 Tissue Culturing Media and Reagents: The
mammalian cell line, COS-7, was maintained in GMEM 
medium supplemented with 10% fetal calf serum (FCS) and 
made up to 400 ml as follows:

GMEM Medium (Glasgow Modified Eagle Medium and 
Suplements:

300 ml dH20

40 ml 10X Glasgow Modified Eagle Medium

13.5 ml Sodium bicarbonate (7.5%)

40 ml FCS (filter Sterile during addition)

4 ml Sodium pyruvate (100 mM)

4 ml L-glutamate (200 mM)

4 ml Penicillin/Streptomycin (10^ U:10^ ug/ml)

4 ml Non essential growth acids (50 mM asparagine 
and glutamate, 10 mM alanine, aspartate, 
glycine and serine).

10X PBSA: To make 500 ml, 125 ml 1 M Tris:HCl (pH 7.4), 
25 ml 1 M KC1, 6 ml 0.5 M Na2HP04 , 70 ml 50 mM CaCl2 ,
2,5 ml 1 M MgCl2 and 134.5 dH20 were added together.

10X STBS: To make 500 ml stock solution suspension TBS 
(STBS) was made by 125 ml 1M Tris:HCl (pH 7.4), 25 ml 1 
M KC1, 6 ml 0.5 M Na2HP04 , 70 ml 50 mM CaCl2 and 134.5
ml dH20.

5X PEA: 100 ml PEA (PBS, EDTA and Azide) was made by
adding 50 ml 10X PBSA, 0.5 ml 0.5 M EDTA, 1 ml 10% Azide 
and 48.5 ml dH20.
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10% DMSO: Dimethyl sulfoxide (DMSO) was made in PBSA.

DEAE-Dextran: 10 mg/ml DEAE-dextran was made in STBS. 
Chloroquine: 100 mM stock solution of chloroquine was
made in STBS,

2.1.17 Polymerase Chain Reaction (PCR) Reagents and 
Apparatus

PCR reagents: DNA polymerase Thermus aquaticus Type 3
(Taq 1 polymerase) 5 units/ul and 10X Taq polymerase 
buffer were purchased from Cambio Ltd. (UK). dNTPs 
(BRL) were diluted to 200 uM and the final mix for PCR 
had 1.25 uM of each of the dNTPs. Oligonucleotide 
primers were made in the Dept, of Biochemistry, Glasgow 
University.

PCR Apparatus: The apparatus to run PCR reactions was an 
air cooled programmable cyclic reactor from Cambio (UK).
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Methods

2.2 General Methods

2.2.1 Transformation of E . c o l i  by CaCl2 Procedure

Plasmid or phage DNA can be introduced into E .  

c o l i  cells by a process known as transformation. E .  c o l i  

is not naturally competent to take up DNA from the 
environment, but can be made to do so by treatment with 
CaC12 or other methods. Sterile plastic lab-ware was 
used throughout because competent cells are easily lysed 
by detergents.

Preparation of Competent DS941 Cells:

In order to make competent cells 1 ml of a fresh 
stationary growing overnight culture of cells was 
diluted in 100 ml L-Broth and grown with vigorous 
shaking at 37°C to a density of 5x10^ cells/ml, which 
takes a p p r o x i m a t e l y  2-4 h r s . The culture was then 
rapidly chilled on ice and spun down at 4000g for 5 min 
at 4°C. The supernatant was discarded and the pellet was 
resuspended in 50 ml of ice cold, sterile 50 mM CaC12 
and lOmM Tris - f f c l  (pH 8.0). The cell suspension was 
placed on ice for 15 min and then centrifuged as above. 
After discarding the supernatant, the pellet was 
resuspended in 5 ml of ice cold 50 mM CaC12 and lOmM 
Tri-Hd (pH 8.0). The cell suspension was divided into 
200 ul aliquots in prechilled tubes. The cells were 
either used immediately or stored at 4°C overnight to 
maximize the transformation efficiency.
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Transformation of DS941 Cells:

The DNA for transformation was diluted to 10 
ng/ul and 1 ul was added to 200 ul competent cells. 
After mixing, the cells were kept on ice for 30 min. 
and then transferred to either 42°C for 2 min or 37°C 
for 5 min. After the heat shock, 1 ml L-Broth was added 
to each tube and incubated at 37°C for 30 minutes to one 
hour for antibiotic expression (1 hour for tetracycline 
and 30 min for ampicillin selection) without shaking. 
For antibiotic selection, a 100 ul of the transformation 
mix was spread on to selective media plates and the 
plates were incubated at 37°C inverted, overnight.

2.2.2 Precipitation of DNA

Ethanol p r e c i p i t a t i o n  of DNA: DNA was ethanol
precipitated for wide variety of reasons in this work 
(see text for detail). Precipitation DNA is enhanced at 
low temp. (e.g. -20°C -70°C) in the presence of moderate 
concentration of monovalent cations (e.g. NaOAc, NaCl or 
N H 4OAC or carriers (e.g. tRNA, glycogen or linear 
polyacrylamide or linear acrylamide; for concentration 
of each monovalent cations or carriers see Table 2.9). 
The DNA is recoverd by centrifugation and redissolved in 
an appropriate buffer. To the measured volume of DNA 
solution, the desired salt or carrier was added and then 
2 vol ice cold ethanol was added. In most cases NaOAc 
or NaCl were used in the ethanol precipitations as 
monovalent cations. The DNA/ethanol solution was stored 
at either -20° C for >30 min. or at -70° C for >15 min. 
The DNA was pelleted down by centrifugation at 12000 g 
in a microfuge for 15 min or in a Beckman centrifuge in 
a JA2-21 or JA20 rotor for 30 min at 18 krpm (40000 g) 
at 4 °  C . After decanting the supernatant, traces of 
precipitated salt were removed by washing the pellet 
with cold 70% ethanol and then spinning the tube for 1-5 
min to remove most trapped salt. The tubes were inverted 
to remove most of the 70% ethanol and then the pellet
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was dried in a vacuum dessicator for 5-30 min. Finally 
the DNA pellet was dissolved in the desired vol of 
buffer by vortexing and warming at 37QC for few minutes.

11

{ Salt/Carrier
1f

Name Final conc. |

Salt
i1

NaCl 0.1 M !

j Salt
i1

NaOAc 0.25M |

J Salt
11

N H 4 OAc 2.0 M |

! Carrier
11

tRNA 10-20 ug/ml j

} Carrier
11

glycogen 50-200 ug/ml J

! Carrier
ii
i _  i

lin. polacryl. 
lin. acryl.

10-100 ug/ml ! 
10-100 ug/ml |

Lin. acrylamid = linear acrylamide 
Lin. polacryl. = linear polyacrylamide 
[acrylamide plus bisacrylamide (19/1)]

Table 2.9 Salts and Carriers for Ethanol Precipitation. The
carriers were mostly used for work described in Chapter 4 
(see text for detail).

Ethanol P r e c i p i t a t i o n  of O ligonucleotides: This
procedure was found to give high yield of salt free 
oligonucleotides longer than 20 bases in a quantity of 
greater than 0.1 OD. For compounds which were shorter or 
in low concentration, the yield was variable. For 
extremely small quantities of DNA a carrier such as tRNA 
was used.
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Usually the oligonucleotides were supplied either 
in ammonium hydroxide (NH^OH) or as a dried pellet. If 
it was in NH^OH then a measured volume was evaporated 
under vacuum while spinning until a dried DNA pellet 
was formed. The pellet (from either the supplier or made 
above) was dissolved in 200 ul of ammonium acetate (
2.5 M pH 7.0) or sodium acetate (0.3 M pH 5.2). The 
oligonucleotide was resuspended either in dH20 or TE. To 
the resuspended oligonucleotide 3 volumes ethanol (- 
20°C) was added and stored at -20°C for at least 2 hrs. 
The centrifugation, washing and drying of the DNA was as 
described in ethanol precipitation of DNA above. The 
pellet was resuspended in lxTE and kept at -20°C. 
Usually an aliquot was end labelled and run on a 20% 
polyacrylamide gel to check the size and impurities.

Isopropanol Precipitation of DNA: The procedure for
isopropanol precipitation of DNA was as in ethanol 
except in following steps. Only one volume of 
Isopropanol was used instead of two. The precipitation 
was carried out at room temprature. The DNA was spun for 
only 7 minutes in a microfuge and the pellet was 
washed with 70% ethanol as in ethanol precipitation.

2.2.3 DNA Preparations

Large Scale DNA Preparation by Alkaline-SDS Extraction: 
The method was a modified version of the procedure 
described by Birnboim and Doly (1979 ) , / \ p c^//u|A/culture 
of the plasmid-bearing E ,  c o l i  was grown in selective 
media o \ j e r n \ j h i at 3 7°C in a shaking water bath. The o/n 
culture was transferred to 500 ml L-Broth and cells were 
grown at 37°C overnight with vigorous shaking. The cells 
were divided into two 250 ml large tubes and the cells 
were pelleted by centrifugation at 5 krpm (3000 g) for 
10 min at 4°C. The supernatant was discarded and the 
pellet was resuspended in the remaining traces of media 
by vortexing. Then 8 ml of lysis solution (Birnb<?im Doly 
I) was added into each tube, vortexed briefly, then
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incubated on ice for 5 min. 16 ml alkaline-SDS solution 
(Birnboim Doly II) was added to the DNA mix and left on 
ice for 5 min, then 12 ml of ice cold 5 M KOAc (Birnboim 
Doly III) was added and mixed gently and incubated for a 
futher 10 min. The viscous solution was centrifuged at 
18 Krpm (4O,OO0cj') for 30 minutes at 4°C.

The cleared supernatant (18 ml a p p r o x . ) was 
precipi t a t e d  at room temperature with 12 ml of 
isopropanol for 15 min. (to avoid excessive 
coprecipitation of SDS which may occur at -20°C), The 
DNA was centrifuged at 18 Krpm (40,000g) for 30 min at 20 
°C. After discarding the supernatant, The DNA pellet was 
rinsed in ice-cold 70% ethanol. After drying, the DNA 
was resuspended in 8 ml lx TE for the next step.

The DNA was further purified from RNA, protein and 
host chromosomal DNA by banding on CsCl/EtBr (Cesium 
Chloride/Ethidium Bromide) gradient (density of 1.58- 
1.61 g/ml). After dissolving C s C l , 0.6 ml EtBr (10
mg/ml)was added to the DNA/CsCl solution. The gradient 
was then centrifuged at 5 Krpm for 10 min to precipitate 
the purple aggregates of EtBr-bacterial protein complex. 
This step dramatically reduced the protein contamination 
of the DNA in CsCl/EtBr gradient. The next step was to 
separate covalently closed circular plasmid DNA (CCC 
DNA) from other remaining contamination, such as RNA, 
protein and chromosomal DNA, by centrifuging in an ultra 
high speed centrifuge. For this the CsCl solution was 
transferred into a polyallomer (Quick-Seal Beckman) 10 
ml ultracentrifuge tube, then the remainder of the tube 
was filled with light paraffin oil, avoiding any air 
bubbles traped. The tubes were centrifuged in a Beckman 
Ti-70 fixed angle rotor at 49 Krpm (200,000 g) at 22°C 
for 16 hrs.

Usually two bands were visible under long wave UV 
light; a lower supercoiled plasmid (ccc DNA) and an 
upper chromosomal band with some nicked circular plasmid 
DNA. The lower band was recovered with a hypodermic 
syringe with a 21 g&Uge needle by inserting the needle
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just beneath the band and puncturing the top of the tube 
with the same size needle (for easy drainage of the band 
into the syringe). The DNA mix was transferred into a 20 
ml siliconised universal glass tube.

EtBr and CsCl were removed in one of two ways: 
either extracted with isoamyl alcohol (IAA) several 
times until all the pink colour from the EtBr had 
disappeared from the aqueous phase. The DNA solution was 
then dialyzed against several changes of lx TE (pH 8.0), 
to remove CsCl. An aliquot was diluted and the 
concentration was determined by spectrophotometry at 260 
nm wave length.

Alternatively two volumes of dH20 was added to 
the DNA band and this solution was ethanol precipitated 
with 6 volume of ethanol without adding any more salt. 
The DNA was pelleted, washed with 70% ethanol and dried. 
The DNA was then resuspended in 250 ul DNA resuspension 
buffer (TNSE buffer). The extracted DNA was extracted 
once with phenol/chloroform and once with chloroform. 
The extracted DNA was ethanol p r e c i p i t a t e d  and 
resuspended usually in lx TE or dH20. Then an aliquot 
was diluted and the concentration was determined by 
spectrophotometry at 260 nm wave length.

Cleared Lysate DNA Preparation: This method has the
advantage of being a quick way of making a large amount 
of plasmid DNA in shorter time than alkalin e - S D S  
extraction method. This method was extensively used for 
the work described in chapter 6. The procedure was as 
follow: A 100ml culture of the plasmid bearing E .  c o l i

was grown in selective media overnight at 37°C with 
vigorous shaking. The cells were pelleted at 10K rpm 
for 5 minutes at room temperature. The pellet was 
dislodged by vortexing and resuspended in 1.65 ml 25% 
sucrose and 50mM Tris-Cl pH 8.0 and kept on ice. 350 ul 
freshly made lysozyme (20 mg/ml in 250mM tris-cl pH 8.0) 
was added and mixed gently on a rotating platform, while 
on ice, for 15 minutes. Then 650 ul 250 mM EDTA (pH
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8.0) was added to the solution and mixed for further 15 
minutes as above. 2.5 ml lytic mix solution was added 
to lyse the cells, as well as 50 ul 10 mg/ml RNase, the 
content was mixed rapidly but gently after adding the 
lytic mix and kept on ice for 20 min. The crude lysate 
was cleared by centrifugation at 18K rpm (40000g) at 4°C 
for 40 min. This separated the cell debris as a spongy 
pellet from the supernatant which contained the plasmid 
DNA. 50 ul proteinase K (20mg/ml) was added to the 
supernatant and heated at 65°C for 10 minutes. The 
volume was adjusted to 8 ml by addition of 0.6 ml EthBr 
(10 mg/ml) and 1 x TE. CsCl was then added to a final 
density of 1,58-1.61 g/ml. The solution was centrifuged 
at 5K rpm for 15 min to separate the EthBr-bacterial 
protein complexes as a thin film on top and side of the 
tube. The DNA solution was then transfered into a 10 ml 
polyallomer Quick-Seal (Beckman) ultracentrifugation 
tube and treated as described in the alkaline-SDS DNA 
extraction method. The plasmid band was collected and 
purified from EthBr and CsCl in either of the methods 
described above.

Mini DNA preparation: This method is also known as STET 
DNA prep (Hofmes and Quigley, 1981). This technique 
enables one to test several recombinant transformants in 
one experiment and the purified DNA produced, has the 
advantage of being restrictable, which means that large 
plasmid DNA preparations are only necessary after the 
initial characterization of the clones.

The following procedure was used: 1.5 ml
overnight culture of p l a s m i d - b e a r i n g  E .  c o l i  was 
pelleted in a microcentrifuge for 20 sec. The pellet 
was resuspended in 350 ul STET buffer and 25 ul freshly 
made (10 mg/ml) lysozyme was mixed in. The tube was 
placed in boiling water for 40 seconds to lyse the 
cells. Then the tube was centrifuged immediately at 4°C 
for 15 min in a micro centrifuge (12000g). The sticky, 
spongy pellet which was formed was carefully removed
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using a tooth pick and discarded. 40 ul 3M NaAc and 400 
ul isopropanol was added to the tube, mixed and then 
centrifuged for 15 minutes at 4°C. The pellet was 
washed with 70% ethanol and dried briefly in a vacuum 
desiccator. The pellet was resuspended in 50 ul 1 x TE 
buffer. Alternatively, after removal of sticky pellet, 
RNase and proteinase K can be added. If desired 20 ul 
RNase (lOmg/ml) was added and heated at 37°C for 10 min 
then added 20 ul proteinase K (20 mg/ml) and heated at 
65°C for 10 min. The DNA solution was then Phenol 
extracted and then followed the steps for ethanol 
precipitation as above.

Single Colony Gels (SCG) DNA Preparation: This
technique enables the plasmid content of an isolated
colony to be observed with unparalleled ease, and it was
developed, in this Institute a few years ago, by Dr.
Arthur. The technique, like STET mini DNA preparations,
enables one to test several recombinant transformants in
one experiment. The only limitation of the technique is
that the DNA can not be restricted. For making single
colony gel (SCG) DNA, each single colony was patched out 

o
(1 cm ) on a selective agar plate and grown overnight. 
Cells were scraped, with a toothpick, and transferred to 
a small microfuge tube containing 100 ul of SCG buffer. 
The cells were mixed well in the buffer and left at room 
temperature for 15 minutes to lyse. Cell debris and 
chromosomal DNA were separated by centrifugation for 15 
minutes (12000g). If the original cell mass was too 
much, longer centrif u g a t i o n  was necessary. The 
supernatant containing the plasmid DNA were run on an 
agarose gel with some parental plasmid to identify the 
recombinant clones by the size shift.

Liquid Lysate Phage DNA Preparaation: Phage DNA was 
made to perform restriction analysis on the positive 
clones. Several methods are available for making phage 
DNA. The method described below is similar to the 
method described in the Molecular Cloning, a Laboratory
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Manual (Maniatis e t  a l ., 1982) which was modified by Dr
P. Balf (University of Edinburgh, personal 
communication).

The host E .  c o l i  cell /\Hfl C600, was grown in L. 
Broth with vigorous shaking at 37°C to log phase. 250 ul 
of stationary growing cells was inoculated with phage to 
a multiplicity of infection (MOI) of O.OOl 5 that is for 
1 .2 5 x 1 0 ^  cells 1x10^ plaque forming units (P F U ) was 
inoculated. The mixture was incubated at 37°C for 30 
min. To the tube 1 ml L-Broth/MgSO^ was added and the 
mix was poured into a 500 ml flask containing 99 ml L- 
Broth. The flask was incubated at 37°C with vigourous 
shaking (300 rpm) for 24 hrs. The culture was spun down 
at 4 K rpm for 10 min. The supernatant was transfered 
into fresh JA-20 (Beckman). tubes and DNase and RNase 
(both crude) were added to the tube to final 
concentration of 1 ug/ml and 2 ug/ml respectively and 
incubated at room temp, for 1 hr. After this incubation 
pefiod, NaCl was added to a final concentration of 1 M. 
The JA-20 tubes were spun at 19.5 K rpm for 2.5 hrs at 
4°C. The glossy pellet was resuspended in 2 ml phage 
dilution buffer (P D B ) by whirlimixing fo 1 min ( if 
viable phage was needed, resuspen ion had to be carried 
out overnight with gentle rolling of the tube and 
whirlimixing had to be avoided).

The tube content was transfered into a 10 ml tube
and SDS and proteinase K were added to the final
concentration of 0.01% and 100 ug/ml respectively.. The
tube was incubated at 60°C for 1 hr. To this hot
solution an equal volume phenol/chloroform was added and
whirlimixed for 1 min (gentle rolling if viable phage 
utoS^needed). The tube was spun at 5 K rpm for 20 min. The 
aqueous phase was transfered to fresh tube and extracted 
with chloroform and treated as above. To the aqueous 
phase NaOAc (pH 5.2) was added to a final concentration 
of 0.25 M and the DNA was precipitated by ethanol. The 
DNA pellet was resuspended in lxTE and was ready to be 
resticted.
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2.2.4 Screening cDNA Library

To screen the cDNA library which had been cloned 
into \gtlO, usually, 1X10^— 100 PFU (plaque forming 
units) were added to 150 ul MgSO^ treated /\HFL E .  c o l i  

cells, prepared specially for plating phage particles. 
After 15-20 minutes of incubation at 37°C which the 
phage particles had been adsorbed to the cells, 5 ml top 
agar (kept at 42°C to stay warm) was added into each 
tube. The tube content was then immediately poured onto 
each agar plate. The agar plates contained no 
antibiotics and were dried in a 37°C room for 1 hour 
prior to plating. The drying usually speeded up the 
absorption of the liquid from the plated material. Plates 
were gently but quickly swirled for better spreading of 
the plated material. After setting of the top agar, on 
the plate (about 10 minutes), the plates were inverted 
and incubated at 37°C overnight.

The plaques were counted and recorded and then the 
plates were used for plaque lifting. To perform plaque 
lifting, plates and filters were marked for later 
orientation. After denaturation, neutralising and 
baking, the plaque lifts were hybridised with the 
appropriate probes. Positive plaques were identified and 
picked by alignment of plates, filters and 
autoradiograph of hybridised filters. After picking of 
positive plaque by an end of pasture pipette, it was 
transferred into a tube containing 500 ul PDB (phage 
dilution buffer) and 10 ul chloroform. In the primary 
screening usually more than one plaque (i.e. , one 
positive and few negative) were transfered but the 
negative plaques were elimenated in the subsequent 
rounds of screenings (i.e., 2° and 3° screenings). The
tube containing the phage stock was kept at 4°C.

o _ qEach plaque from an overnight plate had 10 PFU. 
For secondary screening usually a titration was worked 
out (in PDB) from the phage stock to have 200-300 PFU 
for an 10 X 10 cm agar plate. Plating, plaque lifts, 
hybridisaton, etc. in the secondary screening were as in
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the primary screening except in that the screening was 
done at a lower density to get individual plaques. The 
individual positive plaques which were picked were 
treated as above.

The positive plaques were screened for another 
round to ascertain even further that the right clone(s) 
had been picked. The main differences between the 
secondary and tertiary screenings were that in the 
tertiary screening the MgSO^ treated cells and the top 
agar were not mixed with the phages, instead they were 
poured on to the agar plate and then, after setting, 5 
ul from phage stock from secondary screening was added 
into each box of matrix. The matrix was either drawn on 
the back of the agar plate or on a piece of paper and 
taped, temporarily, under the plate. After absorption of 
phages, the plates were inverted and incubated as above.
The plaque lifts, hybridisation, etc were as for primary 
and secondary screenings.

DNA from positive plaques were made mainly by cleared 
lysate phage DNA prep method. The DNA was used for restriction 
analysis or for further screening of cDNA library for more 
clones as above.

2.2.5 Growth and Storage of Bacterial Host Strains for 
Plating of Phage Particles

The following method is an adaptation of a method 
described by Maniatis e t  a l ,  (1982). To ensure optimal 
absorption of phage lambda to the bacteria, the 
bacterial strain E .  c o l i  are grown in the presence of 
0.4% maltose but in the absence of glucose. Maltose 
induces phage receptors on the E .  c o l i  surface, by 
inducing maltose operon on E .  c o l i , which contains the ’ 
gene (lamb) coding for the lambda receptor. The E .  c o l i  

are resuspended in lOmM MgSO^ to enhance the interaction 
of the phage tail and the Lamb receptor of the bacteria.
To do this an overnight culture of a single colony of E .  

c o l i  was grown in LB broth containing 0.4% maltose.
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lOOul of overnight culture was then added to 20ml LB 
broth containing 0.4% maltose and grown at 37°C with 
shaking for about 2hrs (ODgQQ=0.6).

The cells were centrifuged at low speed (4000g) 
for 10 min. The cells were then resuspended in 5ml of 
sterile lOmM MgSO^. Usually 150ml of indicator cells
were used per plate. The remaining cells were stored at 
4°C and were stable for 2 weeks.

2.2.6 Transfer of DNA on to Nylon Membrane and DNA 
Hybridisation

Colony and Plaque Lifts: Plaque lifts are the ideal way
of screening cDNA libraries, and colony lifts are used
mainly where single colonies could be patched out on a
matrix plate. For this purpose single colony of E .  c o l i

owere patched out (1 cm ) on a selective agar plate. On 
the other hand plaque forming phages after being 
absorbed by the /\Hfl E . c o l i  cells, were grown on L- 
agar media plate. Both of these plates, for lifting 
colonies or plaques were grown overnight. For plaque or 
colony lifts the right nylon membrane (filter) size 
(e.g. for 10x10 cm plate a 9. 5x9.5 cm filter was used) 
was selected and labelled. The filter was placed on 
agar surface and the plate and the membrane were marked 
for later orientation of colonies or plaques. The 
membrane was carefully lifted after one minute and 
placed colony/plaque side up, on denaturing solution for 
5 minutes. The membrane was then transferred on to 
neutralizing solution for 5 minutes. Then the membrane 
was air dried on Whatman 3MM paper for 30 minutes. The 
membrane was then baked at 80°C for 1 hr and hybridised 
with the appropriate probe.

Southern Transfer of DNA: Hybridisation of labelled DNA 
to filter bound plasmid born DNA followed the procedure 
of Southern (1975) as modified by Reed and Man (1985).
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H o r i z o n t a l  agarose g e ls  were run w i t h  th e  r e q u i r e d  
samples. The gel was photographed a f t e r  eth id ium  bromide 
s t a in i n g .  The gel was soaked in denatur ing  s o lu t io n  f o r  
30 min, and then n e u t r a l i s e d  f o r  30 min. in n e u t r a l i s i n g  
s o lu t io n  1. The gel was then placed on a glass p la te  
covered by 2 l a y e r s  o f  3MM p a p e r  w h ich  overhung  t h e  
edges and dipped in t o  a t r a y  con ta in in g  t r a n s f e r  b u f f e r  
( 20x SSC) .  P a l l  Biodyne Nylon membrane ( f i l t e r )  cu t  to  
the s iz e  o f  the g e l .  The f i l t e r  was soaked in 20x SSC 
and p laced  on top o f  th e  ge l  e n s u r i n g  t h a t  no a i r  
bubbles were trapped underneath the gel or  the f i l t e r  by 
r o l l i n g  a glass p i p e t t e  over i t .  The edges o f  the f i l t e r  
( 0 . 5 - 1  cm) were shrouded w i t h  c l e a r  t a p e  t o  p r e v e n t  
t r a n s f e r  o f  b u f f e r  o ther  than through the f i l t e r .  The 
f i l t e r  was covered w i th  2 lay e rs  o f  3MM paper then by 
stack o f  paper towels or  nappies to  about 5 -8  cm height.  
The stack was topped w ith  a g lass p l a t e  weighed down 
w ith  a 500 ml b o t t l e .  T ra n s fe r  was al lowed to  proceed 
o v e rn ig h t .  The f i l t e r  was l e t  to  dry a t  room tem pra ture  
and then baked a t  80°C f o r  2 hrs .  The baked f i l t e r  was 
e i t h e r  kept in a sealed p l a s t i c  bag f o r  l a t e r  use or  
p re -h y b r id is e d  the same day.

DNA H y b r id is a t io n :  The DNA bounded f i l t e r s  from Southern  
t r a n s f e r s  or  c o lo n y /p la q u e  l i f t s  were h y b r i d i s e d  as 
fo l lo w s .  The f i l t e r ( s )  was f i r s t  p reh ybr id ised  and then  
hybr id is ed  w ith  the probe. P re h y b r id is a t io n  was c a r r i e d  
out  us ing p r e h y b r i d i s a t i o n  s o l u t i o n  c o n t a i n i n g  1 0 0  

ug/ml heat denatured (b o i le d  f o r  1 0  min then on ic e  f o r  
5 min) non-homo!ogous (salmon or h e r r in g  sperm) DNA. For 
every 4 cm2  f i l t e r  1 ml s o lu t io n  was added to  a bag 
conta in in g  the f i l t e r ( s ) .  The f i l t e r  was sealed a f t e r  
removal o f  a l l  trapped a i r  bubbles. The bag was placed  
in  a box and in cub ated  in  a w a t e r  b a th  w i t h  g e n t l e  
a g i t a t i o n  u s u a l ly  s e t  a t  60-65°C f o r  1-2 hrs.

H y b r i d i s a t i o n  was c a r r i e d  o u t  a t  t h e  same 
c o n d i t i o n s  and in  t h e  same s o l u t i o n  as in  
p r e h y b r id is a t io n .  A f t e r  the end o f  the pre h y b r id is a t io n  
a c o rn e r  o f  th e  bag was c u t  and t h e  random p r im e d

94



r a d io la b e l le d  probe was added to  the bag. Usua l ly  1 x 1 0  

cpm probe was added f o r  each 10x10 cm f i l t e r .  The bag 
was then sealed a f t e r  removal o f  trapped a i r  bubbles.  
The s o lu t io n  was mixed by a g i t a t i o n  p r i o r  to  in cu b a t io n .  
The bag was in cub ated  as in  p re  h y b r i d i s a t i o n  w i t h  
g e n t le  a g i t a t i o n  ov e rn ig h t .

The f i l t e r  was washed once in low s t r i n g e n t  wash 
b u f f e r  a t  room temperature f o r  15 min then washed in the  
same s t r in g e n c y  a t  th e  h y b r i d i s a t i o n  temperature 3x15  
min. I f  a t  the end o f  the l a s t  wash the  s igna l  was high  
( i . e .  > 2 0  cpm) t h e  f i l t e r  was washed u n d e r  more
s t r i n g e n t  c o n d i t i o n s .  I t  was washed in  e i t h e r  h i g h e r  
te m p e ra tu re  o r  i n  h i g h  s t r i n g e n t  wash b u f f e r  o r  
combination o f  temperature and more s t r in g e n t  wash b u f f e r  
u n t i l  the s igna l  from the f i l t e r  was less than 1 0  cpm, 
measured by a G e iger -M u e l  1 e r  c o u n t e r .  The f i l t e r  was 
sealed wet in a p l a s t i c  bag and autoradiographed f o r  a 
v a r i a b l e  le n g th  o f  t im e  depen d in g  on t h e  number o f  
counts re ta in e d  on the f i l t e r .  The X-Omat X -ray  f i l m  was 
then devaloped in the X-Omat machine (Kodak).

R e - H y b r i d i s a t i o n :  The f i l t e r s  which  had a l r e a d y  been  
h y b r id is e d  once or  more can be r e h y b r i d i s e d  a g a i n  by 
f i r s t  removing th e  o ld  p ro b e .  The f i l t e r s ,  f o r  t h i s  
purpose, were washed 2x w i t h  2 0 0 - 3 0 0  ml probe rem ova l  
b u f fe r  I  and incubated a t  45°C f o r  15 min each t im e .  
Then th e  f i l t e r s  were washed 2x w i t h  p robe rem oval  
b u f f e r  I I  a t  45°C f o r  15 min. The f i l t e r s  were  th e n  
ready f o r  h y b r id is a t io n  as above.

In  S i t u  H y b r id is a t io n  o f  B a c t e r ia l  Colonies:  A plasmid  
base cDNA l i b r a r y  can be s c r e e n e d  by i n  s i t u  

h y b r i d i s a t i o n .  The cDNA c l o n e s  a r e ,  in  t h i s  c a s e ,  
t r a n s f o r m e d  in  b a c t e r i a l  c e l l s  and t h e  b a c t e r i a l  
co lon ies  are hybr id ised  w ith  a s p e c i f i c  probe. Colony 
h y b r id is a t io n  is  accomplished by t r a n s f e r r i n g  b a c t e r i a  
from a master p la te  to  a membrane ( e . g .  nylon f i l t e r ) .  
The co lon ies  on the f i l t e r  are l e t  to  grow f o r  few hours

95



then they are lysed and the liberated DNA is  f i x e d  to  the  
f i l t e r  by baking. A f t e r  h y b r id is a t io n  to  a 3 2 P - la b e le d  
probe,  th e  f i l t e r  i s  m o n i to red  by a u t o r a d i o g r a p h y . A 
colony whose DNA gives a p o s i t i v e  s igna l  may then be 
recovered  from th e  m aster  p l a t e  and a n a ly s e d  f u r t h e r  
(G r u n s te in  and Hogness 1975; M a n i a t i s ,  F r i t s c h  and 
Sambrook 1982) .

The procedure o u t l in e d  below is  used when la rge  
number o f  co lon ies  are  screened ( i . e .  plasmid l i b r a r y  
s c re e n in g ) .  In  t h i s  case b a c te r ia  are p la ted  d i r e c t l y  
from a t r a n s f o r m a t i o n  m i x t u r e  on t o  n y lo n  f i l t e r s ;  
r e p l i c a  f i l t e r s  are  prepared, a f t e r  i n i t i a l  b a c t e r i a l  
growth, by f i l t e r  to  f i l t e r  c o n ta c t .  The plasmids need 
t o  have  an a n t i b i o t i c  m a r k e r  b e c a u s e  most o f  t h e  
t r a n s f e r s  can not be done under s t e r i l e  c o n d i t io n s ,  i t  
was however necessary to  keep ev ery th ing  as s t e r i l e  as 
p o s s i b l e .  T h i s  p r o c e d u r e  was a d a p t e d  f o r  p l a s m i d s  
bearing a n t i b i o t i c  marker ( i . e .  T e t .  and Amp.).

A 9 .5  X 9 .5  cm nylon f i l t e r  was marked and p laces  
marked s id e  down on a d a y - o ld  a g a r  p l a t e  c o n t a i n i n g  
a p p ro p r ia te  a n t i b i o t i c .  The f i l t e r  was peeled o f f  and 
in ve r te d  then replaced i t  on the same p l a t e ,  marked s ide  
up. A small volume o f  the b a c t e r ia l  stock ( t ransform ed  
plasmid l i b r a r y )  con ta in in g  1 0 4  b a c t e r ia  was p la te d  on 
the f i l t e r  and spread w ith  a s t r i l e  g lass rod, lea v in g  
2 -3  mm o f  th e  edge f r e e  from b a c t e r i a .  When a l l  t h e  
l i q u i d  was adsorbed the p la t e  was in v e r te d  and incubated  
a t  37°C u n t i l  very small co lon ies  (0 .1  mm in d iam eter )  
appeared (about 8 -10 hours) .  When c o lon ies  reached the  
r i g h t  s i z e  t h r e e  r e p l i c a  f i l t e r s  were made one a t  a 
t im e.  A marked f i l t e r  (marking corresponding to  those on 
the master f i l t e r ) ,  was wetted by touching i t  to  the  
s u r f a c e  o f  an agar  p l a t e  c o n t a i n i n g  t h e  a p p r o p r i a t e  
a n t i b i o t i c .  Meanwhile th e  m a s te r  f i l t e r  was removed  
(w i th  a b lunt-ended fo rceps )  from the p l a t e  and placed  
i t  on a s tack o f  3 MM paper,  colony s ide  up. The wetted  
f i l t e r  f o r  r e p l i c a  f i l t e r  was removed and p l a c e d  
c a r e f u l l y  (marked s id e  down) on to p  o f  t h e  m a s t e r  
f i l t e r ,  being c a re fu l  not to  move the f i l t e r s  a t  t h i s
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s t a g e .  Once c o n t a c t  was made t h e  two f i l t e r s  were  
pressed to g e th e r  evenly  but g e n t ly ,  w i th  a s o f t  sponge. 
A c h a r a c t e r i s t i c  p a t te rn  was made by keying holes in  the  
f i l t e r s  by a needle ( f o r  l a t e r  o r i e n t a t i o n )  w h i le  they  
were sandwiched to g e th e r .  The f i l t e r s  were g e n t ly  peeled  
a p a r t  and the r e p l i c a  f i l t e r  was re turned to  i t s  p l a t e ,  
colony s ide  up.

Up to  3 r e p l i c a s  were u s u a l ly  made as above, each 
w i t h  i t s  own c h a r a c t e r i s t i c  h o l e s .  The p l a t e s  ( i . e .  
master and r e p l i c a s )  were incubated as above. The master  
p l a t e  was in c u b a te d  f o r  6 - 8  hours  bu t  r e p l i c a  p l a t e s  
were incubated 8 - 1 0  hours ( i f  co lon ies  were ovecrowded) 
or ov ern ig h t  ( i f  co lon ies  were not so dense t h a t  over  
growth would be a problem),  the master p la t e  was sealed  
and kept a t  4°C u n t i l  the r e s u l t  o f  h y b r id is a t io n  was 
avai Table .

To Vberate the DNA the c e l l s  had to  be lysed and 
then the DNA be bound to  the f i l t e r  permanently . To do 
t h i s  th re e  pieces o f  3 MM paper were cut  to  20 X 20 cm 
in s i z e  and placed th re e  o f  the f i l t e r s  on the bottom 
o f  th re e  d i f f e r e n t  t r a y s .  The f i r s t  f i l t e r  was s a tu ra te d  
w ith  10% SDS, the second one w ith  denatur ing  s o lu t io n  
( 0 . 5  M NaOH, 1 . 5  M N a C l )  and t h e  t h i r d  one w i t h  
n e t r a l i s i n g  s o l u t i o n  ( 1 . 5  M N a C l ,  0 . 5  M T r i s : C l  [pH 
8 . 0 ] ) .

Each f i l t e r  (colony s ide  up) was placed on the  SDS 
t r y  f o r  3 minutes, on the denatur ing  t r a y  f o r  5 minutes  
and on the n e u t r a l i s i n g  t r a y  f o r  5 minutes. The f i l t e r s  
were then layed on a sheet o f  dry 3 MM paper and a l lowed  
to  a i r  dry f o r  1 hour. The f i l t e r s  were then baked a t  
80°C f o r  2 hours and then h y b r i d i s e d  as in  c o lo n y

q p
h y b r id is a t io n  w i th  P - la b e le d  probe (random primed or  
PCR l a b e l l e d ) .
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2 . 2 . 7  R a d io -L a b e l l in g  o f  DNA Probes by Random-Primed 
Synthesis

Random p r im e  (R P )  DNA l a b e l l i n g  g i v e s  h i g h  
s p e c i f i c  a c t i v i t y  p r o b e  even  w i t h  u n p u r i f i e d  DNA 
( F e i n b e r g  and V o g e l s t e i n  1 9 8 3 ) .  T h e r e  a r e  s e v e r a l  
advantages in using t h i s  method o f  l a b e l l i n g  over n ick  
t r a n s l a t i o n .  One advantage is  t h a t  as l i t t l e  as 10 ng 
DNA can be used. The second a d v a n ta g e  i s  t h a t  h ig h  
s p e c i f i c  a c t i v i t y  is  achieved by t h i s  very l i t t l e  amount 
of  DNA. This  high s p e c i f i c  a c t i v i t y  is  s u f i c i e n t  f o r  
h y b r id is a t io n  o f  up to  ten 10x10 cm f i l t e r s .  The o ther  
advantage i s  t h a t  u n p u r i f i e d  DNA ( i . e .  DNA r e c o v e r e d  
from LMP agarose) can e f f i c i e n t l y  be la b e l l e d  almost as 
tuell as p u r i f i e d  DNA.

U sua l ly  50ng DNA, a f t e r  de n a tu ra t io n  by b o i l i n g  
f o r  5 min. and rap id  coo l ing  on ic e ,  (DNA from LMP was 
t r e a t e d  as exp la ined  below), was mixed in  w ith  1 0  ul 
re a c t io n  mix-dATP ( e .g .  i f  the ra d io la b e l  f o r  example

q p  .
was P dATP then rea c t io n  mix was -dATP),  2 ul BSA, 
nuclease f r e e ,  1 ul (5 u n i t s )  Klenow fragments o f  DNA 

polymerase I ,  and 3 ul (30 u C i ) 32P dATP and the  t o t a l
volume was ad justed  to  50 ul dH20. The tube was l e f t  a t  
room temperature ov ern ig h t  and the  re a c t io n  was stopped  
by a d d i t io n  o f  2 ul 0 .5  mEDTA. I t  was found however t h a t  
maximum r e a c t i o n  was a c h ie v e d  by i n c u b a t i o n  a t  37°C  
overni g h t .

The e f f i c i e n c y  o f  r a d i o l a b e l l i n g  could be checked 
by a d d i t io n  o f  1 ul o f  R.P. mix, before  a d d i t io n  to  the  
column, on to  2 cm f i l t e r  paper discs (Whatman) and 
t r e a t  the d iscs by TCA. The TCA p r e c i p i t a t i o n  can a ls o  
be app l ied  to  r a d i l a b e l l e d  o l ig o n u le o t id e s  as w e l l .  In  
t h i s  case o l ig o n u c le o t id e s  o f  2 0 bp length or more remain 
bounded to  the d isc  but un incorporated nu c leo t id es  would 
be washed away.

One ul o f  th e  l a b e l l e d  DNA b e f o r e  s e p a r a t i o n  
through Sephadex column was added on to  two Whatman 2 cm

98



f i l t e r  paper d iscs .  The d iscs were allowed to  dry a t  
room tem prature .  Only one o f  the d iscs was submerged in  
10% o f  t r i c h l o r o a c e t i c  ac id  (TCA) on ice  f o r  30 minutes  
then washed in  methanol and a l lowed to  a i r  d ry .  Both 
d i s c s ,  TCA t r e a t e d  and u n t r e a t e d ,  w ere  c o u n t e d  in  
s c i n t i l l a t i o n  counter .  The d i f f e r e n c e  in  the two values  
was i n t e r p r e t e d  as th e  p e r c e n t a g e  o f  i n c o r p o r a t i o n  
( i . e .  TCA t r e a t e d  d iscs was showing in co rp o ra t io n  and 
un trea ted  one was showing t o t a l  counts o f  unincorporated  
and incorpora ted  l a b e l ) .  Random prime u s u a l ly  gave up 
to  70% in co rp o ra t io n  o f  3 2 P-dATP.

2 . 2 . 8  Chromatography on Sephadex G50-150 Columns

S eph ad ex  co lum n s  w ere  used t o  s e p a r a t e
i n c o r p o r a t e d  r a d i o 1 a b e 1 1 ed n u c l e o t i d e s  f r o m
u n i n c o r p o r a t e d  n u c l e o t i d e s  i n  random p r im e
r a d i o l a b e l l i n g  mix. Due to  the mechanism o f  sephadex 
beads, s m a l le r  molecules lag behind the la r g e r  ones and 
one can c o l l e c t  f r a c t i o n s  in separate  tubes and count  
them to  see which one has the incorpora ted  DNA. A d d i t io n  
o f  column dye ( phenol red and dextran b lue)  can help in  
c o l l e c t i o n  o f  f r a c t i o n s  w i th ou t  use o f  any m onitor .  The 
DNA and f r e e  n u c le o t id e s  can a l s o  be m o n i t o r e d  be a 
G e ig e r -M u e l le r  counter;  ( u s u a l ly  column dye was used 
in  t h i s  w o rk ) .  The in c o r p o r a t e d  DNA c o m i g r a t e s  w i t h  
dextran blue ( th e  b lue ish  co lo u r )  and f r e e  n u c le o t id es  
comigrates w ith  phenol red ( th e  pinky c o lo u r ) .

To prepare the column equal amounts o f  Sephadex 
G50, G150 were soaked in 1 X TE (pH 8 . 0 )  o v e rn ig h t  a t  
room t e m p e r a tu re .  The b o r o s i l i c a t e  g l a s s  column was 
plugged w ith  glass wool and packed w ith  Sephadex G50-150 
beads. The column was washed few t imes w ith  Sephadex 
column b u f f e r .  The column was a lso  washed severa l  t imes  
a f t e r  each  use t o  f r e e  i t  f r o m  an u n i n c o r p o r a t e d  
nuc leo t id es  and a f t e r  few chromatography the sephadex 
beads were d is ca rd e d  and t h e  column was packed w i t h  
f resh  Sephadex G50-150 beads.
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The i n c o r p o r a t e d  p r o b e s  w e re  s e p a r a t e d  f r o m  
unincorporated n u c le o t id es  by passing the mix through a 
Sephadex 9 -50 -150  column a f t e r  a d d i t io n  o f  10 ul dye to  
th e r  tube.  The incorpora ted  nu c leo t id es  t r a v e l  f a s t e r  
t h a n  u n i n c o r p o r a t e d  n u c l e o t i d e s .  To c o l l e c t  t h e  
i n c o r p o r a t e d  n u c l e o t i d e s  4 d r o p s  f r a c t i o n s  w e re  
c o l le c t e d  in each tube and the tubes were counted by 
Cerenkov counting the  tubes con ta in in g  the incorpora ted  
DNA ( i . e .  1st peak) were pooled and 1 ul was spotted  on 
a Whatman paper f i l t e r  d isc  and counted on s c i n t i l l a t i o n  
counter to  measure s p e c i f i c  a c t i v i t y .

2 . 2 . 9  R e s t r i c t i o n  o f  DNA

For s e v e r a l  purposed DNA from  e i t h e r  lambda o r  
plasm ids had t o  be d ig e s te d  w i t h  v a r i o u s  r e s t r i c t i o n  
enzymes. R e s t r i c t i o n  o f  DNA was p e r fo rm e d  in  a t o t a l  
volume ranging from 1 0  ul to  1 0 0  ul depending on the  
am ount o f  DNA b e in g  r e s t r i c t e d  and t h e  t y p e  o f  
e x per im en ts  f o r  which th e  r e s t r i c t e d  DNA was needed  
f o r .  As a rough guide 0 .5  to  2 ug o f  DNA f o r  Southern  
b l o t t i n g  and 2 - 5  ug f o r  i n s e r t  i s o l a t i o n  and  
p u r i f i c a t i o n  was r e s t r i c t e d  in  one t u b e .  U s u a l l y  5 
u n i ts  o f  r e s t r i c t i o n  enzymes f o r  1 ug o f  DNA was used. 
A p p r o p r ia t e  r e s t r i c t i o n  b u f f e r s  was added t o  t h e  DNA 
re ac t io n  mix and the volume was made up w ith  dH20. The 
tubes were in cubated  a t  th e  a p p r o p r i a t e  t e m p e r a t u r e  
recommended f o r  t h a t  p a r t i c u l a r  enzyme f o r  1 to  3 hours 
a f t e r  which time d ig e s t io n  was u s u a l ly  complete. I f  the  
DNA needed to  be c u t  w i t h  more th a n  one enzyme w i t h  
d i f f e r e n t  r e s t r i c t i o n  b u f f e r  requirements ,  then u s u a l ly  
a l l  enzymes were added t o g e t h e r  and t h e  r e s t r i c t i o n  
b u f f e r  which had low est  s a l t  c o n c e n t r a t i o n  was added  
f i r s t  and in cubated  f o r  one h r .  A f t e r  one hour  o f  
incubat ion ,  the s a l t ( s )  co ncen tra t ion  was ad justed  to  
s u i t  the o ther  enzyme(s).  I f  more than one enzyme was 
used and th ey  had d i f f e r e n t  t e m p e r a t u r e  r e q u i r e m e n t ,  
again a l l  enzymes were added to g e th e r ,  the re a c t io n  was 
allowed to  be c a r r i e d  a t  lower temperature f o r  1 hour 
t h e n ,  a f t e r  a d j u s t i n g  t h e  s a l t  c o n c e n t r a t i o n ,  i f
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n e e d e d , th e  temperature was ' raVseid as r e q u i r e d  f o r  o t h e r  

e n zy m e(s ) .  I f  n e i t h e r  o f  th e s e  two could  be done o r  th e  

one enzyme had any i n h i b i t o r y  e f f e c t  on th e  r e s t r i c t i o n  

o f  t h e  o t h e r  enzyme th e n  t h e  f o l l o w i n g  t r e a t m e n t  was 

c a r r i e d  o u t .  The DNA a f t e r  be ing d i g e s t e d  w i t h  f i r s t  

enzyme was e x t r a c t e d  w i t h  p h e n o l /c h lo r o fo r m  and e th a n o l  
p r e c i p i t a t e d  and resuspended in  1 X TE f o r  th e  d i g e s t i o n  

t o  be c a r r i e d  o u t  w i th  o t h e r  enzyme. For example in  an 

e x p e r i m e n t  w h i c h  pFH1 DNA was r e s t r i c t e d  w i t h  4 

d i f f e r e n t  enzymes ( H a e l l l ,  B s t E I I ,  EcoR1, BamH1 w i t h  

s a l t  c o n d i t io n  o f  Reacts 2 , 2 , 2 , 4  and Temp 3 7 ° ,  6 0 ° ,  3 7 ° ,  
37°C r e s p e c t i v e l y ) ,  a l l  4 enzymes were added t o g e t h e r  

and were c u t  in  React  4 f o r  1 hr  then 30 mM T r i s - C l  (pH 

8 . 0 ) and 5 mM MgCl2 was added t o  make i t  as REact 2 and 

i n c u b a t e d  f o r  a n o t h e r  h o u r .  The  t u b e  was t h e n  

t r a n s f e r r e d  t o  6 0 °  f o r  B s t E I I  t o  be f u l l y  f u n c t i o n a l .  

R e s t r i c t i o n  was a r r e s t e d  by e i t h e r  th e  a d d i t i o n  o f  FSB 

lo ad in g  b u f f e r  o r  f r e e z i n g  a t  - 2 0 ° C .

2 . 2 . 1 0  L i g a t i o n

T4 DNA l i g a s e  c a t a l y z e s  t h e  f o r m a t i o n  o f  

p h o s p h o d i e s t e r  bound b e t w e e n  5 ’ p h o s p h a t e  and 3 ’ 
hydroxyl  t e r m i n i  in  duplex  DNA. T h is  enzyme w i l l  j o i n  

b o t h  b l u n t - e n d e d  and c o h e s i v e  e n d e d  r e s t r i c t i o n  

f ragm ents  o f  duplex DNA. L i g a t io n s  o f  both s o r t s  ( i . e .  

b l u n t  ended and cohes ive  ended DNA) were c a r r i e d  o u t  in  

t h i s  work. The p lasmid or  b a c te r io p h a g e  DNA was f i r s t  

d i g e s t e d  w i t h  t h e  d e s i r e d  r e s t r i c t i o n  e n z y m e .  The  

d ig e s te d  DNA was mixed w i th  c o m p a t ib le  o l i g o n u c l e o t i d e s  

o r  r e s t r i c t i o n  f r a g m e n t s  o f  t h e  t a r g e t  DNA. Th e  

c o n c e n t r a t io n  o f  f rag m en t  ( i n s e r t  o r  a d a p to r )  t o  v e c t o r  

was a d ju s te d  t o  a p p r o x im a te ly  2 t o  1 f o r  cohes ive  ends,  
5 -1 0  t o  1 f o r  b l u n t  ended, and 100 t o  1 f o r  a d a p to r  

l i g a t i o n .  The cohes ive  ended l i g a t i o n  was in cu b a ted  a t  

12 ° C ; and th e  b l u n t  ended l i g a t i o n  was in cu bated  a t  16°C 

and l i g a t i o n  was a l lo w e d  to  proceed f o r  12-16  h r s .  A 

t y p i c a l  o f  20 ul r e a c t i o n  mix comprised between 5 0 -5 0 0  

ng DNA ( v e c t o r  and i n s e r t ) ,  2 ul 10X l i g a t i o n  b u f f e r  

I I  ( f o r  DNA l i g a t i o n s  c a r r i e d  o u t  in  C hapte r  4 )  o r  2 ul
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10X l i g a t i o n  b u f f e r  I ,  2 u l  10X Low s a l t  ( f o r  DNA 

l i g a t i o n s  c a r r i e d  o u t  in  C hapte r  5 )  and 0 . 5 -  1 u n i t  o f  

T4 DNA l i g a s e ,  t h e  volume was made up in  dH2 0 .  The  

in c u b a t io n  temperature was as i n d i c a t e d  above.

2 . 2 . 1 1  Phosphatase T re a tm e nt

In  most c lo n in g  e x p e r im e n ts  ( i . e .  s i n g l e  c u t  or  

n o n - f o r c e d  l i g a t i o n )  s e l f  l i g a t i o n  o f  c l o n i n g  v e c t o r  

m o l e c u l e s  r e d u c e s  t h e  e f f i c i e n c y  o f  c l o n i n g  

d r a m a t i c a l l y .  To a v o i d  t h i s  k i n d  o f  p r o b l e m  t h e  

t e r m i n a l  5 ’ p h o s p h a te s  on l i n e a r i s e d  v e c t o r  can be 

removed p r i o r  t o  l i g a t i n g  t o  th e  t a r g e t  DNA t o  m in im ise  

s e l f  l i g a t i o n  o f  v e c t o r  DNA. T h i s  c a n  be d o ne  by 

removing th e  te r m i n a l  5 ’ phosphate by c a l f  i n t e s t i n a l  

a l k a l i n e  phosphatase ( c i p )  t r e a t m e n t .

The r e s t r i c t e d  v e c t o r  DNA was dephophory1a te d  by 

adding 0 .01  u n i t  CIP enzyme and 1 /1 0  vol CIP b u f f e r .  The 

DNA mix was incu bated  f o r  15 min a t  37°C.  The enzyme was 

u s u a l l y  h e a t  i n a c t i v a t e d  a t  68°C f o r  10 min; and then  

e x t r a c t e d  t h e  DNA w i t h  p h e n o l / c h 1o r o f o r m  f o l l o w e d  by 

e thano l  p r e c i p i t a t i o n .  The DNA was resuspended in  1x TE 

b u f f e r  and then an a l i q u o t  was used f o r  l i g a t i o n .

2 . 2 . 1 2  P h o s p h o ry la t io n  a n d / o r  End l a b e l l i n g  o f  DNA

D e p h o s p h o r i )  1 a t e d  DNA o r  u n p h o s p h o r  v) 1 a t e d
q p

o l i g o n u c l e o t i d e s  can be t r e a t e d  w i th  e i t h e r  P-gamma- 
ATP or  c o ld  ATP. The gamma l a b e l l e d  DNA could  be used 

e i t h e r  as a t r a c e r  in  th e  l i g a t i o n  r e a c t i o n  o r  can be 

used as a probe. In  t h i s  work th e  p r im a ry  use o f  e i t h e r  

l a b e l l e d  ATP o r  c o ld  ATP was t o  p h o s p h o r e  1 a t e  t h e  

a d a p t o r s  f o r  l i g a t i o n  p u rp o s e s  ( C h a p t e r  5 ) .  The end  

l a b e l l e d  o l i g o u c l e o t i d e s  w e r e  u s e d  as  p r o b e s  f o r  

h y b r i d i s a t i o n  ex p e r im e n ts  (C h a p te r  7 ) .

The DNA was u s u a l l y  end l a b e l l e d  by adding 2 -5  ug 

DNA in  a m icro fuge  tube  w i th  1 /1 0  vol 10x end l a b e l l i n g
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( k i n a s i n g )  b u f f e r ,  30 uCi gam.ma-3 2 P-ATP and 10 u n i t  o f  T4 

k in a s e  enzyme The volume was u s u a l l y  made t o  20 ul w i t h  

dH2 0 .  F o r  end  l a b e l l i n g  o l i g o s  f o r  a d a p t o r s  t h e  

r e a c t i o n  was chased by a d d i t i o n  o f  1 ul 10 mM ATP and 

For l a b e l l i n g  o l i g o s  f o r  probe more la b e l  was used but  

was n o t  c h a s e d  w i t h  c o l d  A TP.  The i n t e n s i t y  o f  

l a b e l l i n g  and s i z e  o f  o l i g o s  was checked by runn ing  1 ul  
o f  end l a b e l l e d  o l i g o  on a 12- 20% p o ly a c r y la m id e  g e l .  

The end l a b e l l e d  reac t io ns  were k e p t  a t  - 2 0 °C .

2 . 2 . 1 3  Phenol e x t r a c t i o n

Phenol e x t r a c t i o n  was used t o  remove p r o t e i n s  

c o n ta m in a t io n s  from DNA. Most o f  th e  t im e  phenol was 

used in  c o n ju n c t io n  w i th  c h lo ro fo rm  because o f  th e  f a c t  

t h a t  d e p r o t e i n i z a t i o n  i s  m ore  e f f i c i e n t  when tw o  

d i f f e r e n t  o r g a n i c  s o l v e n t s  a r e  used i n s t e a d  o f  o n e .  

Phenol was e q u i l i b r a t e d  w i th  T r i s . C l  (pH 8 . 0 )  c o n t a i n i n g  

0.1% h y d ro x y q u i  ni d i  ne and 0 .2 %  B-me r c a p t o e t h a n o  1 . 
C h lo r o fo r m  was a m i x t u r e  o f  c h l o r o f o r m  and is o a m y l  
a l c o h o l  ( 2 4 : 1  v / v ) .  The DNA m i x t u r e  was m ix e d  w i t h  

e q u a l  v o lu m e  o f  p h e n o l  / c h l o r o f o r m  ( 1 / 1  v / v )  and  

v o r t e x e d .  The tu b e  was c e n t r i f u g e d  b r i e f l y  and t h e  

aqueous l a y e r  was t r a n s f e r r e d  t o  a f r e s h  tube  and e i t h e r  

e x t r a c t e d  a g a in  w i t h  p h e n o l / c h 1o r o f o r m  o r  c h l o r o f o r m  

a lon e  and t r e a t e d  as above. A f t e r  e x t r a c t i o n s  th e  DNA 

was e th a n o l  p r e c i p i t a t e d .

2 . 2 . 1 4  E x t r a c t i o n  o f  DNA From Agarose Gels

Recovery o f  DNA from Low M e l t i n g  P o i n t  Agarose: The main 

p u r p o s e  o f  t h i s  t e c h n i q u e  was t o  p r e p a r e  d i g e s t e d  

f ragm ents  o f  DNA f o r  random prime r a d i o - l a b e l l i n g .  For  

t h i s  p u r p o s e  t h e  DNA a f t e r  b e i n g  r e s t r i c t e d  w i t h  

a p p r o p r i a t e  r e s t r i c t i o n  enzyme was e le c t r o p h o r e s e d  on 

LMP a g a r o s e  g e l  c o n t a i n i n g  5 u l  E t h B r  p e r  1 00  ml 
a g a r o s e ,  a t  4°C ( t h e  p e r c e n t a g e  o f  a g a r o s e  g e l  was 

d e t e r m i n e d  by t h e  s i z e  o f  t h e  DNA f r a g m e n t  t o  be  

r e c o v e r e d  b u t  i t  was k e p t  t o  a m in im um  p o s s i b l e
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r e c o v e r e d  b u t  i t  was k e p t  t o  a m in im um  p o s s i b l e  

p e r c e n t ) .  When th e  e le c t ro phor£ s is  was complete  then  th e  

DNA f ragm ent  was v i s u a l i z e d  under long wave UV l i g h t  and 

th e  DNA f rag m en t  was e x c is e d  w i th  a s c a l p e l .  Care was 

t a k e n  t o  m in i m i z e  t h e  amount o f  e x t r a n e o u s  a g a r o s e .  

Agarose p ie c e  c o n t a in in g  DNA was t r a n s f e r r e d  t o  a p r e ­
weighed m icro fuge  tube and weighed aga in  t o  measure th e  

amount o f  agarose.  U s u a l ly  2 -3  ml dH20 per  each gram o f  

agarose was added t o  th e  tube (amount o f  dH20 should  be 

more f o r  l a r g e r  s i z e  o r  h ig h e r  % a g arose)  and p lac e d  the  

tube  in  a b o i l i n g  w a te r  f o r  10 m inu tes .  The tube  was 

t r a n s f e r r e d  t o  37°C  and i n c u b a t e d  f o r  a t  l e a s t  10 

minutes b e fo r e  t r a n s f e r r i n g  th e  DNA to  the  random prime  

mix f o r  r a d i o ! a b e l l i n g . T h is  b o i l i n g - c o o l i n g  s te p  was
re p e a te d  each t im e  th e  DNA was used f o r  random p r im in g .

Gene Clean

The re co ve ry  o f  n u c l e i c  a c id s  a f t e r  e l e c t r o p h o r e t i c  

s e p a r a t i o n  i s  an e s s e n t i a l  p a r t  o f  t h e  t e c h n o l o g y  

r e q u i r e d  f o r  n u c l e i c  a c id  m a n ip u la t io n s .  Gene C lean i s  a 

v e r y  e f f e c t i v e  method o f  c l e a n i n g  and p u r i f y i n g  DNA,
from  s a l t s ,  p r o t e i n ,  a g a r o s e ,  e t c .  The m eth od  i s
e f f i c i e n t  f o r  DNA o f  s m a l l  q u a n t i t y  and s i z e s .  The  

b a s ic  p r i n c i p a l  i s  t h a t  DNA w i l l  b ind t o  g la s s  beads but  

not  t o  th e  s a l t ,  p r o t e i n s  and agarose .  A f t e r  b in d in g  

t h e  DNA t h e  i m p u r i t i e s  a r e  washed o u t ,  t h e n  DNA i s  

recovered  from g la s s  beads in  1x TE.

The DNA was r e s t r i c t e d  w i t h  th e  enzyme and a f t e r  

s t a i n i n g ,  t h e  g e l  was p l a c e d  on a l o n g  w ave
t r a n s  i l l u m i n a t o r  ( 3 0 0  n m - 3 6 0  nm) and t h e  ba n d  o f  

i n t e r e s t  was e x c is e d .  The agarose c h ip  was added i n t o  a 

m icrofuge  tu b e .  Then 2 -3  volumes ( u s u a l l y  800 u l ) o f
’‘Nal"  s o l u t i o n  was added to  th e  tu b e .  . The tube  was then  

heated t o  4 5 -55 °C  f o r  5 -1 0  min o r  u n t i l  th e  agarose  had 

c o m p l e t e l y  d i s s o l v e d .  The t u b e  was v o r t e x e d  and 5 u l  
" G la s s m i lk ” suspension was then added, r a p i d l y  mixed and 

then p laced  on ic e  f o r  5 min. The tube  was spun f o r  5 

seconds and th e  s u p e r n a ta n t  was c a r e f u l l y  d is c a r d e d .  The
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p e l l e t  was washed t h r e e  t im e s  in  i c e - c o l d  "New" s o l u t i o n  

by adding about 700 ul . The p e l l e t  was then resuspended  

by v o r t e x i n g  and spun f o r  5 sec  and d i s c a r d e d  t h e  

s u p e r n a t a n t .  A f t e r  f i n a l  wash a l m o s t  a l l  t h e  "New" 

s o l u t i o n  was removed. The DNA was e l u t e d  from th e  g las s  

beads by adding 25 ul 1xTE (PH 8 . 0 ) ,  and in c u b a t in g  a t  

50°C f o r  5 min. The tube was spun f o r  10 secs t o  p e l l e t  

g l a s s  beads .  The s u p e r n a t a n t  was c a r e f u l l y  removed  

a v o id in g  any c o n ta m in a t io n  w i th  g la s s  beads. The tube  

was however spun f o r  20 sec to  remove any t r a c e  o f  g las s  

beads which had been c a r r i e d  o v e r .  The DNA was used  

a f t e r  t h i s  s t e p  f o r  e i t h e r  r e s t r i c t i o n ,  l i g a t i o n  o r  

l a b l l i n g .  The com posit ion  o f  th e  " N a l " , " G la s s m i1k" and 

"New" s o l u t i o n  a re  not  d i s c l o s e d .

I s o l a t i o n  o f  DNA Fragments from Gels  us ing  NAE-DEAE 

Membrane: DEAE c e l l u l o s e  in  membrane from S c h l e i c h e r  & 

Sc hue l l  NA-45 p ro v id e s  a c o n v e n ie n t  medium f o r  s im p le  

and r a p id  te c h n iq u e s  f o r  th e  re co ve ry  o f  DNA from g e ls .  
The p u r i t y  o f  t h e  r e c o v e r e d  m a t e r i a l  i s  a d e q u a t e  f o r  

v i r t u a l l y  any s u b s e q u e n t  b i o c h e m i c a l  m a n i p u l a t i o n ,  

i n c l u d i n g  r e s t r i c t i o n  d i g e s t ,  l i g a t i o n ,  l a b e l i n g ,  e t c .  

The te c h n iq u e  o u t l i n e d  below has been adapted from Young 

e t  a l . ( 1 9 8 5 ) .  The p r i n c i p l e  behind t h i s  method is  t h a t  

DNA i s  r e c o v e r e d  f r o m  a g a r o s e  g e l s ,  a f t e r  t h e i r  

e l e c t r o p h o r e t i c  s e p a r a t i o n ,  by p l a c i n g  a s t r i p  o f  S&S 

NA-45 DEAE membrane in an i n c i s i o n  j u s t  i n c>̂ th e  band 

o f  i n t e r e s t .  E l e c t r o p h o r e s is  is  c o n t in u e d  u n t i l  b in d in g  

i s  c o m p l e t e  as  o b s e r v e d  by e t h i d i u m  b r o m i d e  

f l u o r e s c e n c e .  The s t r i p  i s  t h e n  washed o f  r e s i d u a l  

agarose ,  im m e dia te ly  e l u t e d  or  s to r e d  a t  4°C ( t h e  s t r i p  

m u s t  n o t  be a l l o w e d  t o  d r y  s i n c e  t h i s  l e a d s  t o  

i r r e v e r s i b l e  b in d in g .

To r e c o v e r  t h e  r e s t r i c t e d  DNA, i t  was run  on 

agarose gel a lo n g s id e  w i th  a smal l  amount o f  DNA from  

th e  same sample as marker .  The DNA was e le c t r o p h o r e s e d  

u n t i l  f ragm ents  s e p a ra te d  from each o t h e r  then a smal l  
s t r i p  o f  S&S NA-45 DEAE membrane was p l a c e d  i n  an 

i n c i s i o n  j u s t  b e h in d  t h e  f r a g m e n t  o f  i n t e r e s t .  The
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membrane was lo w e re d  as much as p o s s i b l e  b e c a u s e  DNA 

u s u a l V y  t r a v e l s  a t  t h e  b o t t o m  o f  t h e  g e l .  The  

e l e c t r o p h o r e s i s  was c o n t in u e d  u n t i l  th e  same s i z e  marker  

band in  th e  a d ja c e n t  t r a c k  had passed th e  membrane mark.

The membrane was removed and b in d in g  o f  DNA t o  th e  

membrane was checked by o b s e rv in g  under UV l i g h t  ( f o r  

e th id iu m  bromide t o  f l u o r e s c e ) .  The membrane was washed 

b r i e f l y  w i th  1 X TE and t r a n s f e r  i n t o  a tube  c o n t a in in g  

400 ul 1 M NaCl and 0 .0 5  M a rg e n in ,  The tube  was heated  

a t  70°C f o r  2 hours and then  th e  membrane was removed 

and s t a in e d  w i th  e th id iu m  bromide to  check i f  th e  DNA 

had been r e le a s e d .  The DNA was e th a n o l  p r e c i p i t a t e d  and 

resuspended in  e i t h e r  TE or  dH20 f o r  subsequent use.

I s o l a t i o n  o f  DNA from Gel S l i c e s  by E l e c t r o - e l u t i o n :  DNA 

f ra g m e n t ,  a f t e r  e l e c t r o p h o r e s i s , was i s o l a t e d  f rom th e  

gel as a s l i c e  o f  g e l .  The gel s l i c e  was s e a le d  i n t o  

d i a l y s i s  tu b in g  w i t h  a minimal amount o f  1 X TBE and a 

v o l t a g e  g r a d i e n t  o f  100  v o l t s  was a p p l i e d .  A f t e r  

a p p r o x im a te ly  1 hour th e  c u r r e n t  was reve rs ed  f o r  1-5  

m inu tes ,  depending on th e  s i z e  o f  th e  tu b in g  and gel  
s l i c e ,  t o  d is lo d g e  th e  DNA from th e  w a l l  o f  th e  d i a l y s i s  

t u b i n g .  The gel s l i c e  was removed and th e  DNA was washed 

o v e r  i n t o  a m i c r o c e n t r i f u g e  tu b e .  The DNA s o l u t i o n  was 

e i t h e r  e x t r a c t e d  w i t h  p h e n o l / c h 1o r o f o r m  and e t h a n o l  

p r e c i p i t a t e d  o r  d i a l y s e d  in  1XTE f o r  1 hour and then  

passed th r o u g h  s i l i c o n i s e d  g l a s s  wool t o  rem ove  any  

agarose r e s id u e .

Recovery o f  DNA by C e n t r ic o n  Column: C e n t r ic o n  column
(Ami com UK) was u s e d  t o  s e p a r a t e  s m a l l  s i z e  

o l i g o n u c l e o t i d e s  from l a r g e r  s i z e  f ra g m e n ts .  The column 

i s  s a i d  t o  r e t a i n  l a r g e r  f r a g m e n t s  b u t  can n o t  ke ep  

s m a l l e r  s i z e  a d a p t o r s  o r  l i n k e r s .  The f i l t e r  i n  t h e  

column was b lo c k e d  w i t h  d e n a t u r e d  sa lm on  sperm  DNA, 
making sure  t h a t  a l l  o f  f r e e  DNA had been washed away 

(by doing OD t o  th e  washed m a t e r i a l ) .
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The DNA t o  be s e p a r a t e d  was l o a d e d  on t o  t h e  

column in  2 ml volume made in  1 X TE. The column was 

spun down f o r  30 m in u te s  a t  5K rpm. The v o lu m e  was 

r e a d ju s te d  t o  2 ml a g a in  and spun as above f o r  1 hour  

then rep e a te d  t h i s  s te p  a ga in  ev ery  t im e  d i s c a r d in g  the  

spun l i q u i d  ( c o n t a i n i n g  f r e e  o l i g o n u c l e o t i d e s .  F i n a l l y  

th e  rem ain ing  l i q u i d  was spun i n t o  th e  l i d  and th e  DNA 

was recovered  by e th a n o l  p r e c i p i  t a t i o n .

2 . 2 . 1 5  S t a i n i n g  T is s u e  S e c t io n s

P r e p a r in g  P la c e n t a l  S e c t io n s  f o r  S t a i n i n g :  Fresh human 

p la c e n ta e  were o b ta in e d  from Queen M o th e r ’ s H o s p i t a l ,  

Glasgow. The p la c e n ta e  were washed w i th  dH20 and th e  

amnion was pee led  o f f  and 1x 1 cm pyramid 1 i k e  s e c t i o n s  

were  c u t  deep in  t h r e e  a r e a s  ( c h o r i o n i c  p l a t e  ( C P ) ,  

N i t a b u c h ’ s l a y e r  o r  u t e r o p l a c e n t a l  i n t e r f a c e  (N)  by a 

sharp s c a l p e l .  The s e c t io n s  from f e t o - m a t e r n a l  margin  or  

c h o r i o n i c  p i a t e / N i t a b u c h ’ s l a y e r  m a r g in  (CPN) w e r e  

o b ta in e d  by c u t t i n g  th e  f e t o - m a t e r n a l  margin (CPN) as 

such t h a t  t h e  s e c t i o n  would  c o n t a i n  c h o r i o n i c  p l a t e ,  

N i t a b u c h ’ s l a y e r  and t h e  t i s s u e  i n  b e t w e e n .  The c u t
s e c t i o n s  were  washed in  TBS and t h e n  snap f r o z e n  by
d ip p in g  i n t o  a l a b e l l e d  tube c o n t a in in g  l i q u i d  n i t r o g e n .  

The s e c t io n s  were e i t h e r  im m e d ia te ly  t r a n s f e r r e d  i n t o  a 

-7 0 °C  f r e e z e r ,  o r  were taken  ( s t i l l  in  l i q u i d  n i t r o g e n )  

t o  t h e  D e p t ,  o f  P a t h o l o g y ,  G las g o w  U n i v e r s i t y ,  t o  be 

s e c t io n e d .  The c r y o s t a t  s e c t io n s  were a i r  d r i e d  and then  

f i x e d  in  acetone f o r  10 min and then e v e ry  24 s l i d e s
were ke p t  in  a s e a le d  bag a t  -2 0 °C  f o r  f u t u r e  use.

The s e c t i o n s  were b r o u g h t  t o  room t e m p e r a t u r e  

whenever needed, w h i le  s t i l l  in  the  s e a le d  bag t o  a v o id  

c ond en sa t ion .  A f t e r  the  e q u i l i b r a t i o n  o f  temp, th e  bags 

w e r e  c u t  op en  and t h e  s e c t i o n s  w e r e  t r e a t e d  f o r  

s t a i  ni n g .

Im m unoperox idase  s t a i n i n g :  M o s t  i mmunope r o x  i d a s e
s t a i n i n g s  were  done on c r y o s t a t  s e c t i o n s  o f  human 

p l a c e n t a .  P l a c e n t a l  s e c t i o n s  on l a b e l l e d  s l i d e s  w e r e
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washed g e n t l y  w i t h  TBS w i th  a wash b o t t l e  and were l e t  

stand f o r  1 min a t  room te m p e ra tu r e .  The s e c t i o n s  were 

t r e a t e d  w i th  p e r i o d i c  a c id  f o r  10 min. by adding 1 0 0 - 2 0 0  

ul 0.1% p e r i o d i c  a c id  on each s l i d e .  S c t io n s  were then  

washed w i th  TBS f o r  1 m innute .  The excess TBS was wiped  

o f f  and 100-200  ul 5% BSA was added to  each s e c t i o n  and 

were l e t  t o  s tand f o r  1 min. The BSA was however l e f t  on 

th e  c o n t r o l  s l i d e s  u n t i l  th e  t im e  f o r  a d d i t i o n  o f  Ab. 
Excess BSA was d ra in e d  and th e  p e r ip h e r y  o f  th e  s e c t io n s  

were wiped o f f  w i t h  no f u r t h e r  washing to  f o l l o w .  100 

ul d i l u t e d  1s t  Ab ( i n  TBS) was added onto  each s e c t i o n  

and then l e t  to  in c u b a te ,  in s i d e  a humid chamber, a t  

room te m p e ra tu re  f o r  1 hour .  The a n t ib o d y  was washed
2x1 min w i th  TBS. The excess TBS was wiped o f f ,  then  100 

ul d i l u t e d  p e ro x id a s e  c on juga te d  a n t ib o d y  ( i n  TBS) was 

added on to  each s e c t i o n  and in cu bated  as above f o r  45 

m inutes .  The s l i d e s  were then washed 3x1 min in  TBS. 
The s l i d e s  were then dipped i n t o  a d ish  f i l l e d  w i t h  

d ia m in o b e n z id in e  (DAB) f o r  5 to  15 minutes depending t o  

th e  f re s h n e s s  o f  DAB and th e  th ic k n e s s  o f  th e  s e c t i o n .  

The s l i d e s  were washed u n d e r  r u n n i n g  w a t e r  and t h e  

s e c t io n s  were observed under microscope.  I f  s t a i n i n g
was not  complete  th e  DAB in c u b a t io n  was c o n t in u e d  f o r  

lo n g e r .  A f t e r  DAB t r e a t m e n t  the  s l i d e s  were d ip p e d ,  a 

few t im e ,  i n t o  H aem atoxy l in  d ish  and then washed f o r  5 

minutes  under running w a te r .  The s l i d e s  were then  dipped  

few t im e s  i n t o  a c i d  a l c o h o l  f o l l o w e d  by w a s h i n g  as  

above. The s l i d e s  were then dipped i n t o  Scots ta p  w a te r  

a few t i m e s ,  washed as a b o v e .  The s l i d e s  w e r e  t h e n  

dipped in  methanol few t im es  then  in  70% e th a n o l  and 

a f t e r  t h a t  in  a b s o lu te  e th a n o l  t o  dehy d ra te  th e  t i s s u e s .  

A f t e r  d e h y d ra t io n  the  s l i d e s  few a t  a t im e  were d ipped  

i n t o  x y l i n  and a f t e r  e v a p o r a t io n  o f  x y l i n  a drop o f  

DPX mountant was added to  each s e c t i o n  then covered w i t h  

a c le a n  c o v e r s ! i p .

2 . 2 . 1 6  Photographying Immuno-Stained T is s u e  S e c t io n s

The p i c t u r e s  f r o m  s e c t i o n s  w e r e  t a k e n  u n d e r  

t u n g s t e n  l i g h t  b u i l t  in  t h e  m i c r o s c o p e ,  u s i n g  L e i t z
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U n i v e r s a l  m ic ro s c o p e  f i t t e d  w i t h  an a u t o m a t i c  c a m e ra  

system using Kodak c o lo u r  f i l m s  (2 0 0 -4 0 0  ASA). The 

f i l m s  w e r e  d e v e l o p e d  and p r i n t e d  by t h e  G l a s g o w  

U n i v e r s i t y  Photography U n i t .

2 . 2 . 1 7  DNA E l e c t r o p h o r e s i s  Through Gels

Two gel m a t r i c e s  were used in  t h i s  work,  f o r  DNA 

o f  1Kb and >1Kb 0.8% agarose g e l s ,  f o r  DNA o f  0 .5Kb t o  

1Kb 1% agarose g e ls  and f o r  DNA o f  0 .1Kb to  0 .5Kb 1 . 2 -
2% agarose g e ls  were used. For DNA o f  v e ry  smal l  s i z e s  

( i . e .  o l i g o n u c l e o t i d e s  8 - 6 0  b a s e s )  and a l s o  DNA 

sequencing r e a c t i o n ,  p o ly a c r y la m id e  g e ls  o f  20 %, 12% and 

8% were used r e s p e c t i v e l y .  The agarose g e ls  were o f  

d i f f e r e n t  s i z e s  o f  h o r i z o n t a l  perspex gel fo rm er  o f  5X7 .5  

cm (baby g e l ) ,  7.5X11 cm (m in i  g e l ) ,  11X16.5  cm and 

16.5X22 cm ( l a r g e  g e l s ) .

The p o ly a c r y la m id e  g e ls  were 2 d i f f e r e n t  s i z e s  o f  

v e r t i c a l  g e l  k i t s  ( 1 5 . 5 X 1 8  cm and 2 3 X 4 2  cm f o r  

o l i g o n u c l e o t i d e s  and 23X42 cm f o r  sequencing r e a c t i o n ) .

O r d in a ry  Agarose Gels  ( i n  T B E ) : The b u f f e r  m o s t ly  used 

f o r  making agarose g e ls  was 1 X TBE un le ss  o th e r w i s e  

s p e c i f i e d .  Agarose powder ( g e l l i n g  te m p e ra tu re  3 6 -4 2 ° C )  

was a d d e d  t o  a m e a s u r e d  v o l u m e  o f  e 1 e c t r o p h o r e s i s  

b u f f e r .  The powder was heated t o  b o i l  in  a microwave  

oven u n t i l  i t  was c o m p le te ly  d i s s o l v e d .  The s o l u t i o n  

was c o o le d  in  a 50°C w a t e r  b a t h  t h e n  5 u l  o f  s t o c k  

s o l u t i o n  o f  e t h i d i u m  bro m id e  ( 1 0 m g /m l )  was a d d e d  t o  

e v e ry  100ml o f  agarose s o l u t i o n .  The ends o f  t h e  gel  
fo r m e r  were s e a l e d  by t e f l o n  end s e a l e r  o r  a u t o c l a v e  

ta p e  and s e a le d  c o m p le te ly  by a few drops o f  a g a ro s e .  
The gel fo rm er  was p laced  on a f l a t  s u r fa c e  and a t e f l o n  

w e l l  fo rm er  (comb) was p laced  on i t s  p o s i t i o n .  Combs o f  

d i f f e r e n t  t e e t h  s i z e s  were used depending t o  th e  need.  
When p l a c i n g  t h e  comb u s u a l l y  1 - 1 . 5  mm o f  s p a c e  was 

a l lo w ed  between th e  bottom o f  th e  t e e t h  and th e  base o f  

th e  g e l .  M a l ton  agarose w i th  EtBr  s o l u t i o n  was poured  

and a l lo w e d  t o  s o l i d i f y  c o m p le te ly  a t  room temperature .
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Low m e l t in g  p o i n t  ( LMP) agarose was, however, poured in  

a 4°C room. A f t e r  th e  gel was s e t ,  enough b u f f e r  was 

added t o  cover  th e  gel t o  a depth o f  1-5mm, then  the  

comb was c a r e f u l l y  removed as w e l l  as th e  s e a l e r  ends or  

a u t o c l a v e  t a p e s .  To t h e  DNA s a m p le  V 4 v o l  o f  FSB 

l o a d i n g  b u f f e r  was added and t h e n  l o a d e d  i n t o  t h e  

w e l l s .  DNA s i z e  m a r k e r ( s )  w a s / w e r e  a l s o  lo a d e d  f o r  

e s t i m a t i o n  o f  f r a g m e n t s  s i z e .  G e l s  w e r e
e l e c t r o p h o r e s e d  f o r  d i f f e r e n t  l e n g i K s  o f  t h e  t i m e  o r  

c u r r e n t  s t r e n g t h  depending on th e  s i z e  o f  th e  DNA and 

t h e  amount o f  s e p a r a t i o n  d e s i r e d  b u t  u s u a l l y  i t  was 

e le c t r o p h o r e s e d  a t  about 5V/cm o f  agarose .  DNA m o b i l i t y  

was u s u a l l y  m oni tored  by a hand he ld  UV t r a n s i 11um in a to r  

(260nm) w h i le  th e  gel was s t i l l  in  th e  ta n k .

A f t e r  th e  e l e c t r o p h o r e s i s  was com pleted,  gel was 

photographed w i th  260nm UV t r a n s i 11um in at ion  us ing a 

P o l a r o i d  camera loaded w i th  P o l a r o i d  4X5 Land F i lm  (57  

o r  667j ASA 3 0 0 0 ) .  For more permanent p i c t u r e s  th e  gel  
was photographed w i th  a Pentax 35mm SLR camera loaded  

w i th  I l f o r d  HP5 b lac k  and w h i te  f i l m ;  in  e i t h e r  case  

using  Kodak W ra t ten  F i l t e r  9 ( r e d ) .

The i n t e r p r e t a t i o n  o f  r e s t r i c t e d  and u n t r e a t e d  DNA 

were based on Dugaiczyk e t  a 7. ( 1975) B irnboim and Doly  

( 1 9 79 )  and M a n i a t i s  e t  a l .  ( 1 9 8 2 ) .  R e s t r i c t e d  DNA 

m ig r a te  acco rd in g  t o  t h e i r  s i z e s  and fh e  b ig g e r  t h e  s i z e  

t h e  s lo w e r  i t  m i g r a t e s .  U n t r e a t e d  DNA have  s e v e r a l  

forms; s u p e r c o i l e d  (SC) p lasm id DNA m ig r a te s  f a s t e s t ,  

t h e n  i s  t h e  o p e n  c i r c u l a r  p l a s m i d  (O C )  and o f t e n  

com igra te s  w i t h  s u p e r c o i l e d  p lasm id  d im e r ic  DNA ( 2 d SC).  
L in e a r  p lasm ids  run between th e  SC and OC p las m id s .  The 

chromosomal DNA ( i f  p r e s e n t )  run s lo w e s t .  R e s t r i c t e d  DNA 

run as l i n e a r  DNA and i t s  s i z e  i s  e s t im a te d  by comparing  

w i th  the  m o b i l i t y  o f  s i z e  marker DNA f rag m e n ts .

The d i s t a n c e  m igra te d  i s  r e l a t e d  to  th e  s i z e  o f  a 

m olecule  o f  g iven  c o n fo rm a t io n ;  smal l  m olecu les  m ig r a t e  

th e  f u r t h e s t .  R e s t r i c t e d  f rag m en ts  were so i n t e r p r e t e d .  

In  few cases (see  Chapter  4 f o r  d e t a i l e s )  th e  m o b i l i t i e s  

o f  th e  bands were measured by making a s i z e  c a l i b r a t i o n
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c u rv e .  T h is  was done by measuring DNA s i z e  us ing  o r i g i n  

o f  each t r a c k  a t  th e  top  o f  th e  gel and th e  known s i z e  

s ta n d a rd s  on th e  same gel and p l o t t i n g  th e  v a lu e s  on a 

log paper .  The v e r t i c a l  a x is  was r e p r e s e n t in g  f ragm ent  

s i z e  and th e  h o r i z o n t a l  a x is  was r e p r e s e n t in g  f rag m en t  

d is t a n c e  t o  th e  top  o f  th e  g e l .  By j o i n i n g  th e  p o in ts  

t o g e t h e r  a graph was produced which was used t o  measure  

th e  s i z e  o f  th e  unknown f ra g m e n ts .

Low M e l t i n g  P o i n t  Agarose ( LMP) G e l :  LMP agarose g e ls  do 

behave a lm ost  as genera l  purpose agarose gel but  because 

o f  i t s  low m e l t in g  te m p e ra tu re  i t  i s  m a in ly  used f o r  

re co ve ry  o f  DNA f o r  random prime r a d io  l a b e l l i n g  o f  DNA. 
The LMP g e ls  were m a in ly  made in  mini g e ls  (7 .5X11  cm) 
and th e  perc en tag e  o f  g e l ,  amount o f  EtBr  and DNA mix 

were as in  o r d i n a r y  agarose g e ls .  LMP g e ls  were u s u a l l y  

poured a t  4°C and run in  a 4°C room as w e l l .  A t  th e  end 

o f  th e  run gel was l e t  t o  cool t o  become f i r m e r  and then  

a f t e r  t a k i n g  photograph,  th e  a p p r o p r i a t e  f ra g m e n t  was 

c u t  w i t h  minimal amount a f  agarose and pu t  in  a p r e ­
we ighted  tu b e .

Low-LEO Agarose ( i n  TBE) f o r  Recovery o f  DNA: Low-LEO
agarose (Sigma) a ls o  behaves as ge ne ra l  purpose a g a ro s e .  

I t s  advantage i s  t h a t  i t s  i m p u r i t i e s  i s  much le s s  and is  

id e a l  f o r  re c o v e ry  o f  DNA. Low-LEO agarose was used f o r  

r e c o v e r y  o f  DNA on NEA-DEAE m em b rane  and by Gene  

C le a n in g .

Low-LEO A g a ro s e  G e ls  ( i n  T A E ) :  Due t o  t h e  i n h i b i t o r y  

e f f e c t  o f  b o ra te  in  TBE in  th e  p u r i f i c a t i o n  o f  DNA by 

Gene C le a n in g  method, u s u a l l y  Low-LEO agarose was made 

in  1XTAE b u f f e r .  The TAE g e l s  o t h e r w i s e  b e h a v e s  as  

genera l  purpose agarose.

P o l y a c r y l a m i d e  G e l s :  Two d i f f e r e n t  t y p e s  o f
p o 1 y a c r y 1 a m i d £  g e l s  w e r e  u s e d ,  d e n a t u r i n g  and  

no n d e n a tu r in g .  The no ndenatur in g  g e ls  d id  no t  have any 

u r e a  and were e l e c t r o p h o r e s e d  a t  l o w e r  w a t t s  ( 4 5 - 5 0  

w a t ts  versus  6 0 -7 0  w a t t s  f o r  d e n a tu r in g  g e l s ) .
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Polyacryam ide  g e ls  were c a s t  in  a two d i f f e r e n t  

s i z e  a p p a r a t u s  ( 1 5 . 5 X 1 8  cm o r  23X42  cm and 1 . 5  mm
t h i c k ) .  P o ly a c r y la m id e  c o n c e n t r a t io n s  v a r i e d  from 8% t o  

20% (W/V) depending on th e  s i z e  o f  th e  f ragm ents  to  be 

r e s o l v e d .  The  8 % g e l  was h o w e v e r  u s e d  m a i n l y  f o r  

sequencing r e a c t i o n s .  Gels  o f  a p p r o p r i a t e  c o n c e n t r a t io n s  

were made from a 40% s to c k  s o l u t i o n  o f  p o ly a c r y la m id e  

( a e r y  1 a m i d e : b i s a c r y l a m i d e  1 9 : 1 ,  W/W) and w e r e  

p o l y m e r i z e d  by t h e  a d d i t i o n  o f  TEMED and ammonium  

p e r s u lp h a te .  Urea was o n ly  added to  th e  d e n a tu r in g  gel  
mix b e fo re  a d d i t i o n  o f  p o ly m e r i z e r s .  The c o n c e n t r a t io n  

o f  each component was as in  T a b le  2 . 1 0 .

The g las s  p l a t e s  f o r  c a s ts  were u s u a l l y  c leaned
u s in g  20% SDS as d e t e r g e n t .  A f t e r  r i n s i n g  t h e  p l a t e s
th o ro u g h ly  under ta p  w a te r  th e y  were wiped w i t h  l i n t  

f r e e  t i s s u e  and e th a n o l  • One o f  the  p l a t e s  were u s u a l l y  

t r a t e d  w i t h  r e p l f ic o a t  f o r  e a s i e r  s e p a r a t io n  o f  gel a f t e r  

e le c t r o p h o r e s i  s .

D r i e d  p l a t e s  w e r e  s e a l e d  t o g e t h e r  by w a t e r  

r e s i s t a n t  t a p e ,  a f t e r  p l a c i n g  two 1 .5  mm spacer  between 

th e  two p l a t e s  on e i t h e r  s id e s  and a narrow s t r i p  o f  3MM 

paper a t  the  bottom o f  th e  p l a t e s .  The narrow s t r i p  o f  

3MM p a p e r  was p l a c e d  t o  s l o w  down a n y  p o s s i b l e  

p o ly a c r y la m id e  leakage d u r in g  p o ly m e r i z a t io n  as w e l l  as 

r e t a i n i n g  most o f  t h e  f r e e 3$xnma-3 ^P--ATP f o r  e a s i e r  

d i s c a r d i n g .  One o f  th e  p l a t e s  were u s u a l l y  t r a t e d  w i t h  

r e p !  c o a t  f o r  e a s i e r  s e p a r a t i o n  o f  g e l  a f t e r
e l e c t r o p h o r e s i s .

The gel mix a f t e r  a d d i t i o n  o f  ammonium p e r s u lp h a te  

and TEMED was poured between th e  two p l a t e s  by a 50 ml 
s y r i n g e  w i t h o u t  any n e e d l e .  U s u a l l y  v e r y  c l e a n  g l a s s  

p l a t e s  d id  not  produce much a i r  bubbles .  The a i r  bubbles  

were removed by t a p p i n g  t h e  p l a t e s .  The comb ( s h a r k  

to o th  combs f o r  sequencing and c o n v e n t io n a l  combs f o r  

o t h e r  uses) was p laced  on top  o f  th e  p l a t e s  and th e  

c a s t  was l a i d  f l a t  a t  10 degree wrapped by c l i n g  f i l m  t o  

stop  excess d ra in a g e  o f  p o ly a c r y la m id e .  A f t e r  th e  gel  
was s e t  th e  ta pe  from th e  bottom o f  th e  c a s t  was removed
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and was p r e - e le c t r o p h o r e s e d  in  1X TBE f o r  30 minutes to  

1 hour  a t  6 0 - 7 0  w a t t s  ( d e n a t u r i n g  g e l s  o n l y )  a f t e r  

removal o f  th e  comb.

For e l e c t r o p h o r e s i n g  th e  DNA, th e  DNA sample was 

h e a t  denatured  ( o n l y  sample which needed to  be denatured  

such as sequencing m a t e r i a l  and PCR p r o d u c t ) .  The DNA 

s a m p l e s  w e r e  m ix e d  w i t h  V 4 v o lu m e  o f  s e q u e n c i n g  

formamide lo a d in g  b u f f e r  p r i o r  t o  lo a d in g  th e  samples.  
For sequencing sample u s u a l l y  f o u r  sample were loaded a t  

a t im e  and th e  e le c t r o p h o r e s e d  f o r  a s h o r t  t im e  u n t i l  

samples had e n t e r e d  th e  gel then  a n o th e r  f o u r  samples  

were loaded and so on u n t i l  a l l  samples had been loaded .  
PCR and o l i g o n u c l e o t i d e  samples were a l l  loaded t o g e t h e r  

and t h e n  e 1 e c t r o p h r e s e d  u n t i l  t h e  f r o n t  d y e  had  

t r a v e l l e d  V 4 t o  5 cm t o  t h e  b o t t o m  f o r  

P C R /o l ig o n u c le o t id e  o r  sequencing gel r e s p e c t i v e l y .

I n g r e d i e n t s D e n a tu r in g
; 8 % 
1

12% 20 % ; 20%

40% p o ly a c r y la m id e
1
| 20
1

ml 30 ml 50 ml : 50 ml

U l t r a  pure urea
1
J 42
1

ml 42 ml 42 ml ! —

10X TBE b u f f e r
1
! 10
1

ml 10 ml 10 ml j 10 ml

dH20
1
|35
11.... _

ml 25 ml 7 ml | 39 ml

N onden atu r ing

T a b le  2 .1 0  C o n c e n t r a t i o n  o f  D i f f e r e n t  I n g r e d i e n t s  f o r  

Making Poyacry lam ide  G e ls .  Urea was a l lo w e d  t o  d i s s o l v e  

in  the  above mix by warming a t  3 7 °  and th e  volume was 

made t o  99 m l .  The mix was f i l t e r e d  t h r o u g h  0 . 4 5  urn 

f i l t e r  and th e n ,  j u s t  b e fo re  p o u r in g ,  1 ml 10% ammonium 

p e r s u lp h a te  and 3 0 -5 0  ul TEMED was added.

113



The  g e l  was s e p a r a t e d  f r o m  one o f  t h e  g l a s s  

su p p o r t  and was f i x e d  by t r e a t i n g  w i t h  5% m e th a n o l /  5% 
a c e t i c  a c i d  ( v o l / v o l )  f o r  15 m i n .  The  g e l  was  

t r a n s f e r r e d  on t o  3 l a y e r s  o f  3MM Whatman p a p e r  and  

a f t e r  s e p a r a t in g  th e  o t h e r  s id e  from g la s s  p l a t e  i t  was 

covered w i t h  c l i n g  f i l m .  The gel was then d r i e d  under  

vacuum f o r  a t  l e a s t  1 .5  h rs  ( h i g h e r  p e r c e n t a g e  g e l s  

u s u a l l y  took  lo n g e r  to  d r y ) .  The d r i e d  gel was s e t  f o r
t

a u to r a d io g r a p h y  w i th  o r  w i t h o u t  i n t e n s i f y i n g  screen  a t  

room tern p&fdt u r e  o r  -  7 0 °  C ( s e q u e n c i n g  and  

P C R / o l i g o n u c le o t id e  g e ls  r e s p e c t i v e l y ) .  Type o f  th e  f i l m  

and d e v e lo p in g  was as d e s c r ib e d  in  DNA h y b r i d i s a t i o n .

2 . 2 . 1 8  P r e p a r a t io n  o f  Competent JM 101

JM 101 E . c o l i  c e l l s  were  grown o v e r n i g h t  w i t h  

v ig o ro u s  shacking  a t  37°C. A tube  c o n t a in in g  40 ml o f  

2XTY b ro th  was in n o c u la te d  w i t h  0 . 5  ml o f  th e  o v e r n i g h t  

c u l t u r e .  The c e l l s  were grown as above f o r  a p p r o x im a te ly  

2 hours.  The c e l l  c u l t u r e  was then t r a n s f e r r e d  on ic e  

and a f t e r  c o o l in g  i t  was spun down in  JA- 2 0  (Beckman) 
r o t o r  a t  7 Krpm a t  4°C f o r  2 m inu tes .  The c e l l  p e l l e t  

was resuspended in  20 ml ic e  c o ld  50 mM CaCl2 and s to r e d  

on ic e  f o r  20 m inu tes .  The c e l l s  were respun as above 

and th e  c e l l  p e l l e t  was resuspended in  4 ml ic e  c o ld  50 

mM C a C l 2 and l e f t  on i c e  f o r  5 m i n .  F o r  e v e r y  

t r a n s f o r m a t i o n  o f  JM 101 w i t h  M13 DNA f r e s h  competent  

c e l l s  were used.

2 . 2 . 1 9  T r a n s fo r m a t io n  o f  JM 101 Competent C e l l s  w i t h
M13 DNA

P a r e n ta l  o r  recombinant M13 DNA were t ra n s fo rm e d  

i n t o  JM 101 competent c e l l s  m a in ly  f o r  o b t a i n i n g  s i n g l e  

s t ra n d e d  M13 DNA f o r  sequencing.  5 0 -20 0  ng o f  M13 DNA in  

10 ul was mixed w i th  a 300 ul a l i q u o t  o f  competent  JM 

101 c e l l s  in  a tube  and th e  tube  was s to r e d  on i c e  f o r  

a t  l e a s t  40 m inu tes .  The c e l l s  were hea t -shocked  a t  42°C  

f o r  2 m inu tes .  200 ul o f  a f r e s h  c u l t u r e  o f  JM 101 (on a
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same growth s ta g e  as competent c e l l s )  and 3 ml o f  s o f t  

agar  which was m a in ta in e d  a t  42°C c o n t a in in g  X -g a l  and 

IPTG (20 ug/ml e a c h ) ,  were mixed t o g e t h e r .  The m ix tu r e  

was p l a t e d  onto  minimal medium p l a t e  c o n ta n in g  v i t a m in  

B1 (20 u g /m l )  and incu bated  o v e r n ig h t  a t  37°C.

C le a r  p laques were p icked  f o r  recombinant  c lon es  

and b lue  plaques f o r  M13 p a r e n t a l  c lo n e s .  Each p laque  

was t r a n s f e r r e d  i n t o  a tube  c o n t a in in g  500 ul 2XYT media  

as a M12 s tock  s o rc e .  An a l i q u o t  from M13 phage s to c k  

was t r a n s f e r r e d  i n t o  s t a r t e r  c u l t u r e  o f  JM 101 f o r  m i n i ­
p r e p a r a t i o n  o f  double  s t r a n d e d / r e p l i c a t i n g  form (d s )  or  

s i n g l e  s t ra n d e d  (s s )  DNA.

2 . 2 . 2 0  S in g le -S tra n d e d  M13 DNA P re p a ra tio n s

The f o l l o w i n g  method f o r  s i n g l e  s t ra n d e d  M13 DNA 

p r e p a r a t i o n  i s  a m o d i f i c a t i o n  o f  th e  method d e s c r ib e d  in  

BRL Sequencing Manual (1 9 8 7 )  which y i e d l s  more DNA.

In  20 ml 2XYT media 200 ul o v e r n ig h t  c u l t u r e  o f  

E. col i JM 101 was mixed w i th  100 ul o f  M13 phage s to c k  

and grown f o r  6 -7  hours a t  37°C w i th  v ig o ro u s  s h a k in g .  
The c e l l s  were then spun down a t  10 Krpm (15000  g) f o r  

10 minutes a t  4°C .  The p e l l e t  was u s u a l l y  used t o  make 

double  s t ra n d e d  M13 DNA by mini-DNA p r e p a r a t i o n -  (see  

m in i  DNA p r e p a r a t i o n )  t o  a l l o w  t h e  i d e n t i f i c a t i o n  o f  

recombinant c lon es  by r e s t r i c t i o n  a n a l y s i s .

The s u p e r n a ta n t  c o n t a in in g  M13 v i r u s  p a r t i c l e s  was 

t r a n s f e r r e d  t o  a f r e s h  tube and 4 ml 20% p o ly e t h y l e n e  

g ly c o l  (PEG 6 0 0 ) /  2 .5  M NaCl was added t o  th e  t u b e .  The 

m ix tu r e  was s to r e d  a t  room temptfr&fure f o r  15 m inu tes  and 

v i r u s  p a r t i c l e s  were sedimented by c e n t r i f u g a t i o n  f o r  10 

minutes  a t  4°C a t  15 Krpm. The p e l l e t  was resuspended in  

1 ml 1X TE and 200 ul PEG/NaCl ( 2 0 % /2 .5  M) was added t o  

th e  tube  and l e f t  t o  s tand a t  room temperature f o r  10 

m in u t e s .  The m i x t u r e  was spun f o r  10 m i n u t e s  i n  a 

m icro fuge  a t  4°C.  A f t e r  th e  s u p e r n a ta n t  was removed, th e  

p e l l e t  was r e - c e n t r i f u g e d  b r i e f l y  and a l l  t r a c e s  o f
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s u p e r n a ta n t  were removed. The p e l l e t  was resuspended in  

100 ul o f  1X TE and was e x t r a c t e d  once w i t h  ph en o l ,  once 

w i th  p h e n o l /c h lo r o fo r m  and once w i th  c h lo ro fo r m .  S in g le  

s t r a n d e d  M13 DNA was e t h a n o l  p r e c i p i t a t e d  and t h e  

p e l l e t  was resuspended  i n  50 u l  1X TE.  The DNA was 

d i r e c t l y  used as a t e m p la te  f o r  DNA sequencing .

2 . 2 . 2 1  DNA Sequencing

M13 recombinant  c lon es  s i n g l e  s t ra n d e d  DNA were  

sequenced by t h e  d id e o x y  c h a i n  t e r m i n a t i o n  m ethod o f  

S a n g e r  ( 1 9 7 7 ) . The  r e a c t i o n s  w e r e  p e r f o r m e d  u s i n g  

r e a g e n t s  s u p p l i e d  in  t h e  BRL M13 S e q u e n c i n g  k i t  and  

a c c o r d i n g  t o  i n s t r u c t i o n s  d e s c r i b e d  i n  t h e  m a n u a l  
s u p p l ie d  w i th  th e  sequencing k i t .

P r i m e r  A n n e a l i n g :  0 . 5 - 1 . 0  ug ( 9 . 4  u l )  o f  s i n g l e  

s tra n de d  te m p la te  DNA was mixed w i t h  2 ng o f  th e  17 base 

M13 u n i v e r s a l  p r i m e r  and 1 u l  10X p r i m e r  a n e a l i n g  

b u f f e r .  The m ix tu r e  was dena tured  by b o i l i n g ,  a l lo w e d  t o  

cool s lo w ly  in  a beaker  o f  ho t  w a te r  a t  room t e m p r a tu r e .

P r e p a r a t io n  o f  N u c le o t id e  S tocks :  An a l i q u o t  o f  each o f  

th e  10 mM dNTP s tock  s o l u t i o n s  was d i l u t e d  t o  1 :20  in  

dH20 t o  g iv e  a f i n a l  c o n c e n t r a t io n  o f  0 . 5  mM. The N° 

mixes were prepared  from th e  0 . 5  mM dNTP s to c k  s o l u t i o n s  

as o u t l i n e d  n e x t  page.

A° C° G° T °

0 . 5  mM dCTP 20 ul 1 ul 20 ul 20 ul

0 . 5  mM dGTP 20 ul 20 ul 1 ul 20 ul

0 . 5  mM dTTP 20 ul 20 ul 20 ul 1 ul

10X polymerase 20 ul 20 ul 20 ul 20 ul
r e a c t io n  

b u f f e r
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These N° mixes were designed f o r  th e  use o f  dATP 

as t h e  r a d i o i s o t o p e .  The N °  m i x e s  was r e p l a c e d  

a p p r o x im a te ly  ev ery  two weeks and k ep t  a t  - 2 0 ° C .

Se v era l  d i f f e r e n t  d i l u t i o n s  o f  ddNTPs from th e  10 

mM s to c k  s o l u t i o n s  were  made and t h e  d i l u t i o n s  w h ic h  

gave th e  b es t  sequencing r e s u l t s  a re  o u t l i n e d  below.

ddATP 1 :200  to  1 :300  d i l u t i o n  o f  10 mM s tock

ddCTP 1:150  to  1 :250  d i l u t i o n  o f  10 mM s tock

ddGTP 1:100 t o  1 :150  d i l u t i o n  o f  10 mM s tock

ddTTP 1 :100  t o  1 :150  d i l u t i o n  o f  10 mM s tock

These ddNTPs were  r e p l a c e d  e v e r y  two weeks and t h e  

d i l u t e d  s o l u t i o n s  were ke p t  a t  - 2 0 ° .

Sequencing R e a c t io n s :  For th e  sequencing r e a c t i o n s  f o u r  

tubes were made as f o l l o w :

Tube A: 1 ul A° mix , 1 ul d i l u t e d  ddATP

Tube C: 1 ul C° mix , 1 ul d i l u t e d  ddCTP

Tube G: 1 ul G° mix , 1 ul d i l u t e d  ddGTP

Tube T: 1 ul T °  mix , 1 ul d i l u t e d  ddTTP

A f t e r  te m p ra tu re  e q u i l i b r a t i o n ,  t o  th e  a n e a l i n g  

p r im e r  to  te m p la te  ( h y b r i d i s e d  p r i m e r / t e m p l a t e ) , 3 ul
[ a lp h a  ^5S]dATP, 1 ul 0 .1  M DTT and 1 ul Large Fragment  

DNA Polymerase I  (Klenow f rag m en ts ;  1 .5  U / u l )  were added 

and mixed g e n t l y .  3 ul was dispensed i n t o  each o f  th e
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f o u r  r e a c t i o n  tu b e s ,  A, C, G and T which c o n ta in e d  th e  

n u c l e o t i d e s .  A f t e r  s p i n n i n g  b r i e f l y ^  t h e  t u b e s  were  

i n c u b a t e d  a t  3 0 ° C  f o r  20 m i n u t e s .  The  s e q u e n c i n g  

r e a c t io n s  were c o ld  chased by a d d i t i o n  o f  1 ul 0 . 5  M 

dATP s o l u t i o n  and in c u b a t in g  f o r  15 minutes a t  30°C .  The 

r e a c t i o n s  were  u s u a l l y  s t o p ped by a d d i t i o n  o f  5 - 1 0  u l  
s e q u e n c in g  fo rm am ide  l o a d i n g  b u f f e r .  The s e q u e n c i n g  

r e a c t io n s  were d enatured  by b o i l i n g  f o r  3 -5  m inutes  and 

q u i c k l y  t r a n s f e r r e d  on i c e .  U s u a l ly  3 ul from each o f  

t h e  r e a c t i o n  m i x e s  was l o a d e d  p e r  l a n e .  U n u s e d  

p r o p o r t i o n  o f  th e  r e a c t io n s  were s to r e d  a t  - 2 0 ° C .  The 

samples were run on 8% p o ly a c r y la m id e  g e ls .

2 . 2 . 2 2  Methods f o r  COS Expression System

The methods which f o l l o w  were e x c l u s i v e l y  used f o r  

COS e x p re s s io n  system e x p e r im e n ts .  These te c h n iq u e s  were  

used f o r  ex p e r im e n ts  d e s c r ib e d  in  Chapter  6 .

The p r o t o c o l s  a r e  l i s t e d  i n  s e q u e n c e  f o r  

c o n v e n i e n t  r e f e r e n c e  and i n c l u d e  p r e p a r a t i o n  o f  

( a d a p t o r s ) ,  ( 2 )  DNA s i z e  f r a c t i o n a t i o n ,  ( 3 )  p r e p a r a t i o n  

o f  v e c t o r  f o r  c lo n in g ,  ( 4 )  t i s s u e  c u l t u r e  c o n d i t i o n s ,  

( 5 )  s p h e r o p l a s t  f u s i o n ,  ( 6  J r e c o v e r y  o f  c l o n e s  by 

panning ,  ( 7 )  re co ve ry  o f  c lon es  by Dynabeads, ( 8 ) H i r t  

DNA s u p e r n a ta n t ,  ( 9 )  high e f f i c i e n c y  t r a n s f o r m a t i o n  o f  

E. c o l i  by CaCl2 , ( 1 0 ) h igh  e f f i c i e n c y  t r a n s f o r m a t i o n  o f  

E . c o l  7 by e l e c t r o p o r a t i o n ,  ( 1 1 )  D E A E - d e x t r a n  

t r a n s f e c t i o n ,  ( 1 2 ) t r a n s f e r i n g  c e l l s  on to  s l i d e s  by 

c y to s p in n in g  and (1 3 )  immunofluorescence s t a i n i n g .

2 . 2 . 2 2 . 1  P re p a ra tio n  o f  Adaptors

The e th a n o l  p r e c i p i t a t e d  o l i g o n u c l e o t i d e s  f o r  th e  

adaptors  were resuspended in  1 X TE a t  a c o n c e n t r a t i o n  

o f  1 m g / m l .  25 u l  o f  r e s u s p e n d e d  o l i g o s  w e r e  

phospory 1 a t e d  by t h e  a d d i t i o n  o f  3 u l  10x k i n a s i n g  

b u f f e r  and 20 u n i t s  o f  T4 k in a s e  f o l lo w e d  by in c u b a t io n  

a t  37°C o v e r n i g h t .  Sometimes o l i g o n u c l e o t i d e s  f o r  making
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a d a p to rs  were end l a b e l l e d  t o  t r a c e  th e  l i g a t i o n  o f  th e  

a d a p to rs  t o  cDNA and cDNA to  th e  v e c t o r  DNA. The end 

l a b e l l i n g  was as d e s c r ib e d  in  th e  end l a b e l l i n g  s e c t i o n  

above and was chased by c o ld  ATP.

2 . 2 . 2 2 . 2  DNA S iz e  F r a c t i o n a t i o n

cDNA can be f r a c t i o n a t e d  as w e l l  as s e p a ra te d  from  

f r e e  ad a p to rs  or  l i n k e r s  by KOAc g r a d i e n t .  The g r a d i e n t  

can a ls o  be used t o  s e p a r a te  d i f f e r e n t  s i z e  f rag m en ts  

from a DNA d i g e s t .  The method below is  from Seed group 

( A r u f f o  and S e e d  1 9 8 7 ;  Seed  g r o u p ,  p e r s o n a l  

communicat ion)  and was m a in ly  used t o  s e p a r a te  e i t h e r  

s t u f f e r  from d ig e s te d  v e c t o r  o r  t o  f r a c t i o n a t e  pBR322 

d ig e s te d  f ra g m e n ts .

To make g r a d i e n t  a 20% KOAc, 2mM EDTA, 1 ug/ml
EthBr s o l u t i o n  and a 5% KOAc, 2mM EDTA, 1 ug/ml EthBr  

s o l u t i o n  were p r e p a re d .  2 . 6  ml o f  20% KOAc s o l u t i o n  was 

added t o  a back chamber o f  a smal l  g r a d i e n t  maker. A i r  

bubbleSwereremoved from tube  c onn ec t in g  th e  two chambers  

by a l lo w in g  s o l u t i o n  to  f lo w  i n t o  th e  f r o n t  chamber and 

th e n  t i l t i n g  i t  ba c k .  The p a s s a g e  b e tw e e n  t h e  two  

chambers was c losed  and 2 .5  ml o f  th e  5% s o l u t i o n  was 

added to  th e  f r o n t  chamber. I f  t h e r e  was any l i q u i d  in  

t h e  t u b i n g  f rom  a p r e v i o u s  r u n ,  t h e  5% s o l u t i o n  was 

a l lo w e d  to  run j u s t  t o  th e  end o f  th e  t u b i n g ,  and then  

r e tu rn e d  to  th e  chamber. The a p p a ra tu s  was p lac e d  on a 

s t i r p l a t e ,  th e  s t i r  bar was s e t  t o  move as f a s t  as 

p o s s ib le .  The stopcock co n n ec t in g  the  two chambers was 

o p e n e d  and t h e n  o p e n e d  t h e  f r o n t  s t o p c o c k .  A 

p o l y a l l o m e r  SW55 (B^kman) t u b e  was f i l l e d  f r o m  t h e  

bottom w i th  th e  KOAc s o l u t i o n .

Overlaref t h e  g r a d i e n t  w i t h  100  u l  o f  cDNA o r  

r e s t r i c t e d  DNA s o l u t i o n .  A ba lance  tube  was p re p a re d  

and spun th e  tubes f o r  3 hr  a t  50 Krpm a t  22°C .  To 

c o l l e c t  f r a c t i o n s  from th e  g r a d i e n t  th e  SW55 tu b e  was 

p ie r c e d  w i th  a b u t t e r f l y  in f u s i o n  s e t  ( w i t h  the. l u e r  hub 

c l i p p e d  o f f )  c l o s e  t o  t h e  b o t t o m  o f  t h e  t u b e  and
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c o l l e c t e d  t h r e e  0 . 5  ml f r a c t i o n s  and then s i x  0 .2 5  ml 
f r a c t i o n s  i n t o  m ic ro fuge  tubes (a b o u t  22 and 11 drops  

r e s p e c t i v e l y ) .  The f r a c t i o n s  were fifhanol p r e c i p i t a t e d  by 

a d d i n g  l i n e a r  p o l y a c r y l a m i d e  t o  2 0  u g / m l  o r  o t h e r  

c a r r i e r s  (see  C hapter  5 f o r  d e t a i l )  and f i l l e d  th e  tube  

t o  th e  top  w i th  e t h a n o l .  A f t e r  c o o l in g  th e  tubes  ( -  

20°C f o r  2 hours)  th e  tubes  were spun in  a m ic ro fu g e  f o r  

3 m in u te s  th e n  v o r t e x e d  and r e s p u n  f o r  1 m in .  The  

p e l l e t s  were washed w i t h  70% e th a n o l  and respun b r i e f l y .  

Resuspended each p e l l e t  in  10 ul o f  TE and run 1 ul on 

a 1% a g a r o s e .  The  t u b e s  c o n t a i n i n g  t h e  d e s i r e d  

f r a g m e n t s  w e r e  p o o l e d  and u s e d  i n  t h e  s u b s e q u e n t  

e x p e r im e n ts  ( e . g .  l i g a t i o n  t o  v e c t o r ) .

The CDM8 v e c t o r  DNA was s e p a ra te d  from s t u f f e r  by 

t h e  above f r a c t i o n a t i o n  method ( f o r  d e t a i l  s e e  n e x t  

p r o c e d u r e  " p r e p a r a t i o n  o f  v e c t o r  f o r  c l o n i n g "  ) .  The  

v e c t o r  DNA was prepared  e i t h e r  as above o r  reco ve re d  by 

i n s e r t i n g  an 18 gauge need le  t o  th e  s id e  o f  spun KOAc 

g r a d i a n t  tube under UV l i g h t  and removed th e  v e c t o r  band 

m a n u a l l y .  Th e  DNA i n  e v t h e r  c a s e  was e t h a n o l  

p r e c i p i t a t e d  as above.

2 . 2 . 2 2 . 3  P r e p a r a t io n  o f  V e c to r  DNA f o r  C lo n in g

20 ug o f  v e c t o r  in  a 200  ul r e a c t i o n  was c u t  w i t h  

50 u n i t s  o f  B stX I  a t  37°C o v e r n i g h t  in  a c i r c u l a t i n g  

w a te r  b a th .  Two KOAc 5-20% g r a d ie n t s  were p re p a red  in  

SW55 tubes  (Beckmann) as d e s c r ib e d  above. 100 ul o f  th e  

d ig e s te d  v e c t o r  was added to  each tube and run f o r  3 

hours a t  50 Krpm (Beckmann U l t r a c e n t r i f u g e )  a t  22°C .  The 

t u b e s  were under  300nm UV l i g h t .  The d e s i r e d  band  

u s u a l l y  had m ig ra te d  2 / 3  o f  th e  le n g th  o f  th e  tube  by 

th e  end o f  3 hours ( fo r w a r d  t r a i l i n g  o f  th e  band means 

th e  g r a d i e n t  was o v e r lo a d e d ) .  The band was removed w i t h  

a 1 ml s y r in g e  and 20 gauge ne e d le  i n t o  a f r e s h  tu b e .  
L i n e a r  p o l y a c r y l a m i d e  was a d d e d  t o  t h e  f i n a l  

c o n c e n t r a t io n  o f  20 ug/ml and th e  DNA was p r e c i p i t a t e d  

by adding 3 volumes o f  ETOH. The p e l l e t  was resuspended  

in  50 ul o f  1XTE. L i g a t i o n s  w e r e  s e t  up by u s i n g  a
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c o n s t a n t  amount o f  v e c t o r  and i n c r e a s i n g  a m ounts  o f  

cDNA. On t h e  b a s i s  o f  t h e s e  t r i a l  l i g a t i o n s  l a r g e  

s c a l e  l i g a t i o n  was s e t  up. D i f f e r e n t  r a t i o  o f  v e c t o r  and 

cDNA ( o r  cDNA l i k e  DNA) which were used a re  g iven  in  the  

r e s u l t  s e c t i o n  (C h a p te r  5 ) .

2 . 2 . 2 2 . 4  T issue C u ltu re  Condition,g

Mammalian C e l l s  (COS) c u l t u r e  were m a in ta in e d  in  

2 / 5 o r  10 cm2, p l a s t i c  t i s s u e  c u l t u r e  f l a s k s  ( F a l c o n )  

under 10 o r  20  ml ( r e s p e c t i v e l y )  o f  a p p r o p r i a t e  medium 

(GMEM p lus  10% FCS) a t  37°C in  an atmosphere c o n t a i n i n g  

5% CO 2 • The  c e l  I s  coere Subc ulivf&A when c o n f l u e n t ,  
a p p r o x im a te ly  e v e ry  3 o r  4 days, marking th e  d a te  and 

number o f  passes on th e  f l a s k .

A l l  th e  t i s s u e  c u l t u r i n g s  were done in  a p o s i t i v e  

f lo w  s t e r i l e  c a b i n e t .  In  o r d e r  to  pass th e  c e l l s  th e  

medium was a s p i r a t e d  o f f  and th e  c e l l s  were washed w i t h  

10 ml PBSA. The PBSA was a s p i r a t e d  o f f  and th e  c e l l s  

were d e ta c h e d  by t r e a t m e n t  w i t h  1 ml t r y p s  i n - v e r s e n e  

(TV) f o r  1 m in u te .  The c e l l s  were d is lo d g e d  by ta p p in g  

th e  f l a s k  and TV was i n a c t i v a t e d  by a d d i t i o n  o f  10 ml 
medium. Fresh  c u l t u r e s  were  i n i t i a t e d  w i t h  1 / 5 t h  t o  

1/ 2 0 th  d i l u t i o n  made up t o  10 ml w i t h  f r e s h  medium ( 2 0  

ml f o r  l a r g e r  f l a s k s ) .

In  P r e p a r a t io n  f o r  t r a n s f e c t i o n  e x p e r im e n ts ,  c e l l s  

a f t e r  b e in g  d e ta c h e d  as a b o v e ,  w e re  c o u n t e d  u s i n g  a 

hae m ac y to m e ter  and u s u a l l y  1 X 1 0 5 c e l l s  w e re  used t o  

i n i t i a t e  f r e s h  c u l t u r e s  in  a 10 cm d i a m e t e r  t i s s u e  

c u l t u r e  p l a t e s  w i t h  5 ml o f  f r e s h  medium, 24 h o u r s  

b e fo re  t r a n s f e c t i o n .

2 . 2 . 2 2 . 5  Recovery o f  Clones by Panning

C e l l s  e x p re s s in g  a p a r t i c u l a r  Ag can be s e p a r a te d  

from n o n -e xp re s s in g  o r  n o n s p e c i f i c  e x p re s s in g  c e l l s  by 

f i r s t  bounding s p e c i f i c  Ab t o  th e  t a r g e t  c e l l s  and then
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ad h e r in g  them t o  a d is h  which had been coated w i t h  Abs ( 
Seed and A r u f f o ,  1987 m o d i f ie d  from Wysocki and S a to ,  
1 9 7 8 ) . .  These Abs a re  a g a i n s t  th e  Abs which have been 

r a is e d  a g a in s t  c e l l  s u r f a c e  Ags ( e . g .  i f  th e  p r im a ry  Ab 

which has been r a is e d  a g a i n s t  th e  c e l l  s u r f a c e  Ag was 

made in  mouse then th e  coated Ab would be a n t i -m o u se  

A b ) .

The procedure  i s  d f v id e d  i n t o  two p a r t s ,  t h e  f i r s t  

s te p  i s  t o  c o a t  th e  d ish  w i t h  Ab and th e  second s te p  i s  

panning th e  c e l l s .

( a )  A n t ib o d y -C o a te d  D ishes:  For c o a t in g  d ish es  w i t h  Ab, 
F a l c o n  b a c t e r i o l o g i c a l  6 . 0 c m  o r  10 cm p l a t e s ,  o r  

e q u i v a l e n t  were used. The Ab f o r  c o a t in g  was go at  a n t i  

mouse I g  a f f i n i t y  p u r i f i e d .  The a n t i b o d y  ( g o a t  a n t i  

mouse Ig  a f f i n i t y  p u r i f i e d )  was d i l u t e d  t o  10 micrograms  

p e r  ml in  50 mM T r i s  HC1 (pH 9 . 5 ) .  3 ml o f  d i l u t e d  

a n t ib o d y  was added t o  each o f  6 cm d ish  o r  10 ml per  10 

cm d ish  (F a lc o n  b a c t e r i o l o g i c a l  6 . 0  cm o r  10 cm p l a t e s  

o r  e q u i v a l e n t ) .  The Ab was l e f t  t o  s tand in  th e  f i r s t  

p l a t e  f o r  1 .5  hrs  and then removed t o  th e  n e x t  d is h  f o r  

1 .5  hrs  as w e l l  and f i n a l l y  t o  the^ 3rd d is h .  The p l a t e s  

were washed 3x w i t h  0 .15M  NaCl ( a  wash b o t t l e  was 

c o n v e n ie n t  f o r  t h i s ) ,  and then in cu bated  w i t h  3 ml 1 
m g/m l BSA i n  PBS o v e r n i g h t .  N e x t  d a y  t h e  BSA was  

a s p i r a t e d  f rom  t h e  p l a t e s  and t h e  unused p l a t e s  w e re  

ke pt  a t  -2 0 °C  f o r  l a t e r  use.

( b )  Panning C e l l s :  C e l l s  were u s u a l l y  grown in  6 cm 

dish es  f o r  t h i s  purpose. The medium was a s p i r a t e d  from  

t h e  d i s h ,  and th e n  2 ml PBS/0 .5mM E D T A /0 .0 2 %  a z i d e  

(PEA) was added to  each d is h  and in cubated  th e  d is h e s  

a t  37°C f o r  30 min t o  detach c e l l s  from d is h .  The c e l l s  

were p i p e t t e d  up and down v ig o r o u s ly  w i t h  s h o r t  p a s te u r  

p i p e t  and th e  c e l l s  were c o l l e c t e d  from each d is h  and 

t r a n s f e r r e d  t o  a 15 ml c e n t r i f u g e  t u b e  ( F a l c o n ) .  The  

c e l l s  were spun f o r  4 min a t  200g ( s e t t i n g  3 . 5  in  MSE 

M in o r  5 ) .  The c e l l s  were  r e s u s p e n d e d  i n  0 . 5 - 1 . 0  ml 
PEA/5% FCS ( i . e .  about 2 x 106 c e l l s  per  m l ) .  The c e l l s  

were resuspended  so t h a t  s i n g l e  c e l l  s u s p e n s i o n  was
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ach ieved  because i t  i s  im p o r ta n t  t h a t  th e  c e l l s  be a 

s i n g l e  c e l l  suspension f o r  immunoadsorpt ion t o  be r e a l l y  

e f f e c t i v e .

The a n t i b o d i e s  ( i . e .  p r im a ry  Abs to  th e  t a r g e t  Ag' 
on the  c e l l  s u r f a c e )  were added t o  th e  whole o f  c e l l  

s u s p e n s io n  ( u s u a l l y  Abs w e re  used 1 / 1 0  d i l u t i o n  f o r  

s u p e r n a ta n ts  o r  1/ 1 0 0  f o r  a s i t i£ S ) .a n d  incu bated  f o r  > 30 

min on i c e .  The c e l l / A b  mix was o c a t i o n a l l y  m ix e d  

g e n t l y  because c e l l s  u s u a l l y  tend t o  s e t t l e .  An equal  
volume o f  PEA was added t o  c e l l / A b  m ix  and i t  was 

la y e re d  c a r e f u l l y  on 3 ml PEA/2% F i c o l l  in  a tu b e .  The 

tube  was spun f o r  4 min s e t t i n g  3 .5  in  th e  MSE Minor  5.  
The s u p e r n a t a n t  m eniscus was a s p i r a t e d  i n  one smooth  

movement. The c e l l s  re s u s p e n d e d  in  0 . 5  ml PEA and  

a l i q u o t s  o f  t h e s e  c e l l s  w e re  added  t o  e a c h  a n t i b o d y  

coated d ish es  c o n t a in in g  3ml PEA/5% FCS f o r  6 cm d is h  (5  

ml PEA/5% FCS f o r  10 cm d i s h ) .  U s u a l ly  1 X 106 c e l l s  

were added to  each 6 cm a n t ib o d y  coated d ish  (2  X 10 

c e l l s / 1 0  cm d i s h ) .  The d ish es  were l e f t  t o  s tand a t  room 

te m p e r tu re  f o r  1 -3  hours.

The excess c e l l s  not  a d h e r in g  t o  d is h  were removed 

by g e n t l e  washing w i th  PBS/5% FCS (2 o r  3 washes o f  3 -5  

ml a re  u s u a l l y  s u f f i c i e n t ) .  The c e l l s  a d h e r in g  to  th e  6 

cm d ish  were resuspended in  0 . 4  ml o f  0.6% SDS and 10 mM 

EDTA ( 0 . 8  ml f o r  10 cm p l a t e )  f o r  making DNA by t h e  H i r t  

method f o r  e l e c t r o t r a n s f o r m a t i o n  ( e l e c t r o p o r a t i o n ) .

2 . 2 . 2 2 . 6  H i r t  DNA S upernatant

DNA can be made from recovered  c e l l s  from e i t h e r  

panning o r  Dynabeads s e l e c t i o n s  and th e  DNA made in  t h i s  

way can  be t r a n s f o r m e d  i n t o  b a c t e r i a l  c e l l s  f o r  

a m p l i f i c a t i o n  and f u r t h e r  rounds o f  s e l e c t i o n .  The DNA 

can be made in  a s im p le  method c a l l e d  H i r t  s u p e r n a t a n t  

and i t  p ro v id e s  t r a n s fo r m a b le  DNA f o r  a m p l i f i c a t i o n  in  

b a c t e r i a l  c e l l s .  To make H i r t  DNA th e  c e l l s  a re  t r e a t e d  

w i th  SDS/EDTA and a v iscous  s u p e r n a ta n t  i s  formed, th e  

more v is c o u s  t h e  s u p e r n a t a n t  t h e  more c e l l s  had been
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s e l e c t e d  a t  e i t h e r  p a n n i n g  o r  D y n a b e a d s  s t e p .  The  

procedure  was as f o l l o w :

0 . 4  ml 0.6% SDS and 10 mM EDTA were added t o  a 6 

cm panned p l a t e  ( 0 . 8  ml to  a 10 cm panning p l a t e  o r  

Dynabeads s e l e c t e d  c e l l s  in  th e  t u b e ) .  The c e l l s  were  

l e f t  to  s tand f o r  20 m inutes  which a t  th e  end a v iscous  

m ix tu r e  was formed. The v iscous  m ix tu r e  was t r a n s f e r r e d  

i n t o  a microguge tu b e .  0 .1ml 5M NaCl was added per  0 . 4  

ml H i r t ,  and mixed by i n v e r t i n g  tube  (3  x ) .  The mix was 

l e f t  on i c e  f o r  a t  l e a s t  5 h o u r s  ( u s u a l l y  t h e  i c e  

in c u b a t io n  was c a r r i e d  ou t  o v e r n ig h t  a t  4°C and i t  was 

n o t i c e d  t h a t  k e e p in g  t h e  m i x t u r e  as c o l d  as p o s s i b l e  

seemed t o  improve th e  q u a l i t y  o f  th e  H i r t ) .  The H i r t  mix 

was then spun 4 minutes a t  4°C and th e  s u p e r n a ta n t  was 

c a r e f u l l y  removed and t r a n s f e r r e d  i n t o  a f r e s h  tu b e .  
The m ix tu r e  was e x t r a c t e d  2 X w i t h  phenol and then  w i th  

p h e n o l /c h lo r o fo r m  and f i n a l l y  w i t h  c h o lo ro fo rm .

To c o n c e n t r a te  th e  DNA 10 ug l i n e a r  p o ly a c r y la m id e  

was added t o  th e  mix and e th a n o l  p r e c i p i t a t e d  i t .  The 

tube  was spun down and th e  p e l l e t  was resuspended in  0 . 1  

ml dH2 0 by p l a c i n g  t h e  tu b e  a t  6 5 °C  and v o r t e x i n g .  

U s u a l l y  t h e  DNA was e t h a n o l  p r e c i p i t a t e d  f o r  b e t t e r  

p u r i f i e d  DNA. A f t e r  th e  second p r e c i p i t a t i o n  th e  p e l l e t  

was resuspended in  100 ul dH20 and th e  excess was k e p t  

a t  - 2 0 ° C .  The DNA was u s u a l l y  t ra n s fo rm e d  i n t o  MC1061/p3
E. col  7 c e l l s  e l e c t r o p o r a t i o n .

2 . 2 . 2 2 . 7  High E f f i c i e n c y  T r a n s fo r m a t io n  o f  MCIO6 I / P 3 E.
Col i  C e l l s  by CaCl2 Method

( a )  M a k i n g  C o m p e t e n t  M C IO 6 I / P 3 E .  Co 7 7 C e l l s :  T h e  

f o l l o w i n g  method has been found t o  g iv e  high f re q u e n c y  

o f  t r a n s f o r m a t io n  and has been adapted f o r  MCIO6 I / P 3 E. 
col i c e l l s  (Seed and A r u f f o  1 9 8 7 ) .  A s i n g l e  c o lo ny  was 

in n o c u la te d  i n t o  20 ml TYM b ro th  in  a 250 ml f l a s k .  th e  

c e l l s  were grown t o  midlog phase (OD600  0 . 2 - 0 . 8 ) ,  then

t r a n s f e r r e d  i n t o  a 2 l i t r e  f l a s k  c o n t a in in g  100ml TYM, 
and con t in u e d  in c u b a t io n  w i th  v ig o ro u s  a g i t a t i o n  u n t i l
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c e l l s  were grown t o  OD6qq 0 . 5 - 0 . 9 .  300 ml TYM media was 

added t o  th e  c e l l s  and c o n t in u e d  th e  in c u b a t io n  t o  OD6 q0 

0 . 6 .  The f l a s k  was t r a n s f e r r e d  on a ro c k in g  p l a t f o r m  

w i t h  g e n t l e  s h a k in g  t o  a s s u r e  r a p i d  c o o l i n g .  When 

c u l t u r e  was cool th e  c e l l s  were spun down a t  4 . 2  Krpm 

f o r  15 m inu tes .  The p e l l e t  was resuspended in  100 ml 
c o ld  TfB I  by g e n t l e  shak ing  on i c e .  The c e l l s  were  

spun down a t  4 . 2  krpm f o r  8 m i n u t e s .  The p e l l e t  was 

resuspended in  20 ml o f  c o ld  TfB I I  by g e n t l e  shak ing  on 

i c e .  A l i q u o t s  o f  0 .1  t o  0 . 5  ml were made in  p r e c h i l l e d  

m ic r o f u g e  t u b e s ,  and were  f r o z e n  in  f r e e z e  i n  l i q u i d  

n i t r o g e n ,  and s to r e d  a t  - 7 0 ° C .

(b )  T r a n s fo r m a t io n  o f  MCIO6 I / P 3 E. C o l i  C e l l s :  The
c e l l s  were made competent as above. For t r a n s f o r m a t i o n , 
an a l i q u o t ,  was thawed a t  room te m p e ra tu re  u n t i l  j u s t  

m e l t i n g ,  then p laced on i c e .  DNA was added to  th e  c e l l s  

and ke p t  on ic e  f o r  15 -30  m inu tes ,  then th e  c e l l s  were  

shocked by in c u b a t in g  a t  37°C f o r  5 minutes ( 6  m inu tes  

f o r  0 . 5  ml a l i q u o t s ) .  The t ra n s fo rm e d  c e l l s  were d i l u t e d  

1:10  in  L -b r o th  and grew f o r  90 minutes b e fo re  p l a t i n g  

or  a p p ly in g  a n t i b i o t i c  s e l e c t i o n .

A
2 . 2 . 2 2 . 8  High E f f i c i e n c y  T r a n s fo r m a t io n  o f  MCIO6 I / P 3 E. 
Co77 C e l l s  by E l e c t r o p o r a t i o n

Fore ign  genes can be t ra n s fo rm e d  i n t o  b a c t e r i a l  c e l l s  

by e l  e c t r o - t r a n s f o r m a t i  on ( e 1 e c t r o p o r a t  i on ) m ethod  

( P o t t e r  e t  a l . ,  1984; Ausubel e t  a 7 . ,  1987 ) .  C e l l s  a re  

pi aced i n suspenSi on and p u t  i n t o  an e l e c t r o  po r a t  io n  

c u v e t t e  and then DNA is  added. The c u v e t t e  is  connected  

t o  a power s u p p ly ,  and th e  c e l l s  a re  then a l lo w e d  t o  

r e c o v e r  b r i e f l y  b e f o r e  t h e y  a r e  r e p l a c e d  i n  n o rm a l  
growth medium. The t r a n s f o r m a t io n  e f f i c i e n c y  was found  

t o  be h ig h e r  than o t h e r  methods ( e . g .  t r a n s f o r m a t i o n  by 

C a C l 2 - T h e  m e th o d  i n v o l v e s  m a k i n g  c e l l s  and  

e l e c t r o p o r a t i n g  them w i th  DNA made from s e l e c t e d  c e l l s  

( i . e .  panning o r  Dynabeads s e l e c t i o n )  e i t h e r  in  form o f  

H i r t  DNA o r  DNA prepared  by l a r g e  p lasm id prep .
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( a )  P r e p a r a t io n  o f  C e l l s :  10 ml o f  o v e r n ig h t  c u l t u r e  o f  

E. col  7 c e l l s  (MCIO6 I / P 3 ) was added t o  1 l i t r e  o f  L-  

b ro th  and in cu ba ted  a t  37°C w i th  v ig o ro u s  shak ing  u n t i l  

i t  reached OD60q o f  0 . 6 - 0 . 7 .  To h a r v e s t  the  c e l l s ,  th e  

c u l t u r e  was c h i l l e d  on ic e  f o r  15 t o  30 m inu tes ,  and 

then  c e n t r i f u g e d  in  a c o ld  r o t o r  a t  4 ,0 0 0  x g f o r  15 min 

a t  4 °C .  The c e l l s  p e l l e t  was r e s u s p e n d e d  i n  a t o t a l  

volume o f  1 l i t r e  o f  a c o ld ,  low i o n i c  s t r e n g t h  wash 

medium ( e . g .  1 mM HBPESj Ph 7 . 0 ) .  The c e l l s  w e re
c e n t r i f u g e d  a g a in  as above and t h e  c e l l  p e l l e t  was 

resuspended in  0 . 5  l i t r e  o f  c o ld ,  wash medium (1 mM 

HPPE5 pH 7 . 0 )  and th e  c e l l s  were spun down as above. The 

c e l l s  were resuspended in  20 ml 10% g l y c e r o l ,  and then  

c e n t r i f u g e d  as above. The c e l l s  were resuspended f i n a l l y  

in  10% g l y c e r o l  in  2 ml a l i q u o t s  to  g iv e  e i t h e r  3 X 1010
q

c e l l s / m l  i f  used f r e s h  o r  3 X 10 c e l l s / m l  i f  c e l l s  were  

s to r e d  f r o z e n  ( c e l l  suspension was f r o z e n  in  a l i q u o t s  on 

dry  ic e  and s to r e d  a t  - 7 0 ° C ) .

( b )  E l e c t r o p o r a t i o n  ( E l e c t r o - t r a n s f o r m a t i o n ) : In  o r d e r
t o  t r a n s f o r m  c e l l s  e i t h e r  f r e s h  o r  f r o z e n  a l i q u o t s  

were used. The 2 ml f r o z e n  a l i q u o t  was f i r s t  l e t  t o  thaw  

a t  room tem peature  t o  a lm ost  m e l t in g  then  t r a n s f e r r e d  on 

i c e .  The c e l l s  ( i . e .  2 ml a l i q u o t )  was spun down a t  6 .5  

Krpm in  a m ic ro fuge  a t  4°C.  The c e l l s  were resuspended  

in  200 ul 10% g l y c e r o l .  40 ul o f  th e  c e l l  suspension was 

mixed in  a co ld  m icro fuge  tube w i t h  1 t o  2 ul o f  10 

ug/ml DNA (DNA was u s u a l l y  in  dH2 0 ) .  The tube  c o n te n t  

was mixed w e l l  and ke p t  on ic e  f o r  1 m inu te .

Gene P u ls e r  appa ra tu s  (B io  Rad) was s e t  a t  25 uF 

and 2 .5  kV and th e  Pulse  C o n t r o l l e r  was s e t  to  8 0 0 -1 0 0 0  

ohms. Each batch o f  c e l l s  made were t e s t e d  t o  see which  

ohm s e t t i n g  gave th e  g r e a t e s t  number o f  t r a n s f o r m a n t s . 
The m ix tu r e  o f  c e l l s  and DNA was t r a n s f e r r e d  t o  a c o ld ,  
0 . 2  cm e l e c t r o p o r a t i o n  c u v e t t e ,  and th e  suspension was 

shaken t o  th e  bottom o f  th e  c u v e t t e .  The c u v e t t e  was 

placed in  th e  c h i l l e d  s a f e t y  chamber s l i d e ,  and pushed 

th e  s l i d e  i n t o  th e  chamber u n t i l  th e  c u v e t t e  was s e a te d  

between th e  c o n ta c ts  in  th e  base o f  th e  chamber and then  

pulsed a t  once a t  th e  above s e t t i n g s .  Both red b u t to n s
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were pressed and he ld  t o g e t h e r  u n t i l  th e  tone sounded,  
which s i g n a l l e d  th e  d e l i v e r y  o f  a p u ls e .  The c u v e t t e  

was removed from th e  chamber and im m e dia te lv  1 ml o f  SOC 

medium was added to  th e  c u v e t t e  and q u i c k l y  resuspended  

th e  c e l l s  w i th  a p a s te u r  p i p e t t e .  T h is  r a p id  a d d i t i o n  

o f  SOC a f t e r  th e  pu lse  was v e ry  im p o r ta n t  in  m axim iz ing  

th e  re co ve ry  o f  t r a n s f o r m a n t s . The c e l l  suspension was 

t r a n s f e r r e d  i n t o  a ^ r g e r  tube and in cu bated  a t  37°C f o r  

1 hour. 10ul and 100ul o f  th e  t ran s fo rm e d  c e l l s  were  

p l a t e d  on s e l e c t i v e  medium.

2 . 2 . 2 2 . 9  T r a n s f e c t i o n  o f  F o re ig n  Genes i n t o  Mammalian 

C e l l s  Using DEAE-Dextran

Fore ign  gene can be expressed in  mammalian c e l l  

l i n e  and those c e l l s  e x p re s s in g  a novel d e te r m in a n t  can 

be s e le c t e d  by e i t h e r  panning o r  Dynabeads. The DNA t o  

be expressed has to  be t r a n s f e c t e d  i n t o  mammalian c e l l  

l i n e  e i t h e r  by v a r i a t i o n  o f  th e  e l e c t r o p o r a t i o n  method 

o r  by D E A E-d ex tran .

The DEAE-Dextran procedure  works v e ry  e f f i c i e n t l y  

in  t r a n s i e n t  e x p re s s io n  systems. However, i t  cannot  be 

a p p l ie d  f o r  th e  p ro d u c t io n  o f  s t a b l y  t r a n s f e c t e d  c e l l  

l i n e s  (because plasmid i s  e l i m i n a t e d  from th e  growing  

c e l l s  in  t h e  s u b s e q u e n t  g e n e r a t i o n s ) .  The DNA/DEAE-  

d e x t r a n  m i x t u r e  w i t h  c h l o r o q u i n e  ( c h l o r o q u i n e  i s  

b e l i e v e d  t o  i n c r e a s e  t r a n s f e c t i o n  e f f i c i e n c y )  i s  

prepared  and incu bated  w i th  th e  c e l l s  in  c u l t u r e  f o r  up 

t o  4 h r s .  The c e l l s  a r e  t h e n  e x p o s e d  t o  DMSO t o  

in c re a s e  DNA u p ta k e .  The c e l l s  a re  in cu bated  f o r  up t o  

48 hrs  to  a l lo w  e x p re s s io n  o f  th e  in t ro d u c e d  gene. The 

p r o to c o l  has been o p t im iz e d  f o r  Cos-7 c e l l  l i n e  (Ausubel  
e t  a7. ,  1987; Seed and A r u f f o  1 9 8 7 ) .

U s u a l ly  5 x 10 Cos c e l l s  were p l a t e d  o u t  in  a 10 

cm t i s s u e  c u l t u r e  d is h .  The c e l l s  were a l lo w e d  t o  grow 

o v e r n i g h t ,  a t  37°C in  5% C02 . The c e l l s  were u s u a l l y  

30-50% c o n f l u e n t  th e  n e x t  day. The DNA f o r  t r a n s f e c t i o n
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o
was u s u a l l y  k e p t  in  e t h a n o l  a t  - 2 0 £ a n d  an a l i q u o t  

( u s u a l l y  5 ug DNA f o r  each d i s h )  was spun down on the  

same day as th e  t r a n s f e c t i o n .  The p r e c i p i t a t e d  DNA was 

washed w i th  70% e th a n o l  and th e  e th a n o l  was a s p i r a t e d  

o f f  in  th e  c u l t u r e  hood. The p e l l e t  then was a i r  d r i e d  

i n  t h e  c u l t u r e  h o o d .  M e a n w h i l e  D E A E - D e x t r a n ,  

c h l o r o q u i n e ,  TBS, GMEM medium w i t h  10% FCS ( f i l t e r  

s t e r i  1 ized)  were p laced  a t  37°C w a te r  ba th .

DNA p e l l e t s  were resuspended acco rd in g  t o  t a b l e
below ( f o r  any v a r i a t i o n s  in  

c o n c e n t r a t io n  see C hapter  6 ) .
DNA, c e l l  o r DEAE-dextran

i
i

DEAE-Dextran

i i 
i i

! DNA p e l l e t  {

i
i

DEAE-Dextran J

i
i

C hlo ro qu i  ne J T o ta l  I
,'con. ug/ml resuspended! ( 1Omg/ml) J ( 1 OOmM) |
i
i

i
i

i
i

! in  TBS*

! ( u l )  |
1 1 
i i

( u l )
i
i

i
i

( u l )  |
i
i

i
i

i 75 I 15 J 30 i 4 ! 49 |
J 100 ! 20 | 40 ! 4 ! 64 !

200 ! 40 | 80 : 4 I 124 |
400

i
i

I 80 !
1 1 
I I

160 |
1
I

4 I
1
1

244 !

*  f o r  c o n t r o l o m i t € d . DNA and added c o rrespo nd ing  volume o f  TH>5

A f t e r  a d d i t i o n  o f  th e  c o r r e c t  amount o f  DNA, DEAE- 
D e x t ra n ,  TBS and c h lo r o q u in e ,  th e  tube  c o n te n ts  were  

mixed and spun down v e r y  b r i e f l y  t o  c o n c e n t r a t e  t h e  

l i q u i d  a t  t h e  bottom  o f  t h e  t u b e .  The m e d ia  was 

a s p i r a t e d  from d ish es  o f  o v e r n ig h t  grown c e l l  c u l t u r e  

( u s u a l l y  3 p l a t e s  a t  a t i m e ) ,  and washed the  c e l l s  tu)ic<2 

w i th  5 ml PBS( A ) .  The PBS(A) was a s p i r a t e d  o f f  and 4 

ml media (+ 10% FCS) was added i n t o  each d is h .

The D N A /d e x t r a n  m i x t u r e  was added d r o p w i s e  b u t  

e v e n ly  over  th e  d is h  and s w i r l  edchdish  g e n t l y  t o  m ix .  A 

minimum o f  10 d r o p s / p l a t e  was u s u a l l y  c a r r i e d  o u t  (where  

each drop touched th e  media i t  changed th e  c o lo u r  o f  th e
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media from red t o  y e l lo w ;  th e  d ish  was s w i r l e d  u n t i l  a 

u n i f o r m  c o l o u r  r e t u r n e d  w h i c h  m e a n t  t h a t  t h e  

DNA/Dextran had been mixed s u f f i c i e n t l y ) .

A l t e r n a t i v e l y ,  when a s i n g l e  c o n c e n t r a t i o n  o f  

D E A E - d e x t r a n / D N A  ( i . e .  when s e v e r a l  d i s h e s  w e r e  

t r a n s f e c t e d  w i th  a c o n s ta n t  amount o f  DEAE-dextran/DNA)  

was used th e  DEAE-dextran mix was added t o  a s to c k  o f  

medium and then 4 ml was added to  each 10 cm d is h .  Th is  

was o f  c o u rs e  more c o n v e n i e n t  and a l l  d i s h e s  w e re  

t r e a t e d  i d e n t i c a l l y .

The p l a t e s  were u s u a l l y  in c u b a t  , f o r  3 hours in  

a C02 in c u b a to r .  To check t h a t  th e  DNA was be ing taken  

up by th e  c e l l s ,  e v e ry  V 2 hour th e  d ish es  were looked  

under  m ic r o s c o p e ;  a p p e a r a n c e  o f  v a c u o l e s  w i t h i n  t h e  

c e l l s  ' conf i rm ed  , t h e  up t a k e  o f  DNA. The DEAE-  

d e x t r a n  t r e a t m e n t  was f o l lo w e d  by DMSO t r e a t m e n t  when 

the  number o f  vacuo les  w i t h i n  th e  c e l l s  became so g r e a t  

t h a t  f u r t h e r  in c u b a t io n  in  DEAE-dextran would in c r e a s e  

the  r a t e  o f  c e l l  d e a th .

The DEAE-dextran t r e a t m e n t  was fo l lo w e d  by DMSO 

shocking. A l th o u g h  DMSO i s  v e r y  t o x i c  t o  c e l l s ,  i t  

s i g n i f i c a n t l y  enhances t h e  u p t a k e  o f  DNA. F o r  DMSO 

shtfc/dng^ th e  media was a s p i r a t e d  and c e l l s  were shocked 

by a d d i t i o n  o f  5 ml 10% DMSO ( i n  PBSA).  DMSO was 

u s u a l l y  l e f t  f o r  1 minute in  th e  d ish es  and then  th e  

c e l l s  were washed w i th  5 ml o f  1 X PBSA. The PBSA was 

a s p i r a t e d  and 10 ml media was added t o  each d is h  and 

incu bated  in  a C02 in c u b a to r  a t  37°C o v e r n i g h t .

A f t e r  24 h o u r s  o f  i n c u b a t i o n  t h e  m e d i a  was  

a s p i r a t e d  and th e  d ish es  were washed 2 X w i th  PBSA. 1 ml 
t r y p s i  n / v e r s e n e  was added i n t o  e a c h  d i s h  and e v e n l y  

spread then l e t  t o  s tand f o r  1 -4  m inu tes .  The d ish es  

were tapped s e v e r a l  t im e s  w i th  th e  palm o f  th e  hand t o  

l i f t  th e  c e l l s .  Once about h a l f  o f  th e  c e l l s  had been 

l i f t e d  (by checking  under th e  m icroscope)  9 ml media  

was added i n t o  each d i s h  t o  i n a c t i v a t e  t r y p s i n .  The  

c e l l s  were p i p e t t e d  up and down t o  ensure  a l l  c e l l s  had
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been l i f t e d  and t h a t  t h e  c e l l s  had n o t  c lu m p e d .  The  

c e l l s  were t r a n s f e r r e d  i n t o  a f r e s h  d ish  and in cu ba ted  

as above f o r  24 hours ( f o r  f u l l  d is c u s s io n  about  th e  

need f o r  the  t r a n s f e r  see Chapter  6 ) .

A f t e r  t h e  24 h o u r s  i n c u b a t i o n  t h e  m e d i a  was  

a s p i r a t e d  and th e  c e l l s  were washed 2 x w i th  5 ml PBSA 

and then a f t e r  removal o f  PBSA 5 ml PEA (PBS, EDTA 0.5mM 

A zide  0 .02%) was added i n t o  each d ish  t o  l i f t  th e  c e l l s .  

The d i s h e s  were  u s u a l l y  i n c u b a t e d  a t  3 7 °C  f o r  30 

m inutes  and then v\o\Je& the  c e l l s  up and down us ing  a
p a s t e u r  p i p e t t e  t o  re s u sp en d  them  and b r e a k  up c e l l  

c lum ps .  Once t h e  c e l l s  w e re  r e s u s p e n d e d  t h e  c e l l  

suspension was t r a n s f e r r e d  i n t o  a 15 ml Fa lcon tu b e .  
The c e l l s  were spun down f o r  5 minutes a t  3 .5  in  MSC 

bench-top  c e n t r i f u g e .  The c e l l s  were resuspended in  2 ml 
5% FCS/PBS (FCS was necessary  f o r  c e l l s  t o  s t i c k  t o  th e  

s l i d e  d u r in g  cytospmning)  and c e l l s  were cytospun f o r  

s t a i n i n g .  I f  t h e  c e l l s  were  r e q u i r e d  f o r  p a n n in g  o r  

dynabeads s e l e c t i o n  th e  c e l l  p e l l e t  was resuspended in  

5% FCS/PEA or  1% FCS/PBS t o  a f i n a l  c e l l  c o n c e n t r a t io n  2 

x 10 6 ce l  1 s / m l .

2 . 2 . 2 2 . 1 0  T r a n s f e r i n ^  C e l l s  on t o  S l i d e

( a )  C y t s p i n n i n g :  T r a n s f e c t e d  c e l l s  i n  o r d e r  t o  be  

s t a i n e d  w i t h  a n t i b o d y  had t o  be t r a n s f e r r e d  on t o  a 

s o l i d  s u p p o r t .  S l i d e s  were chosen as s o l i d  s u p p o r t  and 

th e  best  method o f  t ran s fe n n^J  c e l l s  on to  s l i d e s  was 

found t o  be by c y tos pm ning  ( c y t o c e n t r i f u g a t i n g  ) t h e  

c e l l s  on t o  s l i d e s .  The  c e l l s  w e r e  h a r v e s t e d  as  

d e s c r i b e d  i n  D-D t r a n s f e c t i o n  s e c t i o n  and w e r e  

resuspended  u s u a l l y  2 ml o f  PBS/5% FCS. D e n s i t y  o f  

c u l t u r e d  c e l l s  was measured by c o u n t i n g  them i n  a 

h e a m o c y t o m e t e r  u n d e r  a m i c r o s c o p e .  The  c e l l  

c o n c e n t r a t i o n  t h e n  was a d j u s t e d  t o  h a v e  1 X 1 0 4 / m l  

(3X10 / s l i d e ) .  C e l l s  were declumped a f t e r  c e n t r i f u g a t i o n  

by p i p e t t i n g  up and down by a p a s tu r e  p i p e t t e  o r  one ml 
s y r in g e  w i t h  a 21 gauge n e e d le .  The c e l l s  were k e p t  on 

i c e  d u r in g  cytospipn ing. S l i d e s  and c y to s p in n in g  chambers
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were l a b e l l e d  and assem bled  as recommended (S h a n d o n  

C yto sp in  2 users  m a n u a l ) .  For ev ery  s l i d e  u s u a l l y  200 -  

300 ul c e l l  suspension was cytospun a t  500 rpm f o r  5 min 

on Shandon C yto sp in  2 c y t o c e n t r i f u g e . The s l i d e s ,  a t  th e  

end o f  cytospinn /ng, were removed from s l i d e  chamber and 

im m e d ia te ly  were placed'-, in  acetone  and f ixedfK^cef /s for  1-  

10 m inu tes .

( b )  C l e a n i n g  S l i d e s  an d  C o v e r s l i p s :  S l i d e s  and
c o v e r s !  ip s  were  foun d  t o  c o n t r i b u t e  t o  some o f  t h e  

background seen in  F ITC s t a i n i n g s  ( s e e  C h a p t e r  6 f o r  

d e t a i l s ) .  S l i d e s  and c o v e r s l i p s  t h e r e f o r e  had t o  be 

washed in  a s p e c ia l  way. The b es t  washing c o n d i t i o n  f o r  

s l i d e s  was a c h ie v e d  by s o a k i n g  t h e  s l i d e s  i n  ethanol  
( b u l k )  o v e r n i g h t ,  then washing them b r i e f l y  under hot  

w a te r .  The s l i d e s  were then  washed in  washing up l i q u i d  

f o r  few minutes  then  washed f o r  s e v e r a l  m inutes  under  

hot  ta p  w a te r .  The s l i d e s  were then d r i e d  by placing  
th e m  In acetone a f t e r  d r a i n i n g  excess w a te r .

I f  s l i d e s  were a b e t t e r  q u a l i t y  (BDH) then  s im p le  

w i p in g  w i t h  l i n t  f r e e  ( K im w ip e )  p a p e r  t i s s u e  m o i s t e n  

w i t h  e t h a n o l  was u s u a l l y  enough t o  c l e a n  th e m .  The  

s l i d e s ,  in  e i t h e r  c a s e ,  were  t h e n  l o o k e d  a t  a g a i n s t  

l i g h t  and i f  th e y  were no t  c le a n  enough, c le a n in g  w i th  

Kimwipe m oisten w i t h  e th a n o l  was r e p e a te d .

C le a n in g  c o v e r s l i p s  was o n ly  p o s s ib le  by soak ing  

in  e th a n o l  o v e r n ig h t  and w ip in g  w i th  e th a n o l  weted l i n t  

f r e e  t i s s u e  as above.

The background caused by cover  s l i p  was d i f f e r e n t  

than caused by s l i d e s .  The background caused by d i r t y  

c o v e r s l i p  could be seen moving, under m icroscope ,  when 

c o v e r s l i p  was moved and i t  was avo ided by r e p l a c i n g  th e  

c o v e r s l i p .  But th e  background caused by d i r t y  s l i d e s  

was not  moving by moving th e  c o v e r s l i p  and cou ld  no t  be 

washed away or  removed by any o t h e r  way and o n ly  us ing  

v e ry  c le a n  s l i d e  was th e  answer.

!I
j
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2 . 2 . 2 2 . 1 1  Im m unofluorescence S ta in in g

Immunofluorescence s t a i n i n g  (F ITC  s t a i n i n g )  was 

m a in ly  used f o r  work d e s c r i b e d  in  C h a p t e r  6 .  F IT C  

s t a i n i n g  proved t o  be th e  id e a l  s t a i n i n g  method f o r  COS 

c e l l s .  FITC s t a i n i n g s  were done on cytospun COS c e l l s .  

Th e  s l i d e s  w e r e  m a r k e d  and p l a c e d  i n s i d e  a hu m id

chamber. The c e l l s  wereaf/ocozd + o r e h y d r a te  in  TBS f o r  a t\
l e a s t  5 m in u te s  b e f o r e  a p p l y i n g  t h e  f i r s t  a n t i b o d y .  

Meant im e t h e  p r i m a r y  ( f i r s t )  a n t i b o d y  was d i l u t e d  i n  

TBS. The c o r r e c t  d i l u t i o n  f o r  a p a r t i c u l a r  a n t ib o d y  had 

t o  be d e t e r m i n e d  by c a r r y i n g  o u t  a p i l o t  e x p e r i m e n t  

u s in g  a d i l u t i o n  s e r i e s  ( e . g .  1 / 5 , 1 / 1 0 > 1 / 5 0 >  1 / 100  
e t c . ) .  U s u a l ly  TBS was d ra in e d  o f f  from 3 -4  s l i d e s  a t  a 

t im e  by w ip in g  th e  p e r ip h e r y  o f  th e  c e l l s .  100 ul o f
d i l u t e d  p r im a ry  a n t ib o d y  was added on to  each s l i d e  and
t h e  s l i d e s  were  i n c u b a t e d  f o r  1 5 - 3 0  m i n u t e s  a t  room 

temperature in  a humid c ham ber .  The s l i d e s  w e re  f i r s t  

washed w i th  a wash b o t t l e  then  t r a n s f e r r e d  t o  a d is h  o f  

c i r c u l a t i n g  TBS b u f f e r  ( th e  b u f f e r  was c i r c u l a t e d  by a
magnet ic  s t i r r e r ) .  The c i r c u l a t i n g  b u f f e r  was found t o
be more e f f e c t i v e  than washing w i th  a j e t p f  b u f f e r  from
a wash b o t t l e .  The c e l l s  were washed 2 X 5  m inu tes  in
th e  same way. One s l i d e ,  a t  a t im e ,  was taken  o u t  from  

th e  d ish  and a f t e r  w ip in g  excess TBS o f f ,  100 ul d i l u t e d  

second a n t ib o d y  (F ITC  c o n ju g a te d )  was added on t o  th e  

c e l l s .  Severa l  s l i d e s  could  be wiped and then d i l u t e d  

a n t ib o d y  be added t o  them but c a re  had t o  be t a k e n  no t  

t o  l e t  th e  c e l l s  dry  ( i . e .  r e h y d ra te d  c e l l s  may b u r s t  i f  

become d r y ) .  The a n t ib o d y  was in cu bated  as above f o r  2 0 -  

40 m inu tes .  The s l i d e s  were washed as above and a f t e r
f i n a l  wash, 3 -4  s l i d e s ,  a t  a t im e ,  were p laced  a t  a 6 0 °
a ng le  and were r in s e d  w i th  wash b o t t l e .  I t  was n o t i c e d  

t h a t  t h i s  l a s t  washing t r e a t m e n t  would remove most o f  

unbound FITC con juga ted  a n t ib o d y  f l o a t i n g  on th e  s l i d e  

which had no t  been washed away. A f t e r  w ip in g  excess TBS 

o f f  a b o u t  30 ul w e t  m o u n ta n t  ( g 1 y c e r o l / T B S  v / v )  was 

a d d e d  on t o  e a c h  s l i d e .  Th e  g l y c e r o l  had t o  be 

n o n f 1u o r e s c e n t , u l t r a  pure f o r  s t a i n i n g  purposes o n l y .

N u c l e a r  s t a i n e r  ( c o u n t e r  s t a i n e r )  , p r o p i d i u m
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iodide usually was either added to the second antibody 
{i.e. 1 ul stock solution of propidium iodide in 40 ul 
diluted second antibody) or directly to the wet mountant 
(5 ul stock solution of propidium iodide was added to 
100 ul wet mountant). If propidium iodide was added to 
the second antibody it needed washing but if it was 
added to the mountant no washing was needed. Adding 
propidium iodide to the mountant was found to be more 
convenient and was used more often specially after the 
aduption of new washing method (i.e. in circulating 
buffer). Cells were covered by a clean coverslip and 
examined under a Litz Universal microscope fitted with 
an epi-fluorescence condencer filter equipped with UV 
light source.

Immunofluorescence pictures were taken on the 
Litez Universal m icroscope fitted with an epi- 
fluorescence condenser filter and UV light sorce, using 
Kodak Ectar 1000 colour film (Ectar 1000 film was found 
to be superior to any other speeds or brands). The films 
were developed and printed by the Glasgow University 
Photography Unit.

2.2.22.12 Spheroplast Fusion

Spheroplast fusion was used in the tertiary screening 
and it involves fist making the spheroplasts and then 
fusing them into COS cells. In brief E .  c o l i  cells 
containing amplifiable plasmid are grown to OD0qq of 
0.5 and then chloromphenical is added and incubated for
10-16 hours. Cells are then kept at 4°C for 10 min. and 
then spun down at 9,000 rpm for 5 min. The cell pellet 
is resuspended in ice cold 20% sucrose and 50 mM Tris- 
HC1 (pH 8.0). To these cells ice cold lysozyme (5 
mg/ml) is added and stored on ice for 15 min. and then 
ice cold 0.25 M EDTA is added to them and incubated for 
5 min. After this cold 50 mM Tris-HCl was added and 
incubated for 5 min as above.
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The cells are then transferred to 37°C and incubated for 
5 min. and then transferred back on ice and kept there 
until needed.

Second part involves in preparing the COS cells. In this 
case COS cells are plated the day before the spheroplast 
fusion. Usually 3x10 cells per dish was needed. 24 ml 
Glasgow MEM (no FCS) , 10% sucrose and lOmM MgCl2 was
added (dropwise) to the E.  c o l i  cells and allowed to 
diffuse with very gentle rocking. The media from COS 
cells plated the day before was removed. Using gentle 
pipetting 4.5 ml of spheroplast suspension was added to 
each dish and then plates well spun at 1000 g. The media 
was gently aspirated and 1. 5-2.0 ml 50% (w/w) PEG
1450/50% GMEM was added and after gentle mixing the PEG 
solution was removed. After 2 minutes of PEG contact, 2 
ml of GMEM was added to each dish and after swirling 
aspirated the media and repeated the wash once more then 
added 3 ml GMEM with 10% FCS and incubated for 4-6 hours 
at 37°C. After this the media was removed and fresh 
media was added and incubated to 36-48 hours.

2.2.22.13 Recovery of Cells Using Dynabeads

Dynabeads (M-450 Dynal Inc.)work in the principle that 
the cells which are bounded to the primary Ab are mixed 
with Abs (i.e. Second Ab) which have affinity to the 
primary Ab. The second Ab has been conjugated to magnet 
beads. The cell bounded Abs (primary Ab) would attract 
the second Abs and these cells are controlled by using 
magnetic particle concentrator and discarding the 
supernatant containing the non-Ab bounded cells and free 
Abs. The bounded cells are used for making Hirt DNA and 
the rest is as in panning.
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CHAPTER 3

MOLECULAR STUDIES OF PLACENTAL FIBRONECTIN
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3 .1  In t r o d u c t io n

Numerous s tu d ie s  have shown t h a t  f i b r o n e c t i n  (FN) 
is  a major p r o te in  in  human p la c e n ta  and in  the  past  few 
years FN has been i n t e n s iv e ly  s tud ied  a t  the molecular  
le v e l  (see Chapter 1 ) .  Consequently severa l  d i f f e r e n t  
mRNA s p l ic in g  p a t te rn s  o f  FN pre-mRNA t r a n s c r i p t s ,  in  
human and r a t s ,  have been i d e n t i f i e d  (see Chapter 1 ) .  
D e s p i te  th e s e  f i n d i n g s  n o t  much i s  known a b o u t  t h e  
molecular  s t r u c t u r e  o f  FN mRNA t r a n s c r i p t s  in  the  human 
p lac e n ta .  The aim o f  the work described in  t h i s  chapter  
was t h e r e f o r e  to  in v e s t ig a te  the  p a t te rn  o f  a l t e r n a t i v e  
s p l i c i n g  i n  t h e  FN mRNA f r o m  human p l a c e n t a .  By 
screening a p la c e n ta l  cDNA l i b r a r y ,  the study was aimed 
a t  i s o l a t i n g  human FN cDNA c lo n e s  and c h a r a c t e r i s i n g  

them by r e s t r i c t i o n  a n a ly s is  and sequencing.

3 .2  Screening P la c e n ta l  cDNA l i b r a r y

The p la c e n ta l  cDNA l i b r a r y  which was used f o r  t h i s  
i n v e s t i g a t i o n  was made by D r .  D .A .  N ic k s o n ,  in  t h i s  
l a b o r a t o r y ,  p r i o r  t o  th e  s t a r t  o f  t h i s  work ( N ic k s o n  
1985) .  The l i b r a r y  had been prepared from the mRNA from 
c h o r i o n i c  p l a t e  o f  human te rm  p l a c e n t a  and t h e  cDNA 
c l o n e s  had been i n s e r t e d  i n t o  lam bda g t 1 0  ( \ g t 1 0 ) 
(Nickson, 1985) .

In  order  to  screen the l i b r a r y  the phages, bear ing  
the  cDNA clones,  were grown on E. c o l i  c600 d e l t a  h f l  
c e l l s  (Young and Dav is  1 9 8 3 ) .  For  phage DNA t r a n s f e r  
(p laque l i f t s ) ,  h y b r id is a t io n  and washing the  f i l t e r s ,  
th e  method used was an a d a p t a t i o n  o f  t h e  Benton and 
Davis  (1 9 7 7 )  p ro to c o l  ( C h a p t e r  2 ) .  The P la q u e  l i f t s ,  
a f t e r  d e n a t u r i n g ,  n e u t r a l i s i n g  and b a k i n g ,  w e re  

p r e h y b r  i d i sed f o r  1 - 2  h o u r s  ( C h a p t e r  2 ) .  A f t e r  
p r e h y b r id is a t io n  the f i l t e r s  were h y br id ised  w i th  human 
FN cDNA clones,  pFH1, pFH23 and pFH154 ( K o r n b l i h t t  e t  
a 7.,  1983; 1984b) ( F ^  3 .2 3 )

These clones were prepared f o r  r a d i o l a b e l l i n g  in
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two ways. In  both methods t h e  FN cDNA were d o u b le  
d igested  w i th  BamHI/EcoRI r e s t r i c t i o n  enzymes in  order  
to  re le a se  the  i n s e r t  (F ig  3 . 1 ) .  In  the  f i r s t  method, 
the  d igested  DNA was run on a low m e lt ing  p o in t  ( LMP) 
agarose gel and the  i n s e r t  DNA fragments were excised  
from the gel and kept in  separate  tubes (Fe inberg  and 
V o g e l s t e i n  1 9 8 3 ;  C h a p t e r  2 ) .  An a l i q u o t  o f  t h e s e  
fragments were u s u a l ly  r a d io la b e l l e d  by random priming  
t e c h n iq u e  (F e in b e r g  and V o g e l s t e i n  1 9 8 3 ) .  The o t h e r  
method involved in  running some o f  the d igested  DNA on 
an a g a r o s e  g e l  and a f t e r  t h e  c o m p l e t i o n  o f  t h e
e l e c t r o p h o r e s i s ,  th e  gel  s l i c e s  c o n t a i n i n g  t h e  DNA
fragments ,  were e le c t r o e lu t e d  in  order  to  f r e e  th e  DNA 
f r a g m e n t s  ( M a n i a t i s  e t  a 7. , 1 982  ; C h a p t e r  2 ) .  The  
e l e c t r o e l u t e d  DNA were run on agarose gel to  check the  
re c o v e ry  o f  th e  DNA ( F i g .  3 . 2 ) .  The f i l t e r s  were
h y br id is ed  w ith  the  above probes. A f t e r  h y b r i d i z a t i o n  
t h e  f i l t e r s  w e re  washed and t h e n  \ e ^  f o r  
a u to rad iog ra phy .

3 .2 .1  Primary Screening

For the pr imary screening o f  the  l i b r a r y  u s u a l ly
5x 103- 1 x 104 pfu (p laque forming u n i t s )  from the  phage 
l i b r a r y  was incubated w ith  150ul o f  s p e c i a l l y  prepared  
host  s t o c k ,  d e l t a  h f l  c e l l s  ( C h a p t e r  2 ) .  A f t e r  t h e  
a d s o r p t io n  o f  th e  phage p a r t i c l e s  t o  t h e  c e l l s ,  t h e y  

were p la te d  and incubated a t  37°C o v e rn ig h t .  D u p l ic a te  
plaque l i f t s  were performed from these p la te s  and the  
f i l t e r s  were h y b r id is e d  w i t h  t h e  pFH1 FN p r o b e ,  The 
f i l t e r s  were then washed in low s tr ingency c o n d i t io n  (5 5 °  
and 1x SSPE and 0.1% SDS). The autorad iographs showed 
the presence o f  severa l  p o s i t i v e  plaques ( f requency o f  
1.57% p o s i t i v e s ) .  The f i l t e r s  were then washed a t  the  
high s t r i n g e n t  washing co n d i t io n  (65°C and 0 .1 x  SSPE and 
0.1% SDS) and s e t  f o r  autorad iography aga in .  Th is  t im e  
the frequency o f  p o s i t iv e s  was on ly  0.18%. The s t ro n g e r  
looking p o s i t i v e  plaques ( F ig .  3 . 3 )  were removed from 
the  master p la te s  and kept as phage stock .
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F ig u r e  3 .1  F i b r o n e c t i n  cDNA c lon es  d ig e s te d  to  

t h e  i n s e r t s .  The pFH1, pFH23 and  pFH154 w e re  

d i g e s t e d  w i t h  EcoRI and BamHI r e s t r i c t i o n  enzymes

1-p F H 1 d i g e s t e d  w i t h  EcoRI/BamHI

2-pFH23 d i g e s t e d  w i t h  EcoRI/BamHI

3-pFH 154 d i g e s t e d  w i t h  EcoRI/BamHI

4-pBR322 DNA d i g e s t e d  w i t h  Taq I

r e l e a s e

d o u b l e



1 2 3 4 5 6
1___________________i_______________i _______________i  i  i

F i g u r e  3 . 2  F i b r o n e c t i n  cDNA i n s e r t s  r e c o v e r e d  by 

e l e c t r o e l u t i o n .  The ge l  c l e a r l y  shows t h a t  t h e  i n s e r t s  
a r e  f r e e  f r o m  v e c t o r  DNA.

1 - 3 ’ end o f  pFH1 4 -  3 ’ end o f  pFH154

2 - 5 ’ end o f  pFH1 5 -  5 ’ end o f  pFH154

3 -  pFH23 i n s e r t  5 -  pBR322 d i g e s t e d  w i t h  Ta q I
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F i g u r e  3 . 3  P r im e r y  s c r e e n i n g  o f  t h e  p l a c e n t a l  cDNA 

l i b r a r y  f o r  FN. The f i g u r e  shows two  d u p l i c a t e  f i l t e r s  

w h i c h  b o t h  have  been h y b r i d i s e d  w i t h  t h e  same p r o b e  

( a r r o w s ) .  The  p o s i t i v e  s i g n a l s  a r e  c l e a r l y  

d i s t i n g u i s h a b l e  f r o m  t h e  b a c k g ro u n d .
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3 . 2 . 2  Secondary S c reen in g

Whenever a p o s i t i v e  s igna l  was i d e n t i f i e d  from the  
autorad iograph ,  the  corresponding area  in  the agar p l a t e  
was marked and the  se lec ted  plaques were picked as BBL- 
agarose plugs and t r a n s f e r r e d  in t o  f re s h  tubes w i th  some 
phage d i l u t i o n  b u f f e r .  Each agarose plug would u s u a l ly  
have few plaques and normally  on ly  one plaque would be 
the  p o s i t i v e  c lone .  In  o rder  to  i d e n t i f y  the  p o s i t i v e  
p laque th e  p icke d  p laques  had t o  be s c re e n e d  f u r t h e r  
(secondary sc re e n in g ) .

For the  secondary screening the  t i t r a t i o n  o f  each 
phage s to c k  had t o  be d e te r m in e d  as in  t h e  p r i m a r y  
screening (Chapter  2 ) .  The main d i f f e r e n c e  between the  
p r i m a r y  and s e c o n d a r y  s c r e e n i n g  was t h a t  t h e  
t i t  r a t i o n s  were worked out t o  g i v e  o n l y  a rou nd  2 0 0  

p l a q u e s  p e r  p l a t e  ( 1 0 x 1 0  c m ) .  Fo r  t h e  s e c o n d a r y  
screen ing ,  the p l a t i n g ,  plaque l i f t i n g ,  h y b r i d i s a t i o n ,  
e t c .  w e re  as i n  t h e  p r i m a r y  s c r e e n i n g .  The  
autoradiographs showed t h a t  on ly  th re e  se ts  o f  i d e n t i c a l  

plaques were s t i l l  p o s i t i v e  ( ferquency o f  0.18% in  the  
o r i g i n a l  l i b r a r y ) .  These t h r e e  p la q u e s  p o p u l a t i o n s  
( c a l l e d  Lambda Human p l a c e n t a l  C y t o t r o p h o b 1a s t  
F ib ro n e c t in  11, 17 and 24; \HCF11, 17 and 24) and a lso
plaques from weaker s i g n a l s  were  grown in  a matr ix '  
p l a t e .  Several in d iv id u a l  copies o f  the  p o s i t i v e  plaques  
were picked and t r e a t e d  as above. These p o s i t i v e  c lones  
were screened once more ( t e r t i a r y  screen ing)  to  ensure  
the i s o l a t i o n  o f  p o s i t i v e  ones.

3 . 2 . 3  T e r t i a r y  Screening

The FN p o s i t i v e  c lo n e s ,  w h ich  so f a r  had been 
p o s i t i v e  to  the FN probe, were s t i l l  screened f u r t h e r  
w ith  the pFH1 and o ther  FN probes recovered from th e  LMP 
gel above. For t h i s  purpose the  b a c t e r i a l  c e l l s ,  ins tead  
o f  be ing i n f e c t e d  w i t h  th e  phage p a r t i c l e s  and th e n  
b e i n g  p l a t e d  ( a s  in  t h e  p r i m a r y  and s e c o n d a r y  
s c re e n in g ) ,  they were poured on to  the  agar p l a t e  and
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then the p l a t e  was marked, on the back, in to  49 square 
m a tr ic e s  ( F i g .  3 . 4 ) .  5 ul f ro m  each phage s t o c k  was 
spoted on to  each square on the  m a tr ix  and the  p l a t e  was 
then incubated. D u b l ica te  plaque l i f t s  were prepared as 
above and th e  f i l t e r s  were h y b r i d i s e d  w i t h  s e v e r a l
d i f f e r e n t  FN probes ( i . e .  the  3 ’ o f  pFH1 , pFH1 , pFH23

See dlSo 3.23
and th e  5 ’ end o f  th e  pF H 154 ) .  For t h i s  pu rp ose  t h e

A
f i l t e r s  were hy br id ised  w i th  one probe a t  a t ime and 
a f t e r  each au to rad iog ra phy , the  f i l t e r s  were f r e e d  from 
the  probe and r e -h y b r id is e d  w i th  another probe and so on 
(Chapter  2 ) .

The h y b r i d i s a t i o n s  r e s u l t s  showed t h a t  t h r e e  
clones (\HCF11; \HCF17 and \HCF24) were h y b r id is in g  to  
th e  pFH 1 ( F i g .  3 . 5 ) .  The r e s u l t  o f  h y b r i d i s i n g  t h e s e  
f i l t e r s  w ith  probe 3 ’ to  the  EcoRI s i t e  in  pFH1 showed 
t h a t  only  one o f  the clones (\HCF11) was h y b r id is in g  to  
the  probe ( F ig .  3 . 6 ) .  None o f  the  clones h y b r id is ed  to  
the  5 ’ to  the EcoRI s i t e  in  the  pFH154 probe suggesting  
t h a t  \HCF17 and \HCF24 may not extend toward the  5 ’ end 
o f  the  pFH154 c lone .  Fu r ther  a n a ly s is  o f  these clones  
were not e a s i l y  poss ib le  a t  t h i s  stage and DNA had to  be 
made from them t o  a l l o w  r e s t r i c t i o n  a n a l y s i s  t o  be 
c a r r ie d  ou t .

3 .3  R e s t r i c t i o n  A na lys is  o f  th e  HCF Clones

The h y b r id is a t io n  o f  the f i l t e r s  from the  t e r t i a r y  
screening w ith  d i f f e r e n t  probes in d ic a te d  t h a t  on ly  two 
c lo ne s  were e x te n d in g  beyond t h e  5 ’ end o f  t h e  pFH1 
(\HCF17 and \HCF24) and only  one was extended toward the  
3 ’ to  the  EcoRI s i t e  in  the  pFH1 ( \HCF11) .  None o f  
th es e  f i n d i n g  cou ld  c o n f i rm  t h e  e x i s t e n c e  o f  t h e  two  
s p l ic in g  regions ,  ( i . e .  ED-1 [ED-A] or  I I I C S ,  Chapter 1 
and F ig .  3 . 7 ) ,  in  \HCF17 and \HCF24 and the I I I C S  in  
\HCF11. L iqu id  ly s a te  phage DNA from each c lone was 
t h e r e f o r e  prepared (Chapter 2)  to  a l lo w  f u r t h e r  a n a ly s is  
o f  these clones.
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1 2 3 4 5 6 7

A

B

C

D

E

F

G

- 17/1 17/2 17/3 17/4 17/5 -

17/6 13/1 13/2 13/3 13/4 -v e -

14/1 14/2 14/3 -v e 1 1 / 1 1 1 / 2 11 /3

11/4 11/5 1 1 / 6 11/7 -v e 19/1 19/2

19/3 2 1 / 1 2 1 / 2 21 /3 21 /4 23/1 2 3 /2

23 /3 -v e 24/1 24 /2 24 /3 24 /4 -v e

- -v e -v e -v e -v e -v e -

F ig u r e  3 . 7  The t e r t i a r y  s c r e e n i n g  m a t r i x  p l a t e .  The
f i g u r e  shows the la y  out o f  the plaques p l a t e d  onto the  
agar p l a t e .  The f i l t e r s  from the corresponding p la t e s  
w e re  h y b r i d i s e d  w i t h  s e v e r a l  p r o b e s  ( s e e  t e x t  and  
Figures 3. and 3. ) .  The number before  the  v i r g u l e  ( e . g .  
1 7 / )  is  the number given to  the  plaque picked in  the  
primary screening and the  number a f t e r  the  v i r g u l e  ( e . g .  
/ 4 )  d e s ig n a te s  th e  p laque p ic k e d  a f t e r  t h e  s e c o n d a ry  
s c r e e n i n g ,  s q u a r e s  w i t h o u t  any phage and n e g a t i v e  
( t u r b i d )  p l a q u e s  a r e  a l s o  shown ( -  and - v e  
r e s p e c t i v e l y ) .
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F ig u re  3 . 5  The t e r t i a r y  f i l t e r s  h y b r id is e d  w i th  th e  pFH1 

i n s e r t  ( b o t h  3 ’ and 5 ’ m i x e d ) .  T h r e e  c l o n e s  w e r e  

s t r o n g l y  h y b r i d i s i n g  t o  t h i s  p r o b e .  These were \HCF11, 

17 and 24 (compare  w i t h  t h e  m a t r i x  i n  f i g u r e  3 . 4 ) .
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F i g u r e  3 . 6  The t e r t i a r y  f i l t e r s  h y b r i d i s e d  w i t h  t h e  

3 ’ end f r a g m e n t  o f  t h e  pFH1 i n s e r t .  O n l y  on c l o n e  

h y b r i d i s e s  t o  t h i s  p ro b e ,  \HCF11. The o t h e r  two  (\HCF17 

and 24) d i d  n o t  w h ic h  i n d i c a t e d  t h a t  t h e y  d i d  n o t  e x te n d  

t o w a rd  t h e  3 ’ end o f  t h e  sequence .
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Cell Hep-2 Fib-2
r  -----------— > * \  ^  >

FN polypeptide nh2----------

ed-i m%

cFN cDNAs

pFN cDNAs

270 bp 7Sbp 192bp 93bp
''(A*)’

fACGAG CTTCCACAGl AGfGTGAG...................CCTCTACAG]

F ig u r e  3 . 7  The s p l i c i n g  p a t t e r n  o f  E D - I  and I I I C S  re g io n  

o f  p lasm a and c e l l u l a r  fo rm  o f  f i b r o n e c t i n  g e n e .  The
p a r t i a l  n u c l e o t i d e  sequence a t  th e  5 ’ and 3 ’ bo unda r ie s  

o f  s p l i c i n g  reg io n s  a re  shown. ED - I  i s  a lways a b s e n t  in  

plasma FN but  may be absent  or  p re s e n t  in  th e  c e l l u l a r  

FN.
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The r e s t r i c t i o n  a n a ly s is  o f  these clones was aided  
by r e f  effing to  the r e s t r i c t i o n  map o f  the  ve c to r  which 
the  cDNA had been cloned in t o  ( i . e .  \ g t 1 0 ,  F ig .  3 . 8 ) .  As 
i t  can be seen from the f i g u r e  the  EcoRI d ig e s t  o f  the  
cDNA clones would re le a s e  the  i n s e r t  and B g l I I \ H i n d I I I  
d o u b l e  d i g e s t s  w o u ld  g e n e r a t e  s e v e r a l  f r a g m e n t s  

in c lu d in g  a 1.14kb fragment co n ta in in g  the EcoRI s i t e  
( F i g s .  3 . 8 - 9 ) .  The lambda ( \  symbol w i l l  be used t o  
d e s ig n a t e  lambda h e r e a f t e r )  DNA f ro m  th e s e  c lo n e s  
( \ H C F 1 1 ,  17 and 2 4 )  w e re  d i g e s t e d  w i t h  s e v e r a l
r e s t r i c t i o n  enzymes. The d i g e s t e d  DNA were run on an 
agarose gel and a f t e r  photography, the  gel was Southern  
b l o t t e d  (F ig s .  3 . 1 0 - 1 1 ) .  Among severa l  d ig e s t io n s  which 
were c a r r i e d  ou t  in  order  to  determine the  s iz e s  o f  the  
i n s e r t s ,  th e  r e s u l t  o f  th e  Bg1I I / H  i n d l1 1  d i g e s t s  f o r  
\HCF11 and \HCF17 are given here ( F ig .  3 . 1 0 ) .  At t h i s  
stage the s iz e  o f  each clone was determined by drawing  
a c a l i b r a t i o n  curve.  Combining the r e s u l t s  obta ined from 
h y b r id is a t io n  o f  the Southern b l o t  w ith  pFH23 probe and 
the  c a l i b r a t i o n  curve i t  was concluded t h a t  the  s iz e s  o f  
\HCF11, \HCF17 and \HCF24 would be 0 . 6 2 k b ,  2kb and 
2.6kb  r e s p e c t iv e ly  (F ig s .  3 . 1 0 - 1 1 ) .  These f ig u r e s  a lso  
show t h a t  both \HCF17 and \HCF24 clones conta in  i n t e r n a l  
B g l l l  o r  H i n d l l l  sequence. S e a r c h in g  th ro u g h  t h e  FN 
sequence a v a i l a b l e  ( K o r n b l i h t t  e t  a l . ,  1985) ,  i t  became 
a p p a re n t  t h a t  t h e r e  a re  two B g l l l  s i t e s  w i t h i n  t h e  
boundaries o f  the two EcoRI s i t e s ;  one is  w i t h in  the  
I I I C S  region and the o th e r  one between the I I I C S  and 
th e  ED - I  s p l i c i n g  re g io n s  (A p p e n d ix  2 ) .  T h e r e f o r e t h e  

in te r n a l  d ig e s t io n s  o f  the  two clones most probably were 
g e n e r a t e d  by B g l l l  r e s t r i c t i o n  en zy m e .  The e x a c t  
p o s i t io n  o f  the in t e r n a l  s i t e s  and presence o f  e i t h e r  o f  
the s p l i c i n g  s i t e s  could not be confirmed, a c c u r a t e ly ,  
a t  t h i s  stage and more a n a ly s is  was needed.

3 .3 .1  R e s t r i c t i o n  A na lys is  o f  \HCF17 Clone

In  o r d e r  t o  d e te rm in e  w h e th e r  t h e  two s p l i c i n g  
r e g i o n s  w e re  p r e s e n t  i n  t h e  \H C F 1 7  c l o n e ,  p r o b e s  
s p e c i f i c  f o r  these regions were needed. A f t e r  sev e ra l  
e x p e r im e n ts ,  which were done t o  r e c o v e r  t h e  E D - I  and
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LEFT END 0.00 
-  BglII 0.44

-  Sam HI 5.53

— Sma I 19.42

8am HI 22.37
-B g l  II 22.45
— HmdlW 23.15
— Bam HI 23.97

-S m a \  27.61

— Xho I 29.49
— BamH I 30.49

_  Hind III 32.47
EcoRI 32.71

L_ BglII 33.61
Eg/ll 33.67

— Smal 34.74

— Sam HI 36.59

— Hincf\\\ 39.00

L -1 RIGHT END 43.34

F ig u r e  3 . 8  Map o f  lambda g t 1 0 .  R e s t r i c t i o n  endu nuc lease  

c le a v a g e  s i t e s  a re  d e s ig n a te d  in  k i l o b a s e  p a i r s  from th e  

l e f t  e n d .  T h e r e  i s  a u n i q u e  E c o R I  c l o n i n g  s i t e .  

Recombinant c l~  phage c o n t a in in g  i n s e r t i o n s  a t  t h e  EcoRI  

s i t e  can be d i s t i n g u i s h e d  e a s i l y  from t h e  c l + p a r e n t a l  

phage on th e  b a s is  o f  t h e i r  c l e a r  p laque  morphology.
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EcoRI Bglll Hindlll BglII/Hi ndl11

32.71  kb 2 2 . 05kb 23 .1 5 kb
1 0 . 63kb * 1 1 . 1 6 k b  9 . 32kb

9 . 67kb * 6 . 53kb 

0 . 44kb 4 . 34kb 

0 . 06kb

22.01  kb 

9 . 32kb 

5 . 33kb 

4 . 34kb 

* 1 . 14kb 

0 .7  kb 

0 . 44kb  

0 . 06kb

F i g u r e  3 . 9  The r e s t r i c t i o n  f r a g m e n t s  w h ic h  w o u ld  be 

g e n e r a t e d  when / g t 1 0  i s  d i g e s t e d  w i t h  E c o R I ,  B g l l l ,  

H i n d l l  and B g l I I / H i n d l l l . The s t a r  ( * )  i n d i c a t e s  t h a t  

th e  f ragm ents  shown c o n ta in s  th e  EcoRI s i t e .

1 4 8



F i g u r e  3 . 1 0  F i b r o n e c t i n  c l o n e s  d i g e s t i o n .  V a r i o u s  FN 

c l o n e s  r e c o v e r e d  f r o m  s c r e e n i n g  a p l a c e n t a l  l i b r a r y  have 

been d i g e s t e d  w i t h  B g l I I / H i n d l l l  r e s t r i c t i o n  enzymes.

1- \ H C F 12 9-XHCF17

2 - \H C F 14 11-\HCF24

3 - \H C F 126 12 - \H C F 126

4 - \H C F 168 1 3- \HCF 1 68

5 - \H C F 177 14 - \H C F 177

6-Lambda m a rk e r  ( E c o R I / H i n d l l l ) 15-Same as 6

7-Lambda g t1 0  16-Lambda g t1 0

8 - \H C F 11
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1 2 3 4 5 6 7 8 9 1011 12131415'
i i — i * i i i -_i i i  t  i . 1  i iI

- 1 . 9  kb

—1.4 >/

-0 .4 / /

F i g u r e  3 .1 1  P l a c e n t a l  FN c l o n e s  h y b r i d i s e d  w i t h  FN 

i n s e r t .  O n ly  i n s e r t s  f r o m  two o f  t h e  c l o n e s  (\HCF17 and 

2 4 )  have  h y b r i d i s e d  t o  t h e  p r o b e ,  and  o t h e r  c l o n e s  

e i t h e r  do n o t  have  i n s e r t s  ( n o t  b i g  e n o u g h )  o r  t h e  

i n s e r t s  a r e  s m a l l  ( t h e  f i g u r e  i s  t h e  h y b r i d i s e d  f i l t e r  

o f  t h e  ge l  i n  f i g u r e  3 . 1 0 ) .

1-\HCF12 9-XHCF17

2 - \H C F 14 1 1- \HCF24

3 - \H C F 126 12 - \H C F 126

4 - \H C F 168 13 - \H C F 168

5-AHCF177 1 4- \HCF 1 7 7

6-Lambda m a rk e r  ( EcoRI/H  i n d l 1 1 ) 15-Same as 6

7-Lambda g t1 0  16-Lambda g t1 0

8 - \H C F 1 1
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I I I C S  s p e c i f i c  f r a g m e n t s  f r o m  pFH23 and pFH1 
r e s p e c t iv e ly ,  i t  became apparant t h a t  the  recovery o f  
such small fragments could not be e a s i l y  achieved.  I t  
was then decided to  cu t  the th re e  FN clones (pFH1, pFH23 
and pFH154) using va r ious  r e s t r i c t i o n  enzymes, some o f  
which would generate  ED-I  and I I I C S  fragments (Appendix 
2 ) .  For t h i s  purpose pFH1 was cu t  w ith  H a e l l l ,  B s t E I I ,  
EcoRI and BamHI r e s t r i c t i o n  enzymes to  generate  a 204bp 
f r o m  t h e  I I I C S  r e g i o n  ( F i g .  3 . 1 2 ) .  The pFH23 was 
digested  w ith  H p a l l ,  Sau3A, EcoRI and BamHI r e s t r i c t i o n  
enzymes t o  g e n e ra te  a 183bp f r a g m e n t  f rom  t h e  E D - I  
re g io n  ( F i g .  3 .1 2  and Appendix  2 ) .  These d i g e s t i o n s ,  
a lo n g s id e  some o t h e r  d i g e s t i o n s  o f  t h e s e  and o t h e r  
clones,  were run on a 1.6X agarose gel ( F ig .  3 . 1 2 ) .  The 
r e s t r i c t i o n  enzymes f o r  d ig e s t in g  the  \HCF17 DNA were 
c h o s e n  as such t h a t  t h e y  w o u ld  h ave  a t  l e a s t  one  
r e c o g n i t i o n  s i t e  in  th e  I I I C S  o r  E D - I  r e g i o n s .  The 
in fo rm at io n  about the  re co g n i t io n  s i t e s  had come from  
the  a v a i l a b l e  FN sequence ( K o r n b l i h t t  e t  a 7., 1985) .

The above gel was Southern b lo t t e d  and h y b r id is e d  
w ith  the HCF17 i n s e r t .  The autorad iograph o f  t h i s  b l o t  
showed t h a t  HCF17 hybr id is ed  to  the  5 ’ end o f  th e  pFH1 
and to  the 3 ’ and 5 ’ end o f  the  pFH23 but not to  the  
204bp I I I C S  or  183bp ED-I  fragemts ( F ig .  3 . 1 3 ) .  The 
r e s u l t  o f  d ig e s t in g  the \HCF17 DNA when combined w i th  
th e  r e s u l t  o f  th e  h y b r i d i s a t i o n  s u g g e s te d  t h a t  t h e  
I I I C S  and ED-I  might have been s p l ic e d  out (F ig s .  3 . 1 2 -  
1 3 ) .  These r e s u l t s  combined w ith  the r e s u l t s  ob ta ined  
above (S ec t ion  3 . 3 ,  Fig 3 .1 3 )  a lso  in d ic a te d  t h a t  the  
\HCF17 was most probably  l im i t e d  by the two EcoRI s i t e s  
present  in  the  FN sequence (Appendix 2 ) .

3 . 3 . 2  Subcloning \HCF17 in t o  pUC18

I n  o r d e r  t o  d e t e r m i n e  t h e  e x a c t  s i z e s  o f  t h e  
sp l ic e d  regions ,  more r e s t r i c t i o n  a n a ly s is  was needed.  
L a rg e  am ount o f  HCF17 DNA was n eede d  f o r  such  
r e s t r i c t i o n  a n a ly s is ,  but DNA p r e p a r a t io n ,  from phage, 
u s u a l ly  does not y/61d the  same amount DNA when compared
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F ig u r e  3 .1 2  FN c lon es  d ig e s te d  w i t h  v a r io u s  r e s t r i c t i o n  

enzymes. The d i g e s t i o n  was m a i n l y  d o n e  t o  s e e  t h e  

r e s t r i c t i o n  p a t t e r n  o f  \HCF17. I t  was hoped t h a t  t h e s e  

d i g e s t i o n s  w o u l d  s h o w  w h e t h e r  E D - I  a n d  I I I C S  w e r e  

p r e s e n t  o r  a b s e n t .  RI means EcoRI and *  means d i g e s t i o n .

1-  pBR322 Hae 3 d i g e s t

2 -  \HCF17 BstE  2 *

3 -  \HCF11 BstE 2 *

4 -  Lambda m a rk e r  Pvu 2 *

5 -p F H 1 H a e 3 /B s tE 2 /R I /B a m H I  *

6-pFH23 H pa2 /Sau3A /R I /Bam H I *

7 -pFH 154 H ae3 /Bam H I/R I  *

8 -P a t1 5 3  Hae3 *

9- \HCF17 RI *

10 - \H C F 17 Bg12 / R I  d i g e s t

11- \H C F 17 B s tE 2 / R I  *

12 - \H C F 1 7 EcoRV/RI *

13 - \H C F 17 X h o I / R I  *

14 - \H C F 1 1 B s tE 2 / R I  *

15 -p F H 1 B g l2 /B a m H I /R I  *

16-pFH23 B s tE 2 /B a m H I /R I  *

17 -p FH 154 B s tE 2 /B a m H I /R I  *

18-pUC18 H in F I  *
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1 4 5 & J 8 - 9 ^ \ 12x1 2 1 ^ 1/61/ 7} 8

x x r » :  _________

•  - w

F ig u r e  3 .1 3  Southern b l o t  h y b r i d i s a t i o n  o f  th e  gel  in  

f i g u r e  3 . 1 2 .  The g e l  was h y b r i d i s e d  w i t h  t h e  \H C F 1 7  

i n s e r t .  RI menas EcoRI r e s t r c t i o n  en zym e  and  *  means 

d i  g e s t i o n .

1- pBR322 Hae 3 d i g e s t  10- \HCF17 B g l 2 / R I d i  g e s t
2 -  \HCF17 BstE 2 *

3 -  \HCF11 BstE  2 *

4 -  Lambda m a rke r  Pvu 2 *

5 -p F H 1 H a e 3 /B s tE 2 /R I /B a m H I  *

6-pFH23 H pa2 /Sau3A/R I /Bam H I *

7 -pFH 154 Hae3 /BamHI/R I  *

8 -P a t1 5 3  Hae3 *

9- \HCF17 RI *

11- \ H C F 17 B s tE 2 /R I  *

12 - \H C F 17 EcoRV/RI *

13 - \H C F 17 X h o I / R I  *

14 - \H C F 11 B s tE 2 / R I  *

15 -p F H 1 B g l2 /B a m H I /R I  *

16-pFH23 B s tE 2 /B a m H I /R I  *

17 -p FH 154 B s tE 2 /B a m H I /R I  *

18-pUC18 H in F I  *
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w ith  plasmid DNA p rep a ra t io n  (M a n ia t is  e t  a l . ,  1982 and 
p e r s o n a l  e x p e r i e n c e ) .  I t  was t h e r e f o r e  d e c i d e d  t o  
subclone th e  \HCF17 i n s e r t  i n t o  a h ig h  copy number  
plasmid v e c to r  such as pUC18. There was another main 
a d v a n t a g e  f o r  such s u b c l o n i n g  b e c a u s e  pUC18 i s ,  
r e l a t i v e l y  speaking, much s m a l le r  s i z e  than \ g t 1 0  and 
t h e r e fo r e  r e s t r i c t i o n  m anipu la t ion  o f  the pHCF17 would 
be much e a s i e r .

For the  subcloning purpose, \HCF17 DNA was c u t  w ith  
EcoRI r e s t r i c t i o n  enzyme t o  r e l e a s e  t h e  i n s e r t .  The  
digested  DNA was run on a 0.8% agarose g e l .  The i n s e r t  
DNA fragment was recovered from the  gel using NAE-DEAE 
membrane (adapted from Young e t  a 7 . ,  1985; Chapter 2 ) .
The recovered DNA was phenol e x t ra c te d  and resuspended 
in  TE b u f f e r .  On the  o ther  hand the  pUC18 v e c to r  DNA was 
r e s t r i c t e d  w i t h  EcoRI and th e n  d e p h o s p h o r y ia t e d  t o  
reduce th e  r e c i r c u l a r i s a t i o n  o f  t h e  v e c t o r  d u r i n g  
l i g a t i o n  ( M a n i a t i s  e t  a 7 . ,  1982;  C h a p t e r  2 ) .  A f t e r
dephosphory la t ion,  the DNA was then phenol e x t r a c t e d ,  
ethanol p r e c i p i t a t e d  and resuspended in  TE.

The dephosphoryiated v e c to r  and the i n s e r t  DNA were 
mixed in  d i f f e r e n t  molar r a t i o s  and then prepared f o r  
l i g a t i o n .  The l i g a t e d  DNA was t r a n s f o r m e d  i n t o  DS941 
c e l l s  and p la te d  on s e l e c t i v e  media in  presence o f  Xgal 
and IPTG. In  these c o nd i t ion s  the  co lon ies  co n ta in in g  
t h e  r e c o m b i n a n t  c l o n e s  w o u ld  be w h i t e  and t h o s e  
c o nta in in g  the pa re n ta l  plasmids would be b lue .  A f t e r  
o v e rn ig h t  incub at io n ,  severa l  w h ite  co lon ies  were picked  
and regrown on m a t r ix  p l a t e .  C o lo ny  l y s a t e  g e l  was 
prep ared  from th es e  c o l o n i e s  and t h e  p o s i t i v e  c l o n e s  
were i d e n t i f i e d  by having  b i g g e r  s i z e s  ( F i g .  3 . 1 4 ) .  
A l k a l i n e  l y s a t e  p lasm id  DNA was p r e p a r e d  from  t h e s e  
c lo n e s  and th e  DNA were t e s t e d ,  on a g a r o s e  g e l ,  f o r  
conta ing i n s e r t .  The pHCF17 DNA was d igested  f o r  f u r t h e r  
a n a ly s is .
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F i g u r e  3 . 1 4  S i n g l e  c o lo n y  g e l  f r o m  s u b c l o n i n g  HCF17  

i n s e r t  i n t o  pUC18. From t h o s e  c o l o n i e s  chosen some show 

i n c r e a s e  i n  s i z e  ( * )  w h ic h  i n d i c a t e  t h a t  t h e y  c o n t a i n  an 

i n s e r t .  U ncu t  pUC18 DNA was used as m a rk e r .

155



3 . 3 . 3  R e s t r i c t i o n  A na lys is  o f  th e  I I I C S  and ED-I  Regions 
in  pHCF17

The pHCF17 DNA was d i g e s t e d  w i t h  t h e  enzymes  
l i s t e d  in  the  Table 3 . 1 .  The t a b l e  l i s t s  two poss ib le  

se ts  o f  r e s t r i c t i o n  fragments which could be generated  
i f  the pHCF17 clone conta ins  or  lacks both o f  the  two 
s p l i c i n g  regions ( i . e .  I I I C S  and E D - I ) .  The p r e d ic t io n s  
were based on the  a v a i l a b l e  DNA sequence ( K o r n b l i h t t  e t  
a 7. , 1 985 ) .  T h e s e  a s s u m p t i o n s  w e re  b a sed  on t h e
p r e l im in a r y  f in d in g s  mentioned above in  t h a t  the  I I I C S  
and ED-I  might have been s p l ic e d  out  in  HCF17. So i f  the  
d i g e s t i o n s ,  w i t h  th e  enzymes l i s t e d ,  would  g e n e r a t e  
e i t h e r  o f  the  two se ts  then i t  could be concluded t h a t  
th e  I I I C S  o r  E D - I  o r  both a r e  b e in g  s p l i c e d  o r  a r e  
present ,  depending on the p a t te rn  seen.

The pHCF17 DNA was d igested  w i th  the  enzymes l i s t e d  
in  the  Table  3 . 1 .  Every d ig e s t io n  was combined w i th  the  
EcoRI d ig e s t io n  (double d ig e s io n ) .  The reason f o r  the  
double  d i g e s t i o n s  was t h a t  t h e  EcoRI d i g e s t i o n  would  
r e l e a s e  t h e  i n s e r t  t h e r e f o r e  e l i m i n a t e  any  pUC18 
sequence being c a r r ie d  over w ith  the HCF17 fragments .  
Such a contam inat ion ,  i f  not e l im in a te d ,  would make the  
s i z e  e s t i m a t i o n  o f  th e  HCF17 f r a g m e n t s  ( f r o m  t h e  
S o u t h e r n  b l o t  h y b r i d i s a t i o n )  v e r y  d i f f i c u l t .  The  
d i g e s t e d  DNA w e re  run  on a 1 . 6% a g a r o s e  g e l  and  
photographed ( F i g .  3 . 1 5 ) .  The ge l  was t h e n  S o u th e r n  
b lo t t e d  and probed w i th  pHCF17 i n s e r t  ( F ig .  3 . 1 6 ) .

Based on the  r e s u l t s  shown ( F ig s .  3 . 1 5 - 1 6 )  and a ls o  
w i t h  th e  he lp  o f  th e  s i z e  m a rke rs  bands ( la m b d a  and 
pl)C18, F ig .  3 . 1 5 ) ,  a c a l i b r a t i o n  curve was prepared and 
the  s iz e  o f  the observed fragments f o r  the  pHCF17 were 
measured ( F ig .  3 . 1 7 ) .  The va lues f o r  the es t im ated  and 
observed fragments are  shown (Tab le  3.1 and Tab le  3 .2  
r e s p e c t i v e l y ) .  In  most cases  t h e  t o t a l  s i z e  o f  t h e  
observed fragments were s i m i l a r  ( i . e .  + or  -  50bp) to  
the t o t a l  s i z e  o f  the expected ones ( e . g .  1990bp in
t o t a l ) .  There were, however, few except ions such as lack  
o f  d ig e s t io n  w i th  the EcoRV enzyme or  in  some cases the
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F ig u r e  3 . 1 5  R e s t r i c t i o n  a n a l y s i s  o f  pHCF17. The pHCF17 

DNA was d i g e s t e d  w i t h  v a r i o u s  r e s t r i c t i o n  enzymes. Some 

o f  t h e s e  enzymes have a l s o  d i g e s t e d  t h e  pUC v e c t o r .  RI 

means EcoRI and *  means d i g e s t i o n .

1-pUC8 A c c I / R I  d i g e s t

2-pHCF17 A c c I / R I  *

3-pHCF17 P s t l / R I  *

4 -pHCF17 S s t l / R I  *

5 -pHCF17 X b a l / R I  *

6-pHCF17 EcoRV/RI *

7-pHCF17 B g l l l / R I  *

8-pHCF17 B s t E I I / R I  *

9-pHCF17 B a l l / R I  *

10-pHCF17 S t u I / R I  *

11-Lambda P v u I I  m a rk e r

12-pHCF17 R s a l / R I  d i g e s t

13-pHCF17 T a q l / R I  *

14-pHCF17 X h o I I / R I  *

15-pHCF17 H a e l l / R I  *

16-pHCF17 H p a l l / R I  *

17-pHCF17 Sau3A/R I  *

18-pHCF17 H h a l / R I  *

19-pUC18 Sau3A/R I  *
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F ig u r e  3 . 1 6  Southern b l o t  h y b r i d i s a t i o n  o f  pHCF17 i n s e r t  

w i th  pHCF17 i n s e r t  a f t e r  v a r io u s  r e s t r i c t i o n  d i g e s t s .
The  g e l  i n  f i g u r e  3 . 1 5  was  S o u t h e r n  b l o t t e d  a n d  

h y b r i d i s e d  w i t h  t h e  p HCF17  i n s e r t .  RI  m e a n s  E c o R I  

r e s t r i c t i o n  enzyme and *  means d i g e s t i o n .

1-pUC8 A c c I / R I d i  g e s t 11-Lambda P v u I I  m a rk e r

2-pHCF17 A c c I / R I * 12-pHCF17 R s a l / R I d i  g e s t

3-pHCF17 P s t l / R I * 13-pHCF17 T a q l / R I *

4-pHCF17 S s t l / R I * 14-pHCF17 X h o I I / R I *

5-pHCF17 X b a l / R I * 15-pHCF17 H a e l l / R I *

6-pHCF17 EcoRV/RI * 16-pHCF17 H p a l l / R I *

7-pHCF17 B g l l l / R I * 17-pHCF17 Sau3A/RI *

8-pHCF17 B s t E I I / R I * 18-pHCF17 H h a l / R I *

9-pHCF17 B a l l / R I * 19-pUC18 ISau3A/RI *

10-pHCF17 S t u I / R I *
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o means known size markers (pUC or lambda) 
x means unknown fragments

Figure 3.17 Calibrat ion curve. The physical distance of each
fragment is measured from the top of the gel (photo) 
and then a f te r  plot ing every distance'* the size of the 
unknown fragments are estimated compared with the size  
of the marker fragments.

159



1
1

j Enzyme
iii

Fragments expected to  be seen in 
With I I I C S  and ED-A ! Without I I I C S

ii
bp : 
and ED-A J

ii
J AccI
i

2353, 270 J 1720, 270
iiiii

| B a l l
iii

1075, 1028, 205, 179, J 
93, 43 !

895, 758, 205,
i

93, 43 !
iiii

! B g l l l
i

1409, 827, 387 J 1139, 851
i
i
ii

! B s tE I I
i

862, 759, 726, 276 j 1225, 765
i
iiii

! EcoRI
i

2623 j 1990
i
iii

J EcoRV
i

1601, 1 0 2 2  J 1238, 752
i
iiii

! H a e l l
i

1638, 985 1275, 715
i
iiii

I Hhal
i

1637, 986 ! 1274, 716
iiiii

! H pa l l
i __

960, 850, 507, 205, 101J 785, 597, 507,
i

1 0 1  !
ii

! P s t l
i

1796, 536, 177, 114 J 1340, 536, 114
i
iiii

! Rsal
i

753, 744, 558, 460, 108J 1149, 460, 385
i
iiii

j Sau3A
ii
i

703, 623, 387, 340, 165 J 
123, 1 2 0 , 1 2 0 , 42 J

854, 473, 340,  
42

i
165, 120 !

ii
ii

; s s t i
i

1443, 1180 ! 1173, 817
iii
ii

! s t u l
i

1410, 840, 373 J 1617, 373
iiii

! TaqI
i

1163, 704, 436, 255, 65! 800, 754, 436
iii
i

! Xbal
i

2512, 1 1 1  J 1879, 111
iiiti

I X ho I I
1
1

1409, 927, 387 J
1I

1139, 851
iiiii

Table 3.1 R e s t r i c t io n  fragments expected to  be generated
when HCF17 is  cut  w ith  the r e s t r i c t i o n  enzymes l i s t e d  
( th e  s iz e  o f  the expected fragments were deduced from 
the  p u b l is h e d  FN sequence, K o r n b l i h t t  e t  a l  . , 1 985 ;
Appendix 2 ) .  The expec ted  s i z e s  were based on t h e  
assumption t h a t  both o f  the s p l ic e d  regions were e i t h e r  
present or absent. These asumptions were based on the  
p re l im in a ry  r e s t r i c t i o n  map o f  HCF17 and HCF24. Whenever 
the assumption was t h a t  the I I I C S  was present ,  i t s  s i z e  
was assumed to  be 360bp but i f  i t  was assumed to  be 
absent,  i t s  s iz e  was assumed to  be 267bp (see t e x t  f o r  
d e t a i 1 ) .
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1
1

Enzyme J
ii

Estimated and observed fragments of  pHCF 17 
Obseved J Estimated

in bp

AccI J 1750, 280 [2030] ! 1720, 270

B a l l  J 890, 750, 2 0 0 , , 1 0 0 [1940 ] ! 895, 758, 205, 93, 43

B g l l l  | 1180, 870 [ 2 0 5 0 ] J 1139, 851

B s t E I I j 1260, 760 [ 2 0 2 0 ] | 1225, 765

EcoRI J 2 0 0 0 [ 2 0 0 0 ] j 1990

EcoRV ! 2 0 0 0 [ 2 0 0 0 ] j 1238, 752

H a e l l  J 1300, 710 [ 2 0 1 0 ] ! 1275, 715

Hhal j 1300, 730 [ 2 0 3 0 ] | 1274, 716

H pa l l  ! 760, 590, 480, 110 [ 1 9 4 0 ] J 785, 597, 507, 1 0 1

P s t I  j 1400, 540, 1 1 0 [ 2 0 5 0 ] J 1340, 536, 114

Rsal ! 1150, 450, 370 [ 1 9 6 5 ] J 1149, 460, 385

Sau3A J
ii

870, 470, 340, 170 [1850] | 854, 473, 340,  
120, 42

165,

S s t I  J 1200, 840 [2040] ; 1173, 817

S tu I  j 1580, 360 [ 1 9 4 0 ] | 1617, 373

Taql | 760, 730, 410 [ 1 9 0 0 ] J 800, 754, 436

Xbal ! 1850, 110 [ 2 0 6 0 ] j 1879, 111

X ho I I  J 1120, 830 [ 1 9 5 0 ] J 1139, 851

T a b l e  3 . 2  The s i z e  o f  t h e  e s t i m a t e d  and o b s e r v e d  
r e s t r i c t i o n  fragments f o r  the r e s t r i c t i o n  enzymes l i s t e d  
are shown. In  most cases the t o t a l  s ize s  o f  the observed  
fragments (shown w i th in  brackets  [ ] )  were s i m i l a r  ( i . e .  
+ or -  50bp) to  the t o t a l  s i z e  of  the expected ones 
(1990bp) .  There were few except ions ( e . g .  EcoR V lack  o f  
d ig e s t io n  or fragments too small to  be seen, Sau3A and 
B a l l ) .  Other d i f f e r e n c e s  ( l a r g e r  than 50bp) could have 
been c a u s e d  by i n a c c u r a c y  o f  r e a d i n g s  f r o m  t h e  
c a l i b r a t i o n  curve. For more in form a t ion  see Table  3.1 
and the t e x t .
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generated fragments were too small to  be e a s i l y  detected  
on the  gel ( e . g .  Sau3A and B a l l ) .  Also la r g e r  than 50bp 

d i f f e r e n c e s  could  have been caused by in a c c u r a c y  o f  
re a d in g s  from th e  c a l i b r a t i o n  c u rv e  due t o  t h e  way 
c a l i b r a t i o n  curve are  made and the  unknown s iz e s  o f  the  
fragments are  measured.

The above f in d in g s  confirmed the absence o f  I I I C S  
and ED-I sequences in  the  HCF17 c lone .  The absence o f  
267bp from the I I I C S  and 270bp from the ED-I  sequence 
are  obvious from the s iz e s  o f  the fragments seen (F ig s .  
3 .1 5 -1 6  and Table  3 . 2 ) .  The presence o f  s p l i c in g s  and 

t h e i r  s iz e s  can be supported by the  fo l lo w in g  arguments 
which is  based on the above f in d in g s :
(a )  I f  the  t o t a l  360bp o f  I I I C S  was present  in  the
HCF17 t h e n  t h e  E c o R I / B g l l l  d i g e s t i o n s  s h o u l d  have  
generated an 827bp and a 387bp fragments and i f  i t  was 
absent i t  should have generated on ly  an 851 bp fragment  
in s tead .  The observed fragment was 870bp (c lo s e  -to the
851 bp) which suggest the absence o f  a l l  o f  the  360bp
I I I C S  sequence.
(b )  I f  the  t o t a l  o f  360bp from the I I I C S  was present  
then the  EcoRI/Sau3A d ig e s t io n s  should have generated a 
703bp, a 387bp and a 123bp f r a g m e n ts  and i f  i t  was 
absent i t  Should have generated only  an 853bp fragment.  
The observed fragment was 870bp (c lo s e  to  853bp) which 
again suggests the  s p l i c i n g  o f  a l l  o f  the  360bp from 
the  I I I C S  sequence.
(c )  I f  the t o t a l  360bp o f  I I I C S  was present  in  th e
HCF17 then  th e  E c o R I / B s t E I I  d i g e s t i o n s  s h o u ld  have  
generated an 862bp and a 726bp fragments and i f  i t  was 
a b s e n t  i t  s h o u l d  have  g e n e r a t e d  a 1225bp  f r a g m e n t  
i n s t e a d .  The observed f ra g m e n t  was 1260bp ( c l o s e  t o  
1225bp) which again suggests the  absence o f  a l l  o f  th e  
360bp I I I C S  sequence.
(d )  I f  the 270bp o f  ED-I was present  in  the HCF17 then  
E c o R I / H a e l l  d i g e s t i o n s  sh ou ld  have g e n e r a t e d  a 985bp  
fragment and i f  i t  was absent i t  should have generated a 
715bp fragment.  The observed fragment was 720bp which 
s u g g e s t s  t h e  a b s e n c e  o f  a l l  o f  t h e  27 0bp  o f  E D - I  
sequence.
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( e )  I f  th e  270bp o f  E D - I  was p r e s e n t  in  t h e  HCF17 th e n  
E c o R I /B s tE I I  d ig e s t io n s  should have generated a 276bp and a 
759bp (1035bp) fragments and i f  i t  was absent i t  s/jould have 
generated a 765bp fragment.  The observed fragment was 760bp 
again suggesting the  absence o f  a l l  o f  the  270bp from ED-I  
sequence.
( f )  I f  the 270bp o f  ED-I  sequence was present  in  the  HCF17 
then th e  E c o R I / S s t I  d i g e s t i o n s  s h o u ld  have g e n e r a t e d  a 
1443bp fragment and i f  i t  was absent i t  should have generated  
a 1173bp f ra g m e n t .  The observed  f r a g m e n t  was 1180bp wh ich  
suggests the  absence o f  a l l  o f  the 270bp ED-I  sequence.

The above f in d in g s  in d ic a te d  t h a t  the e n t i r e  ED-I  and 
I I I C S  regions (270bp and 360bp r e s p e c t iv e ly )  had been s p l ic e d  
ou t .  C onf irm at ion  o f  the absence o f  the t o t a l  sequence from  
the  I I I C S  region was more d i f f i c u l t  because th e  published  
DNA sequence by K o r n b l i h t t  e t  a l . ( 19 8 5 )  was l a c k i n g  t h e  
e x t r a  93bp and o n l y  had 26 7bp  o u t  o f  t h e  3 6 0 b p .  The  
knowledge about th e  r e s t  o f  t h e  I I I C S  sequence came f ro m  
another work (S ek iguch i ,  1986) and t h e i r  sequence showed t h a t  
a n o th e r  93bp can be a ls o  s p l i c e d  o u t .  T h is  e x t r a  93bp  
increased the  t o t a l  s i z e  o f  the  I I I C S  to  360bp.

The e x a c t  s i z e  o f  th e  I I I C S ,  h o w ev er ,  was n o t  
a c c u ra te ly  measurable by the above types o f  experiments  

and i t  was necessary to  reso lve  i t  by, f o r  example,  
sequencing the pHCF17 clone (see se c t io n  3 . 6 ) .

3 . 4  R e s t r i c t i o n  A na lys is  o f  th e  \HCF24

The p r e l im in a r y  r e s t r i c t i o n  a n a ly s is  done on \HCF24 DNA 
showed t h a t  the i n s e r t  (HCF24) was about 2 .6kb  t h a t  is :

1700 + 1650 + 390 = 3740bp so 3740 -  1140 = 2600bp

[The 1140bp is  from \g t 1 0  arms ( F ig .  3 . 1 8 ) ] .

G e n e r a t i o n  o f  t h e  39 0bp  f r a g m e n t  f r o m  t h e  
B g l I I / H i n d I I I  d ig e s ts  suggested the  presence o f  some or  
a l l  o f  the 360bp from the I I I C S  reg ion .  The d ig e s t io n
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a lso  showed the o r i e n t a t i o n  o f  c lon ing  in to  the \ g t 1 0  

and i t  was deduced from one o f  the  two p o s s i b i l i t i e s  

shown in F ig .  3 .1 8 .  The o r i e n t a t i o n  map was deduced from 
the observed fragments on the  gel and from the knowledge 
t h a t  w i t h in  the l i m i t  o f  \HCF24 clone ( i . e .  h y b r id is in g  
to  5* end o f  the pFH 1 and pFH23 and not h y b r id is in g  to  

the 3* end o f  the  pFH1 or  5 ’ end o f  the pFH154) th e re  is  
no H i n d l l l  s i t e  and th e re  are  two B g l l l  s i t e ,  one o f  
them w i t h in  the  I I I C S  region (Appendix 2 ) .  F i n a l l y  when 
the \HCF24 was d igested  w ith  B g l I I / H i n d I I I , fragments  
o f  about 1700bp, 1650bp and 380bp were observed (F ig s .  
3 . 1 0 - 1 1 ) .  This f in d in g  suggested t h a t  the  p o s s i b i l i t y  
shown in  the  p r e d ic t io n  (b )  in  F ig .  3 .1 8  may be c o r r e c t .

The above f i n d i n g ,  however, d id  not c l e a r l y  show 
w h e t h e r  t h e  \H C F 2 4  c l o n e  c o n t a i n e d  t h e  s e q u e n c e s  
corresponding to  the two s p l i c i n g  regions or  n o t .  For 
t h i s  purpose more r e s t r i c t i o n  d i g e s t s  were  needed t o  
f i n d  out the  in c lu s io n  or  s p l i c i n g  o f  I I I C S  and ED-I  
sequences. A s e t  o f  r e s t r i c t i o n  d ig es ts  were, th e r e f o r e ,  
c a r r ie d  out w ith  some o f  the  enzymes l i s t e d  in  the  Table  
3 . 1 .  The pHCF17 DNA was a l s o  d i g e s t e d  w i t h  t h e  same 
enzymes to  help  the a n a ly s is  as w e l l  as seeing whether 
th e  p r e d i c t e d  frag m ents  shown in  T a b le  3 .1  w ere  in  
a g r e e m e n t  w i t h  o b s e r v e d  f r a g m e n t s  f o r  b o th  o f  t h e  
clones.  The d igested  DNA were run on 1.6X agarose gel  
and then photographed ( F i g .  3 . 1 9 ) .  The g e l  was th e n  
Southern b lo t te d  and probed w i th  pHCF17 i n s e r t  (F ig .  
3 . 2 0 ) .

The r e s u l t s  showed t h a t  the EcoRI d ig e s t  generated  
a fragment s i m i l a r  in  s i z e  w ith  pUC18 (about 2 .6 kb ,  F ig .  
3 . 1 9 ) .  T h i s  f i n d i n g ,  when co m p ared  w i t h  t h e  
B g l I I / H i n d l I I  d iges ts  (S ec t ion  3 . 3 ) ,  in d ic a te d  t h a t  the  
\HCF24 c lo ne  had no i n t e r n a l  EcoRI s i t e  w h ich  may 
suggest t h a t  the clone was f la n ke d  by two EcoRI s i t e s  
present  in  the published sequence ( i . e .  3 ’ and 5 ’ end o f  
the  \HCF17 and \HCF24 and the  5* end o f  the  \HCF11).  
R e s t r i c t i o n  a n a ly s is  showed t h a t  the  p o s i t io n  o f  these  
s i t e s  were th e  same as th e  p o s i t i o n  o f  t h e  i n t e r n a l  
EcoRI s i t e s  present  w i t h in  the  FN cDNA sequence. A
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(a )
900 1409 387 734

R H
I  I I

340

2309bp 387bp 1074bp

Expected B g l I I / H i n d l l l  fragments 2309bp, 387bp and 1074bp

H R B B R B
I I I I g 9 I g

340 1409 1 387 1 734 900 1
( k  ̂ 1______ 1___________________________ 1________ 1_____________ 1________________ 1
^  u )  i I I I  I I

i _____________________________________________________i ____________ i _______________________________________________ i
i i i  i

1749bp 387bp 1634bp

Expected B g l I I / H i n d I I I  fragments 1749bp, 387bp and 1634bp

F ig u r e  3 .1 8  P o s s ib le  o r i e n t a t i o n s  w h ich  /HCF24 m ig h t  
have been cloned in to  / g t 1 0 .  The p o s s i b i l i t i e s  have come 
from th e  assumption t h a t  /HCF24 c lo n e  was contained  
w i t h in  the two EcoRI s i t e s  (see t e x t  and Appendix 2 ) .  In  
each p o s s i b i l i t y  th e  p r e d i c t e d  f r a g m e n t s  wh ich  m ig h t  
have been genera ted  a re  shown (a  and b; t h e  lo w e r  
numbers). Number in the upper l in e s  are in base p a i r s  
(b p ) .  Bgl means Bgl I I ,  RI means EcoRI and H I I I  means 
H i n d l l l  r e s t r i c t i o n  s i t e s .
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1 2 3 4  5 67891011121314151617181920
i f / /  / / /I I . /. / / /  s

2.3 kb
_ 7.7 / /

0 - 6 4 / /  

-  O '5 3 7/

- 0.14

F ig u r e  3 .1 9  R e s t r i c t i o n  a n a l y s i s  o f  F i b r o n e c t i n  c lon es  
pFH17 and \HCF24. These two c l o n e s  were r e s t r i c t e d  w i t h  
v a r i o u s  r e s t r i c t i o n  e nzy mes  t o  e s t i m a t e  t h e  s i z e  o f  
\HCF24 s i z e  and s p l i c i n g  p a t t e r n .  RI means EcoRI and *  
means d i g e s t i o n .

1-PUC18 TaqI  d i g e s t 11-pHCF17 S s t l / R I  d i g e s t
2-pHCF17 RI * 12- \HCF24 S s t l / R I *
3- \HCF24 RI * 13-pHCF17 B s t E I I / R I *
4-pHCF17 X b a l / R I * 14- \HCF24 B s t E I I / R I *
5- \HCF24 X b a l / R I * 1 5-Lambda P v u I I  m a r k e r
6-pHCF17 S t u I / R I * 16-pHCF17 P s t l / R I *
7- \HCF24 S t u I / R I * 17- \HCF24 P s t l / R I *
8-Lambda Hind3  m ar k er 18-pHCF17 B a l I / R I *
9-pHCF17 B g l l l / R I * 19- \HCF24 B a l I / R I *
10- \HCF24 B g l l l / R I * 20- pUC18 Sau3A *
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12 3 4 5 6 7 8 9101112131415161718192 0

-2 .3  kb 
-1,7 //

-0 ,64 //

0.14-

F ig u r e  3 .2 0  Southern h y b r i d i s a t i o n  o f  \HCF24 c lo n e .  The
c l o n e  was p r obed  w i t h  t h e  pHCF17 i n s e r t  and t h e  g e l  came 
f r o m  t h e  d i g e s t i o n  shown i n  F i g u r e  3 . 1 9 .  RI  means EcoRI  
r e s t r i c t i o n  enzyme and *  means d i g e s t i o n . b

1-pUC18 TaqI  d i g e s t 11 - pHC FI 7 S s t l / R I  d i g e s t
2-pHCF17 RI * 12~\HCF24 S s t l / R I *
3-XHCF24 RI * 13-pHCF17 B s t E I I / R I *
4-pHCF17 X b a l / R I * 14- \HCF24 B s t E I I / R I *
5- \HCF24 X b a l / R I * 1 5-Lambda m a r k e r  P v u I I
6-pHCF17 S t u I / R I * 16-pHCF17 P s t l / R I *
7- \HCF24 S t u I / R I * 17-XHCF24 P s t l / R I *
8-Lambda m a r k e r  H i n d l l 18-pHCF17 B a l I / R I *
9-pHCF17 Bg11 I / R I * 19- \HCF24 B a l I / R I *
10- \HCF24 Bg11 I / R I * 20-pUC18 Sau3A *
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poss ib le  reason f o r  t h i s  observa t ion  might have been due 
to  the  lack o f  methylase p r o t e c t io n  o f  the EcoRI s i t e s  
during the  cDNA c lo n in g .  I f  t h i s  was the case then none 

o f  th e  above c lo ne s  would have been long  enough t o  
conta in  the  t h i r d  s p l i c i n g  re g io n ,  E D - I I  ED-B) (Gutman 
and K o r n b l ih t t  1987) .

In  order  to  see whether the  e n t i r e  360bp from the  
I I I C S  reg ion ,  in c lu d in g  the  r a r e l y  observed 93bp a t  the  
3* end o f  the I I I C S  reg ion ,  was present in  \HCF24 clone  
a s i m i l a r  approach to  \HCF17 was taken (Tab le  3 .3  and 
F ig .  3 .19  r e s p e c t i v e l y ) .

The observa t ion  in d ic a te d  the  presence o f  the  t o t a l  
360bp o f  the I I I C S  reg ion .  The presence o f  the  360bp 
can be argued as fo l lo w :
(a )  The S tu I  d ig e s t io n  o f  \HCF24 would have generated a 
1317bp i f  the  360bp was absent but a fragment o f  about  
1400bp was generated.  The s iz e  o f  the  observed fragment  
i s  about 1400 r a t h e r  than 1300 because t h e  band i s  
equal in s i z e  w ith  the constant  band o f  B g l I I  d ig e s t  o f

3 - \9 -
\HCF24 ( 1409bp); compare t ra c k s  7 and 8  (Fig$. 3 . 2 0 ) .
(b )  The presence o f  e n t i r e  360bp can a ls o  be suported by
th e  o b s e r v a t io n  t h a t  B g l l l  d i g e s t i o n  o f  \HCF24 had
generated a fragment o f  about 820bp instead  o f  730bp.
The s i z e  o f  th e  f rag m ent  i s  a b o u t  820bp r a t h e r  th a n
73 0bp  b e c a u s e  t h e  band i s  e q u a l  i n  s i z e  w i t h  t h e
c o n s ta n t  band o f  S s t I  d i g e s t  o f  pHCF17 (821 b p ) ;  see
t ra c k s  10 and 11 and a lso  i t  is  not equal to  the  765bp
band o f  B s tE I I  d ig e s t  o f  pHCF17, compare t ra c k s  10, 11 

3.19
and 13 (FigS.A3 . 2 0 ) .
(c )  The S s t I  d ig e s t io n  o f  \HCF24 would have generated a
1087bp instead o f  1180bp i f  the  360bp was absent but the
o b s e r v e d  f r a g m e n t  was a b o u t  1 1 8 0 b p .  T h i s  can be
supported by the  f a c t  t h a t  the  band is  equal in  s i z e
w ith  the  constant band o f  S s t I  d ig e s t  o f  pHCF17 (1173bp)
and i t  i s  b ig g e r  than  th e  1139bp f r a g m e n t  o f  B g l l l
d ig e s t  o f  pHCF17 suggesting i t  being b igger  t h a t  1087bp;
see t ra c k s  12, 11 and 10 r e s p e c t iv e ly  (F igS 3 . 2 0 ) .'A
(d )  The presence o f  e n t i r e  360bp can be suported as w e l l  
by the observat ion  t h a t  B s tE I I  d ig e s t io n  o f  \HCF24 had
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generated an 860bp fragment instead o f  769bp. The band
is  about 860bp instead  o f  769bp because i t  i s  b igger
than the  constant band o f  B s tE I I  and S s t I  d ig e s ts  o f
pHCF17 ( 765bp and 821 bp r e s p e c t i v e l y ) ;  see t ra c k s  14, 13

3 . |1
and 1 1  r e s p e c t iv e ly  (F igS .  3 . 2 0 ) .

The presence o f  ED-I  can be supported by the  band 
s h i f t s  seen above (F ig s .  3 .1 9 -2 0  and Table 3 . 3 ) .  More 
proofs can be given by fragments generated by the  B s tE I I  
d ig e s t io n .  There is  a B s tE I I  s i t e  w i t h in  the  published  
sequence f o r  th e  ED - I  r e g io n  (A p p e n d ix  2 ) .  I f  one 
assumes t h a t  ED-I  has been s p l ic e d  out (b u t  I I I C S  being  
pres ent )  then B s tE I I  d ig e s t  should have generate  th re e  
f r a g m e n ts ,  1035bp, 864bp and 726bp and i f  E D - I  was 
present  i t  should have generated fo u r  fragments,  864bp,  
759bp, 726bp and 276bp (A p p e n d ix  2 ) .  T h e re  w ere  no
1035b p  f r a g m e n t  p r e s e n t  and t h e  l a r g e s t  f r a g m e n t  
o b s e r v e d  was a b o u t  8 7 0 b p  w h ic h  a l l  s u g g e s t e d  t h e  
presence o f  E D - I  ( F i g s .  3 . 1 9  and 3 . 2 0 ;  see a l s o  t h e  
argument which was presented to  support  o f  the  presence  
o f  the I I I C S  sequence in \HCF24 above, d ) .  F u r th e r  proof  
was obtained when \HCF24 was r e s t r i c t e d  w ith  X h o l . There  
i s  only  one Xhol r e s t r i c t i o n  s i t e  present, in  the  FN 
sequence, between th e  two EcoRI s i t e s .  T h i s  s i t e  i s  
located  w i t h in  the ED-I  region (Appendix 2 ) .  I f  the  
X h o l  d i g e s t i o n  o f  \H C F 2 4  c o u l d  h a ve  g e n e r a t e d  tw o  
fragments (1857bp and 768bp),  i t  would have meant t h a t  
the  ED-I was present and i f  i t  had generated on ly  one 

fragment (2353bp) then i t  would have mean t h a t  th e  ED-I  
had been s p l i c e d  o u t .  The X ho l  d i g e s t i o n  o f  \HCF24  
indeed generated on ly  two fragments o f  about 1850bp and 
800bp suggesting the presence o f  the  ED-I  ( F ig s .  3 . 2 1 -  
2 2 ).

3 .5  R e s t r i c t i o n  a n a ly s is  o f  \HCF11

As i t  was mentioned e a r l i e r ,  the \HCF11 c lone was 
a ls o  recovered from the cDNA l i b r a r y  and the  t e r t i a r y  
screening showed t h a t  i t  h y br id ised  to  the  3 ’ end o f  th e  
EcoRI d i g e s t  o f  pFH1 ( s e c t i o n  3 . 2 . 3  ) .  T h i s  f i n d i n g
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1 1 i 1

1 Enzyme!
i

360bp present ! 267bp present
ii

Observed!
ii

! EcoRI I
i

2623 J 2530 !
i

2600 !
ii

! Xbal !
i

2512, 111 ! 2419, 111
i

2500 !
ii

I S tu I  j
i

1410, 840, 373 1317, 840, 373 J
i

1400a !
i

! B g l I I  !
i

1409, 827, 387 ! 1409, 734, 387
i

820b
ii

! S s t I  J
i _ _

1443, 1180 1443, 1087 !
i

1180c !
1i

j B s tE I I !
i _ _ _

862, 759, 726, 276 769, 759, 726, 276 {
1

860d !
ii

! P s t i  !
i _ _

1796, 536 ,177 ,1  14 1703, 536, 177, 1 14,'
i

1800 ! 
1

! B a l l  !
i i i i i i i i

1073, 1028, 205, 179} 
93, 43 !

980, 1028, 205, 179! 
93, 43 !

1

1070 !
1
1

1

Table 3 .3  R e s t r i c t i o n  d ig e s t  p r e d ic t io n  o f  /HCF24. The 
fragments s ize s  show two assumptions: e i t h e r  the e n t i r e  
360bp or only 267 bp o f  the I I I C S  sequences are  p resent .  
The fragments which should conta in  the e x t r a  93bp o f  the  
I I I C S  have been u n d e r ! in e d . The r i g h t  column shows the  
observed s i z e s  o f  such f r a g m e n t s .  The s m a l l  l e t t e r s  
( e . g .  a , b , c  and d) a re  th e  o b s e rv e d  f r a g m e n t s  w h ich  
support the in c lu s io n  o f  the 93bp ( f o r  d e t a i l  see the  
t e x t ) .
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F i g u r e  3 .21  R e s t r i c t i o n  a n a l y s i s  o f  \HCF24.  The c l o n e  
was d i g e s t e d  w i t h  X h o I / E c o R I  t o  see w h e t h e r  i t  g e n e r a t e s  
t w o  f r a g m e n t s  (1857  bp and 768 bp when E D - I  was p r e s e n t )  
o r  o n l y  one f r a g m e n t  ( 2353 bp w he n  E D - I  i f  a b s e n t ) .  
T h r e e  f r a g m e n t s  can  be s e e n  on t h e  g e l  b u t  S o u t h e r n  
b l o t t i n g  w i l l  t e l l  i f  t h e r e  i s  two  f r a g m e n t s  o r  o n e .  The 
X h o I / E c o R I  d i g e s t  i s  i n  t r a c k  11.
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F i g u r e  3 . 2 2  S o u th e rn  a n a l y s i s  o f  \H C F 2 4  c l o n e .  The
c l o n e  was d i g e s t e d  w i t h  X h o I / E c o R I  t o  s e e  w h e t h e r  i t  
g e n e r a t e s  two f r a g m e n t s  ( 1857 bp and 768 bp when ED- I  
was p r e s e n t )  o r  o n l y  one f r a g m e n t  (2353 bp when ED- I  i f  
a b s e n t ) .  Two f r a g m e n t s  h av e  h y b r i d i s e d  t o  t h e  p r o b e  
(pHCF17 i n s e r t )  w h i c h  c o n f i r m s  t h e  p r e s e n c e  o f  t h e  
ED- I  i n  t h e  \HCF24 c l o n e .  The X h o I / E c o R I  d i g e s t  i s  shown 
by a ( * ) .



suggested t h a t  t h i s  c lone might not be long enough to  
extend toward the  two s p l i c i n g  regions ( i . e .  I I I C S  and 
E D - I ) .  The \HCF11 DNA was r e s t r i c t e d  w ith  B g l I I / H i n d l l l  
r e s t r i c t i o n  enzymes to  f i n d  out the  s iz e  o f  t h i s  clone
and to  see whether i t  extended beyond the EcoRI s i t e
p r e s e n t  a t  th e  3 ’ end o f  th e  cDNA (A p p e n d ix  2 ) .  The
r e s t r i c t i o n  d ig e s t  a n a ly s is  showed t h a t  the \HCF11 was
about 620bp and h y b r id is a t io n  probing showed t h a t  t h i s  
clone did not h y br id is ed  to  the  HCF17 clone i n d ic a t in g  
t h a t  i t  was extended toward the 3* end o f  the  EcoRI s i t e  
in  th e  3 ’ end o f  th e  cDNA w h i l e  \HCF17 was e x te n d e d  
toward the 5* end o f  the  EcoRI s i t e  ( 3 . 1 0 - 1 1 ) .  Because 
o f  t h i s  f in d in g  no f u r t h e r  a n a ly s is  on t h i s  c lone was 
c a r r ie d  ou t .

3 . 6  Sequencing th e  HCF17 C lo n e  f o r  t h e  Absence o r  
Presence o f  I I I C S

The r e s t r i c t i o n  a n a ly s is  o f  the  \HCF17 which was 
mentioned e a r l i e r ,  suggested t h a t  the  I I I C S  was s p l ic e d  
o u t  but i t  was s a id  t h a t  th e  e x a c t  s i z e  o f  s p l i c e d  
sequences could not be a c c u ra te ly  measured. The ac cura te  
measurement o f  th e  s p l i c e  f r a g m e n t  seemed i m p o r t a n t  
s ince severa l  observat ions  have in d ic a te d  t h a t  the  I I I C S  
shows complex p a t te rn  o f  s p l i c i n g  which can generate  up 
to  5 FN isoforms (Chapter 1 ) .  The best way to  res o lve  
t h i s  ambiguity  was to  determine the  DNA sequence o f  the  
regions f la n k in g  the I I I C S .  At the  t ime dideoxy chain  
t e rm in a t io n  method o f  Sanger e t  a l . ( 1 9 7 7 ) ,  using M13
v e c to rs ,  was the preferred method f o r  sequencing therefore  
i t  was decided t o  suclone pHCF17 in to  M13.

3 .6 .1  Subcloning HCF17 i n t o  M13mp18

For the  subcloning purpose the  pHCF17 DNA was c u t  
w i t h  E c o R I / S t u I .  The EcoRI d i g e s t  would r e l e a s e  t h e  
i n s e r t  and the S tu I  d ig e s t  cuts  the  clone on ly  once,  
close but away from the I I I C S  reg ions .  Such a d i g e s t io n  
would g e n e ra te  two f r a g m e n ts ,  1620bp and 3 7 3 b p .  The
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bigger  fragment would conta ine  the  I I I C S  s p l i c e  s i t e  and 
the  S tu I  would be only 147bp from the 5 ’ end o f  the  
I I I C S  re g io n  (Appendix  2 ) .  Thus a b o u t  150bp sequence  
from the  S tu I  s i t e  should be ab le  to  confirm  the  e x a c t  
s iz e  o f  the  s p l ic e d  sequence in  t h i s  reg ion.

The E c o R I / S t u I  d i g e s t s  o f  pHCF17 was p h e n o l  
e x t r a c t e d  and a f t e r  e t h a n o l  p r e c i p i t a t i o n  was 
resuspended in  TE b u f f e r .  The M13 DNA was c u t  w i t h  
EcoRI/Smal enzymes and then the  DNA was dephc6 ph ory la ted  
to  reduce the  chance o f  r e c i r c u l a r i  s a t io n  o f  the  v e c to r  
d u r in g  th e  s u b c lo n in g .  The M13 DNA was a l s o  phenol  
e x t ra c te d  and ethanol p r e c i p i t a t e d  and then resuspended 
in  TE b u f f e r .  The two DNA were mixed and a l l o w e d  t o  
l i g a t e  a t  7°C o v e rn ig h t .  The l ig a t e d  DNA was transformed  
in to  competent JM101 E. c o l i  c e l l s .  The c e l l s  were grown 
in the presence o f  Xgal and IPTG to  a l lo w  the  d is t inc t ion  
between the recombinants and pa re n ta l  phages.

White  p o s i t i v e  p laques  o f  M13 were p i c k e d  and 
double stranded DNA from these clones were made by STET 
prep (C h a p te r  2 ) .  The DNA were clotted o n to  a n y lo n  

membrane and hybr id is ed  w ith  3 ’ end o f  the pFH154 probe.  
The use o f  3 ’ pFH154 was t o  s e l e c t  o n l y  c l o n e s  
c o n t a i n i n g  t h e  I I I C S  s p l i c e d  r e g i o n  ( F i g .  3 . 2 3 ) .  
Several  p o s i t i v e  clones were i d e n t i f i e d  ( F ig .  3 .2 4 )  and 
s in g le  stranded DNA were made from some o f  them and 
used f o r  determ ining the  DNA sequences.

3 . 6 . 2  Sequencing th e  F l a n k i n g  R eg io n s  o f  t h e  S p l i c e d  
I I I C S  in  pHCF17

The DNA sequencing was p e r fo rm e d  f o l l o w i n g  t h e  
i n s t r u c t io n  in the BRL "M13 C lon ing /D ideoxy Sequencing  
I n s t r u c t i o n  Manual" supp l ied  w ith  the  BRL Sequencing K i t  
w ith  few minor changes r e f l e c t e d  in  the  methods s e c t io n  
( C h a p t e r  2 ) .  A f t e r  d e t e r m i n i n g  t h e  r i g h t  d i d e o x y  
n u c l e o t i d e s  c o n c e n t r a t io n  (b y  p e r f o r m i n g  a s e r i e s  o f  
s e q u e n c i n g  r e a c t i o n s  and t e s t i n g  them  by TCA 
p r e c i p i t a t i o n ,  r e s u l t s  not shown), the  new sequencing
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cDNA
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pFH 1 54 ____________________________ L _______

PFH23 . _______

PHCF17 ____________L ^ ^ ______

/HCF24 ____________. ___________ .
ED-I I I I C S
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/HCF24
FN18
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75bp

I I I C S  360bp______
192bp 93bp

pLF5
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267bp

1 92bp
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/HCF24
FN18

pFH 1

pFHL1
pLF4

PHCF17

pLF2

/ r  1 f4  
(R a t )

F igure  3 .23  Schematic re p re s e n ta t io n  o f  human and r a t  
l i v e r  FN cDNA v a r i a t i o n  a t  ED-A and I I I C S  reg ions .  At 
the ED-A region th e re  are two v a r ia n t s  one w ith  the  ED-A 
[ e . g . ,  pFH23, K o r n b l ih t t  e t  a l  . (1984)  and FN18 Bernard 
e t  al . ( 1 9 8 5 ) ] .  The o ther  one w i thou t  the ED-A [ e . g . ,
pFH154, K o r n b l ih t t  e t  a l . (1984)  and pLF5 Sekiguchi e t
a l . ( 1 9 8 6 ) ] .  There have been fo u r  v a r i a t i o n s  reported  in  
the I I I C S  region in  human: FN18 (Bernard e t  al . 1985)
and /HCF24 both conta in  360 bp, in c lu d in g  both the  75bp 
and 93 bp e x t r a  segment f la n k i n g  the c e n t r a l  192 bp; 
pFH1 ( K o r n b l i h t t  e t  a l . 1983) lacks the  93 bp f l a n k i n g
segment; pFHL1 (Umazawa e t  a l . 1985) and pLF4 (Sekiguchi  
e t  a l . 1986) lack both the 5 'and 3' f l a n k in g  sequences; 
pLF2 (Sekiguchi e t  al  1986) and pHCF17 lack the e n t i r e  
360 bases. The f  i f t / i  v a r i a t i o n  in I I I C S  region have been 
reported  to  e x i s t  in r a t  l i v e r  [ e .g .  / r l f 4  Schwarzbuer 
e t  a l .  ( 1 9 8 3 )  w h ic h  l a c k s  t h e  5 '  7 5 bp f l a n k i n g
sequence. Dots lo ca te s  the a l t e r n a t i v e  s p l i c i n g  s i t e s ,  
- / / -  represent  c o n t i n u i t y  and - /  -  in d ic a te s  contiguity .
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Figure 3 .2 4  Subcloned HCF17 i n s e r t  in to  M13. The pHCF17 

c l o n e  was s u b c l o n e d  i n t o  t h e  M13 and  p o s i t i v e  c l o n e s  

w e r e  e a s i l y  i d e n t i f i e d  by f i l t e r  h y b r i d i s a t i o n  w i t h  

pHCF17 i n s e r t .
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were performed and run on Q% po lyacry lam ide  g e l .

The a u to r a d io g ra p h y  o f  t h e  above ge l  h e lp e d  t o  
determine more than 200 bases o f  the  HCF17 clone ( F ig .  
3 . 2 5 ) .  The determined sequences were compared w i th  the  
published FN cDNA sequences ( K o r n b l i h t t  e t  a 7. , 1985;
Bernard e t  a l . ,  1985; S e k ig u c h i  e t  a l . ,  1 9 8 6 ) .  The 
comparisons confirmed the  e a r l i e r  p r e d ic t io n  and showed 
t h a t  a l l  o f  the 360bp o f  the  I I I C S  had been s p l ic e d  o u t .  
This  meant t h a t  even the  r a r e l y  seen 93bp a t  the  3* end 
o f  the  I I I C S  was absent in  the  HCF17 clone ( F ig s .  3 .2 3  
and 3 . 2 6 ) .  The n u c le o t id e  sequence o f  the 200bp showed 
no o t h e r  changes ( e . g .  d e l e t i o n ,  a d d i t i o n  o r  p o i n t  
s u b s t i t u t i o n )  when com p ared  w i t h  t h e  p u b l i s h e d  FN 
sequence ( K o r n b l i h t t  e t  a l . ,  1985) .

Discussion

FN p ro te in s  are  one o f  the  major component o f  the  
e x t r a  c e l l u l a r  m atr ices  and they are  involved in  a wide  
v a r i e t y  o f  b i o l o g i c a l  a c t i v i t i e s  ( C h a p t e r  1 ) .  These  
p ro te in s  have been in te n s e ly  s tud ied  in  recent  years and 
t h e i r  m o l e c u l a r  and p r o t e i n  s t r u c t u r e s  h a v e  been  
c h a r a c t e r i s e d . The d i f f e r e n c e  between c e l l u l a r  and 
plasma FN is  thought to  have been mainly caused by the  
d i f fe r e n c e s  a t  the mRNA l e v e l .  These d i f f e r e n c e s  have 
been cause by a l t e r n a t i v e  s p l i c i n g  o f  t h e  FN pre -RN A  
p re c u rs o rs  ( K o r n b l i h t t  e t  a l . , 1985 ;  D u fo u r  e t  a l  . ,
1988; see a lso  Chapter 1 ) .  Despite  these f in d in g s  which 
have been mainly from human normal and transformed c e l l  
l i n e s  as w e l l  as plasma, l i t t l e  i s  known a b o u t  t h e  
molecular  s t r u c t u r e  o f  human p la c e n ta l  FN.

A cDNA l i b r a r y ,  o r i g i n a t e d  f rom  c h o r i o n i c  p l a t e  o f  
human term p la ce n ta ,  was screened f o r  FN clones using  
human FN cDNA probes.  The s c r e e n i n g  r e s u l t e d  in  t h e
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10 20 30 40
TGT CTC CGA TGA TAA TGA CCG GAC CTT GGC CCT TGG CTT ATA TGT TAA

50 60 70 80 90
ATA CAG TAA CGG GAC TTC TTA TTA GTC TTC TCG CTC GGG GAC TAA CCT

100 *  120 130 140
TCC TTT TTC TGT CCT GTT CTT CGA GAG AGA GTC TGT TGG TAG AGT ACC

150 160 170 180 190
CGG GGT AAG GTC CTG TGA AGA CTC ATG TAG TAA AGT ACA GTA GGA CAA

200 210 220 230 240
CCG TGA CTA CTT CTT GGG AAT GTC AAG TCC CAA GGA CCT TGA AGA TGG

250
TCA CGG TGA GAC TGT CC

F i g u r e  3 . 2 5  N u c l e o t i d e  s e q u e n c e  o f  t h e  3*  and 5 ’ 
f l a n k i n g  regions o f  the s p l ic e d  I I I C S  in  human p la c e n ta l  
cDNA c lo n e  HCF17. Only th e  sequence o f  one o f  t h e  
s t ra n d s  (sense s t r a n d )  i s  shown. The s p l i c e  s i t e  i s  

in d ic a te d  by a s t a r  ( * )  between TGT C*CT GTT. The amino 
acid  coding sequence f o r  Gly (GGA) a t  the s p l i c e  s i t e  
has not been a l t e r e d  by s p l i c i n g .
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( a )  [ 270bp s p l i c e d  ]

3 ’ CCTTTTTCTGTCtgctcgaag. . . /  / . . . cttacatcCACTCCTTTAGG 5 ’ 
5 ’ GGAAAAAGACAGacgagc t t c . . . /  / . . . gaatgtagGTGAGGAAATCC 3 ’

(b )  [ 360bp s p l ic e d  ]
3 ’ CCTTTTTCTGTCtgctcgaag. . . /  / .  . . ggagatgtcCTGTTCTTCGA 5 ’ 
5 ’ GGAAAAAGACAGacgagc t t c . . . /  / . . . cc tc tac a g GACAAGAAGCT 3 ’

F igure  3 .2 6  DNA sequence f l a n k i n g  the  I I I C S  s p l i c e  s i t e .
I f  the sequence shown in (a )  were to  be found (BIG 
l e t t e r s )  in  the n u c le o t id e  sequence o f  the HCF17 clone  
then only  267bp would have been s p l ic e d  out in I I I C S  
reg io n  and i f  th e  sequence in  ( b )  were fo und  (B IG  
l e t t e r s )  then 360bp was missing. The ac tua l  f in d in g  was 
th e  sequence shown in  ( b ) ,  wh ich  means 360bp in  t h e  
I I I C S  re g io n  had been s p l i c e d  o u t .  The s m a l l  l e t t e r s  
show some o f  the unspl iced sequences which would have 
been present i f  th e re  would have been no s p l i c i n g .  The 
sequence o f  small l e t t e r s  in (a )  are  from K o r n b l i h t t  e t  
a l . (1985)  and in (b )  are from Bernard e t  al . ( 1 9 8 6 ) .
Under! ined are the consensus sequences f o r  the 5 ’ s p l i c e  
s i t e s  ( i . e .  GTGAG) and f o r  the  3 ’ s p l i c e  s i t e s  ( i . e .  
YYYYYYNAG where Y represents  p y r im id ine  and N any base; 
Sekiguchi e t  a l . ,  1986) .
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i d e n t i f i c a t i o n  o f  a t  l e a s t  th re e  clones (/HCF11, /HCF17 
and /H C F 24) o f  v a r i a b l e  s i z e s .  DNA from  t h e s e  c lo n e s  
were subjected  to  r e s t r i c t i o n  a n a ly s is  and i t  was found 
t h a t  two o f  them (/HCF17 and /HCF24) were from the same 
region o f  the FN t r a n s c r i p t s .  The d i f f e r e n c e s  in  s i z e ,  
between these 2  c lones,  were thought to  have been caused 
by a l t e r n a t i v e  s p l i c i n g  o f  t h e  p r i m a r y  mRNA 
t r a n s c r i p t s .

R e s t r i c t i o n  m app ing  showed t h a t  i n d e e d  t h e s e  
d i f fe r e n c e s  had been caused by the a l t e r n a t i v e  s p l i c i n g  
o f  th e  two s p l i c i n g  re g io n s  ( E D - I  & I I I C S ) .  D e t a i l e d  
r e s t r i c t i o n  a n a l y s i s  o f  one o f  t h e s e  c lo n e s  (pHCF17)  
showed t h a t  a 270bp sequence from the  ED-I  region and 
360bp sequence from the I I I C S  region had been s p l ic e d  
o u t .  The absence o f  a l l  o f  t h e  360bp f rom  t h e  I I I C S  
reg io n  was a ls o  conf i rm ed  by t h e  DNA s e q u e n c in g .  The 
o t h e r  c l o n e ,  / H C F 2 4 , c o n t a i n e d  t h e  w h o le  o f  t h e  
sequences f o r  both r e g io n s .  The \HCF11 c l o n e  was n o t  
extended toiuard th e  two s p l i c i n g  r e g i o n s  t o  make i t  
interest ing f o r  f u r t h e r  a n a ly s is .

The ro le  o f  FN p ro te in s  isoforms w i th  or  w i th o u t  
ED-I  o r /a n d  I I I C S  i s  no t  f u l l y  u n d e rs to o d  y e t .  The 
s i g n i f i c a n c e  o f  E D - I  b e i n g  p r e s e n t  o r  a b s e n t  i s  
discussed in Chapter 4 and would not appear here ,  but  
the  poss ib le  s ig n i f i c a n c e  o f  I I I C S  is  given here .

D i r e c t  evidence has been obta ined t h a t  a l t e r n a t i v e  
s p l i c i n g  in  the I I I C S  region accounts f o r  some o f  the  
f i b r o n e c t i n  s u b u n i t  v a r i a n t s .  A n t i b o d i e s  have been  
ra ise d  a g a in s t  the 95 amino ac id  (285bp) sequence o f  the  
I I I C S  synthesized as a b e ta -g a la c to s id a s e  fu s io n  p r o t e in  
in  lam bda g t1 1  ( S c h w a r z b a u e r  e t  a l . ,  1985 ) .  I n
immunoblotting experiments,  the  ant iserum reacted  on ly  
w i t h  th e  l a r g e r  s u b u n i t  o f  r a t  and h a m s te r  p lasm a  
f i b r o n e c t i n  (and not to  the s m a l le r  subunit  presumably  
I I IC S " " ) .  The serum a ls o  r e c o g n i z e d  a l l  s u b u n i t s  o f  
c e l l u l a r  f i b r o n e c t i n .  The r e s u l t s  th u s  i n d i c a t e  t h a t  
some o f  th e  m o le c u la r  w e ig h t  d i f f e r e n c e  between t h e
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subunits  o f  plasma f i b r o n e c t i n  a r is e s  from a l t e r n a t i v e  
s p l ic in g  o f  the  I I I C S .  The ant ibody data  a ls o  show t h a t  
c e l l u l a r  f i b r o n e c t i n  are  c h a ra c te r is e d  by the  presence 
o f  p a r t  o r  a l l  o f  th e  I I I C S  s e q u e n c e .  How ever ,  t h e  
f u n c t i o n a l  i m p l i c a t i o n s  o f  t h i s  and t h e  more s u b t l e  
v a r i a t i o n s  in  t h i s  region remain un c le a r .

One e x c e p t io n  to  th e  above s t a t m e n t  i s  t h a t  t h e  
a l t e r n a t i v e  s p l i c i n g  o f  FN mRNAs in  t h e  I I I C S  r e g i o n  
means t h a t  the  CS1 sequence, (Chapter  1) which promotes 
c e l l  adhesion o f  melanoma o r  n e u r a l  c r e s t  c e l l s ,  i s  
p r e s e n t  in  c e r t a i n  but not  a l l  FN v a r i a n t s .  The CS1 
b in d in g  s i t e  (presumably p r e s e n t  in  HCF24) may have  
s i m i l a r  r o l e  in  p l a c e n t a .  P re s e n c e  o f  two d i f f e r e n t  
isoforms o f  FN (w i th  or  w i th o u t  I I I C S )  may mean t h a t  one 
type s p e c i f i c a l l y  promotes the  adhesion or m ig ra t io n  o f  
one c e l l  ty p e  r a t h e r  than a n o t h e r .  I t  i s  c o n c e i v a b l e  
t h a t  d i f f e r e n t  k inds  o f  FNs c a r r y i n g  some o r  a l l  o f  
t o t a l  complement o f  adhes ion  s i t e s  a r e  s e c r e t e d  a t  
s p e c i f i c  regions o f  the  p lac e n ta  and even embryo where 
t h e y  m o d u l a t e  c e l l u l a r  b e h a v i o r  a c c o r d i n g  t o  t h e  
e n v i r o n m e n t  o f  t h e  r e g i o n  o r  t h e i r  d e g r e e  o f  
d i f f e r e n t i a t i o n .  Th is  assumption may be supported by the  
f i n d i n g s  t h a t  some a r e a s  o f  t h e  em bryo  a r e  n e v e r  
occupied by m ig ra t in g  neural c r e s t  c e l l s ,  even though 
they conta in  high amounts o f  FN (Dufour e t  a l . ,  1988) .
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CHAPTER 4

IMMUNOHISTOLOGICAL STUDIES OF PLACENTAL FIBRONECTIN

182



4 .1  I n t r o d u c t i o n .

Previous s tu d ie s  in  t h i s  la b o r a to ry ,  using a n t i -F N  
antibody (Ab) ,  have shown t h a t  FN could be de tec ted  in  
the  c h o r io n ic  p l a t e  o f  human p la ce n ta  (K h a la f  e t  a l . , 
1985) .  These f in d in g s  were, in  p a r t ,  confirmed by the  
screening o f  a p la c e n ta l  cDNA l i b r a r y ,  descr ibed in  the  
previous chapter  (Chapter  3 ) .  There was evidence f o r  the  
expression o f  FN molecules w ith  and w i thou t  ED-I  (ED-A)  
and I I I C S  sequences in  th e  c h o r i o n i c  p l a t e  o f  human 
p la ce n ta .  I t  was then decided to  conf irm  these f in d in g s  
a t  th e  s e r o l o g i c a l  l e v e l .  The aim was t o  e x t e n d  t h e  
study f o r  these two s p l i c i n g  p a t te rn s  as w e l l  as the  
t h i r d  reg ion ,  E D - I I  (Chapter  1) in  the c h o r io n ic  p l a t e  
and o t h e r  p l a c e n t a l  t i s s u e s .  A t  t h a t  t i m e  o n l y  
monoclonal an t ib od ie s  (McAbs) a g a i n s t  E D - I  and E D - I I  
ep itopes  ( IS T -9  and IST - 8  r e s p e c t iv e ly )  and another  McAb 
a g a i n s t  a common FN e p i t o p e ,  I S T - 2 ,  were  a v a i l a b l e  
( Z a r d i  e t  a l . ,  1984; 1987; S e k i g u c h i  e t  a l  . , 1985;
C a s t e l la n i  e t  a l . ,  1986; Carnemolla e t  a l . , 1989) .  I t
was t h e r e f o r e  d e c i d e d  t o  e x p l o r e  t h e  p a t t e r n  o f  
expression o f  FN and two o f  i t s  isoforms, ED-I and ED- 
I I ,  in p lac e n ta l  t i s s u e s .

A n t i c i p a t i n g  a d i f f e r e n t i a l  e x p r e s s i o n  o f  FN 
isoforms in  normal p lace n tae ,  i t  was decided to  compare 
t h i s  expression w ith  t h a t  found in  p lacentae  from women 
who had experienced some types o f  com pl ica t ions  during  
t h e i r  pregnancies ( these  p lacentae  w i l l  be re fe re d  to  as 
" c l i n i c a l  p lacentae" h e r e a f t e r ,  to  d i f f e r e n t i a t e  them 
from normal ones) .  However, on ly  a l im i t e d  number o f  
c l i n i c a l  p l a c e n t a e  w e re  a v a i l a b l e  a t  t h a t  t i m e ,  
t h e r e fo r e  i t  was not intended t h a t  t h i s  would be a la rg e  
s e r ie s  to  ex p lo re .

Normal and c l i n i c a l  p l a c e n t a l  s e c t i o n s  w e re  
s tudied  f o r  the  expression o f  the above ep i topes  using  
the  th re e  McAbs, IS T -2 ,  IST - 8  and IS T -9 .  The study was 
aimed a t  f in d in g  any poss ib le  d i f f e r e n c e s  between normal 
and c l i n i c a l  p l a c e n t a e  as w e l l  as any p o s s i b l e
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r e l a t i o n s h i p  between th e  c l i n i c a l  c o m p l ic a t io n s  and the  
l e v e l  o f  FN and i t s  isoform s e x p r e s s io n .  T h is  is  because 
FN p l a y s  i m p o r t a n t  r o l e  d u r i n g  e m b r y o g e n e s i s  and  
development ( D ’ Ardenne and McGee, 1984 ) .  In  f a c t  FN, in  
t h e  e x t r a c e l l u l a r  m a t r i x ,  i s  n o t  o n l y  i n v o l v e d  i n  
t r o p h o b l a s t i c  d i f f e r e n t i a t i o n ,  bu t  a ls o  i t  s upp or ts  many 
o t h e r  c e l l u l a r  m i g r a t o r y  and d e v e l o p m e n t a l  c h a n g e s  
o c c u r r in g  d u r in g  embryogenesis  and p ro v id e s  s u p p o r t  f o r  
t h e  i n t e g r i t y  o f  t h e  p l a c e n t a l  m e m b ra n e s  w h i c h  i s  
necessary  f o r  th e  maintenance o f  pregnancy ( A l p i n  and 
Foden 1982 ) .  Any s i g n i f i c a n t  d i f f e r e n c e  between normal  
and c l i n i c a l  p la c e n ta e  in  t h e i r  FN c o n te n t  may suggest  
t h a t  low le v e l  o f  FN might have been one o f  th e  causes  
f o r  t h a t  p a r t i c u l a r  a b n o r m a l i ty  ( f o r  re v iew  in  th e  r o l e  
o f  FN in  d is e a s e  see D’ Ardenne and McGee ( 1 9 8 4 ) .

4 .2  S ta in in g  f o r  F ib ro n e c t in  and I t s  Isoforms.

4 .2 .1  O p t im is a t io n  o f  the  S ta in in g  Procedures.

Se v era l  normal and c l i n i c a l  human p la c e n t a e  were  
c o l l e c t e d ,  s h o r t l y  a f t e r  d e l i v e r y ,  f r o m  t h e  Q ueen  
M o th e r ’ s H o s p i t a l ,  Glasgow. The t i s s u e s  were c u t  from  
t h r e e  d i f f e r e n t  a n a t o m i c a l  r e g i o n s  o f  p l a c e n t a ;  
c h o r i o n i c  p l a t e  (CP) ,  u t e r o - p l a c e n t a l  i n t e r f a c e  (N)  and 
th e  o u t e r  margin o f  th e  p la c e n t a  (CPN) ( F i g .  4 . 1 ) .  The 
f r o z e n  s e c t i o n s  f ro m  t h e s e  t i s s u e s  we r e  p r e p a r e d  f o r  
s t a i n i n g  as d e s c r ib e d  in  th e  methods s e c t i o n  (C h a p te r  
2 ) .

The s t a i n i n g  t e c h n i q u e  was f i r s t  o p t i m i s e d  on 
normal term p la c e n ta e  using an Ab which was known t o  
s t a i n  some o f  th e  human p l a c e n t a l  t i s s u e s  ( i . e .  W6/ 32,  
B a r n s t a b l e  e t  a l . ,  1 9 7 8 ;  K h a l a f  e t  a l . ,  1 9 8 5 ,  
r e s p e c t i v e l y ) .  Se v era l  s te p s  in  th e  s t a i n i n g  procedure  
w e r e  t e s t e d  and o p t i m i s e d  f o r  t h e  r e d u c t i o n  o f  
background and enhancement o f  s i g n a l .  These procedures  
in c lu d e d  b lo c k in g  endogenous p e ro x id a s e s ,  a d s o r p t io n  o f  
second Ab, b lo c k in g  th e  n o n - s p e c i f i c  b in d in g  s i t e s  on 
t h e  s e c t i o n  ( w i t h  b l o c k i n g  a g e n t ) ,  o p t i m i s i n g  t h e  
d u r a t io n  o f  d ia m in o b e n z id in e  (DAB) t r e a t m e n t  and w ork ing  
out  the  r i g h t  c o n c e n t r a t io n  o f  p r im a ry  and p e r o x id a s e -  
c o n j u g a t e d  second a n t i b o d i e s  ( s e e  a l s o  t h e  m e th o d s  
s e c t i o n  in  Chapter  2 ) .

B lock ing  th e  endogenous pe ro x id a s e s  p r e s e n t  on t h e  
s e c t io n s  was found t o  be necessary  t o  reduce some o f  th e  
background a s s o c i a t e d  w i t h  th e m .  T h e s e  e n d o g e n o u s  
p e r o x id a s e s  were e f f i c i e n t l y  b l o c k e d  by t r e a t i n g  t h e  
s e c t i o n s  w i t h  0. 1% p e r i o d i c  a c i d  as d e s c r i b e d  i n  t h e  
methods s e c t io n  (C h a p te r  2 ) .
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F ig u r e  4 .1  Two human p la c e n t a e  which were used f o r  th e  

s tudy  o f  FN e x p re s s io n  a re  shown, ( a )  P l a c e n t a  s h o w i n g  

t h e  f e t a l  s i d e  a f t e r  remova l  o f  amn ion .  F o r c e p s  show t h e  

p o s i t i o n  o f  p l a c e n t a l  m a r g i n ,  ( b )  P l a c e n t a  f r o m  m a t e r n a l  

s i d e  (N l a y e r ) .  The a r e a  w h e r e  t i s s u e s  w e r e  u s u a l l y  

t a k e n  a r e  shown ( by  f o r c e p s ) .
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I t  was found t h a t  when the sec t ions  were s ta in e d  
using on ly  un trea ted  2nd Ab, th e re  was weak s t a in i n g  
( F i g .  4 . 2 ) .  T h is  was th o u g h t  t o  have been caused by 
i n t e r a c t io n s  between the  Ab combining s i t e s  on the  2nd 
Ab and p r o t e i n s  on t h e  p l a c e n t a l  s e c t i o n .  T h i s  
background s t a in in g  was found to  d im in ish  by adsorbing  
th e  2nd Ab w i t h  ad sorba n ts  such as human serum. The 
background was u s u a l l y  c o m p l e t e l y  e l i m i n a t e d  i f  t h e  
s t a in i n g  procedure included b lock ing o f  the s e c t io n  w i th  
BSA.

The a d s o r p t io n  o f  th e  2nd Ab was c a r r i e d  o u t  
using fo u r  adsorbants (BSA, homogenized p la c e n ta ,  human 
serum and human serum from p r e g n a n t  woman). On t h e  
c o n tra ry  to  the  BSA e f f e c t  f o r  t r e a t i n g  the  s e c t io n s ,  in  
here  o n ly  human serum from p r e g n a n t  woman c o m p l e t e l y  
e l i m i n a t e d  th e  background s t a i n i n g .  The rea s o n  t h a t  
serum from pregnant woman was more e f f e c t i v e  than the  
o t h e r  ad sorban ts  in  a d s o r b in g  t h e  2nd Ab, may be 
because o f  cross r e a c t i v i t y  w i th  the p ro te in s  which had 
been exchanged between p la ce n ta  and maternal serum. I t  
has been documented t h a t  some s m a l l  p r o t e i n s  c r o s s  
p la c e n ta l  c e l l s  in e i t h e r  d i r e c t i o n  ( S u t c l i f f e  19 75 ) .  I f  
the  a f f i n i t y  o f  the  second Ab was f o r  these k inds o f  
p ro te in s  then adsorbing the  2nd Ab w ith  a m a te r ia l  from  
the  same o r i g i n  ( i . e .  a pregnant woman) was more l i k e l y  
t o  a d s o r b  t h o s e  Ab c o m b i n i n g  s i t e s  a n d ,  as a 
consequence, reduced the assoc ia ted  background s t a i n i n g .

On th e  b a s is  o f  th e  r e s u l t s  d e s c r i b e d  a b o v e ,  a 
r o u t in e  procedure was adopted to  e l i m in a t e o r  reduce the  
background when s t a in in g  p la c e n ta l  se c t io n s ,  which was 
to  t r e a t  the se c t ions  w ith  p e r io d ic  ac id  and BSA, and to  
adsorb the 2nd Ab w ith  human serum from pregnant woman.

I t  was found t h a t  DAB t re a tm e n t  caused some non­
s p e c i f i c  b a c k g r o u n d ,  b u t  t h e  p a t t e r n  o f  background  
s t a in i n g  was d i f f e r e n t  from those mentioned above. The 
argument in support o f  n o n - s p e c i f i c i t y  was t h a t  areas  
w i t h o u t  any t i s s u e  s e c t io n  were  a l s o  s t a i n e d ,  g i v i n g  
r i s e  to  some brown patches ( F i g .  4 . 3 ) .  T h i s  k i n d  o f
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F ig u r e  4 . 2  A s e c t i o n  from p l a c e n t a l  m arg in .  The s e c t i o n  

has been s t a i n e d  o n l y  w i t h  u na ds o rb ed  second Ab. A f a i n t  

u n i f o r m  s t a i n i n g  i s  s e e n .  V e r y  f a i n t  h a e m d t o x y 1 i n e  

s t a i n i n g  i s  a l s o  p r e s e n t .
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F ig u r e  4 . 3  A s e c t i o n  from p l a c e n t a l  margin s t a i n e d  w i t h  

W6/32 mAb showing background  s t a i n i n g  c a u s e d  by DAB 

t r e a t m e n t .  DAB n o n - s p e c i f i c  s t a i n i n g  ( s m a l l  a r r o w )  can 

be d i s t i n g u i s h e d  f r o m  t h e  W 6 / 3 2  s p e c i f i c  s t a i n i n g  

( b i g g e r  a r r o w ) .  DAB s t a i n i n g  c a n  be m i s l e a d i n g  a nd  

u s u a l l y  was seen as brown p a t c h e s  o r  zones o f  v a r i a b l e  

s i z e s  even where no t i s s u e  was p r e s e n t .
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background s t a in i n g  was c o n t r o l le d  by reducing the  DAB 
t re a tm e n t  to  the minimum re q u ire d ,  combined w ith  washing 
the  se c t io n  e x te n s iv e ly  under running w ater .

The e f f e c t  o f  c o u n t e r s t a i n i n g  t h e  n u c l e i  w i t h  
haemotoxyl in,  f o r  b e t t e r  i n t e r p r e t a t i o n  o f  the r e s u l t s ,  
was a ls o  te s te d .  C ou nte rs ta in ing  i d e n t i f i e d  the  c e l l  
types as e i t h e r  s in g le  nucleated c e l l s  or  m u l t in u c le a te d  
c e l l s  but i t  was found t h a t  too strong c o u n te rs ta i  ning  
tended to  reduce the  s t re n g th  o f  the  i n i t i a l  s t a in i n g  
t h e r e f o r e  the s t re n g th  o f  c o u n te rs ta in in g  was kept to  
minimum necessary in  most cases.

4 . 2 . 2  S ta in in g  P la c en ta l  Tissues f o r  FN

A f t e r  th e  o p t i m i s a t i o n  o f  t h e  s t a i n i n g ,  p l a c e n t a l  
s e r i a l  s e c t io n s  were s t a i n e d  f o r  t h e  e x p r e s s i o n  o f  
f i b r o n e c t i n  and two o f  i t s  isoforms, ED-I  and E D - I I .  For 
each s t a i n i n g  e x p e r im e n t ,  a t  l e a s t  one s e t  o f  normal  
p la c e n ta l  se c t io ns  was s ta in e d  f o r  comparison w i th  the  
c l i n i c a l  ones. Each s e t  o f  s e c t io n s ,  from a p a r t i c u l a r  
p lac e n ta  contained a t  l e a s t  s ix  s l i d e s .  One s l i d e  was 
used f o r  negat ive  co n tro l  ( i . e .  the  se c t io n  was t r e a t e d  
according to  the ro u t in e  procedure f o r  ant ibody s t a in i n g  
w ith o u t  using any Ab). The second s l i d e  was s ta in e d  to  
check i f  any poss ib le  background was assoc ia ted  w i th  the  
second Ab ( i . e .  ng a t ive  co n tro l  f o r  the  2nd Ab). The 
t h i r d  s l i d e  was s ta ine d  w ith  W6/32, an a n t i  HLA c la ss  1 
McAb (B arns tab le  e t  a l . ,  1978) as a p o s i t i v e  c o n t r o l .
W6/32 was chosen because i t  has been shown to  s t a i n  the  
t r o p h o b l a s t  c e l l s  s t r o n g l y  in  t h e  c h o r i o n i c  p l a t e  o f  
human term p l a c e n t a  ( K h a l a f  e t  a l  . , 1 9 8 5 ) .  The W6/32  
s t a i n i n g  was used f o r  two p u rp o s e s ;  f i r s t l y  as an 
i n d i c a t o r  o f  th e  success o r  f a i l u r e  o f  s t a i n i n g ,  and 
s e c o n d l y  t o  i d e n t i f y  t h e  o r i g i n  o f  c e l l s  s t a i n i n g  
p o s i t i v e l y  on s e r i a l  s e c t i o n s ,  s i n c e  HLA c l a s s  1 
d e te r m in a n ts  a re  expressed d i f f e r e n t l y  in  c h o r i o n i c  
p l a t e  (CP) and c h o r io n ic  v i l l i  (CV)  ( K h a l a f  e t  a l  . , 
1985; S under land ,  Redman and S t i r r a t ,  1981;  and t h i s  
work, F i g .  4 . 4 ) .  A t  l e a s t  t h r e e  o t h e r  s l i d e s  were
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F ig u re  4 . 4  Two s e c t i o n s  from p l a c e n t a l  margin have been 

s t a in e d  w i t h  W6/32 (an a n t i  HLA c la s s  1 d e te r m in a n t  

Ab).  ( a )  C h o r i o n i c  p l a t e  c e l l s  (CP) and some a r e a s  i n  

t h e  c h o r i o n i c  v i l l i  ( C V )  a r e  s t a i n e d  s t r o n g l y  b u t  

s y n c y t i t r o p h o b l a s t s  a re  e i t h e r  n e g a t i v e  o r  v e r y  f a i n t l y  

s t a i n e d ,  ( b )  W i t h i n  t h e  c h o r i o n i c  v i l l i  t h e  b l o o d  

v e s s e l s  ( BV) have s t a i n e d  s t r o n g l y  and th e  c o n n e c t i v e  

t i s s u e s  ( C T )  h a v e  s t a i n e d  f a i n t l y  a n d  t h e  

s y n c y t i o t r o p h o b l a s t  (ST) were n e g a t i v e .
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s ta in e d  f o r  FN and i t s  isoforms ( i . e .  a t  l e a s t  one w i th  
IS T -2 ,  one w ith  IST - 8  and one w i th  I S T - 9 ) .  U s u a l ly  a t  
l e a s t  two d i f f e r e n t  types o f  p la c e n ta l  sec t io n s  ( e . g .  
s l i d e s  from e i t h e r  c h o r io n ic  p l a t e ,  CP and fe to -m a te rn a l  
margin,  CPN or CPN and maternal s ide  o f  the p la c e n ta ,  N) 
were s ta in e d ,  but because o f  the  s i m i l a r i t i e s  in  the  
r e s u l t s ,  o n ly  th e  r e s u l t s  o f  CPN s t a i n i n g s  a r e  g i v e n  
here (though a few CP and N s l i d e s  are  given as w e l l ) .

The c l i n i c a l  p l a c e n t a e ,  w i t h  t h e i r  a p p a r a n t  
c l i n i c a l  c o n d i t io n ,  are  l i s t e d  in  Table 4 . 1 .  The normal 
p l a c e n t a  a t  th e  end o f  th e  l i s t  r e p r e s e n t s  s e v e r a l  
s i m i l a r  p la c e n ta e  used, and i t  r e f e r s  t o  normal  te rm  
p la c e n t a e  in  which th e  d e l i v e r y  had been normal and 
th e r e  was no apparant c l i n i c a l  compl ica t ions  w i th  the  
pregnancy.

4 . 2 . 2  Resu lts  o f  S ta in in g  C l i n i c a l  and Normal P lacentae  
f o r  FN and I t s  Isoforms.

The p la c e n ta e  l i s t e d  in  T a b l e  4 .1  w ere  s t a i n e d  
w i t h  McAb a g a i n s t  th e  e p i t o p e s  o f  FN i s o f o r m s .  The 
c o ncentra t ions  o f  the McAbs used f o r  s t a in i n g  a re  l i s t e d  
in  Table 4 . 2 .  In  few cases more concentrated Abs were 
used to  confirm  t h a t  the  ne ga t ive  s t a in i n g  was due to  
the very low le v e l  or  poss ib ly  absence o f  FN isoform  
express ion ,  and not due to  the exper imental  v a r i a t i o n s  
o r  any o t h e r  reasons.  H ig h e r  c o n c e n t r a t i o n s  o f  t h e s e  
McAbs a ls o  showed t h a t  t h e r e  were i n t e r - i n d i v i d u a l  
v a r i a t i o n s  because some sec t io n s  were s t i l l  n e g a t iv e  a t  
th es e  h ig h e r  c o n c e n t r a t i o n s  o f  Abs, T h i s  meant t h a t  
th e re  was very l i t t l e  or  no expression o f  FN isoforms  
(Table  4 . 2 ) .

Due t o  th e  wide v a r i a t i o n s  in  t h e  p a t t e r n  and 
i n t e n s i t y  o f  s t a in i n g ,  i t  is  d i f f i c u l t  to  de scr ib e  the  
r e s u l t  o f  e v e ry  s l i d e ,  so t h e y  a r e  d e s c r i b e d  u s in g  
numbers to  correspond to  the i n t e n s i t y  o f  s t a in i n g  ( i . e .  
< 0 .5+- 5 + ) .  The r e s u l t s  are  summarized in  Table 4 . 2 .  The 
t a b le  shows the name o f  the p la ce n ta e ,  the type o f  McAbs
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No Name Weeks 
d e l i v .

Babies
weight

Remarks on c l i n i c a l  co n d i t io n s

1 GR 39 3 .2  kg mild  pregnancy-induced hypertension

2 MK 28 1 . 2 1  kg pre - te rm  labour

3 JU 39 3.21 kg pregnancy-induced hypertension

4 MC 31 0 .9 5  kg f e t a l  growth r e t a r d a t io n  
( i n f a n t  death)

5 HA 35 2.37  kg spontaneous rupture  o f  membrane

a OB1 38 2 .8 4  kg
} tw in  pregnancy, pregnancy-induced

hypertension7 OB2 38 2 . 6  kg

8 BE 38 3 .46  kg d iabe tes

9 FR 35 2 .19  kg renal hypertension

1 0 HAR 39 3 .56  kg d iabe tes

1 1 FL 31 1.28 kg hypertens ion ,  ol igohydramnios

1 2 N term normal

T a b le  4 .1  C l i n i c a l  c o m p l i c a t i o n s  a s s o c i a t e d  w i t h  t h e  
p r e g n a n c i e s  o f  t h o s e  p l a c e n t a e  used i n  t h i s  w o r k .  
Several normal p lacentae  were used but are  not l i s t e d  in  
th e  t a b l e .
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No. Group Name I  SI 
di In .

r- 2
r e s u l t

I  SI 
di In .

r -8
r e s u l t

IS1 
di In .

r - 9
r e s u l t

1

I

FR 1 /2 0 3+_4+ 1 /1 0 < 0 . 5+ 1 /1 0 1 +

2 HAR 1 /2 0 3+- 4 + 1 /1 0 2+ 1 /1 0 1+_2+

3 OB2 1 /2 0 4+- 5 + 1 /1 0 1 + 1 /1 0 < 0 . 5 +

4 MK 1 /2 0 3+- 4 + 1 /1 0 1 + 1 /1 0 1 +

5 Normal 1 /2 0 3+ 1 /1 0 1+ - 2 + 1 /1 0 < 0 . 5 +

6

I I

MC 1 /2 0 3+ 1 /1 0 2+ 1 /1 0 2+- 3 +

7 OB1 1 /2 0 4+ - 5 + 1 /1 0 2 . 5 - 3 + 1 /1 0 2 - 2 . 5+

8 GR 1 /2 0 4 +- 5 + 1 /1 0 2+- 3 + 1 /1 0 1 +

9 Normal 1 /2 0 3+- 4 + 1 /1 0 < 0 . 5+ 1 /1 0 < 0 . 5 +

10

I I I

JU 1 /2 0 3+ 1 /1 0 < 0 . 5 + 1 /1 0 < 0 . 5+

11 BE 1 /2 0 3+ 1 /1 0 1+ - 2 + 1 /1 0 0 . 5 +

12 FL 1 /2 0 2+- 3 + 1 /1 0 0 . 5 - 1 + 1 /1 0 0 . 5 +

13 FR 1 /2 0 2+- 3 + 1 /1 0 1+- 2 + 1 /1 0 0 . 5 - 1 +

14 Normal 1 /2 0 1 + - 2+ 1 /1 0 < 0 . 5+ 1 /1 0 < 0 . 5+

15

IV

HA 1 /2 0 1 + 1 /1 0 < 0 , 5+ 1 /1 0 < 0 . 5 +

16 MC 1 /2 0 1 + 1 /1 0 < 0 . 5 + 1 /1 0 < 0 . 5+

17 MK 1 /2 0 2+ - 3 + 1 /1 0 < 0 .5 + 1 /1 0 1 +

18 FL 1 /2 0 2+ 1 /1 0 0 . 5 + 1 /1 0 0 . 5+

19 Normal 1 /2 0 2+ _ 3+ 1 /1 0 < 0 . 5+ 1 /1 0 < 0 . 5 +

20

V

Normal 1 /1 0 3+ 1 /2 3+ 1 /2 1 . 5+

21 Normal 1 /1 0 3+ 1 /5 < 0 . 5+ NT NT

22 Normal NT NT 1 /2 1 + NT NT

23 Normal NT NT 1 /5 < 0 . 5+ NT NT

T a b le  4 . 2  S l i d e s  which had been s t a i n e d  t o g e t h e r  a r e  
shown as groups. Each group conta ined some c l i n i c a l  and 
a t  le a s t  one normal s l i d e .  Group V conta ins  on ly  normal 
p l a c e n t a l  s e c t io n s  which had been s t a i n e d  w i t h  more 
concentrated Ab (NT means not t e s t e d ) .
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used and t h e i r  d i l u t i o n s  as w e l l  as the  r e s u l t s  o f  the  
s t a in i n g s  (shown by numbers). The arrangment o f  da ta  has 
been based on the groups o f  s l i d e s  which were s ta in e d  
to g e th e r .  Th is  was chosen to  show t h a t  th e re  were minor 
in te r -g r o u p  v a r i a t i o n s  in  the  i n t e n s i t y  o f  s t a i n i n g ,  as 
w e l l  as w i t h i n  g ro u p  v a r i a t i o n s .  The i n t e r - g r o u p  
v a r i a t i o n  i s  th o u g h t  t o  have been caused by m in o r  
e x p e r im e n ta l  d i f f e r e n c e s ,  w hereas  t h e  w i t h i n - g r o u p  
v a r i a t i o n  was most probably caused by d i f f e r e n c e s  in  the  
l e v e ls  o f  express ion .  For example, i t  seemed t h a t  groups 
I  and I I  g e n e ra l ly  had s t ro nge r  s t a in in g  than group IV .  
The w i t h in  group v a r i a t i o n s  were q u i te  obvious in  a l l  4 
groups ( T a b le  4 . 2 ) .  The r e s u l t s  in  group V a r e  f ro m  
normal p la c e n ta l  s e c t io n s ,  which had been s ta in e d  w i th  
more concentrated Abs than o ther  sec t ions  as in d ic a te d  
above. The r e s u l t s  in d ic a te  t h a t  some o f  these s e c t io n s  
w e re  s t i l l  a l m o s t  n e g a t i v e  ( < 0 . 5 + ) a t  h i g h e r  Ab 
co nce n tra t ion  (nos. 21 and 2 3 ) .

The i n t e r p r e t a t i o n  o f  these numbers i s  t h a t ,  f o r  
example 1+ was f a i n t e r  than 2+ and 5+ was s t ro n g e r  than  
4+ e t c .  U sua l ly  the  numbers were based on the  o v e r a l l  
i n t e n s i t y  o f  s t a i n i n g  i n  t h e  c h o r i o n i c  p l a t e  and  
c h o r io n ic  v i l l i  and not on the  i n t e n s i t y  o f  s t a i n i n g  on 
the blood vesse ls  or some unusual ly  s t ro n g ly  s t a i n i n g  
areas ( e . g .  f i b r i n o i d  s t a i n i n g ,  F ig .  4 . 5 ) .

Th e s e  numbers s h o u l d  be used t o  c o m p a re  t h e  
r e s u l t s  obta ined w ith  a p a r t i c u l a r  McAb, and can not be 
compared w i t h  r e s u l t s  f o r  a n o t h e r  McAb. For  e x a m p le ,  
f a i n t  ( 1  + ) s t a in i n g  w i th  IST-2  is  not the  same as t h a t  
w ith  IST - 8  or  IST-9  (F ig s .  4 .6  and 4 . 7 ) ,  s ince  IS T -2  
s t a i n i n g  was g e n e r a l l y  s t r o n g e r  th a n  I S T - 8  o r  I S T - 9  
s t a in in g  (F ig s .  4 . 8  and 4 .9  r e s p e c t i v e l y ) .  Nonetheless,  
the  numbers corresponding to  the  i n t e n s i t y  o f  s t a i n i n g  
f o r  IST - 8  and IST-9  are  s i m i l a r .

A < 0 . 5 + r e s u l t  means t h a t ,  w i t h  s i m i l a r  
concentra t ions  o f  Abs, o v e r a l l  very  f a i n t  or  n e g a t iv e  
s t a in i n g  was observed. On the  o th e r  hand va lues g r e a t e r  
than 0 . 5+ mean p o s i t i v e  s t a i n i n g .  These v a l u e s  w e r e ,
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F ig u re  4 . 5  A s e c t io n  from p l a c e n t a l  margin s t a in e d  w i t h  

t h e  I S T - 2  mAb. The f i g u r e  s h o w s  s t r o n g  f i b r i n o i d  

( a r r o w )  s t a i n i n g  compared t o  t h e  b lo o d  v e s s e l s  i n  t h e  

c h o r i o n i  c v i l l i .
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F ig u r e  4 . 6  A s e c t i o n  from p l a c e n t a l  margin showing a 

t y p i c a l  1+ s t a i n i n g  w i t h  th e  IS T -2  mAb. The s t a i n i n g  

i s  w i t h i n  t h e  c h o r i o n i c  p l a t e  and  some t i s s u e s  a r e  

i n t a c t  and some b ro k e n  as a r e s u l t  o f  f r e e z i n g .

F ig u re  4 . 7  A s e c t io n  from p l a c e n t a l  margin showing a 

t y p i c a l  1+ s t a i n i n g  w i th  th e  IS T - 8  mAb. 1+ f o r  t h e  IS T -  

9 mAb s t a i n i n g  w ou ld  be s i m i l a r .  The s t a i n i n g  i s  w i t h i n  

t h e  c h o r i o n i c  p l a t e .  Compare t h e  i n t e n s i t y  o f  s t a i n i n g  

w i t h  t h a t  i n  F i g u r e  4 . 6 .
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F i g u r e  4 . 8  A s e c t i o n  f rom  p l a c e n t a l  m a r g in  s h o w in g  a 

t y p i c a l  2 +-  3 + s t a i n i n g  w i t h  t h e  I S T - 2  mAb. 2 + -  3^
s t a i n i n g  i s  t h e  i n t e n s i t y  o f  t h e  s t a i n i n g  i n  t h e  

p o s i t i v e  a re a .

F i g u r e  4 . 9  A s e c t i o n  f rom  p l a c e n t a l  m a r g i n  s h o w in g  a 

t y p i c a l  2 +- 3  + s t a i n i n g  w i t h  t h e  I S T - 8  mAb. 2 + - 3 + 

i n t e n s i t y  w i t h  t h e  IS T -9  w ou ld  be s i m i l a r .  The s t a i n i n g  

i n t e n s i t y  i s  t h e  i n t e n s i t y  o f  t h e  p o s i t i v e  a r e a .  

Compare th e  i n t e n s i t y  o f  s t a i n i n g  w i t h  t h a t  i n  F i g u r e  

4 . 8 .
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h o w e v e r ,  j u d g e d  f r o m  o v e r a l l  s t a i n i n g ,  s e en  a f t e r  
s c a n n i n g  t h e  e n t i r e  s e c t i o n ,  s i n c e  no p a r t i c u l a r  
s e c t io n  was i d e n t i f i e d  to  s t a i n  un i fo rm ly .  For example,  
in most cases CP had more s t a in i n g  than CV which may 
have been d i r e c t l y  r e la t e d  to  the  le v e l  o f  expression o f  
FN and i t s  isoforms w i t h in  the  c h o r io n ic  p l a t e .

S t a i n i n g  showed t h a t  t h e r e  were u s u a l l y  few  
th ings  in  common between the r e s u l t s  obta ined by a l l  o f  
t h e  t h r e e  McAbs, i r r e s p e c t i v e  o f  t h e i r  s t a i n i n g  

i n t e n s i t y .  In  g e nera l  e x t r a c e l 1u l a r  m a t r i c e s  in  t h e  
c h o r i o n i c  p l a t e  had s t a i n e d  much more s t r o n g l y  th a n  
those  in  th e  c h o r i o n i c  v i l l i  ( F i g .  4 . 1 0 ) ,  and t h e  
m a tr ic e s  o f  th e  blood v e s s e ls  s t a i n e d  more i n t e n s e l y  
than m a t r ic e s  in  o t h e r  c e l l s  e i t h e r  in  t h e  c h o r i o n i c  
p l a t e  o r  c h o r i o n i c  v i l l i  ( F i g .  4 . 1 1 ) .  W i t h i n  t h e  
c h o r io n ic  p l a t e  cy to t ro p h o b la s ts  were s t a in i n g  s t r o n g ly ,  
as were the blood vesse ls  and c h o r io n ic  e p i th e l iu m  ( F ig .  
4 . 1 2 ) .

W i t h in  each v i l l u s  th e  b lood  v e s s e l ( s )  s t a i n e d  
more in tensely  than th e  c o n n e c t i v e  t i s s u e  a rou nd  t h e  
blood v e s s e ls ,  and v i l l u s  s y n c y t i o t r o p h o b l a s t  c e l l s  
were u s u a l ly  negat ive  f o r  FN ( F ig .  4 . 1 3 ) .  Sect ions  from 
the  u te r o -p la c e n ta l  i n t e r f a c e  (N la y e r )  s ta in e d  much 
more f a i n t l y  than those from the c h o r io n ic  p l a t e  and 
were s i m i l a r  t o  those  found f o r  t h e  c h o r i o n i c  v i l l i  
( F ig .  4 . 1 4 ) .

Sometimes s t a i n i n g  w i t h  t h e  I s t - 2  showed t h a t  
th e re  was f a i n t  s t a in in g  w i t h in  la rg e  blood vesse ls  even 
a f t e r  peroxidase b lock ing .  Th is  could have been caused 
by f e t a l  serum FN, which i s  a b u n d an t  in  t h e  f e t a l  
c i r c u l a t i o n  ( M o l n a r  e t  a l  . , 1 9 8 8 ) .  The p a t t e r n  o f  
s t a i n i n g  w as,  h o w e v e r ,  d i f f e r e n t  f r o m  t h o s e  o f  
e n d o th e l ia l  c e l l s  forming the blood vesse ls  (compare 
F ig .  4 .1 5  w ith  F igs .  4 .1 2  and 4 . 1 3 ) .

The s t a i n i n g  r e s u l t s  f o r  I S T - 2 / I S T - 8  and I S T -  
2 / I S T - 9  a re  compared in  T a b le  4 . 3 ,  and r e s u l t s  a r e
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F i g u r e  4 . 1 0  A s e c t i o n  f rom  p l a c e n t a l  m a r g in  s t a i n e d  

w i th  th e  IS T -2  mAb. The f i g u r e  shows t h a t  t h e r e  i s  much 

more s t a i n i n g  f o r  FN i n  t h e  c h o r i o n i c  p l a t e  (CP) t h a n  i n  

t h e  c h o r i o n i c  v i l l i  ( CV) .  The t i s s u e s  i n  t h e  CP a r e  

b r o k e n ,  m o s t  p r o b a b l y  d u e  t o  t h e  f r e e z i n g  o f  t h e  

p l a c e n t a l  t i s s u e  f o r  s e c t i o n i n g .

BV

/

F ig u re  4 .11  Blood v e s s e ls  s t a in e d  f o r  FN. The f i g u r e  

shows t h a t  g e n e r a l l y  t h e  b l o o d  v e s s e l s  ( BV)  i n  t h e  

c h o r i o n i c  p l a t e  (CP) and c h o r i o n i c  v i l l i  (CV)  s t a i n i n g  

more in te n s e ly  t h a n  o t h e r  t i s s u e s .  T h i s  was how eve r  l e s s  

o b v i o u s  i n  t h e  CP,  m a yb e  b e c a u s e  o f  u s u a l  s t r o n g  

s t a i n i n g  o f  t h e  o t h e r  c e l l s  i n  t h e  CP. The s e c t i o n  is

f ro m  p l a c e n t a l  m a rg in  s t a i n e d  w i t h  IS T -2  mAb.



F ig u re  4 .1 2  C h o r io n ic  p l a t e  t i s s u e s  s t a in e d  f o r  FN. The

f i g u r e  shows t h a t  w i t h i n  t h e  c h o r i o n i c  p l a t e  (CP) some 

c e l l s  w e re  s t a i n i n g  more i n t e n s e l y  t h a n  o t h e r s  ( t h e  

d i f f e r e n t i a t i o n  o f  t h e s e  c e l l s ,  w i t h o u t  d o u b le  s t a i n i n g ,  

i s  however  d i f f i c u l t ) .  The c h o r i o n i c  e p i t h e l i u m  ( s m a l l  

a r r o w )  was u s u a l l y  s t a i n i n g  t h e  same as b lo o d  v e s s e l s  

b u t  most o f  t h e  t i m e  t h e y  ap pe a re d  t o  s t a i n  more, t h i s  

was most p r o b a b l y  due t o  t h e  f o l d i n g  o f  t h e s e  t i s s u e s  

d u r i n g  s e c t i o n i n g  ( b i g g e r  a r r o w ) .  The s e c t i o n  i s  f r o m  

p l a c e n t a l  m a rg in  s t a i n e d  w i t h  t h e  IS T -2  mAb.
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F ig u r e  4 . 1 3  C h o r io n ic  v i l l i  t i s s u e s  s t a in e d  f o r  FN. The

f i g u r e  shows a t y p i c a l  s t a i n i n g  i n  t h e  c h o r i o n i c  v i l l i .  

The b lo o d  v e s s e l s  ( BV) a r e  c l e a r l y  s t a i n e d  more in te n s e ly  

t h a n  t h e  c o n n e c t i v e  t i s s u e s  ( CT )  w i t h i n  e a c h  v i l l u s .  

S y n c y t i o t r o p h o b l a s t  c e l l s  ( a r r o w )  were u s u a l l y  n e g a t i v e  

f o r  FN. The s e c t i o n  i s  f r o m  p l a c e n t a l  m a r g i n  s t a i n e d  

w i t h  t h e  IS T -2  mAb.

F i g u r e  4 . 1 4  T i s s u e s  fo rm  t h e  f e t o - m a t e r n a l  i n t e r f a c e  

s t a i n e d  f o r  FN. The f i g u r e  sh o w s  t h a t  o n l y  b l o o d  

v e s s e l s  i n  t h e  N i t a b u c h ’ s l a y e r  have s t a i n e d  f o r  FN. The 

s e c t i o n  i s  f r o m  N i t a b u c h ’ s l a y e r  o f  p l a c e n t a  s t a i n e d  

w i t h  t h e  IS T -2  mAb.
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F ig u r e  4 . 1 5  Blood v e s s e ls  s t a in e d  f o r  FN. The f i g u r e  

shows a l a r g e  b lo o d  v e s s e l  s t a i n i n g  in te n s e ly  f o r  FN. 

W i t h i n  t h e  b lo o d  v e s s e l  t h e r e  a re  some s t a i n i n g s  w h ic h  

may have come f ro m  p lasma FN. The s t a i n i n g  i n s i d e  t h e  

b lo o d  v e s s e l  i s  d i f f e r e n t  f r o m  t h o s e  f o r  e x t r a c e l 1u l a r  

m a t r i c e s  o f  e n d o t h e l i a l  c e l l s  o f  t h e  b lo o d  vessel and t h e  

e p i t h e l i a l  c e l l s  s u r o u n d i n g  t h e  b l o o d  v e s s e l .  T h e  

s e c t i o n  i s  f r o m  t h e  c h o r i o n i c  p l a t e  o f  human p l a c e n t a  

s t a i n e d  w i t h  t h e  IS T -2  mAb.
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a rranged  i n t o  two groups o f  p l a c e n t a e .  Group one i s  
a r r a n g e d  by p u t t i n g  t h e  s t r o n g e s t  I S T - 8  o r  I S T - 9  
s t a i n i n g s  f i r s t  and th e  f a i n t e s t  ones a t  t h e  end,  
i r r e s p e c t i v e  o f  i n t e n s i t y  o f  IST-2  s t a in i n g .  In  group 
two, the arrangement has been based on the  i n t e n s i t y  o f  
IST-2  s t a i n i n g ,  because the s t a in i n g  w i th  IST - 8  and IS T -  
9 had been n e g a t iv e .

In  both cases ( i . e .  the I S T - 2 / I S T - 8  and I S T - 2 / I S T -  
9 comparisons) th e re  seemed to  be no strong c o r r e l a t i o n  
in  the i n t e n s i t y  o f  s t a in i n g  between IST-2  and the  o th e r  
two McAb. For example, GR showed 4+- 5 + s t a in i n g  f o r  IS T -  
2 and 2+- 3 + f o r  IST - 8  (no.  2, I S T - 2 / I S T - 8 ,  Table 4 . 3 ) ,  
whereas 0B2 showed 4+- 5 + f o r  1ST- 2 but only  1+ f o r  IS T -  
8  (no.  8 , I S T - 2 / I S T - 8 ,  Table 4 . 3 ) .  IST-2  and IS T -9  a ls o  
showed th e  same k in d  o f  n o n -c o n c o rd a n c e  as was seen  
between IST-2  and IST - 8  ( e . g .  compare MC and 0B2 f o r  
IS T - 2 / I S T - 9  comparisons, Table 4 . 3 ) .

One i n t e r e s t i n g  p o i n t  w o r th  m e n t io n in g  i s  t h e  
d i f f e r e n c e  in  the  p a t te rn  o f  s t a in i n g  o f  the  p la c e n ta l  
sect ions  from tw ins  (OB1 and 0B2).  These two p lacentae  
were s t i l l  connected by t h e i r  amnion a f t e r  d e l i v e r y ,  
then they were separated and t r e a t e d  as two independent  
p lacen ta e .  Blocks o f  p la c e n ta l  t i s s u e ,  from these two 
placen ta e ,  were kept separate  from one another to  
a v o i d  any p o s s i b l e  m ix u p .  B oth  o f  t h e s e  p l a c e n t a e  

s t a in e d  w i t h  equal i n t e n s i t y  w i t h  I S T - 2 ,  b u t  t h e  0B1 
s l i d e s  s ta in e d  p o s i t i v e l y  w i th  IST - 8  and IS T -9  ( 2 . 5 +- 3 + 
and 2 + - 2 . 5 + r e s p e c t i v e l y ) ;  w h e re a s  t h e  0B2 s l i d e s  
s t a i n e d  w e a k l y  w i t h  I S T - 8  ( 1 + ) and s t a i n e d  a l m o s t  
n e g a t i v e  ( < 0 . 5 + ) w i t h  I S T - 9  ( T a b l e  4 . 3 ) .  The  
s i g n i f i c a n c e  o f  t h e s e  f i n d i n g s  i s  n o t  a p p a r e n t ,  
e s p e c i a l l y  as the two p lacentae  and the r e la t e d  b a b ie s ’ 
w eigh ts  d id  not  appear  to  be s i g n i f i c a n t l y  d i f f e r e n t  
(Table  4 . 1 ) .  The d i f f e r e n c e  may have been due to  i n t e r ­
group v a r i a t i o n s  in  the p a t te rn  o f  s t a i n i n g ,  which have 
a lso  been observed w ith  normal p lac e n ta e .  The two groups 
c o n t a in in g  th e s e  s l i d e s  (g ro u p s  I  and I I ,  T a b l e  4 . 2 )  
have, n e v e r th le s s ,  shown s i m i l a r  i n t e n s i t i e s  o f  s t a i n i n g  
which c o n t r a d ic ts  t h i s  assumption.
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IS'
No.

' _ 2  an< 
Name

j 1ST 8  

IST_2
Comparis<

IST _ 8

Dns
Group

IST_2
Name

and IS' 
IST_2

r 9 Compai 
IST_9

’“isons
Group

1 0 B1
.+ c+ 4 -5 2 . 5+- 3 + A MC 3+ , 2+- 3 + A

2 GR 4+- 5 + 2+- 3 + A OB1 4+- 5 + 2+- 2 . 5 + A

3 MC 3+ , 2 + A HAR 3+- 4 + 1 +- 2 + A

4 HAR 3+- 4 + 2 + A GR 4+- 5 + 1 + A

5 Norm. _3+ , 1 +_ 2 + A MK 3+- 4 + 1 + A

6 BE 3+ , 1 +- 2 + A FR 3+- 4 + 1 + A

7 FR 2+- 3 + 1 + - 2 + A MK 2+- 3 + 1 + A

8 0B2 4+- 5 + J + A FR 2+- 3 + 0 . 5 +- 1 + A

9 MK 3+- 4 + 1 ̂ A BE 3+ , 0 . 5+ A

1 0 FL 2+- 3 + 0 . 5_1+ A FL 2+- 3 + 0 . 5 + A

1 1 FL 2 + , 0 . 5+ A FL 2 + , 0 . 5 + A

1 2 FR 3+- 4 + < 0 . 5+ B OB2 4+- 5 + < 0 .5 + B

13 Norm. 3+- 4 + < 0 . 5+ B Norm. 3+- 4 + < 0 . 5+ B

14 JU 3+ , < 0 . 5+ B Norm. 3+ , < 0 .5 + B

15 MK 2+- 3 + < 0 .5+ B JU 3+ , < 0 . 5+ B

16 Norm. 2+- 3 + < 0 .5 + B Norm. 2+- 3 + < 0 . 5+ B

17 Norm. 1 +_ 2 + < 0 . 5+ B Norm. 1 +_ 2 + < 0 . 5+ B

18 HA 1 + , < 0 . 5+ B HA 1 + , < 0 .5 + B

19 MC 1 + , < 0 . 5+ B MC 1  + , < 0 .5+ B

Table  4 . 3  Comparisons o f  r e s u l t s  obta ined f o r  I S T - 2 / I S T -  
8  and I S T - 2 / I S T - 9 . For f u l l  d iscussion see the  t e x t .
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The s t a in i n g  r e s u l t s  obta ined f o r  IST - 8  and IST-9  
w e re  com pared  t o  f i n d  o u t  w h e t h e r  t h e r e  was any  
c o r r e l a t i o n  between the expression o f  ED-I and E D - I I ,  
and i f  s o ,  w h e t h e r  t h e y  b o th  had t h e  same t i s s u e  
s p e c i f i c i t y  ( i . e .  ch o r io n ic  p l a t e  vs ch o r io n ic  v i l l i ,  
Table 4 . 4 ) .  The r e s u l t s  have been arranged in  to  groups 
f o r  e a s ie r  comparisons, and IS T -2  r e s u l t s  are  shown f o r  
cross re fe re n c e .  In  the f i r s t  group, the  p lacentae  had 
s t a i n e d  w i t h  b o th  I S T - 8  and I S T - 9  w i t h  t h e  same 
i n t e n s i t y .  In  group 2, both IST - 8  and IST-9  s t a in i n g  was 
p o s i t i v e ,  but IS T - 8  s t a i n i n g  was s l i g h t l y  s t r o n g e r .  
Group 3 c o n ta in s  those  which were  p o s i t i v e  f o r  I S T - 8  

but negat ive  f o r  IS T -9 ,  and group 4 shows s l i d e s  which 
were negat ive  f o r  IST - 8  but p o s i t i v e  f o r  IS T - 9 .  F i n a l l y  
group 5 shows s l i d e s  which were negat ive  f o r  both Abs.

Comparisons o f  groups 1 to  5 showed t h a t  in  79% o f  

the  cases both IST - 8  and IST-9  had e i t h e r  s t a in e d ,  or  
had f a i l e d  to  s t a in  (Tab le  4 . 4 ) .  This  concordance can be 
f u r t h e r  subdivided in to  47% o f  the  s l i d e s  being p o s i t i v e  
w ith  both McAbs (nos. 1 - 7 ) ,  and 31% being ne g a t ive  w i th  
both McAbs (nos. 1 4 -1 9 ) .  On the  o th e r  hand only  21% o f  
s l i d e s  were p o s i t i v e  f o r  one and nega t ive  f o r  th e  o th e r  
i n d ic a t in g  no c o r r e l a t i o n  f o r  expression (nos. 1 0 - 1 3 ) .  
The 79% concordance may s u g g e s t  t h a t  E D - I  and E D - I I  
ep itopes  a re ,  most o f  the  t im e ,  expressed to g e th e r  (b u t  
w ith  d i f f e r e n t  i n t e n s i t i e s ) .  At the same t im e ,  ED-I and 
E D - I I  were not  expressed t o  t h e  same l e v e l s  as t h e  
common FN ep i tope  recognised by IS T -2 .

G e n e r a l l y  th e  e x p r e s s io n  o f  E D - I  o r  E D - I I  was 
h igher  in  the  c l i n i c a l  cases than in  normal p la c e n ta e .  
In  f a c t  3 out o f  4 normal p lacentae  had no or  very  f a i n t  
s t a i n i n g  f o r  E D - I  o r  E D - I I ,  and t h e  4 t h  one was 
negat ive  f o r  ED-I and showed f a i n t  to  moderate s t a i n i n g  
f o r  E D - I I .  In  c o n t ra s t  only  2 out o f  11 s l i d e s  (18%) 
from c l i n i c a l  p lacentae  f a i l e d  to  s t a in  f o r  ED-I  and ED- 
I I  (nos. 15 and 18, JU and HA r e s p e c t iv e ly ,  Table  4 . 4 ) .  
The f a i l u r e  o f  the t h i r d  c l i n i c a l  s l i d e  (no. 19, Table  
4 . 4 )  to  s t a in  f o r  ED-I or  E D - I I  could have been due to  
the  f a c t  t h a t  the t is s u e  was from the N la y e r  and N
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No. Name Sectn. IST-2 IST - 8 IST-9 Comments

1 OB1 Margin 4+- 5 + 2 . 5 - 3 + 2 - 2 . 5+

2 HAR Margin 3+- 4 + 2  + 1 +_ 2 + +ve IST - 8  and IST-9

3 MK Margin 3+- 4 + 1 + 1 + ( th e  same i n t e n s i t y

4 MC Margin 3+ 2 + 2+- 3 + o f  IST - 8  and IS T -9  but

5 FR Margin 2+- 3 + 1 + - 2 + 0 . 6 _ 1  + u s u a l ly  IS T -9  a l i t t l e

6 FL Margin 2+- 3 + 0 . 5_1+ 0 . 6 + l e s s ) .

7 FL CP 2 + 0 . 5+ 0 . 5 +

8 GR Margin 4+-5  + 2+- 3  + 1 + +ve IST - 8  and IST-9  
but

9 BE Margin 3+ 1 +- 2 + 0 . 5+ IST - 8  > IST-9

1 0 OB2 CP 4+- 5  + 1 + < 0 . 5 +
+ve IST - 8  but < 0 .5 + IST-9

1 1 Norm. Margin 3+ 1 +_ 2 + <0 . 6 +

1 2 FR CP 3+- 4 + <0.5  + 1 +
< 0 .5+ IST - 8  but +ve IS T -9

13 MK CP 2+- 3 + < 0 . 5+ 1 +

14 Norm. Margin 3+- 4 + <0.5  + <0.5 +

16 JU Margin 3+ < 0 .5+ < 0 . 5+

16 Norm. Margin 2+- 3 + <0.5 + <0.5 +
< 0 .5+ IST - 8  and IST-9

17 Norm. Margin 1 + - 2 + < 0 . 5+ <0 . 6 +

18 HA Margin 1 + < 0 . 5 + < 0 . 5+

19 MC N 1 + <0 .5+ < 0 . 5+

Table  4 . 4  Comparisons o f  r e s u l t s  ob ta ined  f o r  IST - 8  and 
IS T -9 .  The t is s u e s  s ta ined  were from CP, N and margin .  
CP = c h o r io n ic  p l a t e ,  N = N i ta b u c h ’ s l a y e r ,  Margin = 
c h o r i o n i c  p 1a t e - N i t a b u c h ’ s m a r g in  and BV = b l o o d  
vesse ls .  For i n t e r p r e t a t i o n  o f  numbers see the t e x t .
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l a y e r  has shown low expression f o r  a l l  th re e  FN ep itopes  
(no. 19, Table 4 . 4  and F ig .  4 . 1 4 ) .  In  support o f  t h i s  
argument,  th e  o t h e r  s l i d e s  f rom  t h e  same p e r s o n ,  bu t  
d i f f e r e n t  areas o f  the  p lac e n ta ,  s ta in e d  p o s i t i v e l y  f o r  
both ED-I  and E D - I I  (no. 4,  Table 4 . 4 ) .

I t  may a ls o  be concluded t h a t  E D - I  and E D - I I  
expressed independent ly  o f  each o th e r ,  because even when 
i n  47% o f  t h e  c a s e s  t h e y  b o th  w e re  p o s i t i v e ,  t h e  
i n t e n s i t y  o f  s t a in i n g  f o r  a p a r t i c u l a r  p la c e n ta  was not  
the  same (Tab le  4 . 4 ) .  O v e ra l l  i t  could be sa id  t h a t  ED-I  
and E D - I I  showed s i m i l a r  t i s s u e  s p e c i f i c i t y  w i th  each 
o th e r  themselves as w e l l  as w i th  the  common FN e p i to p e .

The d i f f e r e n c e  in  the  i n t e n s i t y  o f  s t a i n i n g  seen 
between IST-2  on the  one hand and the  o th e r  two McAbs on 
the  o ther  may have been caused by o th e r  f a c t o r s  a p a r t  
from d i f f e r e n c e s  in  th e  l e v e l  o f  e x p r e s s i o n  o f  FN 
isoforms. I t  may have been caused, f o r  example, by the  
d i f f e r e n c e  in  the a f f i n i t y  o f  the  th re e  McAbs used. 
Reviewing th e  p u b l is h e d  works o f  t h e  group ( Z a r d i  e t  
a l . ,  1984; 1987; Sekiguchi e t  a l  . , 1985; C a s t e l l a n i  e t
a l . ,  1986; Carnemolla e t  a l . ,  1989 ) from which these
Abs had o r i g i n a t e d ,  d id  not he lp t o  compare the  a f f i n i t y  
of  these Abs. Usua l ly  these Abs have been reported  in  
d i f f e r e n t  papers and even th e n  t h e y  have n o t  been  
q u a n t i t a t i v e l y  compared. When they have been compared 
t h e n  u s u a l l y  t h e  c o m p a r is o n s  have  n o t  been done  
s e r o l o g i c a l l y  so as to  be usefu l  in  t h i s  work. In  f a c t  
i t  may not be c o r r e c t  to  say t h a t  the  a f f i n i t y  o f  McAbs 
can be compared, because even two d i f f e r e n t  McAbs ra is e d  
a g a in s t  the same molecule may d i f f e r  in  a f f i n i t y .  Th is  
i s  because each o f  them may r e c o g n i s e  a d i f f e r e n t  
e p i t o p e  o f  th e  same m o le c u le  so t h e  i n t e r m o le c u  1 a r  
a t t r a c t i v e  fo rc es  which e x i s t  between the  Ab combining 
s i t e s  and the a n t ig e n ic  de term inant  ( R o i t t ,  B r o s t o f f  and 
Male, 1985) w i l l  be d i f f e r e n t .
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4 . 3  D is c u s s io n

P lac en ta l  se c t ions  g e n e r a l ly  showed more s t a in i n g  
in  th e  c h o r i o n i c  p l a t e  than  in  t h e  c h o r i o n i c  v i l l i .  
W ith in  the ch o r io n ic  p l a t e ,  the e x t r a c e l l u l a r  m atr ices  
o f  the c h o r io n ic  e p i th e l iu m ,  cy to t ro p h o b la s t  c e l l s  and 
e n d o t h e l i a l  c e l l s  o f  th e  b lood  v e s s e l s  s t a i n e d  more 
h e a v i l y  f o r  FN and i t s  i s o f o r m s  t h a n  o t h e r  c e l l s  
p r e s e n t .  The p r e s e n c e  o f  more FN p r o t e i n  i n  t h e  
c h o r i o n i c  p l a t e  may be because o f  t h e  r o l e  o f  t h e  
c h o r io n ic  p l a t e  as a v i t a l  b a r r i e r  between the  am nio t ic  
c a v i t y  and the maternal blood c i r c u l a t i o n ,  as w e l l  as 
th e  e x is t e n c e  o f  more compact e x t r a c e l 1 u l a r  m a t r i c e s  
which are  ho ld ing the c e l l s  to g e th e r ,  s ince FN has been 
found to  have a v i t a l  r o le  in  the maintenance o f  t i s s u e  
and organ i n t e g r i t y  (Akiyama and Yamada, 1987) .

Normal and c l i n i c a l  p lacentae  g e n e r a l ly  showed no 
d i f f e r e n c e  in  the i n t e n s i t y  o f  s t a in in g  w ith  the  IS T -2  
McAb. IST-2  s ta ined  the  p la ce n ta l  se c t ions  more s t ro n g ly  
then the o th e r  two s p l i c e  s p e c i f i c  McAbs ( IS T - 8  and IS T -  
9) t h a t  is  to  say, co m para t ive ly ,  l i t t l e  ED-I  and ED- 
I I  isoforms were seen to  be expressed on these s e c t io n s .  
The f in d in g s  can be summarised as fo l lo w s :
( 1 )  There were i n t e r - i n d i v i d u a l  v a r i a t i o n s  f o r  t h e  
e x p re s s io n  o f  FN ( I S T - 2  p o s i t i v e s ) .  These v a r i a t i o n s  

m i g h t  have  been c a u s e d  by . e i t h e r  e x p e r i m e n t a l  
d i f f e r e n c e s  or  d i f f e r e n t  le v e l  o f  expression in these  

p lace n tae ,  as has been seen by o ther  researcher  (Zhu e t  
a l . ,  1984) .
( 2 )  U s u a l ly  IS T - 2  s t a i n i n g  was much s t r o n g e r  th a n  
s t a in in g  w ith  the o ther  two Abs, IST - 8  and IS T -9 .
(3 )  U sual ly  whenever IST-2  s t a in i n g  was s t ro ng ,  the  
o ther  McAbs ( IS T - 8  and IS T -9 )  tended to  be s trong as 
w e l l ,  but r a r e l y  as strong as IST-2  s t a i n i n g .
(4 )  Usua l ly  IST - 8  and IST-9  showed a s i m i l a r  le v e l  o f  
s t a in i n g  tokeAe^r4W^ u)e<"£ posv-VWe,
(5 )  The i n t e n s i t y  o f  s t a in in g  f o r  IST - 8  and IS T -9  was 
independent o f  each o th e r ,  th e r e fo r e  the  expression o f  
ED- A+ and E D - I I + may be c o n t r o l le d  independent ly .
( 6 ) The th re e  McAbs u s u a l ly  showed s i m i l a r  p a t te r n  o f
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s t a in in g  on a given p a r t  o f  the  p lac e n ta l  t i s s u e .  In  
o th er  word, d e sp i te  t h e i r  d i f f e r e n c e s  in  the le v e l  o f  
s t a i n i n g  i n t e n s i t y ,  a l l  t h r e e  Abs showed s t r o n g e r  
s t a in i n g  f o r  the  c h o r io n ic  p l a t e  than c h o r io n ic  v i l l i  
and so on.
( 7 )  E D - I + and E D - I I + FN m o l e c u l e s  w e re  u s u a l l y  
expressed more in  c l i n i c a l  p l a c e n t a e  th a n  in  normal  
p lacen ta e .
( 8 ) Due to  the  l i m i t s  o f  d e te c t io n  o f  s t a in i n g ,  imposed 

by th e  na ture  o f  the  work and th e  means o f  d e te c t in g  
p o s i t i v e  s ig n a ls ,  a n egat ive  s t a in i n g  ( i . e .  <0 .5+ ) f o r  
any o f  the above Abs does not mean a t o t a l  absence o f  
s ig n a l .  Even when a s l i d e  was judged n e g a t iv e ,  a few 
f a i n t  p o s i t i v e  a rea s  cou ld  be seen as w e l l ,  n e g a t i v e  
s t a in i n g  on a p a r t i c u l a r  s l i d e  means t h a t  the  o v e r a l l  
i n t e n s i t y  o f  s t a in i n g  was judged nega t ive  in  comparison 
w ith  o ther  s l i d e s .

Experiments done on separate  occasions showed t h a t  
t h e r e  w e re  i n t e r - g r o u p  as w e l l  as w i t h i n  g r o u p  
v a r i a t i o n s .  These v a r i a t i o n s  were most probably caused 

e i t h e r  by exper imental  v a r i a t i o n  or  d i f f e r e n c e s  in  the  
lev e l  o f  express ion .

The s t a in i n g  f o r  ED-I  and E D - I I  showed t h a t  normal 
and c l i n i c a l  p lacentae  d i f f e r e n t i a l l y  expressed these  
two ep i to pes ,  but not the common FN ep i tope  recognised  
by IS T -2 .  C l i n i c a l  p lacentae  u s u a l ly  had h igher  l e v e ls  
o f  expression o f  ED-I  and E D - I I  than normal p lac e n ta e ,  
but th e re  were i n t e r - i n d i v i d u a l  d i f f e r e n c e s  among the  
c l i n i c a l  p la c e n ta e  in  th e  i n t e n s i t y  o f  th e  s t a i n i n g ,  
which could  not e a s i l y  be r e l a t e d  t o  t h e i r  m e d ic a l  
com pl ica t ion s .  ED-I~ FN p ro te in s  have been known t o  be 

the  plasma type and E D - I+ are  u s u a l ly  the  c e l l u l a r  ty p e .  
The reason behind th e  h i g h e r  e x p r e s s i o n  o f  E D - I + FN 
p r o te in  in  the c l i n i c a l  p lacentae  is  not known but may 
be r e la t e d  to  some o f  the observed com pl ica t ion s ,  may be 
in t h a t  the  p a t te rn  o f  a l t e r n a t i v e  s p l i c i n g  is  a l t e r e d  
as is  the case w i th  the transformed c e l l s  ( K o r n b l i h t t  e t  
a l . ,  1987; Zardi e t  a l . ,  1987; Dufour e t  a l . ,  1988) .  The 
s ig n i f i c a n c e  o f  these f in d in g s  however, is  not c l e a r
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and i t  needs f u r t h e r  in v e s t ig a t io n  in to  the  r o le  o f  the  
ED-I and E D - I I  ep itopes  in  FN p r o t e in  a c t i v i t y .

The expression o f  FN isoforms in  human p lacenta  
has not been r e p o r t e d  so f a r ,  b u t  t h e r e  have been 
s u g g e s t io n s  t h a t  w h i le  E D - I I 4" FN i s  a b s e n t  in  normal  
t i s s u e ,  they are  g e n e r a l ly  expressed in tumour c e l l s  and 
f e t a l  t is s u e s  (Zard i  e t  a l . ,  1987) .  I t  can t h e r e f o r e  be 
s u g g e s t e d  t h a t  b e c a u s e  p l a c e n t a l  c e l l s  show 
s i m i l a r i t i e s  w i th  f e t a l  c e l l s ,  e s p c i a l l y  in  the e a r l y  
stages o f  development, the same type o f  expressions may 
be a n t ic i p a t e d  in  p la c e n ta l  c e l l s .  At l e a s t  judg ing  from 
the  r e s u l t s  found in  t h i s  s tudy, none or  very l i t t l e  o f  
the E D - I I 4" FN v a r i a n t  was seen to  be expressed in  normal 
p l a c e n t a e .  C l i n i c a l  p l a c e n t a e  on t h e  o t h e r  hand, may 
ex press  h ig h e r  amounts o f  t h e  E D - I I 4" FN v a r i a n t ,  as 
assessed by IST - 8  s t a in i n g .

At the same t ime the r a t h e r  low expression o f  the  
E D - I 4" FN on most p l a c e n t a l  s e c t i o n s  was u n e x p e c te d ,  
since most c e l l u l a r  forms o f  FN conta in  ED-I isoforms.  
This  may have been caused e i t h e r  by the  low a f f i n i t y  o f  
the IST-9  McAb or  predominance o f  c e l l u l a r  form o f  E D - I” 
FN molecules on these t is s u e s .  However, a t  the molecular  

le v e l  ( a t  l e a s t  in  the ch o r io n ic  p l a t e )  both types o f  FN 
isoforms ( i . e .  E D - I” and E D - I4") were de tec ted  (Chapter  
3 ) .  The d e te c t io n  was not however, a q u a n t i t a t i v e  one 
but th e  d is c u s s io n  which f o l l o w s  m ig h t  a p p ly  t o  t h e  
f in d in g s  a t  the  molecular  l e v e l .  Another p o s s i b i l i t y  f o r  
the observed d i f f e r e n c e s  between IS T -2  and IST-9  could  
have been caused by c o n t r ib u t io n  o f  plasma type ( E D - I “ ) 
FN m olecules  in  th es e  t i s s u e s ,  s i n c e  p lasm a FN i s  
e x c lu s iv e ly  o f  E D - I” type (Dufour e t  a l . ,  1988) .  I f  such 
an assumption is  t r u e  then the E D - I” isoform could have 
come from e i t h e r  f e t a l  serum or  maternal serum. I f  t h i s  
was t r u e  then the  plasma type FN in  e i t h e r  case, could  
have been incorpora ted  in to  the e x t r a c e l l u l a r  m atr ices  
o f  the p la ce n ta l  c e l l s .  Since plasma type FN lacks the  
ED-I  sequence ( E D - I ” ) then they could not be de tec ted  by 
the McAb d i re c te d  a g a in s t  the ED-I  ep i to pe  ( E D - I ” ) but  
could be detected  by IS T -2 .
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The above p o s s i b i l i t y  may not be c o r r e c t ,  s ince  
th e re  have been rep o r ts  which do not support  the  notion  
o f  plasma FN in c o rp o ra t io n  in to  the  p la c e n ta l  t is s u e s  
(Isemura e t  a l . ,  1984; Zhu e t  a l . ,  1984 and Munakata e t  
a l . , 1988) .  One group have shown t h a t  FN found in the
human p lace n ta  was d i f f e r e n t  from a d u l t  or  f e t a l  plasma 
FN, in  having tw ice  the  carbohydrate  content  (Zhu and 
L a in e ,  1 9 8 7 ) .  These FN were c a l l e d  p l a c e n t a l  FN to  
d i f f e r e n t i a t e  them from plasma FN (Zhu e t  a l . ,  1984) .

Another re p o r t  has shown t h a t  the FN molecules  
n e w ly  s y n t h e s i s e d  by t h e  c h o r i o n i c  v i l l i  o f  human 
p lac e n ta  resembled p la c e n ta l  FN in  carbohydrate  content  
and t h e i r  reduced b inding a b i l i t y  to  denatured c o l lagen  
(Munakata e t  a l  . , 1 9 8 8 ) .  In  t h a t  s t u d y  t h e  c h o r i o n i c  
v i l l i  o f  human term p lac e n ta  was incubated w i th  l a b e l l e d  
am ino  a c i d  and c a r b o h y d r a t e  ( [ 1 4 C] 1 e u c i n e  and

o
[ H lg lucosamine),  to  see whether th e re  were any newly 
synthesised FN molecules in  those t is s u e s .  I f  th e r e  was 
any then the  l a b e l l e d  amino ac id  and carbohydrate  would 
be incorpora ted  and could be measured. Munakata e t  a l . 
showed t h a t  the  ch o r io n ic  t is s u e s  a c t i v e l y  incorpora ted  
the  l a b e l le d  molecules and they a lso  observed t h a t  the  
newly synthesised FN molecules were not secre ted  to  the  
c u l t u r e  medium but were re ta in e d  w i t h in  those t is s u e s .  
Based on t h e i r  f in d in g s  Munakata e t  a l . have concluded 
t h a t  FN m o l e c u l e s  in  t h e  p l a c e n t a  a r e  s y n t h e s i s e d  
l o c a l l y  and r e t a i n e d  by t i s s u e s  i n v o l v e d .  I n  f a c t  
severa l  FN syn th es is in g  c e l l s ,  in c lu d in g  f i b r o b l a s t i c  
stromal c e l l s ,  and e n d o th e l ia l  c e l l s  in  the c h o r io n ic
v i l l i  o f  human p l a c e n t a ,  have been d e t e c t e d  r e c e n t l y  
(Yamada e t  a l . ,  1987) .  A s i m i l a r  th in g  may occur the  
c h o r io n ic  p l a t e ,  so s i m i l a r  in v e s t ig a t io n s  to  those done 
by Munakata e t  a l . (1988)  need to  be c a r r i e d  ou t .

Another p o in t  in support o f  non-plasma o r i g i n  f o r  
th es e  FN is  th e  f i n d i n g  d e s c r i b e d  in  l a s t  c h a p t e r
(C h a p te r  3 )  in  t h a t  D E - I “ c lo n e  was i s o l a t e d  f ro m  
p l a c e n t a l  l i b r a r y .  S ince  p lasm a FN i s  made o n l y  in
hepatocytes in the l i v e r  ( K o r n b l i h t t  e t  a l . , 1984a,b;
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Umazawa e t  a l . , 1985 Sekiguchi e t  a l . , 1986a) and then  
secreted in to  the  blood stream, t h e r e f o r e  no mRNA from  
hepatocytes would be found in  p lac e n ta  and any such mRNA 
has to  have p la c e n ta l  o r i g i n .

Based on the  above f in d in g s  and assumptions i t  may 
t h e r e f o r e  be concluded t h a t  the strong s t a in i n g  o f  the  
c h o r i o n i c  p l a t e  s e c t io n s  w i t h  I S T - 2  and n o t  w i t h  t h e  
o th er  two McAbs, IST - 8  and IS T -9 ,  was probably due to  
t h e  p r e d o m i n a n t  p r e s e n c e  o f  ED-I"*  and E D - I I " ’ FN 
molecules in  those t is s u e s .

I t  was then decided to  q u a n t i fy  the amount o f  FN 
mRNA isoforms produced in  c h o r io n ic  p l a t e  o f  the  human 
te rm  p l a c e n t a ,  so a c o l l a b o r a t i o n  was s e t  up w i t h  a 
group in  O x fo rd ,  ( D r .  F .E .  B a r a l l e ,  S i r  W i l l i a m  Dunn 
S c h o o l  o f  P a t h o l o g y ,  U n i v e r s i t y  o f  O x f o r d )  t o  do 
q u a n t i t a t i v e  S1 a n a l y s i s  on t h e s e  mRNAs. The  
q u a n t i t a t i v e  S1 a n a ly s is  o f  mRNA was attempted a few 
t i m e s  u s i n g  s p l i c e - s p e c i f i c  cDNA p r o b e s ,  b u t  t h e  
experiments did  not produce any c l e a r  and q u a n t i t a t i v e  
r e s u l t s ,  p r i m a r i l y  due to  d i f f i c u l t i e s  in  o b t a i n i n g  
i n t a c t  RNA. The presence o f  good q u a l i t y  mRNA is  one o f  
t h e  most i m p o r t a n t  f a c t o r s  i n  any q u a n t i t a t i v e  S1 
a n a ly s is  (Greene and S truh l  1987) .  I t  may be t h a t  a 
p r o p o r t i o n  o f  t h e  c h o r i o n i c  p l a t e  c e l l s  w e re  

degenerat ing during and a f t e r  d e l i v e r y  in  which case 
th e  mRNA p re s e n t  in  those c e l l s  would p r o b a b l y  be 
r a p id ly  degraded.

There a re  few o t h e r  ways o f  i n v e s t i g a t i n g  th e  
p a t t e r n  o f  e x p re s s io n  o f  FN and i t s  is o f o r m s  in  t h e  
p l a c e n t a l  t i s s u e s .  One is  t h e  i s o l a t i o n  o f  p l a c e n t a l  
c e l l s  from d i f f e r e n t  anatomical regions and examinaWio^ 
them f o r  the expression o f  FN and i t s  isoforms using  
s p e c i f i c  A bs .  FN p r o t e i n s  c o u l d  be p u r i f i e d  f r o m  
p la ce n ta l  t is s u e s  such as c h o r io n ic  p l a t e  o r  c h o r io n ic  
v i l l i ,  and then be d ig e s te d  w i t h  p r o t e o l y t i c  enzymes  
such as those which have a l re a d y  been used to  study FN 
and i t s  isoforms ( e . g .  thermalysin and Cathepsin-D; Zard i  
e t  a l . ,  1 9 8 7 ) .  The d ig e s te d  f r a g m e n ts  c o u ld  th en  be
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te s te d  w i th  s p e c i f i c  McAbs to  see which t is s u e  produces 
what k ind  o f  FN iso fo rm s .  T h is  t e c h n i q u e  has a l r e a d y  
been used t o  show t h a t  tumou r-^er  i ved and SV 4 0 -  
t r a n s fe c te d  human c e l l s  re le a s e  E D - I+ FN molecules in  
a b o u t  1 0  t i m e s  g r e a t e r  am ounts  t h a n  n o rm a l  human 
f i b r o b l a s t  c e l l s ,  by which the McAbs IST-9  and IST-4  

(which recognises a de term inant  common to  a l l  FN types )  
in  a com peti t ion  radioimmunoassay system ( f o r  d e t a i l s  
see Borsi e t  a l . ,  1987) .  S im i la r  technique may be used 
to  q u a n t i fy  the  amount o f  FN and i t s  isoforms produced 
by d i f f e r e n t  p la c e n ta l  t is s u e s .

At the DNA and c e l l u l a r  l e v e l ,  E D - I ,  E D - I I  and 
11 ICS DNA probes which a l r e a d y  e x i s t  ( tw o  o f  t h e s e ,  
I I I C S  and E D - I ,  were obta ined from the work descr ibed in  
th e  p re v io u s  c h a p t e r ) ,  c o u ld  be used t o  do i n - s i  t u  
h y b r id is a t io n  on p la c e n ta l  t i s s u e  sec t io ns  in  o rder  to  
l o c a l i s e  c e l l s  producing FN as w e l l  as ED - I+ and E D - I I + 
mRNA.

Any f u t u r e  research,  besides in v e s t ig a t in g  some o f  
the  unknowns discussed above, should be d i r e c te d  toward  
e s t a b l i s h i n g  th e  b i o l o g i c a l  as w e l l  as d e v e lo p m e n ta l  
ro le s  o f  these s p l i c in g  isoforms.
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CHAPTER 5

CDM8 C LO N IN G  VECTOR
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5.1 Introduction

The aim of the work presented in this chapter was 
to utilize an already existing high efficiency cloning 
and expression vector, CDM8 , (Aruffo and Seed, 1987a; 
Seed, 1987; Fig. 5.1) for cloning a placental cDNA 
library. The reason for using CDM8 vector is that cDNA 
cloned into CDM8 can be expressed in mammalian cell 
lines such as COS cells (Chapter 6 ) and the coded 
protein can be expressed in its native conformation 
coupled with the appropriate patterns of post- 
translational modifications. The CDM8 is a plasmid based 
vector and it can be easily made in large amounts and 
also it can be manipulated easier than for example 
lambda based expression vector (Maniatis e t  a l ,, 1982).

The work in this chapter, however, was focused on 
optimising the cloning efficiency of the CDM8 vector. 
The optimisation steps included preparation of the 
vector DNA, addition of adaptors to DNA fragments to be 
cloned into the CDM8 vector, cloning of the inserts into 
CDM8 and finally transformation of the recombinants 
into competent MC1061/p3 (MC) E ,  c o l i  cells.

5.2 BstXl Digestion of CDM8 Vector

In order to clone foreign DNA into CDM8 vector, 
the vector DNA had to be digested with BstXl restriction 
enzyme. CDM8 DNA was restricted with the BstXl enzyme 
and a stuffer band of about 350 bp and a vector band of 
about 4.1 Kbp were seen on an agarose gel as expected 
(Simmons personal communication, Figure 5.2).

BstXl digestion of the vector would u s u a l l y  
release the stuffer. Presence of the stuffer in the 
ligation mix with the vector, in theory, would favour 
recircularisation of the vectors during cloning into the 
CDM8 vector. In fact it was observed that when C D M 8 
vector was cut with BstXl enzyme and then religated
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F ig u r e  5 .1  Map o f  CDM8  c l o n i n g  v e c t o r .  The 4512  bp 
v e c t o r  is  made o f  8  segments.  PiVX i s  f ro m  pBR322 
o r i g i n .  M13 o r i  is  from M13 o r i g i n .  Sup F i s  f ro m  
s y n th e t ic  ty ro s in e  suppressor tRNA gene (sup F gene).  
CMV/T7 a r e  f r o m  human c y t o m e g a l o v i r u s  and T7 RNA 
polymerase prom oter .  The two p o l y l i n k e r  r e g i o n s  a r e  
s e p a ra te d  by a r e p la c e a b le  f r a g m e n t  c a l l e d  s t u f f e r .  
S p l i c e  +An i s  f r o m  pVS2 and a r e  s p l i c e  and  
p o lya den y la t ion  s ig n a ls .  Py o r i  is  from polyoma o r i g i n .  
F i n a l l y  SV40 o r i  is  from simian v i r u s  40 o r i g i n .  Some o f  
the r e s t r i c t i o n  endonuclease s i t e s  f la n k in g  the  BstXl  
cloning s i t e s  are  shown. The d i re c t io n s  o f  t r a n s c r i p t i o n  
are in d ic a te d  by the arrows.
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Figure  5 .2  BstXl d igested  CDM8  v e c to r .  CDM8 d i g e s t e d  

w i t h  B s tX l  r e t r i c t i o n  enzyme t o  show t h e  s i z e  o f  t h e  

i n s e r t  ( a r r o w )  ( a ) .  The s i z e  o f  t h e  v e c t o r  i s  shown on 
t h e  r i  g h t  ( b ) .

( a )

1-pBR322 u n c u t

2-CDM8 u n c u t

3-CDM8 Xba l

4-CDM8 H i n d 3 / P s t l

5-Lambda R I / H i n d 3

6-CDM8 B s tX l

7-CDM8 H id3

8-CD2 B s tX l

9-CD2 Xba l

10-Lambda P v u I I

(b )

1-CD2 Xba l

2-Lambda P v u I I

3-CDM8 H ind3

4-CDM8 B s t X l

5-CDM8 P s t l / H  i nd3
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without removal of the stuffer, most of the vectors 
recircularised (data shown later in this chapter).

5.3 Separating the CDM8 Vector from the Stuffer

In order to make stuffer free CDM8 vector, the 
BstXl digested DNA was either "Gene Cleaned" (Chapter 
2) or separated using KOAc gradient. To separate the 
vector from the stuffer by Gene Cleaning method, the 
digested DNA was electrophoresed on a 0.6% TAE gel and 
the vector band was cut out from the gel and purified 
(Fig. 5.3). The purified DNA was checked on an agarose 
gel to confirm the recovery of DNA at the end of the 
purification procedure (Fig. 5.4).

The other method of separating the vector from the 
stuffer involves restricting the CDM8 DNA and
overlaying it on to a 5%-20% KOAc gradients (see 
Chapter 2). After spinning down the gradient, a thick 
band for CDM8 and a fainter band for stuffer were 
usually visible under UV light. These bands were either 
recovered directly, by syringing them out, or indirectly 
by fractionation (Chapter 2). The DNA recovered by 
fractionation were tested on an agarose gel to find out 
which fraction contained the vector or the stuffer DNA. 
This was also done to see how efficient the recovery of 
DNA from the fractions had been (Fig. 5.5). In both 
cases (direct recovery or fractionation), the efficiency 
of recovery was poor. The fractionation method of 
recovery was p r imarily done to test the fraction 
collection effeciency on a known amount of DNA for 
optimisation purpose.

5.4 Efficiency of Ligation of the Purified DNA

The "Gene Cleaned", stuffer free, CDM8 vector was 
test religated to see whether the BstXl digested vector 
would recicularise. The ligation mix was transformed 
into MC E .  c o l i  competent cells. The frequency of

218



F i g u r e  5 . 3  The B s tX l  d i g e s t e d  CDM8 DNA on TAE a g a ro s e  

g e l  t o  be e x c i s e d  and Gene C le a n e d .  The v e c t o r  band i n  

t r a c k  2 was e x c i s e d  f r o m  t h e  g e l  and p u r i f i e d .
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F ig u r e  5 . 4  The Gene Cleaned DNA on agarose g e l .  The Gene

C leaned  DNA f ro m  CDM8 B s t X l  d i g e s t s  a re  shown i n  t r a c k s
/scoR l

2 and 10. Lambda H i n d l l l d i g e s t e d  m a rk e rs  a re  shown i n
A

t r a c k  1 and 9.
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1 2 345  6 7 8 9101112 1314 151617

v e c to r

s tu f fe r

F i g u r e  5 . 5  The DNA p u r i f i e d  u s i n g  a 5% -20%  KOAc 

g r a d i a n t .  The f i g u r e  shows t h a t  t h e  e a r l y  f r a c t i o n s  2 -8  

do n o t  c o n t a i n  much DNA b u t  m o s t  v e c t o r  DNA a r e  i n  

t r a c k s  9 - 1 6 .  The s t u f f e r  DNA i s  seen i n  t r a c k  17. T r a c k s  

1 and 9 c o n t a i n  lambda H in d 3 /E c o R I  m a r k e r .
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transformantion was similar to untransformed MC E .  c o l i  

cells, confirming that vector DNA could not religate in 
the absence of the stuffer. This was expected because 
the band which was recovered by Gene Cleaning was free 
from stuffer and no undigested vector band was visible, 
on the gel, indicating that the digestion had been 
mostly complete (Fig. 5.4). Similar observation was seen 
when the fractionated vector DNA (from KOAc gradient) 
was test ligated and transformed into the MC E .  c o l i  

cells.

Purified CDM8 vector and stuffer (by either the 
Gene Cleaning or KOAc gradient) were ligated back to 
each other to check whether purified vectors can 
religate to purified stuffers as expected. This was done 
to confirm that the cohesive ends in the vector (or even 
the stuffer) were intact and had not been nibbled by
over digestion. The ligated mix was transformed in to 
the MC E . c o l i  cells and the frequency of
transformation was 2-7x10^ colonies/ug of DNA. With the
same experiment 7x10 colonies were obtained for each ug 
of uncut C D M 8 DNA. The rather high freq u e n c y  of 
transformation from the purified DNA showed that the 
stuffer was ligating back to the vector. This indicated 
that probably most of the cohesive ends were left 
intact.

5.5 Preparing DNA Fragments for Cloning into CDM8

It was anticipated that optimising the steps
involved in the CDM8 cloning system, including the 
addition of the adaptors to cDNA, the cloning of cDNA 
into CDM8 and most importantly fractionating adaptor 
added cDNA through KOAc gradient would be difficult and 
risky because the cDNA might be lost during the cloning 
procedures. It was therefore decided that before cloning 
any placental cDNA library into CDM8 it would be better 
if the cloning procedures were tested using less complex 
series of clonable fragments. For this reason pBR322 DNA 
(Sutcliffe, 1978) was chosen to provide the required
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fragments. It was thought that m o n i toring the 
experimental steps involving the cloning of pBR 
fragments would be easier than those of cDNA, since 
only a few fragments of known sizes were involved, 
observation of the purified DNA on the gel would be 
easier. Another reason was that the preparation of the 
pBR fragments was much cheaper and quicker than cDNA. 
Therefore, it was decided that pBR Dral/PvuII double 
digests of the pBR plasmid would give rise to the 
desired fragments (Fig. 5.6). For this purpose pBR DNA 
was cut with Dral/PvuII restriction enzymes and 3 major 
fragments were obtained (2.4 Kbp, 1.16 Kbp, and 0.7 
Kbp; Fig. 5.7). The Dral/PvuII digested DNA fragments 
were usually extracted with phenol/chloroform and 
ethanol precipitated, or Gene Cleaned to obtain pure DNA 
fragments. These fragments were used for addition of 
BstXl specific adaptors (see below).

5 . 6  B s t X l  S p e c i f i c  A d a p t o r s

Cloning cDNA into C D M 8 usually involves the 
addition of two BstXl specific adaptors to either ends 
of the cDNA (blunt ligations). The "adaptored" cDNA is 
then ligated to the BstXl digested CDM8 vector. The same 
type of procedures should be followed for cloning pBR 
fragments into the C D M 8 . For this purpose two 
oligonuc l e o t i d e s  were obtained which shared 8 
complementary bases which could form a duplex at the 
right temperature (22°C, Fig. 5.8). The duplex would 
give one blunt end and one cohesive end (typical nature 
of every adaptor). The sequences of the two 
oligonucleotides, as well as their complementary BstXl 
digested ends of CDM8 after removal of the stuffer, are 
shown (Fig. 5.9).

The sizes of the two oligonucleotides for making
adaptors were confirmed by end labelling some with 

32gamma- P-ATP and running them on a 20% polyacrylamide 
gel (Fig 5.10). Since duplex formation is essential to 
make adaptors, the two oligonucleotides were tested for
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EcoRl 4362/0  
Clal 24 

HindlU 29

BamHl 375

3435 Ppal

3251 D r a l d  
3232 °ra

4285 »arll 
4171 Sspl

EcoRV 189 
Nhel 230

3612 Psfl

488 
Sp/>l 565 

Sail, Accl, Hindi 650

Xmalll 938 
Nrvl 975

r— SspMI 1063

Bsm I 1353 
"S fy l 1369 
-Aval 1424 
Ball 1445

SspMII 1664

2475 Afllll TT
2296 NdeI \ \ 

2245 Acd, Snal \  
2217 7T/J111I

\ XmnI 2034 
PvuII 2067

F i g u r e  5 . 6  The pBR322 p l a s m i d  w i t h  some o f  t h e  

r e s t r i c t i o n  s i t e s .  The two r e s t r i c t i o n  enzyme s i t e s  

(D r a l  and P v u I I )  a re  u n d e r l in e d .
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F i g u r e  5 . 7  The  pBR DNA c u t  w i t h  D r a l  

r e s t r i c t i o n  enzymes.  pBR DNA was c u t  i

o c c a s io n s  and some a re  shown h e re  ( t r a c k s  5- i

and P v u I I
n s e p a r a t e  

).
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TM
5* C T T T A G A G G A C A  3* 3 (G/C) X 4 = 12

3* G A A A T C T C  5* 5 (A/T) X 2 = 10

Total TM 22°C

Fig. 5.8 The melting temperature of the BstXl adaptor 
(duplex form). The (T M ) is calculated from the base 
pairs formed and is 22°C.
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5* C T T T A G A G C A C A  3* 12 mer oligo
} BstXl Adaptor

3* G A A A T C T C  5* 8 mer oligo
<a>

5* C T T T A G A G C A C A  C T C T A A A G  3 ’
<>

3* G A A A T C T C  A C A C G A G A T T T C  5*

Not compatible by their cohesive ends
<b>

} BstXl digested end of CDM8
<c>

3 ’  ..... C C A T T G T G C T C T A A A G

5 ’  ..... G G T A A C A C G A G A T T T C
yv

Vector end Adaptor
<d>

Fig. 5.9 BstXl specific adaptors. <a> is formed by 
duplex of 12 mer and 8 mer oligonucleotides. Two 
adaptors can not ligate at their cohesive ends <b>. 
BstXl digested of CDM8 vector <c>. The BstXl specific 
adaptor is compatible to the BstXl digested ends of the 
vector <d>. <> means not compatible and ~ means site of 
joining the two ends.
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d)
E

cO

1
cm >4 -

2  ^3 4 5 6

-14 mer
~ 12 //
“  8 //

F i g u r e  5 . 1 0  The end l a b e l l e d  o l i g o n u c l e o t i d e s  on 

p o ly a c r y la m id e  g e l .  The s i z e  o f  o l i g o n u c l e o t i d e  p r i m e r s  

a re  compared w i t h  a n o t h e r  o l i g o n u c l e o t i d e  o f  14 mer.
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duplex formation by mixing the two end labelled 
oligonucleotides at 4°C. This method of testing duplex 
formation was thought to be a quick though indirect way 
of confirming that the correct sequences were present 
for the adaptor formation.

An aliquot from the oligonucleotide mixture was 
also ligated to see whether the duplex forms were 
actually adaptors. The ligation reaction was carried out 
at 12°C for only 3 hours. It was hoped that by limiting 
the time of ligation some of the adaptors would stay as 
single adaptors and others would ligate to each other. 
This way both duplex formation and blunt end ligation of 
the adaptors could be shown to occur. An aliquot from 
the oligonucleotide mix and another aliquot from the 
ligation reaction were run on a n o n - d e n a t u r i n g  
polyacrylamide gel. The gel was run at 4°C to avoid 
melting or dissociating the adaptor into the two oligos. 
The gel was set for autoradiography and it was observed 
that indeed the adaptor had one blunt end and one 
sticky end, i.e. the banding pattern showed the presence 
of only one duplex band and one double adaptor band as 
was predicted (Fig. 5.11). These adaptors had only one 
compatible end, and according to the sequence, this must 
be the blunt end.

5 . 7  A d d i t i o n  o f  A d a p t o r s  t o  p B R 3 2 2  F r a g m e n ts .

In order to clone pBR322 fragments into BstXl 
digested CDM8 vector, adaptors formed from end labelled 
oligonucleotides were ligated to the blunt ended pBR 
fragments. The oligonucleotides were present in an 
excess molar ratio (>125:1) to ensure that pBR fragments 
would not ligate each to other. Ligation of adaptors 
to the pBR fragments was also observed by 
autoradiography (Fig. 5.12). Comparisons of digested pBR 
fragments before and after adaptor additions showed (on 
gel and autoradiograph respectively) that the adaptors 
had been added efficiently (compare Figs. 5.7 and 5.12).
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*

1 2 3 4  56 78 91011121314

%  •

\ -Ligated

-duplex

d

Fig. 5.11 End labelled oligo n u c l e o t i d e s  on a n o n ­
denaturing 20% polyacrylamide gel. The Oligonucleotides 
specific for forming BstXl adaptors, duplex (adaptor) 
formed and blunt end ligated adaptors are shown.

1-4 8 mer
4-8 12 mer
9-12 markers
9 15 mer
10 15 mer

11 21 mer
12 26 mer
13 duplex (adaptor)
14 two adaptors ligated
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“ Free 
adaptors

F i g u r e  5 . 1 2  The a u t o r a d i o g r a p h  o f  a d a p t o r e d  pBR on 

agarose g e l .  By e n d l a b e l l i n g  t h e  p r i m e r s  w h ic h  make up 

t h e  a d a p t o r  i t  i s  c l e a r  t h a t  t h e y  have l i g a t e d  t o  PBR 

f r a g m e n t s .
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5 .8 Need to Remove Free Adaptors

If the high number of free adaptors which are 
present in the adaptor added pBR ("adaptored pBR" ) 
ligation mix are not removed then they could block the 
BstXl sites of the vector. This would drastically 
reduce the efficiency of the cloning of pBR fragments 
into CDM8 vector (or if double stranded cDNAs are 
involved). In theory the adaptors could block the two 
ends of the vector by at least 4 different ways (Fig.
5.13). Removal of free adaptors from the adaptored pBR 
was therefore absolutely necessary. The free adaptors 
usually were separated from the "adaptored" pBR 
fragments by fractionation through a 5-20% KOAc gradient 
(Aruffo and Seed 1987a). For this purpose usually a 
small amount of the oligonucleotides were end labelled 
prior to ligation to pBR. The labelling was primarily 
done to monitor the recovery of the adaptored pBR 
fragments more effectively. This was achieved by 
monitoring the presence of r a d i o a c t i v i t y  in the 
collected fractions.

In order to recover the DNA, the fractions were 
ethanol precipitated using linear polyacrylamide as 
carrier of DNA according to the recommended procedure 
(Aruffo and Seed, 1987a and personal communication). It 
was usually observed that very little DNA was recovered 
each time. That is to say the total amount of DNA 
recovered was not comparable to the amount which had 
been layered on to the gradient. The efficiency of 
recovering the DNA was usually tested by, in most 
cases, running a sample from each fraction on an agarose 
gel. On other occasions the recovery was also monitored 
by measuring the amount of radioactivity recovered as 
mentioned above.
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<>

vector adaptor adaptor adaptor adaptor vector

<a>

  <:>  -------------------

vector adaptor adaptor adaptor vector

<b>

<>

vector adaptor adaptor adaptor pBR adaptor vector

<c>

vector adaptor adaptor vector

<d>

Fig 5.13 Free adaptors interference with the ligation of 
pBR fragments to vector DNA. There are at least four 
po' bilities that free adaptors may block the vector 
sites threrefore may reduce the formation of pBR/CDM8 
recombinants. In <a> both ends are blocked by double 
adaptors. In <b> one end is blocked by a single adaptor 
and the other one by a double adaptors. In <c> one end 
is blocked by adaptors but the other end is ligated by 
the pBR fragment but can not join to the other end 
because of the blockage. In <d> adaptors have joined the 
two ends of the vector and have created false 
recombinant. Sites of ligation are shown (~ ) and <> 
means the ends are nor compatible.
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5.9 Optimising the Ethanol Precipitation of the 
Fractionated DNA

To test the e f f i ciency of p r e c i p i t a t i n g  the 
fractionated DNA, BstXl digested CDM8 DNA was spun 
through a 5-20% KOAc gradient. The collected fractions 
were precipitated as above, using linear polyacrylamide. 
Some of the resuspended materials were run on an agarose 
gel to check the efficiency of the DNA recovery. This 
was also done to find out which fraction contained the 
vector or the stuffer DNA. The gel showed that the 
amount of DNA recovered was much less than the amount 
of the DNA which had been layered on the gradient (Fig.
5.14). This experiment also suggested that this method 
of recovery of DNA was not so efficient one and an 
alternative method should be employed.

In order to improve the ethanol precipitation of 
DNA recovered from KOAc gradient, it was decided to test 
several different salts and carriers besides linear 
polyacrylamide. This was done to find out which of 
these would aid the precipitation of the DNA more 
effectively. An experiment was therefore set up to test 
the above hypothesis, that is the linear polyacrylamide 
does not recover DNA efficiently. In this experiment 
variable amounts of uncut pUC18 or CDM8 DNA (50-200 ng) 
were precipitated using salts or carriers listed in 
Table 5.1. Glycogen was included in this experiment 
because it is recomended that collagen would efficiently 
precipitate nucleic acids (Tracy, 1981; Helms et. a l . , 
1985). It has also been shown that as little as 5 pg 
DNA could be precipitated if glycogen was used to 
precipitate DNA (Boehringer Man n h e i m  UK supplied 
information leaflet). The DNA recovered above, by 
ethanol precipitation, were electrophoresed on agarose 
gels (Figs. 5.15 and 5.16).

It was shown that fractionated DNA from KOAc 
gradients were not recovered efficiently using linear 
polyacrylamide or the salts listed in Table 5.1. The
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2 3 4 5  G 7 8 9  1011 1213141516 17

F ig .  5 .1 4  Ethanol p r e c i p i t a t e d  DNA on an agarose g e l .
DNA sam p les  w h ich  had been r e c o v e r e d  f r o m  f r a c t i o n s  by 

u s in g  l i n e a r  p o l y a c r y l a m i d e  as c a r r i e r ,  were run  on a 

0.7% a g a ro se  g e l .  Two s e t s  o f  e x p e r i m e n t s  a re  run  i n  

t h i s  ge l  ( t r a c k s  4 -9  and 1 1 - 1 6 ) .  DNA i n  t r a c k s  2, 9, 17 

a re  c u t  b u t  u n f r a c t i o n a t e d  CDM8 DNA as m a rk e r .  Some 

s t u f f e r  DNA have  a l s o  been r e c o v e r e d  ( f a i n t  b a n d s  i n  

t r a c k s  7, 14 and 15, n e v e r t h e l e s s  t h e  r e c o v e r y  was p o o r .
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Table 5.1 Ethanol precipitation of pUC18 or CDM8 DNA 
using different salts or carriers. Variable amounts of 
DNA were p r e c i p i t a t e d  using either a single 
carrier/salt or combination of salts/carriers to find 
out which combination gives the best DNA recovery. The 
pellets formation was also recorded to compare them with 
the intensity of the DNA bands on the gel. 1. 
acrylamide = linear acrylamide. 1 . polyacryl = linear 
polyacrylamide. NS = not sure. The * indicates that the 
DNA in these two tubes were in dl^O rather than KOAc.
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No. DNA Con. ng Carriers/Salts Con. ug Pellete
1 pUC18 200 1 . polyacryl. 20 ug NS
2 pUC18 100 1 . polyacryl. 20 ug 2 +
3 pUC18 50 1 . polyacryl. 20 ug 3 +
4 CDM8 200 1 . polyacryl. 20 ug 2+
5 CDM8 100 1 . polyacryl. 20 ug 2 +
6 CDM8 50 1 , polyacryl. 20 ug 2 +
7 pUC18 100 1 . acrylamide 20 ug 2 +
8 pUC18 50 1 . acrylamide 20 ug 3 +
9 pUC18 100 tRNA 10 ug 2+
10 pUC18 50 tRNA 10 ug 2 +
11 pUC18 100 NaCl 0.1 M 1 +
12 pUC18 50 NaCl 0.1 M 1 +
13 pUC18 100 NaoAc 0.25 M -
14 pUC18 50 NaoAc 0.25 M -

15 pUC18 100 AmmoAc 2 M 1+ NS
16 pUC18 50 AmmoAc 2 M 1+ NS
17 pUC18 100 glycogen 50 ug 4+
18 pUC18 50 glycogen 50 ug 4 +
19 pUC18 100 glycogen 200 ug 4 +
20 pUC18 50 glycogen 200 ug 4+
21 pUC18 100 1. polyac/NaoAc 20/0.25 -
22 pUC18 50 1. polyac/NaoAc 20/0.25 -
23 pUC18 100 1. polyac/NaoAc 20/0.25 *

24 pUC18 50 1.polyac./NaoAc 20/0.25 *
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123 4 56 7 6 910 1112731415 16 17 1819

F igure  5 .15  Ethanol p r e c i p i t a t e d  DNA using va r io us  s a l t s  
or o th e r  c a r r i e r s  were run on an agarose g e l .  The DNA
samples which were p r e c i p i t a t e d  as o u t l i n e d  in  th e  Ta b le
5.1  were run on a 0.8% g e l .  Samples from tube 1 -14  were 

run on t h i s  gel and from 15-24  were run on gel seen in  

F ig .  5 . 1 6 .

1 . \  Hind I I I / E c o R I marker 11 . DNA from tube  8
2. DNA from tube 1 12. DNA from tube  9
3. DNA from tube 2 13. DNA from tube  10
4. DNA from tube 3 14. Uncut pUC18 (200 ng)
5. Uncut pUC18 (200 ng) 15. DNA from tube  11
6. DNA from tube 4 16. DNA from tu b e  12
7. DNA from tube 5 17. DNA from tube  13
8. DNA from tube 6 18. DNA from tube  14
9. Uncut CDM8 (200 Ing) 19. Uncut pUC18 (200 ng)

10. DNA from tube 7
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1 2 3 4 56 789 101112 1314
v \  \ \ \ \ \ \  \  \ \ \  i /

F i g u r e  5 . 1 6  The r e m a i n i n g  s a m p le s  f r o m  e t h a n o l  
p r e c i p i t a t e d  DNA using va r io us  s a l t s  or  o ther  c a r r i e r s .
The DNA samples which were p r e c i p i t a t e d  as o u t l i n e d  in
th e Tab le  5.1  were run on a 0.8% g e l . Samples 1 -1 4  were
run on gel seen in  F ig  5 .1 5  and samples 15-24  a re  seen
h e r e .

1 . \  Hind I I I / E c o R I  marker 8. DNA from tube  20
2. Uncut pUC18 (200 ng) 9. Uncut pUC18 (200 ng)
3. DNA from tube 15 10 . DNA from tube  21
4. DNA from tube 16 1 1 . DNA from tube  22
5. DNA from tube 17 12 . DNA from tube  23
6. DNA from tube 18 13 . DNA from tube  24
7. DNA from tube 19 14 . Uncut pUC18 (200 ng)
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recovery was, however, more efficient if either tRNA or 
glycogen was used. It was therefore decided to use 
either tRNA or glycogen to recover DNA from 
fractionation.

5.10 Removing Free Adaptors After the Addition of
Adaptors to pBR

Based on the results of the above precipitation 
experiments it was decided to remove free adaptors from 
the "adaptored” pBR complex using 5-20% KOAc gradients. 
The fractions were also precipitated using glycogen (as 
a carrier of DNA) instead of linear polyacrylamide. 
Material for this experiment was prepared by first 
ligating adaptors to pBR and fractionating the ligation 
mix. The fractions were then collected (as described in 
the method section) and glycogen was added to each 
fraction to a final concentration of 20 ug/ml. The DNA 
in the fractions were then ethanol precipitated and then 
resuspended in T E . A sample from each fraction 
(fractions 1-11 only) was loaded on to an agarose gel 
to check the efficiency of the recovery of the DNA this 
time (Fig. 5.17). pBR DNA (270 ng/track, tracks 1 and 
13) was run as marker, as well as to indicate the 
amount of DNA recovered from the fractions. The result 
showed that the DNA, in each fraction, had been 
recovered efficiently and also it showed that the DNAs 
were concentrated in the early fractions (fractions 1-6 ; 
tracks 2-7 respectively). By calculating the amount of 
DNA layered on to the gradient and the estimated amount 
recovered from precipitating the fractions (as seen on 
the gel, Fig. 5.17), it was assumed that most of the DNA 
had been recovered. The adaptored pBR DNA from fractions 
2 to 6 were used for the following experiment.

5.11 Cloning pBR into CDM8 Vector

Adaptored pBR from the above fractions (1/3 of the 
total amount recovered from each fraction) were ligated
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1 2  3 4 5 6  7 8 9  10 11 12 13
i l  I i i i I I I i i l I

F ig .  5 .17  The adaptor added pBR DNA recovered from KOAc 
g r a d i e n t .  These f r a g m e n ts  w e re  e t h a n o l  p r e c i p i t a t e d  

using glycogen as c a r r i e r .  The f i g u r e  shows t h a t  f i r s t  

o f  a l l  DNA were c o n c e n t ra te d  m a in ly  in  f r a c t i o n s  ( t r a c k s  

9 and 10) and th e  reco very  had been e f f i c i e n t .

1. pBR D r a 1 / P v u I I  marker (270 ng)
2. F r a c t io n  1
3. F r a c t io n  2
4 .  F r a c t io n  3
5. F r a c t io n  4
6. F r a c t io n  5 

(270 ng)
7. F r a c t io n  6

8. F r a c t i o n  7
9. F r a c t i o n  8
10. F r a c t i o n  9
11. F r a c t i o n  10
12. F r a c t i o n  11

13. pBR D r a 1 / P v u I I  m arker
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to the CDM8 vector. Some of the ligated materials were 
transformed into the competent MC E .  c o l i  cells and 
grown on the selective media. The frequency of 
transformation was calculated based on the concentration 
of C D M 8 DNA and not on the co n c e n t r a t i o n  of the 
"adaptored" pBR DNA (Table 5.2) because, as mentioned 
above, the concentration of the "adaptored" pBR was not 
accurately measurable from the gel (Table 5.2). The 
actual transformation frequency may have been even 
higher if the calculation was based on the estimated 
concentration of pBR. The uncut CDM8 plasmid was also 
transformed as control for the e f f i c i e n c y  of 
transformation. Untransformed competent MC E ,  c o l i  cells 
were grown on Amp. and Tet. agar plates to measure the 
frequency of revertants (Table 5.2).

Comparing the frequencies of transformation for the 
uncut CDM8 and pBR recombinants (3 X 10® and 3.7 X 10® 
colonies per ug of DNA respectively), showed that both 
frequencies (i.e. uncut and pBR recombinants) were 
rather low. In fact the frequency of transformation 
for the uncut CDM8 was about 100 times lower than what

ohad been reported (i.e. 3-5x10 , Aruffo and Seed
1987a). This low frequency of transformation indicated 
that the ligation, fractionation and transformation in 
the CDM8 system need to be optimised even further if 
cloning of rare messeges was the objective.

In the following experiments, tests were made to check:

(a) The optimum concentration of uncut CDM8 vector, or 
the cut and religated CDM8 vector DNA to give high 
frequency of transformation.

(b) If there was any batch variation in competent MC E ,  

c o l i  cells.

(c) If there was any difference in the frequency of 
transformation caused by different length of ligation.
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I No.
ii
i _____

DNA
Sample

Track 
Fig. 5.

ii
JCon. of 
!Vector
i

Freq. of j 
Transform.|

i
! 1 
i _

PBR/CDM8 2 SO

<M
1 

I

4xl02 |
i
! 2 
1 _

PBR/CDM8 3
1
! 24 ng

_  i __
1 .6xl03 J

1
i 3
i

PBR/CDM8 4
i
! 24 ng
i

2xl03 |
i
! 4
I

PBR/CDM8 5
i
! 24 ng 3.7xl03 j

1
! 5 
1

PBR/CDM8 6
i
! 24 ng

_ i _

1.2xl03 J
1
! 6 
1

CDM8 uncut -

t
! 10 ng

_  i _
3.lxlO6 |

1
! 7
11

MC1061/p3 -

i
i ~
i•

2 colonies',

Table 5.2 Transformation frequencies for pBR-CDM8 
recombinants. A sample of fractionated DNA seen in the 
Fig. 5.19 were transformed into MC E ,  c o l i  cells. pBR in 
numbers 1-5 correspond to the DNA from tracks 2-6 in Fig 
5.19 respectively. Frequencies have been calculated for 
one ug DNA. Uncut CDM8 transformation was done to show 
the transformation efficiency with supercoiled DNA. 
Untransformed MC E ,  c o l i  were plated to show the 
frequency of revertants.
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5.12 DNA C o n c e n t r a t i o n  Effect on the F r e q u e n c y  of 
Transformation:

Experiments were done to find the optimum 
concentration of uncut DNA to give the optimum frequency 
of transformants (Tables 5.3). The results showed that 
increasing the amount of DNA beyond a certain 
concentration did not produce proportionally higher 
frequencies of transformation (Fig. 5.18).

Highest frequency was usually found when 1-10 ng 
uncut DNA was transformed (8 X 10^, Table 5.3 and Fig.

n5.18). This frequency (8x10 ) was only 5 times less
Othan that reported by Seed and collegues (i.e. 3-5x10 , 

Aruffo and Seed, 1987a). Similar effect was also 
observed if CDM8 DNA was cut and religated and then 
transformed (data not shown).

5.13 Effect of Batch Variations of Competent Cells on 
the Frequency of Transformation.

Several batches of competent MC E ,  c o l i  cells were 
made according to the recomended procedure (Aruffo and 
Seed, 1987a). In preparing these competent cells 
several other factors such as the stage of cell growth, 
time and speed of pelleting the cells, the effect of 
detergent free glassware and duration of cell storage 
at -70°C were also tested.

In these experiments several batches of competent 
cells were tested for the frequency of transformation
using 10 ng uncut CDM8 DNA. Untransformed MC E ,  c o l i

cells from each batch was grown on Amp. and Tet. plates 
as control for the frequency of revertants.

The findings could be summarised as follow:

(a) Cells had to be in log phase growth (OD0qq= 0.6) to 
give highest frequencies (results not shown).
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1 x108

7
Frequency 5x10

o f  1 x 1 0 7

&
Transform. 5x10

per 1 x 1 0 6

ug DNA 5x10 6

1 10 20 50 100 500

Amount o f  DNA transformed (ng)

F ig .  5 .1 8  DNA concen tra t io n  e f f e c t  on the frequency o f  
t r a n s f o r m a t i o n . The f i g u r e  shows t h a t  f r e q u e n c y  o f  
t ra n s fo rm a t io n  decreases as DNA co n cen tra t ion  in creases ,  
s t a r t s  t o  l e v e l  o f f  and t h e n  d r o p s  as t h e  DNA 
c once ntra t ion  increases.
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J DNA ! DNA con. { Frequency!

|Uncut CDM8 ! 1 ng i 8xl07 |

j Uncut CDM8 ! io ng | 6 .5xl07 |

J Uncut CDM8 ! 20 ng j 4xl07 J

|Uncut CDM8 i 50 ng 1.8xl07 J

j Uncut CDM8 ! ioo ng j 2xl06 |

!Uncut CDM8 i 500 ng | 2 .6xl06 |

Table 5.3 DNA concentration effect on the frequency of 
transformation. The frequencies are for one ug uncut 
CDM8 DNA.



(b) The cells had to be spun down at lower speed than
recomended (i.e. 2-2.5 krpm instead of the recomended
4.2 krpm, Aruffo and Seed, 1987a). In fact the higher
speed of spinning (more than 2.5 krpm) gave a lower 
frequency of transformation (batches 5-9, Table 5.4 and 
Fig. 5.19).,
(c) There was no need for glassware to be washed to a 

greater extent than was already p r acticed in the 
Department (results not shown).
(d) Duration of cells storage at -70°C (for one week 

to 6 months) had no significant effect on the frequency 
of transformations, and frequencies tended to reflect 
the differences observed in the batch variation seen in 
Table 5.4 (results not shown).

There were large variations in the frequency of
transformation between different batches of competent

fi 7cells prepared in the same way (from 2x 10 to 8x 10 
colonies/ug DNA, batches 1-4, Table 5.4)

Other experiments were also done to see whether 
altering the time of ligation would make any difference 
in the frequency of transformation. In order to do this, 
a ligation reaction was set up using Hind III cut CDM8 
DNA. Aliquots were removed after 3 and 5 hours of 
incubation and the rest of the material was allowed to 
incubate ovenight. The transformation of the ligated 
CDM8 showed that the overnight incubation gave slightly 
but not significantly higher transformation frequency 
(results not shown).

5.14 CDM8 BstXl Digestion and Transformation

Ligatability of purified vector DNA (prepared as 
described above) was tested by ligating some of it with 
purified stuffer DNA (Figs. 5.4 and 5.5). The frequency 
of transformation in these cases was between 100-1000 
times lower than for uncut DNA (7x10^ vs 7x10® for KOAc 
purified/uncut DNA and 6.9x10^ vs 8.1x10^ for "Gene 
Cleaned"/uncut DNA). These findings indicated that
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! 8 j 
1 1

i
4.0 ! 

1

i
lOng j

i
9xl04 J

1 1
! 9 !
i i i i

1
4.2 j

ii

i
lOngj

i... i
3xl04 |

Table 5.4 Effect of batch variations of competent cells 
on the frequency of transformation. There were inter­
batch variation and different batches of competent cells 
gave different frequencies (batches 1-5). Nevetheless it 
is obvious that spinning the cells at higher speed, had 
dramatically reduced the frequency of transformation 
(batches 5-9). krpm means the speed at which the cells 
were pelL& fed  t and con. means the concentration of DNA 
which were transformed.
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digested and purified vector DNA would religate to the 
stuffer but the ligation is not particularly efficient, 
perhaps due to the damaged sticky ends, caused during 
the purification procedures. Another reason for having 
low frequency of t r a n s f o r m a t i o n  may be that the 
calculation of the frequencies of transformation was 
based on inaccurate estimation of the amount of DNA 
involved. The frequency of transformation for KOAc 
purified uncut vector was usually 10 times less than 
that of uncut and unpurified vector. This may suggest 
that either the purification steps had some negative 
effect on the transformability of the vector or that the 
amount of DNA recovered was overestimated.

Tests were also made to find out by how much 
frequencies varied when C D M 8 DNA was ligated and 
transformed after a single digestion (Hindlll), BstXl 
double digestion without any separation of the stuffer 
(no purification), BstXl double d i g e s t i o n  with 
separation of stuffer from the vector (BstXl digested 
and purified the vector and the stuffer either by "Gene 
Clean" method or by KOAc gradient) and cloned adaptored 
pBR fragments (into CDM8 ). Results showed a systematic 
reduction in the frequency of transformation for every 
step involved (Table 5.5). Some of the reasons for such 
behaviour will be given later (Discussion section). It 
should be added that these findings were consistent but 
were affected by the transformability of the competent 
cells and the amount of DNA being tr a n s f o r m e d  as 
mentioned above. For example, Hindlll digestion usually 
gave 10 fold fewer t r a n s formants than uncut DNA 
irrespective of the variation in the competent cells. 
Double digestion without any separation of the vector 
from the stuffer (no KOAc purification) gave 100 times 
fewer transformants than uncut vector. Fina l l y 
religation of purified vector and stuffer gave roughly

othe same frequency as cloned pBR, which was about 10 
times less than uncut DNA. Improving the efficiency of 
transformation may still increase these frequencies to 
the acceptable level.
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i
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Table 5.5 Effect of digestion and religation on the 
frequency of transformation. Generally every time CDM8 
DNA was cut and religated before or after purification, 
there was a 10 fold drop in the frequency of 
transformation and the more the manipulation the bigger 
the drop was. There was about 10 drop between uncut DNA 
and cloning pBR into CDM8 vector.
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5.15 Discussion

Several factors were tested in order to increase 
the frequency of transformation. The findings are 
summarised below:

It was necessary to recover DNA efficiently from a 
KOAc gradient. The recommended procedure, in which 
polyacrylamide was used as a carrier in the ethanol 
precipitation of the fractionated DNA, (Aruffo and Seed, 
1987a) was not as efficient as using glycogen. Another 
factor that needed to be considered was the variation 
between batches of competent cells. Separating free 
adaptors from "adaptored" DNA was absolutely necessary 
otherwise free adaptors would block the cloning sites.

The best frequency of transformation which was 
obtained for pBR fragments (used as cDNA substitute), 
using similar procedures to those used by Seed and 
colleagues (Aruffo and Seed, 1987a), gave 6.5x10^ 
recombinants per ug of pBR DNA. At the same time the 
best frequency for uncut (supercoiled) CDM8 vector was

78x10 per ug of DNA. The library c o n s t r u c t i o n
efficiencies usually observed by Seed and Aruffo group

fiper ug of mRNA have been between 0.5 to 2x10
recombinants (Aruffo and Seed 1987a) and the
transformation efficiency for supercoiled (uncut)

ovector has been 3-5x10 colonies per ug of DNA. The best 
frequency of transformation with uncut DNA obtained in 
this work was only 10 times less than that found by Seed 
group (Aruffo and Seed, 1987a).

There could have been several reasons for not 
obtaining a high frequency of transformation. In 
summary, they could have been caused by:

Inaccurate estima t i o n  of the amount of DNA 
transformed, especially in cases where purified DNA had 
to be ligated, purified and then transformed.
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The probable damage to the sticky ends of the 
vector and even the adaptors during the digestions of 
the vector or purification steps.

The lower frequencies of ligation which is usually 
associated with the blunt end ligations (Struhl, 1987) 
and this may have been one of the contributary causes 
where addition of adaptors to the pBR was involved.

The presence of a small amount of adaptors which 
have been left over from the purification steps blocked 
some of the vector ends and therefore reduced the number 
of ends available for ligation to the "adaptored pBR".

CDM8 cloning system, despite the low efficiency of 
transformation seen above and the difficulties involved, 
still looks attractive because cDNA cloned into CDM8 can 
be transfected into COS cells for immunoselection and 
immunostaining to see whether the cloned cDNA can be 
expressed on the surface of the COS (see Chapter 6 ). 
The special features of the CDM8 (Chapter 1) allow the 
recombinant clones to be amplified in MC E ,  c o l i  cells, 
and if needed, the recovered clones may be sequenced 
without any need for further subclonings.

As mentioned, it was observed that the CDM8 cloning 
system was not producing high frequency of 
transformation. One of the main reasons was that several 
steps were involved which were directly or indirectly 
contributing to the low frequency of transformation. 
Therefore the CDM8 cloning system may not be suitable 
for cloning rare messages but may be used for cloning 
and subsequently recovering moderate to abundant 
messages from a cDNA library by using the COS expression 
system. These kind of difficulties may have been the 
reason behind the fact that in most of the reported 
cases, which CDM8 or CDM8 like cloning stratgies have 
been used, only abundant messages have been the target. 
For example CD2, CD7 and CD28, of which all three are T- 
cell antigens, have been isolated from a library made 
from human T-cell line HPB-ALL abundant for such
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messages (Seed and Aruffo, 1987; Aruffo and Seed, 1987b; 
1987a respectively). Even when a placental cDNA library 
was screened for monocytes receptor (Simmons and Seed, 
1988) it was chosen because of placental richness of 
monocyte transcripts.

Inefficiency of CDM8 system to clone rare messages 
may be overcome by using other types of expression 
system (e.g. lambda gtll). It is known that the cloning 
e ffici e n c y  of lambda vectors is much greater than 
plasmid base vectors (Maniatis e t  a l ,, 1982; Lech and
Brent, 1987). Although the efficiency of packaging only 
approaches 10%, phages, once packaged, form plaques on 
E .  c o l i  with an efficiency of 1. On the other hand with

othe best transformation efficiency, i.e. 10 /ug pBR322 
DNA, less than 1 in 1000 plasmids become transformed 
into cells ( Lech and Brent, 1987 ). The only main 
disadvantage of using lambda gtll as cloning vector is 
that the fusion polypeptides produced are not in their 
native conformation and Abs may not be able to recognize 
them. This problem may be overcome by using polyclonal 
Abs which have been raised against purified proteins. 
The CDM8 cloning vector may, in here, be useful in that 
any isolated clone (e.g. isolated by using lambda gtll 
and subcloned into the CDM8 ) can be tested to see 
whether it is expressed on the surface of COS cells or 
be amplified in the MC E ,  c o l i  cells for making DNA for 
further analysis or sequencing.

Lastly while the above work was approaching its 
final stages, our group was given a placental library 
cloned into CDM7, a vector similar to CDM8 , by Dr. 
David Simmons (University of Oxford). Due to the 
importance of screening the placental library and the 
work involved, the above work which was originally aimed 
at preparing CDM8 vector for cloning the cDNA library, 
was left at the stage reported above.
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CHAPTER 6

O P T IM IS A T IO N  OF D EA E-D EXTR A N  TR A N S FE C TIO N

AND

IMMUNOSCREENING OF PLACENTAL cDNA L IB R A R Y
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6.1 INTRODUCTION

The aim of the work described in this chapter was 
to screen a human placental cDNA library for isolating 
placental specific clones. The placental cDNA library 
was expressed in the COS expression system (Seed and 
Aruffo 1987a and Chapter 1) and immunoscreened with the 
monoclonal antibodies (McAbs) which had been raised and 
tested against human placental determinant (Chapter 1).

The COS expression system protocol contains several 
important steps (e.g. DNA transfection, panning, 
harvesting, Hirt DNA prep, amplification of DNA etc., 
Chapter 1). The first aim was to optimaise some of the 
steps involved. These included D E A E - d e x t r a n  
transfection, harvesting the cells and immunostaining. 
The optimisations of the steps involved were tested by 
using CD2 DNA (Seed and Aruffo, 1987).

6.2 Optimisation of DEAE-Dextran Transfection

6.2.1 Transfecting COS Cells with CD2 DNA

Several different protocols are available for 
transfecting DNA into mammalian cells (e.g. DEAE-dextran 
or CaPO^ transfection and electroporation), of the three 
gene transfer methods only the DEAE-dextran transfection 
was mainly used for transfecting DNA into the COS 
cells. These transfections were mainly for the primary 
screening and immunofl u o r e s c e n c e  (FITC) staining 
purposes.

Several important factors in the DEAE-dextran 
transfection steps were tested and optimised to give 
higher frequencies of transfectants. These factors and 
steps included the concentrations of the COS cells, the 
DEA E - d e x t r a n  and the DNA, h arvesting the cells,
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preparing the cells for staining and finally the FITC 
staining.

In order to optimise the D E A E - d e x t r a n  
transfection, using the COS expression system, several 
transfection experiments were carried out. In these 
experiments CD2 DNA (cloned into CDM8 , Seed and Aruffo, 
1987 and Chapter 1) was used to monitor the efficiency 
of transfection. The reasons for using CD2 instead of 
the placental cDNA library, for optimising the system, 
was that the CD2 clone has been isolated using the COS 
expression system (Seed and Aruffo 1987a). Furthermore 
the CD2 antigen (Ag) can be expressed on the surface of 
the COS cells and these Ags have been shown to bind to 
the anti-CD2 antibody (A b ) during the panning and 
staining (Seed and Aruffo 1987; Seed 1987; Peterson and 
Seed 1987; Bierer e t  a l ,  , 1988 ). Also good quality
anti-CD2 McAbs are commercially available. Finally the 
CD2 DNA unlike cDNA is obtainable in large quantities 
which make the optimisation of the steps easier.

In order to transfect the CD2 DNA into COS cells a 
DEAE-dextran/DNA mix was prepared then added to the 
appropriate culture dish and the cells were incubated 
(Chapter 2). Every 30 minutes the dishes were observed 
under the microscope for the formation of vacuoles which 
indicated that the uptake of DNA was occuring. Usually 
after 3 hours most cells had formed vacuoles and longer
incubation gradually would have a detrimental effect

uJould(cells Abecome., bursted because of over-vacuolisation) . 
The lysis of the cells was, however, mostly occuring 4-5 
hours after the DEAE-dextran treatment, which by this 
time the DEAE-dextran/DNA mix had already been removed 
(usually after 3 hours) to minimize the damage to the 
cells.

After removal of the DEAE-dextran/DNA the cells 
were shocked by addition of 10% DMSO to enhance DNA 
uptake (Lopata e t  a l ,, 1984). The cells were then washed 
and incubated for 24 hours. After that the cells were 
trypsinized in order to detach the cells from the
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dishes. The detached cells were transferred into fresh
culture dish and incubated for 24 hours to allow the
expression of the coded proteins. It was observed that
the transfer of cells, after the initial 24 hour
incubation, was absolutely necessary. Probably the
reason was that if the cells were not transferred as
above they could not be detached easily with PEA 
( PcA = PbS J ePTA See ^O)treatment to harvest the cells. The only other way to
detach the cells was to trypsinize them. Trypsinization 
on the other hand was not favoured at this stage, 
because trypsin being a proteolytic enzyme might 
digest some of the Ags expressed on the cell surface. 
This in turn would cause reduction in the number of 
cells being panned (during the cDNA screening) and also 
reduction in the intensity of staining. Therefore after 
the final 24 hours of incubation the cells were lifted 
by PEA treatment and resuspended in PBS/FCS. The 
resuspended cells were transferred on to slides by 
cytospinning.

The cytospun cells were stained with anti-CD2 McAb 
by indirect immunofluorescence (FITC) staining in order 
to find out the effici e n c y  of the D E A E - d e x t r a n  
transfection. The stained cells were counterstained with 
the nuclear stainer, p r o p i d i u m  iodide. In these 
experiments untransfected COS cells were used as a 
negative control and a McAb against HLA class 1 
determinant (W6/32, Barnstable e t  a l ,  , 1978), was used
as a positive control since untransfected COS cells were 
shown to express the HLA class 1 Ags (Fig 6.1).

In order to determine the e f f i c i e n c y  of 
transfection, the percentages of the cells expressing 
the CD2 Ag was calculated by counting positive cells 
from at least five different, randomly chosen, fields of 
vision in a microscope. Usually each field had between 
50 to 200 cells. The same procedure was followed for 
counting the total number of cells stained with W6/32 or 
propidium iodide. The percentage of W6/32 was calculated 
from the total W6/32 positive cells divided by the total 
nuclei present in the same fields since nuclei negative
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F ig u re  6 . 1 .  U n t r a n s fe c t e d  COS c e l l s  s t a in e d  w i t h  W6/32
Ab. COS c e l l s  c l e a r l y  h ave  s t a i n e d  w i t h  t h i s  Ab and 

t h e r e f o r e  W6/32 s t a i n i n g  o f  COS c e l l s  was u s e d  as 

p o s i  t i  ve c o n t r o l .
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for W6/32 are thought to be lysed cells (no cell 
membrane or cytoplasm, Fig. 6.2).

The effects of various concentrations of DEAE- 
dextran, cell and the CD2 DNA were tested on the 
efficiency of transfection. In every case the CD2 DNA 
was transfected and the percentages of positive cells 
expressing the CD2 Ag were adjusted to take into account 
the proportion of lysed to intact cells.

6.2.2 Effect of DEAE-dextran and Cell Concentration on
the Efficiency of Transfection

The effect of DEAE-dextran concentration on the 
frequency of transfection was tested using constant 
amount of CD2 DNA. The concentration of DEAE-dextran was 
found to be very crucial in increasing the efficiency of 
transfection. It was found that experiments carried out 
with the same number of cells and lower concentration of 
DEAE-dextran gave significantly higher number of CD2 
positives than those with higher concentration of DEAE- 
dextran (Fig. 6.3).

The effect of cell concentration was also tested 
and it was found to be as important as the concentration 
of DEAE - d e x t r a n  in increasing the effic e n c y  of 
transfection. Generally dishes with 50% confluency (i.e. 
about 1x 10 cells per dish) produced the highest number 
of CD2 positives when compared with less or more than 
50% confluency (i.e.o.SxlO^ and 2x10^ cells per dish 
respectively; Fig. 6.3).

6.2.3 DNA Concentration Effect on Transfection

The concentration of DNA was also found to be 
important in increasing the transfection efficiency 
(Fig. 6.4). It was also found that the positive effect 
of DNA concentration was limited and after certain 
concentration, addition of more DNA did not produce any
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F ig u r e  6 . 2 .  Lysed o r  damaged COS c e l l s  do no t  s t a i n  w i t h  

W6/32 ( A ) ,  CD2 COS c e l l s  t r a n s f e c t e d  w i t h  CD2 DNA were 

used f o r  t h e  o p t i m i s a t i o n  e x p e r  i ments(B)The COS c e l l s  

w h i c h  a r e  damaged d u r i n g  c e l l  h a r v e s t  o r  c y t o s p i n n i n g  

l a c k  most  o r  p a r t  o f  t h e  c y t o p l a s m  and t h e r e f o r e ,  do n o t  

s t a i n  t h e  same way as i n t a c t  c e l l s  do.  The r e m a i n i n g  

n u c l e i  have s t a i n e d  o n l y  w i t h  p r o p i d i u m  i o d i d e .
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15

% f req uency
o f  10

t r a n s f e c t i o n

x means 100 ug/ml DEAE-dextran  

o means 400 ug/ml DEAE-dextran

1 0 ' 1 0 ' 10 '

F i g u r e  6 . 3  E f f e c t  o f  c e l l  and D E A E - d e x t r a n  
c o n c e n t r a t i o n  on t h e  e f f i c i e n c y  o f  t r a n s f e c t i o n .
G e n e r a l l y  d ish es  w i th  about 50% c o n f lu e n c y  (a b o u t  1x105 

c e l l s  per  a 10 ml c u l t u r e )  w i t h  e i t h e r  o f  th e  two DEAE- 
d e x t r a n  c o n c e n t r a t i o n s , gave  more t r a n s f e c t a n t s  t h a n  

dishes  w i t h  le s s  o r  more c o n f lu e n c y  ( i . e .  1x104 and 

1 x 1 0 ° ) .  When two d ishes  had roug h ly  th e  same number o f  

c e l l s  th e  one w i t h  less  DEAE-dextran c o n c e n t r a t io n  gave 

h i g h e r  f r e q u e n c y  o f  t r a n s f e c t i o n .  The D E A E - d e x t r a n  

c o n c e n t r a t io n s  a re  shown f o r  100 ug/ml ( s o l i d  l i n e s )  and 

f o r  400 ug/ml (broken l i n e s ) .
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F i g u r e  6 . 4  E f f e c t  o f  DNA c o n c e n t r a t i o n  on t h e  

e f f i c i e n c y  o f  DNA c o n c e n t r a t i o n . The DNA c o n c e n t r a t i o n  

e f f e c t  was t e s t e d  u s i n g  tw o  d i f f e r e n t  c e l l  

c o n c e n t r a t i o n .  G e n e r a l l y  th e  DNA c o n c e n t r a t io n  o f  7 . 5  ug 

per 10 ml c u l t u r e  produced th e  h i g h e s t  f r e q u e n c ie s  o f  

t r a n s f e c t i o n  in  e i t h e r  o f  th e  c e l l  c o n c e n t r a t i o n . Using  

more DNA (10  ug vs 5 ug) d id  no t  produce p r o p o r t i o n a l  

i n c r e a s e  in  t h e  f r e q u e n c y  o f  t r a n s f e c t i o n .  The DNA 

c o n c e n t r a t io n s  on 1x104 c e l l s  i s  shown as s o l i d  l i n e  ( x )
jr

and on 1x10 is  shown as broken l i n e s  ( o ) .
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proportional increase in the number of positive cells. 
The highest frequencies were usually observed when 7.5 
ug DNA was used but the highest number of transfectants, 
per microgram DNA, was achieved when only 5 ug DNA was 
used for each dish. The frequency of transfection, 
before optimisation, was ranging between 5 to 10% and 
after optimisation was ranging between 15 to 30%. Close 
analysis of the results and the conditions would 
suggest that the transfection efficiency could have been 
optimised even further but the obtained values were 
sufficient for this work.

6 . 2 . 4  C y t o s p in n in g  a n d  Im m u n o f lu o r e s c e n c e  S t a i n i n g

In order to examine the efficiency of transfection, 
the transfected cells expressing the CD2 Ags had to be 
stained. Staining and counterstaining proved to be very 
valuable for determining the efficiency of transfection 
as well as showing any possible damage to the cells. In 
order to stain the cells they had to be transferred on 
to slides. Two methods of cell preparation and staining 
were tested for comparing the pattern and the intensity 
of staining in each methods.

In one of these method the cells were grown on 
coverslips laid down inside a tissue culture dish and 
after overnight incubation the cells were transfected 
with DNA. After the transfection and incubation, the 
coverslips were washed with PBSA and fixed in acetone. 
The coverslipS were then glued on to slides and the 
cells were stained. The staining result indicated that 
several disadvantages were found to be associated with 
this method of cell preparation. These could be 
summarized as:
(a) The cells were usually in clumps, (b) The background 
staining was too high, (c) Even the W6/32 staining 
quality was poor, (d) This method was too laborious with 
no real advantage.

The other method of cell p r e p a r a t i o n  was by
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c y tospinning (Chapter 2). Compared with the above 
method, cytospinning was found to be more convenient and 
the staining was clear with low or no background. The 
results of opt i m i s a t i o n  given in this chapterafe , 
therefore, from the cytospinning.

Cytospun cells were stained indirectly with either 
immunoperoxidase or immunofluorescence (FITC) stainings. 
The FITC staining was chosen over immunoperoxidase 
staining for its clarity and simplicity. The FITC 
staining usually took less time than immunoperoxidase, 
the stained cells were in better shape at the end and 
the staining results were less ambiguous to interpret. 
The main disadvantage of FITC staining was that the 
intensity of staining could not be kept for a long time 
(maximum one week at 4°C), however, immunoperoxidase 
staining could be kept for much longer without any 
major fading of the staining signals as was seen in the 
work described in chapter 4. To overcome this problem 
with the FITC staining, the cells were observed using a 
Lites microscope equipp e d for epi-fluorescence microscopy 
and if necessary pictures were taken for record and 
later comparisons of results.

It has to be said that not all cytospun cells were 
found to stain with the same quality and clarity. Indeed 
some cytospun cells failed to stain well, some others 
had high background and sometimes these background 
staining were associated with lots of damaged or lysed 
cells. Several factors in the process of preparing cells 
and staining, were thought to be contributing to the 
above problems. These factors were associated with 
several steps in the process of cell culture, cell 
harvest and staining. These steps have been d/vided, 
for convenience, into pre-cytospinning, cytospinning and 
staining.

6.2.5 Pre-Cytospinning

Several steps prior to the cytospinning were
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tested for their effect on the quality of the cells and 
subsequent staining. These steps were the DEAE-dextran 
transfection, the cell concentration, the DMSO 
treatment, the presence or absence of DNA in the 
transfection, the time of incubation in PEA and the 
recovery of the cells by trypsin instead of PEA. Slides 
from these tests were stained with W6/32 McAb and 
counterstained with propidium iodide. The staining 
together with counterstaining could show whether the 
cells were lysed/damaged or not, and if so to what 
extent. The result of pre-cytospinning factors affecting 
the outcome of the staining may be summarised as 
follows:

The staining showed that the DEAE-dextran transfection 
was not a contributory factor in cells lysis.

The concentration of the cells being transfected also 
showed no direct effect on the cells lysis.

Long DMSO treatment (>5 minutes) was found to be one of
the causes of damage to the cells but the damage was 
particularly acute if the DMSO had been oxidised.

The transfection of the cells with or without DNA (mock 
transfection) had no adverse effects on the cells.

These observations were also true for cells being 
incubated in PEA for different length of the time.

6 . 2 . 6  C y t o s p in n in g  ( C y t o c e n t r i f u g a t i o n )

In order to cytospin the transfected cells they 
were detached from the culture dished using PEA, 
c o ncentrated first by spinning them down and
resuspending in a small volume of PBS/FCS. Experience 
showed that these cells, esp e c i a l l y  if very
concentrated, had to be declumped prior to cytospining, 
in order to achieve clear staining signals as well as to 
reduce the level of nonspecific background. The
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declumping involved syringing the cells up and down 
through a 21G gauge needle. It was, however, found that 
usually the declumping process was one of the causes of 
damage to the cells and only gentle declumping had to be 
adapted to achieve both goals, less damage and better 
staining.

Besides declumping other steps which are involved 
were found to be important in obtaining good cytospun 
slides. These steps can be summarized as follow:

Cells had to be resuspended in a buffer containing serum 
(e.g. F C S ) because it was found that serum was 
necessary to aid the cells attachment to the slide 
during cytospinning and also without serum clumping 
would occur.

It was also found that the cells were in better 
condition if they were kept at their concentrated form, 
on ice, during cytospinning. In this case an aliquot of 
cell suspension was diluted for every few rounds of 
spinning.

The best cell concentration, to give good staining, was 
about 1-5x10 cells per slide. More concentrated cells 
usually would form clumps and usually would cause poor 
staining. On the other hand less concentrated cells 
usually did not spread well and tended to be found on 
the edges of the cytospun area.

The speed and the duration in which the cells were 
cytospun were also important, especially when the cells 
had become fragile (may be during h a r v esting or 
declumping process). The range of speeds tested were 
from 300 to 2000 rpm and the range of spinning times 
were from 3 to 10 minutes. The speed and the time of 
cytospinning which gave even spread of the cells on the 
slides without causing major damage to the cells were 
found to be around 500 rpm for 5 minutes.

Unused or poorly cleaned slides or coverslips
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usually gave rise to a particular type of background 
staining (Fig. 6.5). The background staining on the 
poorly cleaned slides was not usually removable by 
washing the cells during staining therefore very clean 
slides and coverslips had to be used (see Chapter 2).

Cytospinning chambers also needed attention. The
chambers had to be washed thoroughly with water and mild
detergent (activated Cidex) at the end of cytospinning 
eyery day as well as during the cytospinning if some of 
the liquid from the previous run was left behind in the 
chamber.

Cells had to be fixed in acetone immediately after 
cytospinning to avoid exposing the cells to air, any 
delay in doing so usually caused the cells to burst. On 
the other hand no change or damage was observed if cells 
were overfixed (10 seconds up to 15 minutes).

The cytospun cells were either stained on the same
day as they were prepared or they were stored at room
temperature in a slide box. There was no apparant 
differences in the intensity or pattern of staining 
between the two slide types (i.e. fresh or stored 
slides).

Some times the FITC staining showed a small number 
of cells being damaged or lysed. At times the extent of 
the damage was too high to make the staining results 
reliable. For the purpose of distingushing slides at the 
pre-staining level, with high number of damaged cells 
the cells from randomly chosen slides were either 
stained with ieishman or trypan blue. The unstained 
cells were also looked at under microscope for the same 
purpose. The idea was that if the damage to the cells 
could be detected at pre-staining level then the 
staining of slides with high number of damaged cells 
could be avoided. It was found that the damage to the 
cells could not be accurately measured on unstained 
slides under microscope. The Jteishman staining was not 
helpful either due to the fact that there was no
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F i g u r e  6 . 5  Background s t a i n i n g  c a u s e d  by f r e e  Ab on 

e i t h e r  c o v e r s l i p s  or  s l i d e s .  The p a t t e r n  o f  s t a i n i n g  was 

e a s i l y  d i s t i n g u i s h a b l e  f r o m  o t h e r  t y p e s .
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correlation between the number of cells seen damaged 
after the £eishman staining and after the FITC staining 
using W6/32 McAb. When c e l l s  were s t a in e d  w i th  t r y p a n  

blue th e  number of damaged c e l l s  seemed to be g r e a t e r  

than seen w i th  t he W6/32 s t a i n i n g . The reason may be t h a t  

trypan blue only stains the dead cells (Fig. 6 .6 ) but 
W6/32 stains semi-damaged cells as well as healthy cells 
(Fig. 6 . 7 ) .  Trypan blue staining of uncytospun cells was 
therefore, unhelpful for the same reason. The estimation 
of the damage to the cells was only achieved by 
staining with W6/32 acompanied by counterstaining with 
propidium iodide.

6.2.7 Immunofluorescent Staining

Cytospun transfected cells were stained with 
several McAbs in order to identify the cells expressing 
novel determinants as target Ags (see section 6.3). The 
staining was a/5.o useful for measuring the efficiency 
of the transfection. Some' transfected and untransfected 
COS cells were stained with only the second Ab (i.e. 
FITC conjugated) to work out the right dilution of 
second Ab and also to find out if there were any 
background on these slides caused by the second Ab.

After establishing the correct dilution of the 
second A b , several different tr a n s f e c t e d  cell 
preparations were stained. It was observed that in some 
cases there were high levels of background staining on 
the cells, on the coverslips or the slides. The 
staining on the cells was most probably caused by cross 
reactivity between Abs and some of the determinants on 
the COS cells. The nonspecific background staining on 
the coverslips or the slides was thought to have been 
caused by free Abs and improperly cleaned slides. 
Several different adsorbants (e.g. human and rabbit 
serum, BSA, intact and sonicated COS cells) or 
detergents (triton and NP40) as well as wash i n g 
conditions were used in order to reduce the nonspecific 
stainings on these cells, slides or coverslips. It was
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F i g u r e  6 . 6  COS c e l l s  s t a i n e d  w i t h  t r y p a n  b l u e .  The

t r y p a n  b l u e  s t a i n i n g  u s u a l l y  o v e r - r e p r e s e n t e d  t h e  e x t e n t  

o f  damage t o  t h e  c e l l s  and c o u l d  n o t  be used t o  a s se ss  

t h e  e x t e n t  o f  damage a t  t h e  p r e - c y t o s p i n i n g  o f  p r e -  

s t a i n i n g  1e v e l .

F i g u r e  6 . 7  COS c e l l s  s t a i n e d  w i t h  W 6 / 3 2  and  

c o u n te r s ta in e d  w i t h  prop id ium  i o d i d e .  The s t a i n i n g  shows 

t h a t  b o t h  semi -damaged ( s m a l l  a r r o w )  and i n t a c t  ( b i g g e r  

a r r o w )  c e l l s  had s t a i n e d  w i t h  t h e  W6/32 McAb.

271



found that none of the adsorbant or detergents could 
eliminate the background staining caused in these ways. 
The only effective method of removing the nonspecific 
staining was excessive washing of the cells in a 
circulating bath of TBS for 15 minutes with three 
changes of the buffer (Chapter 2). The b ackground  
staining caused by cross reactivity mentioned above was 
only associated with some of the McAbs used to screen 
the cDNA library (e.g. GB17 and GB25) and could not be 
controlled unless these Abs were diluted much further 
(see sections below).

The overall remarks about staining and backgrounds 
could be summerized as follow:

(a): In most cases the background was directly related 
to the intactness of the cells that is the more damaged 
the cells were the more background there was.

(b): Transfected cells generally gave higher background 
than untransfected cells when stained with irrelevant 
Ab. The reason was thought not to be associated with the 
changes which the transfection may have caused but may 
have been associated with the fact that the transfected 
cells had gone through more stages of handling before 
being cytospun (probably have become more prone to 
damage).

(c): Most recomended washing procedures (e.g. washing 
with a jet of washing buffer from washing bottle) 
failed to wash off the free Abs after the end of the Ab 
incubation. The best washing procedure, however, was 
circulating washing buffer.

(d): Prolonged incubation of first or second Ab had no 
apparant negative or positive effect on staining 
intensity but a minimum of 15 minutes incubation was 
used routinely.
(e): Some of the first Abs were giving high background 
even at very diluted forms (GB17 and GB25, Figs. 6.8-9, 
see also section 6.3).
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F ig u r e  6 . 8  COS c e l l s  t r a n s f e c t e d  w i t h  t h e  DNA recovered  

by th e  GB24 McAb and s t a in e d  w i t h  GB17 McAb. The DNA had

been r e c o v e r e d  f r o m  c e l l s  panned by t h e  GB24 Ab and t h e n  

b a c k - t r a n s f e c t e d  i n t o  t h e  COS c e l l s .  The c e l l s  w e r e  

s t a i n e d  w i t h  t h e  GB17 McAb ( 1 / 5 0  d i l u t i o n ) .  T he re  can be 

seen f a i n t  s t a i n i n g  on most  o f  t h e  c e l l s .

F i g u r e  6 . 9  COS c e l l s  t r a n s f e c t e d  w i t h  t h e  DNA 

recovered  by th e  GB24 McAb and s t a in e d  w i t h  GB25 McAb.
The DNA had been r e c o v e r e d  f r o m  c e l l s  panned by t h e  GB24 

Ab and t h e n  b a c k - t r a n s f  e c t e d  i n t o  t h e  COS c e l l s .  The 

c e l l s  were s t a i n e d  w i t h  t h e  GB25 McAb ( 1 / 1 0 0  d i l u t i o n ) .  

The r e  can be seen f a i n t  s t a i n i n g  on most  o f  t h e  c e l l s .
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(f): Several FITC conjugated second Abs (sheep or goat 
anti-mouse Ab) were tested for enhancing the positive 
signals without causing background staining on negative 
cells. Those from Dako and Sigma usually gave better 
staining than those from SAPU (Scotish A n t i b o d y  
Production Unit) or Sera Lab. The second Ab from Dako 
was the one mainly used in this work.

6.2.8 Counterstaining

The FITC staining was usually followed by addition 
of the counterstainer, propidium iodide (Chapter 2). The 
result of FITC staining without counterstaining was 
difficult to interpret, especially if the staining 
signal was weak. The counterstaining also proved to be 
absolutely necessary to estimate the extent of damage to 
the cells, because burst cells would have only nuclei 
left which only stain with propidium iodide (Fig. 6.10). 
Overall the FITC staining combined with the 
counterstaining would usually produce much clear and 
interpretable staining.

It was found that the propidium iodide prepared as 
recommended in the method section (Yeh, Hsi and Faulk 
1981) was stable for longer than suggested period of 6 
months. In fact no apparent loss of a c t i v i t y  was 
observed even after two years if the propidium iodide 
was kept in a dark bottle at 4°C. The recommended 
washing method was found to reduce the intensity of 
propidium iodide counterstaining (Yeh, Hsi and Faulk 
1981), therefore, the propidium iodide was usually added 
directly to the cells at the final stage of staining, at 

dilution of the stock solution (5-10 ul of 
stock solution of propidium iodide diluted in 100 ul of 
glycerol/TBS, and 20-40 ul was used per slide, Chapter 
2). This method of adding propidium iodide had at least 
three advantages.

(a) No further washing was necessary after addition of 
propidium iodide.
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F i g u r e  6 . 1 0  COS c e l l s  s t a i n e d  w i t h  W 6 / 3 2  and  

c o u n te r s ta in e d  w i th  prop id ium  io d i d e .  The c e l l s  w h i c h  

had been m o s t l y  damaged show v a r i a b l e  s t a i n i n g  w i t h  

W6/32.  Some c e l l s  a r e  s t r o n g  ( s m a l l  a r r o w )  o t h e r s  f a i n t  

( b i g g e r  a r r o w ) .  The c o u n t e r s t a i n e d  n u c l e i  a r e  v e r y  f a i n t  

and can n o t  a c c u r a t e l y  show t h e  e x t e n t  o f  damage t o  t h e  

c e l  1s .
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(b) Less propidium iodide was used in this way than 
adding to the second Ab.

(c) If more propidium iodide was needed it could be 
easily added to the cells.

6.3 Screening Placental cDNA Library

6.3.1 Immunoscreening

After the optimis a t i o n  of the D E A E - d e x t r a n  
transfection and the handling of the COS cells from 
harvesting to staining, a human placental cDNA library, 
cloned into CDM7 (CDM7 is similar to the CDM8 introduced 
in Chapter 5), was transfected into COS cells by the 
DEAE-dextran transfection method. The advantage of using 
the DEAE-dextran transfection in the primary screening 
is given in Chapter 1. Each of the Abs listed in Table
6.1 was tested for panning untransfected COS cells. 
Among these Abs, GB17 and GB25, even at very dilute 
form, were usually panning the COS cells p r o b a b l y  
nonspecifically. Other Abs usually had little or 
negligible nonspecific binding to the untransfected COS 
cells. These Abs were therefore, diluted to give the 
lowest nonspecific panning of the untransfected COS 
cells. The diluted Abs were then used for panning the 
COS cells transfected with the library DNA. The 
transfected COS cells presumably expressing the novel 
determinants were selected by panning using a pool of 
Abs. Hirt DNA was made from these cells and transformed 
by electroporation into MC 1061/P3 (MC) E ,  c o l i  in order 
to amplify the DNA.

The colonies from electroporated cells, in the 
primary selections, were scraped from the agar plates, 
pooled and grown in L-broth. These E . c o l i  cells were 
prepared for spheroplast fusion and fused into COS 
cells. The spheroplast fusion and electroporation were 
mainly carried out by Dr. Nickson in our laboratory.

276



QUsually 6x10 spheroplast E ,  c o l i  cells were fused to
55x10 COS cells. COS cells were incubated and panned 

(usually with a single Ab to select single population 
of cell surface determinants). This selection procedures 
are used for the secondary and tertiary screenings. The 
Hirt DNA was then prepared from COS cells which had 
bound to the panning dish and then transformed into MC 
E ,  c o l i  cells for the amplification of selected clones. 
Several colonies were generated from the transformation 
which indicated that several cDNA clones might have been 
selected. Plasmid DNA were made from these cells and 
usually a pool of these clones were screened further 
(tertiary screening) by spheroplast fusion as described 
above. On the other hand some of the amplified DNA were 
either used for transfecting the COS cells for staining 
purpose or for restriction analysis (5ee f \ Qui digram n<*-( p*y).

6.3.2 DEAE-dextran Transfection and Staining of the 
Immunoselected Clones

DNA from some of the tertiary screened clones were 
b a c k - t r a n s f e c t e d  into the COS cells for staining 
purposed. Staining was one of the most revealing way of 
allowing one to see whether the isolated clones were the 
target clones. The cytospun cells were then stained with 
the appropriate Ab to confirm the isolation of the 
target clone. The dilution of the primary Ab had already 
been worked out to give the lowest possible background 
on untransfected or mock-transfected COS cells (DEAE- 
dextran transfection without using any DNA). None of the 
selected clones stained positively with the Ab which 
had been used to select that particular clone during 
panning or subsequent screenings. Despite this fact, 
there were usually some background staining associated 
with some of these Abs (Fig. 6.8 and 6.9 and Table 6.1).

Results obtained above indicated that staining 
could not confirm that any of the immunoselected clones 
were the target clone(s). The failure was not due to the 
inefficiency of staining because CD2 transfection either
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cDNA
*
*

T r a n s fo r m a t io n  i n t o  E. c o l i  f o r  a m p l i f i c a t i o n
*
x

DNA prep ,  ( a m p l i f i e d  l i b r a r y )
*
x

DEAE-dextran t r a n s f e c t i o n  i n t o  COS c e l l s
x
x

Panning ( w i t h  a pool o f  Abs) 
x 
x

H i r t  DNA prep .
*
*

T r a n s fo r m a t io n  i n t o  E. c o l i  and DNA prep .
x
x

DEAE-Dextran t r a n s f e c t i o n  i n t o  COS c e l l s
x x
X X

Panning (u s in g  o n ly  a s i n g l e  Ab)
x x
x x

H i r t  DNA prep .
x x
x x

T ra n s fo r m a t io n  i n t o  E. c o l i  and DNA prep .
* *
x x

T ra n s fo r m a t io n  i n t o  E. c o l i  f o r  making s p h e r o p la s t s
* * *

S p h e ro p la s t  f u s io n  to  COS c e l l s

* * *
Panning, H i r t  DNA prep ,  and a m p l i f i c a t i o n  i n t o  E. c o l i  
as in  th e  secondary s c re e n in g ;  o r /a n d  immunof1uoresence

s t a i  ni n g .

Flow d iagram  showing procedures  f o r  immunoscreening.
In  t h i s  d iagram s i n g l e  *  means p r im a r y ,  double  *  means 

s e c o n d a r y  and t r i p l e  *  means t e r t i a r y  s c r e e n i n g s .  

T r a n s fo r m a t io n  i n t o  E. c o l i  was e i t h e r  by C aC l2 o r  by 

e l e c t r o p o r a t i o n . A nt ibody  (Ab)  s e l e c t i o n  o f  t r a n s f e c t e d  

COS c e l l s  was e i t h e r  by p a n n in g  o r  D yn a b e a d s  ( s e e  

s e c t io n  2 . 2 . 2 2 ) .



No Cel Is 1 ~ Ab Di 1 ut Result
1

Comments \
1
1
1

! 1 COS - - -VE
1

Only second Ab was used 1

! 2 COS W6/32 1/500 +VE
1

-v e  W6 meant c e l l s  damaged {

t 3 COS CD2 1/100 -VE No background !
1

! 4 COS GB17 1/200 -VE U sua l ly  f a i n t  background J
1

«' 5 COS GB24 1/50 -VE
1

Usua l ly  f a i n t  background J
_  — <

! 6 COS GB25 1/1000 -VE
1

Some background !
1

| 7 COS 1 61G 1/50 -VE
1

No background 1
1

! 8 COS FT 1/50 -VE
t

No background !
1

! 9 CD2 CD2 1/10 +VE
1

Strong s t a in i n g  !
1

! 1 0 GB1 7 GB17 1/200 -VE
t

Some background !
1

! 1 1 GB24 GB24 1/50 -VE
1

As on GB24 above (same as 5 ) |
1

! 12 CD2/
GB24

CD2 1/10 +VE
1

As on CD2 (same as 9) j
1
1
1

! 13 CD2/
GB24

GB24 1/50 -VE
i

As on GB24 (same as 5) J
1
1
1

! 14 GB25 GB25 1/1000 -VE
1

High background 1
1

! 15 1 61G 1 61G 1/50 -VE
1

No background !
1

! 16 FT FT 1/50 -VE
1

No background !
1
1

T a b le  6 .1  Summary o f  th e  r e s u l t s  f ro m  s t a i n i n g  t h e  
immunoselected c lo ne s  w i t h  t h e  a p p r o p r i a t e  and t h e  
contro l  Abs. None o f  the s e le c te d  clones s ta in e d  w ith  
the ap p ro p r ia te  Ab and in few cases the background was 
h i g h .  I n  t h e s e  c a s e s  m a j o r i t y  o f  t h e  c e l l s  w e r e  
p o s i t iv e s  in d ic a t in g  high degree o f  cross r e a c t i v i t y .  
The GB25 Ab u s u a l l y  gave  t h e  s t r o n g e s t  o f  t h e  
backgrounds, even on un trans fec ted  c e l l s  and only  1 /2000  
d i l u t i o n  o f  t h i s  Ab gave v e r y  low b a c k g r o u n d  on 
untrans fec ted  c e l l  s ( (n W f cos cM-S $W\r\ uh\k u>£/ 32.) •
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by itself or mixed with other immunoselected clones 
(e.g. a pool of GB24 immunoselected clones) to act as 
a positive control stained positively with the anti-CD2 
Ab which meant that the DEAE-dextran transfection, 
cytospinning and the staining were experimentally 
feasible (Fig. 6.11).

Several aliquots of the cDNA library were screened 
using the screening protocol described above. Every 
selected clone (by the Abs listed in Table 6.1) was 
usually analysed further by restriction analysis and 
staining. Based on several staining results similar to 
those listed in the Table 6.1, it was concluded that 
none of the i m m u noselected clones were the target 
clones.

The staining results seemed to be contradictory to 
the results obtained from the panning results seen in 
the primary and secondary screenings* In there
the results indicated that the Abs were act u a l l y  
panning some transfected cells, presumably they had 
plasmids in them since it was shown that these selected 
clones have plasmid in them because the Hirt DNA from 
these cells, amplified in MC E .  c o l i , produced colonies 
on selective agar plates. The panned cells should have 
therefore been mainly the transfected COS cells (having 
plasmid in them) . It can then be argued that the 
binding of Abs to the transfected COS cells might have 
been due to the interactions between these Abs and some 
types of antigenic determinant on COS cells. At the 
same time it should be pointed out that all the Abs used 
in this work had been tested against untransfected COS 
cells and no significant panning was observed (except 
with GB17 and GB25 at higher concentrations). If one 
agrees with both arguments then it may be concluded that 
the Abs were panning transfected cells nonspecifically. 
The nature of the observed cross reactivity is not yet 
known.
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F i g u r e  6 . 1 1  COS c e l l s  s t a i n e d  w i t h  W 6 /3 2  and  

c o u n t e r s t a i n e d  w i t h  p r o p i d i u m  i o d i d e .  L a c k  o f  W 6 / 3 2  

s t a i n i n g  on some c o u n t e r s t a i n e d  n u c l e i  shows t h a t  t h e  

c e l l s  had been l y s e d  and o n l y  t h e  n u c l e i  had r e m a i n e d .
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6 . 3 . 3  R e s t r i c t i o n  E n zym e  A n a l y s i s  o f  Im m u n o s e le c te d  

C lo n e s

The restriction analysis was carried out to confirm 
the presence of insert in the isolated clones and also 
to see if there were any similarities between the 
restriction patterns of the inserts. Usually after each 
round of selection, in order to find out the size of the 
inserts of the immunoselected clones, mini DNA preps 
were made from MC E ,  c o l i  cells. The DNA were analysed 
by restriction digest analysis. The restriction analysis 
was carried out using several restriction enzymes (e.g. 
Pst I and Hind III) recognizing the sites flanking the 
insert in the polylinker region of the CDM7 (which has 
similar polylinker sites to the CDM8 vector described in 
Chapter 5). Those clones which had large inserts were 
pooled and back-transfected into COS cells for further 
enrichment (selection).

The immunoselected clones showed unpredictable 
restriction patterns. Some of the clones were not 
restricting with the enzymes which were known to cut the 
vector DNA flanking the cloning site (e.g. Pst I/Hind 
III). In some other cases the restricted DNA showed no 
insert, however, there were cases where plasmids with 
insert were seen (Fig, 6.12).

These restriction patterns could have arisen in 
several ways. One possibility is that the COS cells have 
been transfected with only the vector and the Abs have 
panned these cells probably randomly. Clones selected 
from these cells would obviously lack any insert, though 
the reason for such a selection is not obvious (may be 
due to the reasons discussed for deletion, see below). 
Some of the clones isolated in this way were actually 
linearised by cutting the plasmid with Pst I/Hind III 
instead of giving two bands, one for the vector and one 
for the insert. These plasmids could have come from re- 
circularisation of vectors during cDNA cloning. This 
possibility was not, however, expected because the 
library had been cloned into the BstXl cloning sites in
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BR

 w f # § t t  •

F i g u r e  6 . 1 2  R e s t r i c t i o n  d i g e s t  a n a l y s i s  o f  t h e  

immunonoselected c lo n e s .  The c l o n e s  showed u n p r e d i c t a b l e  

r e s t r i c t i o n  p a t t e r n s .  Some were r e s t r i c t i n g  and s h o w i n g  

t o  have i n s e r t  and o t h e r s  had  no i n s e r t  o r  w e r e  n o t  

r e s t r i  c t i  n g .
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CDM7 vector (Simmons personal communication) and it was 
documented that the Bstxl sites in CDM8 (CDM7 likewise) 
do not have compatible ends to be able to religate (for 
full detail see Chapter 5).

Another p o s s i b i l i t y  might have been that the 
inserts were very small and not detectable on the gel 
(e.g. >200 bp). This can be excluded because the library 
had been size fractionated and fragments smaller than 
500 bp had been discarded (Simmons personal 
communication; Simmons and Seed, 1988). Inability to 
restrict some of the clones may have been caused by 
DNA impurities. To exclude this possibility, some of the 
DNA were cleaned further and restricted again. The same 
results were obtained suggesting that other causes such 
as loss of one of these two restriction sites might have 
been involved. It was also observed that in some cases 
the vector band was smaller than expected.

The above observations (i.e. lack of digestion, 
lack of insert and reduction in the vector size, etc.) 
seemed accelerated as the screening advanced from 
primary to tertiary. This effect was p a r t i c u l a r l y  
investigated using GB24 Ab (Figs. 6.13- 14). These 
figures show that most of the clones have different 
sizes of vector band, suggesting that some kinds of 
deletion of the vector or cDNA insert might have occured 
during the screening process. This was also observed 
when CD2 was serially propagated through COS cells 
without Ag selection (panning).

The original cDNA library was transformed into MC 
cells and several colonies were randomly picked and DNA 
from these clones were restricted to ensure a similar 
size vector was present. This was tested by cutting the 
library DNA with Pst I/Hind III enzymes. Most clone
showed only a single vector band probably suggesting 
that deleted vectors were not present in the library. 
Therefore reduction in the vector size may have occured 
during the screening process (Fig 6.15). The deletions 
were p r o bably occuring after the DNA had been
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f i g u r e  6 .1 3  R e s t r i c t i o n  p a t t e r n  o f  immunoselected c lo n es  

a f t e r  th e  p r im a ry  s c r e e n in g .  Most c lones  have s i m i l a r  
s i z e  v e c to r  band.

284



F ig u r e  6 .1 4  R e s t r i c t i o n  p a t t e r n  o f  immunoselected c lo n e s
a f t e r  p r o g r e s s iv e  s e l e c t i o n .
s e l e c t e d  c l o n e s  ( F i g .  6 . 1 3 ) ,  

v e c t o r  s i z e  b a n d s  s u g g e s t  

d e l e t e d .

Compared w i t h  t h e  p r i m a r y  

most  c l o n e s  have d i f f e r e n t  

i n g  t h e y  m i g h t  h a v e  b e e n
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ori M13 ori SupP CMVp cDHA splice ♦ An SV40 ori 
I !________ I_____ I______1 -J________________ I____________ J

a :
A2
A4
Cl 
C2 
C3 
C 4
C5
C7
C9

Figure  6 .15  D e le t io n  map o f  CDM8 . The f i g u r e  shows t h a t  

10 in d e p e n d e n t  c lo n e s  have been d e l e t e d  i n  t h e  COS 
c e l l s .  In  a lm o s t  e v e r y  c lo n e  t h e  n o n - e s s e n t i a l  s e q u e n c e s  

in c l u d i n g  CMV promoter  have been d e l e t e d . I\ne$ cou-er cUlh-'Ud
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transfected into the COS cells or transformed into the 
MC E ,  c o l i  cells.

Only the deletions which have occured in the 
nonessential regions of the vector ( Polyoma ori
and CMVp, the RNA promoter) as well as the insert could 
be detected (Fig. 6.16). Any possible deletion in the 
essential regions of the vector (SupF, piXV ori and SV40 
ori) would lead to the loss of that particular plasmid 
during subsequent cell divisions. This kind of deletion 
though possible in theory, could not be shown on a gel. 
On the other hand deletions in the nonessential regions 
usually would not lead to the loss of that particular 
plasmid. It even sometimes, might be advantageous and 
lead to faster replication of that particular plasmid. 
If this happens then that particular plasmid would over 
grow and would be over-represented. For example deletion 
including the promoter region (i.e. CMVp) would lead to 
absence of mRNA transcription and the plasmid would 
therefore most of its activity to replication. This in 
turn causes over growth of promoter free plasmids.

In support of the above argument it was observed 
that progressive screening increased the frequency of 
deleted plasmids (Fig. 6.13-14). This may even suggest 
that the selection was favourable toward selecting 
cells containing the deleted plasmids. If this was the 
case then Abs should have panned the transfected COS 
cells randomly to allow the deleted plasmids to be 
selected as well. Eventhough panning of the deleted 
plasmids may not be favoured but because of over­
representation they might be present among the selected 
clones as well (which was actually the case).

Detailed restriction analysis were later done in 
our laboratory to map the deleted regions. The analysis 
of deletions which had been recovered by back- 
transformation into MC E ,  c o l i  cells have shown that 
deletions were mainly clustered around the flanking 
regions of the insert (i.e. CMV promoter, cDNA insert 
and splice + An ) and it almost always included the
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promoter (Fig. 6.15; Sutcliffe e t  al., 1990). The results 
have indicated that all fragments essential to the 
survival of the plasmid in the COS cell or in the MC E .  

c o l i  have remained intact. Finally the above findings 
may suggest that deletion could have been independent of 
the type of of McAb used to screen the library because 
all the immunoselected clones showed this phenomenon.

6.4 Discussion

The main focus of this chapter was on optimisation 
of the COS expression system at the level of DEAE- 
dextran transfection and staining. The data presented 
showed that several factors were important in optimising 
the efficiency of the DEAE-dextran transfection. The 
three main factors were shown to be the concentration of 
DEAE-dextran, cells and DNA. It was found that lower 
concentration of DEAE-dextran (for example 100 ug/ml) 
than recommended (i.e. 400 ug/ml, Seed and Aruffo, 1987) 
gave better transfection efficiency.

The cell concen t r a t i o n  was also found to be 
important in increasing the efficiency of transfection. 
This effect was not linear and the efficiency decreased 

after certain cell concentrations. The percentage of 
cell confluency to give the best effect was in agreement 
with what has been reported (Seed and Aruffo, 1987) with 
an important difference in that the data presented here 
showed actual numerical concentration of the cells 
rather than percentage of confluency.

The DNA concentration showed similar effects as to 
the concentration of cells, that is the increase in 
efficiency of transfection was not proportional to the 
concentration of DNA. The data presented suggested that 
if the maximum number of transfectants per microgram of 
DNA was the objective (for example for screening a cDNA 
library), then DNA concentration should be optimised to
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give the maximum number of transfectants per microgram 
of DNA.

Staining results showed that several factors may 
effect the intensity of the staining. These factors 
involved the cell culture, the cell harvesting, 
preparing the cells for cytospinning and the 
cytospi n n i n g  itself.It was shown that none of the 
immunoselected clones proved to be the target clones. 
The Abs used were panning cells, probably randomly, due 
to Ab-protein cross reactivity. At the same time some 
Abs were panning more cells than the other Abs, may be 
because of lower specificity.

It was also observed that some of the
immunoselected clones became deleted during 
transfection and enrichment steps. The deletions were, 
most probably, random within a clone but they were 
observed in the nonessential regions of the vector. Some 
of the failures in identifying the target clone may have 
been caused by the deletion phenom e n o n  (deletions 
affecting the insert and also the promotor).

There may be other reasons for failure of Abs to 
select the right clone. One difficulty in selecting the 
right clone would be the presence of large amount of
secondary structure in the m R N A , which doesm 4 pertrid the 
reverse transcriptase to make complementary strand 
during cDNA synthesis (Old and Primrose 1985). In this
case the library would be d e f i c i e n t  o f  that particular
clone.

Another difficulty could be the absence of mRNA 
from the target tissue and c o n s e q u e n t l y  the 
corresponding clone in the cDNA library to code for the 
target polypeptide. It has to be emphasised that these 
Abs (except C D2) have been shown to stain placental 
trophoblast cells (Chapter 1). A cDNA from a human 
placental library is, therefore, expected to contain the 
corresponding clones.
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These McAbs have been raised against various forms 
of trophoblast surface extracts (Chapter 1). Nothing is 
known about the abundance of corresponding messages. If 
these messages are low abundance then the COS experssion 
system may not be sensetive enough to select low 
abundance clones. In most of the reported cases the COS 
e x p r ession system have been used to screen cDNA 
libraries abundant for the target clone (Seed and Aruffo 
1987; Aruffo and Seed 1987a, b; Simmons and Seed 1988 
and also see Chapter 1).

The other reason for not selecting any specific 
clone could be the low affinity of Abs for the target Ag 
or high cross reactivity of some of these Abs with the 
non-target antigenic determinants on the COS cells which 
were observed during panning and staining.

One of the main advantages of the COS cell system 
is that Ags can be expressed in their native state as 
full-length polypeptides on the cell surface, but it is 
usually difficult to clone full length cDNA for long 
polypeptides. For example the polypeptide recognized by 
GB17 Ag is about 175 KDa and the message coding for such 
a big polypeptide may be too big to be present as full 
length cDNA clone in the library.

It would also be difficult to select clone whose 
antigenicity requires the presence of two different 
polypeptide chains (e.g. each HLA class 1 determinant 
consists of one polypeptide encoded by MHC gene and one 
smaller polypeptide, beta-2 microglobulin encoded by 
different gene, Roitt, Brostoff and Male 1985) unless 
one of the chains is normally expressed in COS cells (it 
should be noted that MHC, in here, is given as an 
example because as far as MHC is concerned COS cells 
express monkey’s MHC which is very similar to human 
MHC).

Yet another p o ^ i bility may be the p r o b l e m  of 
accessibility, that is to say whether the epitope
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recognizable by a particular Ab is expressed on the 
surface, because Abs raised against purified n o n ­
membrane (not expressed on the surface) polypeptide 
would be able to recognise the same polypeptide on 
intact (viable) cells. This would be a serious problem 
if the Abs epecificity had been determined based on 
their reaction to the purified proteins (e.g. Western 
blotting) or on fixed cells are used for identifying 
surface determinants on intact cells. The reason is that 
fixed cells usually show different pattern of staining 
than viable cells. This difference may be because, in 
fixed cells, acetone fixation may partially delipidate 
the cell membrane which may make some proteins more 
exposed. The fixation may also cause other changes to 
the 3D structure of the Ags and consequently the McAb 
which had been tested on fixed cells may not be able to 
recognize the same cells in culture. This possibility 
might have been the case with the Abs used in this work, 
because most of these Abs had been tested and chosen for 
their activity on fixed cells (Chapter 1).

Different methods of screening should therefore be 
utilized which can complement each other. For example a 
lambda gtll library can be screened with these Abs. The 
positive clones should be used for hybridisation probing 
for further screening the lambda gtll and also to screen 
a placental cDNA library by plaque and colony lifts 
using the methods outlined in Chapters 2 and 3. Colonies 
which give positive signals can be transfected into COS 
cells for staining purpose. The problem associated with 
the affinity of these Abs for the target polypeptides 
would still be present for screening the lambda gtll 
library but the deletion problem may be avoided (for 
more discussion on lambda gtll see Chapter 7).
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CHAPTER 7

CLONING FD0161G cDNA
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7.1  In t r o d u c t io n

I n  t h e  p r e v i o u s  c h a p t e r  ( C h a p t e r  6 )  t h e  COS 

e x p re s s io n  system was in t ro d u c e d  and a t te m p ts  were made 

t o  i s o l a t e  novel  d e te r m in a n ts  by immunoscreening. Due to  

th e  f a i l u r e  o f  th e  methods used, some o t h e r  methods o f  

i n v e s t i g a t i o n  were s u g g e s t e d .  Two o f  t h e  s u g g e s t e d  

methods were employed and th e  r e s u l t s  a re  d e s c r ib e d  in  

t h i s  c h a p te r .  These methods o f  i n v e s t i g a t i o n  in c lu d e d  

s c re e n in g  o f  th e  cDNA l i b r a r y  by o l i g o n u c l e o t i d e  prob ing  

and polymerase cha in  r e a c t i o n  (PCR) and s c r e e n in g  o f  

th e  lambda gt11 p l a c e n t a l  cDNA l i b r a r y .

M o l e c u l a r  a p p r o a c h e s  s u c h  as  PCR o r  c o l o n y  

h y b r i d i s a t i o n  (hom ology p r o b i n g )  t e c h n i q u e s  may be 

employed f o r  th e  i s o l a t i o n  o f  th e  t a r g e t  cDNA c lo n e  i f  

some amino a c id  sequence o f  th e  t a r g e t  p r o t e i n  i s  known 

(Suggs e t  a l  . , 1981;  Hanks 1 9 8 7 ;  C a r d i n  and T a v i t i a n  

1986; Gould e t  a l . , 1 9 8 9 ) .  The PCR method, in  t h e o r y ,
r e q u i r e s  o n ly  knowledge o f  th e  amino a c id  sequence o f  

th e  two s h o r t  reg io n s  ( a p p r o x im a t e ly  7 -1 0  amino a c id s  in  

l e n g t h )  o f  th e  encoded p r o t e i n  (Gould e t  a l  . , 1989 ;
a ls o  see c h a p te r  1 ) .

Lambda gt11 e x p re s s io n  v e c t o r  which was deve loped  

by Young and D a v is  ( 1 9 8 3 a , b )  can a c c o m o d a te  t h e  cDNA 

l i b r a r y  and a l lo w  th e  e x p re s s io n  o f  th e  p r o t e i n  as a 

f u s i o n  p r o t e i n  ( C h a p t e r  1 ) .  Any c l o n e  u n a b l e  t o  be 

i s o l a t e d  u s in g  t h e  COS e x p r e s s i o n  s y s t e m ,  may be 

i s o l a t e d  u s i n g  t h e  la m b d a  g t 1 1 e x p r e s s i o n  v e c t o r  

( c h a p t e r  1 ) .  A n t ib o d ie s  such as FD0161G can be t e s t e d  

a g a in s t  th e  f u s io n  p r o t e i n s  and th e  DNA o f  th e  p o s i t i v e  

c lo n es  can be a m p l i f i e d  r a p i d l y  by PCR.

The w o rk  i n  t h i s  c h a p t e r  f o c u s e s  on t h e  

a m p l i f i c a t i o n  o f  DNA by PCR, c o l o n y  h y b r i d i s a t i o n  by 

o l i g o n u c l e o t i d e  p r o b in g ,  s c re e n in g  o f  th e  lambda g t 1 1 
p l a c e n t a l  cDNA l i b r a r y  and e x p re s s io n  o f  FD0161G cDNA 

c lo n e  in  COS c e l l s .
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7 .2  PCR a m p l i f i c a t i o n  o f  DNA

As mentioned above, PCR can be g e n e ra ted  i f  some 

amino a c id  sequence o f  th e  t a r g e t  p r o t e i n  i s  known. Such 

i n f o r m a t io n  was a v a i l a b l e  on th e  FD0161G g ly c o p e p t id e  as 

some o f  t h e  a m in o  a c i d  s e q u e n c e  o f  t h e  p r o t e i n  

r e c o g n is e d  by FD0161G Ab had a l r e a d y  been p a r t i a l y  

c h a r a c t e r i s e d  ( M u l l e r  19S9; F i g .  7 . 1 ) .

Sequence used f o r  g e n e r a t io n  

o f  o l i  go 496

T h r - G l y - T  r p - S e r - H i  s - L e u - V a l - T h r - G l y - A l a - G l y - G l y - P h e - L e u - G l y - G l  n

S e q u e n c e  u s e d  f o r
g e n e r a t io n

o f  o l i g o  736

F ig u r e  7 .1  The N - te rm in u s  amino a c id  sequence o f  FD0161G 

g l y c o p e p t i d e  and t h e  p o s i t i o n  o f  t h e  two o l i g o s  f o r  

g e n e r a t in g  59 bases f ra g m e n t .
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PCR was t h e r e f o r e  used t o  screen a p l a c e n t a l  cDNA 

l i b r a r y  as w e l l  as genomic DNA. In  these  e x p e r im e n ts  two 

d e g e n e ra te  o l i g o n u c l e o t i d e  m ix tu r e s ,  c o r res po nd ing  to  

each known p e p t id e  sequence o f  th e  FD0161G g ly c o p e p t id e ,  
had t o  be made t o  a c t  as p r im e rs  in  th e  r e a c t i o n .  The 

p r im a ry  aim o f  th e s e  expe r im e n ts  was to  g e n e ra te  a smal l  
DNA f rag m en t  complementary t o  th e  5 ’ end o f  th e  gene 

coding f o r  th e  FD0161G g l y c o p e p t id e .  G e n e ra t io n  o f  such 

a f r a g m e n t  was h o p e d  t o  e n a b l e  us t o  i s o l a t e  t h e  

complete  cDNA c lon e  ( o r  th e  gene) coding f o r  th e  FD0161G 

g ly c o p e p t i  d e .

The two de g e n e ra te  o l i g o n u c l e o t i d e s  ( c a l l e d  496 and 

736; F ig .  7 . 2 )  were designed t o  coresponded t o  th e  amino 

a c i d  s e q u e n c e  o f  t h e  N - t e r m i n u s  o f  t h e  F D 0 1 6 1 G  

g l y c o p r o t e i n .  They were chosen to  c o n t a in  a l l  p o s s ib le  

codon c o m b in a t i o n s  t h a t  c o u l d  e n c o d e  t h e  known a m ino  

a c i d  sequences  ( i n  t o t a l  2 d e g e n e r a c i e s  f o r  e a c h  

o l i g o n u c l e o t i d e ) .  From th e  amino a c id s  sequences chosen 

f o r  th e  g e n e r a t io n  o f  th e  o l i g o n u c l e o t i d e s ,  4 had l e a s t  

de ge ne ra te  codons ( i . e .  T rp ,  H is ,  Phe and G i n ) ,  2 had 

most de ge ne ra te  codons ( i . e .  Ser and Leu) ,  and o t h e r s  

had t h e i r  t h i r d  n u c l e o t i d e  o f  t h e  codon d e g e n e r a t e  

( F i g s .  7 . 2 - 3 ) .

The two o l i g o n u c l e o t i d e s  w e re  d e s i g n e d  t o  ha v e  

complementary sequences to  each o f  th e  o p p o s i te  s t r a n d s  

and were a p a r t  by 7 bp ( F i g .  7 . 3 ) .  The a m p l i f i c a t i o n  o f  

th e  t a r g e t  sequence should g e n e ra te  a 59 bp f ra g m e n t  (26  

bases f o r  each o f  th e  o l i g o n u c l e o t i d e s  and 7 bases in  

between th e s e  tw o ) .

A n t i c i p a t i n g  d i f f i c u l t i e s  in  g e n e r a t in g  s p e c i f i c  

PCR p r o d u c t  w i t h  t h e s e  h i g h l y  d e g e n e r a t e  

o l i g o n u c l e o t i d e s ,  i t  was d e c i d e d  t o  o p t i m i s e  t h e  

a m p l i f i c a t i o n  o f  t h e  s p e c i f i c  s e q u e n c e s  by PCR u s i n g  

s i n g l e  p o p u la t io n  (non d e g e n e ra te )  p r im e rs  s p e c i f i c  t o  

th e  CDM8 v e c t o r  DNA. O l ig o n u c le o t i d e s  were ,  t h e r e f o r e ,  

designed t o  have s i m i l a r  s i z e s  to  496 and 736 (26 m e r ) .
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5 ’ CTG CAG ACA GGA TGG AGC CAC CTA
C C T T C
G G TCA G
T T C T

G T A
A / ^  / v  Ag

T G

Pst s i  t e

( a )  o l i g o  p r im e r  496

5 ’ GCA GGA GGA TTC CTA GGA

co<o

C C C T C C
G G G G G
T T T T T

T A 
G

( b) ol i go 497

CGT CCT CCT AAG GAT CCT
G G G A G G
C C C C C
A A A A

A T 
C

A

Hind3 s i t e

( c )  o l i g o  p r im e r  736

F ig u r e  7 . 2  O l ig o s  d e r iv e d  from th e  amino a c id  sequence
o f  th e  FD0161G p o ly p e p t id e .  The sequences a ls o  show a l l
p o s s ib le  d e g e n e ra c ie s  f o r  each o l i g o n u c l e o t i d e .  Each o f
th e  two o l i g o n u c l e o t i d e s ,  496 and 736 (a  and c ) ,  has 

1 ?10 d e g e n e r a c i e s .  The s e q u e n c e  f o r  736 ( c )  i s  t h e
com ple m e nta ry  s t r a n d  o f  t h e  497  ( b ) .  The r e s t r i c t i o n  

s i t e s  a t  th e  5 ’ end o f  th e  two o l i g o n u c l e o t i d e s  (496 and 

736)  were p laced  t o  f a c i l i t a t e  l a t e r  s u b c lo n in g  o f  th e  

PCR f ragm ents  g e n e ra te d .
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Sequences used f o r  th e

g e n e r a t io n  o f  o l i g o  496 7 bp gap
^  U/ vl/ vly \1/ ̂

^  Afv r f \

T h r - G l y - T  r p - S e r - H i s - L e u - V a l - T h r - G l y - A l a - G l y - G l y - P h e - L e u - G l y - G l n  

ACC GGU UGG UCC CAC CUG GU GCA GGA GGA UUC CUA GGA GA
ACU GGC UCU CAU CUC GCC GGC GGC UUU CUC GGC
ACG GGG UCG CUA GCG GGG GGG CUG GGG
ACA GGA UCA CUU GCU GGU GGU CUU GGU

AGC UUA UUA
AGU UUG UUG

Sequence used f o r  th e  

g e n e r a t io n  o f  o l i g o  497

F i g u r e  7 . 3  The amino a c i d  d r i v e d  s e q u e n c e s  used  f o r  

g e n e r a t i o n  o f  t h e  tw o  o l i g o n u c l e o t i d e s .  Th e  tw o  

o l i g o n u c l e o t i d e s  were made by c o n s i d e r i n g  a l l  o f  t h e  

d e g e n e ra c ie s  w r i t t e n  under each amio a c id  sequence. The 

DNA s e q u e n c e  f o r  o l i g o n u c l e o t i d e  736  was t h e  

complementary s t ra n d  o f  497.  The 7 bp d is t a n c e  between 

th e  two p r im e rs  a re  shown ( * ) .
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T h es e  o l i g o n u c l e o t i d e s  w ere  s p e c i f i c  f o r  t h e  CDM8  

plasmid, f l a n k in g  the s t u f f e r  ( F ig .  7 . 4 ) .  The aim was 
t h a t  by using these o l ig o n u c le o t id e s  any DNA i n s e r t  in  
the s t u f f e r  region o f  the CDM8  would be a m p l i f ie d  ( e .g .  
CD2 or the s t u f f e r  i t s e l f ) .

PCR was performed on CDM8  and CD2 ( c l o n e d  i n t o  
CDM8 ) using o l ig o n u c le o t id e s  380 and 382 ( F ig .  7 . 4 ) .  The 
reac t ion s  were performed on uncut and cut and l i n e a r i s e d  
( N o t  1 c u t )  CD2 and CDM8  p l a s m i d s .  The a m p l i f i e d  
fragments were run on an agarose gel (F ig .  7 .5 )  and i t  
was seen t h a t  more than one fragment has been generated  
f o r  each plasmid ( m u l t ip le  CD2 fragments can not be seen 
in t h i s  f i g u r e  but was seen on the autorad iograph o f  the  
Southern b l o t  o f  t h i s  g e l ,  see be low).  I t  a lso  can be 
seen  t h a t  N o t  1 d i g e s t e d  CDM8  has g e n e r a t e d  l e s s  
fragments than uncut CDM8  ( t r a c k s  2, 3, 5 and 6 ) .  The
gel was Southern b l o t t e d  and h y b r i d i s e d  w i t h  t h e  CD2 
p r o b e  t o  f i n d  o u t  w h ic h  one o f  t h e  PCR g e n e r a t e d  
fragments were CD2 s p e c i f i c .  The reason f o r  doing t h i s  
was t h a t  only a 1 .5  kb fragment was expected from the  
a m p l i f i c a t i o n  o f  CD2 DNA but instead severa l  fragments  
were generated (F ig  7 . 6 ) .  Computer a n a ly s is  o f  the  CD2 
DNA sequences compare w ith  the sequence o f  these two 
o l ig o n u c le o t id e s  (380,  382) showed t h a t  th e re  were two 
o th e r  poss ib le  lo c a t io n  in the CD2 sequence which these  
two o l ig o n u c le o t id e s  might have annealed which re s u l te d  
in the a m p l i f i c a t i o n  o f  the two s m a l le r  fragments.

A u to ra d io g ra p h y  o f  th e  h y b r i d i s e d  S o u th e rn  b l o t  
showed t h a t  the CDM8  fragments had not hybr id is ed  to  the  
CD2 probe as p re d ic te d .  On the c o n tra ry  most o f  the  
fragments in the CD2 c o nta in ing  t ra c k s  had hyb r id is e d  to  
the probe. One o f  the b iggest  o f  these fragments seemed 
to  be the same s iz e  as the CD2 i n s e r t  marker ( 1 . 5  kb, 
compare t ra c k s  7, 8  and 10 w ith  9; Fig 7 . 6 ) .  The la r g e s t  
f ragm ent  o f  about 6  kb may have been g e n e r a t e d  by 
a m p l i f i c a t i o n  o f  the c i r c u l a r  plasmid. The two s m a l le r  
fragments ( i . e .  1 .3  kb and 0 .8  kb) had a lso  h yb r id is ed
to  the CD2 probe.
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Sup F
CUV/T7 promote

M13 ori

380
stuffer

ttVX ori BstX 1 
Xho 1 
Pst 1  

Hot i

3 8 2

splice +

Py ori

CDM8

F i g u r e  7 . 4  CDM8  s p e c i f i c  o l i g o n u c l e o t i d e s .  T h e s e  two  
o l ig o n u c le o t id e s  would h y b r id is e  to  two s p e c i f i c  t a r g e t  

s e q u e n c e s  f l a n k i n g  t h e  s t u f f e r .  O l i g o  3 8 0  w o u ld  

h y b r id is e  to  the  5 ’ end o f  the  s t u f f e r  and 382 t o  th e  3 ’ 
end and any PCR, using these two pr im ers ,  should a m p l i fy  
anyth ing in s e r te d  in t o  the  s t u f f e r  reg ion .
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K b  

3 S

1.9
I • 6
1.3

I - o  
(9- ft

F igure 7 .5  PCR a m p l i f ie d  fragments o f  CD2 and CDM8  on a 
1.5% agarose g e l .  A m p l i f i c a t i o n s  can be seen w i t h  b o t h  
DNA. The CD2 a m p l i f i e d  f r a g m e n t s  a r e  a b o u t  0 . 7  kb and 
CDM8 f r a g m e n t s  a r e  l e s s  t h a n  0 . 5  kb.  D i g e s t e d  CD2 and 

CDM8 DNA were used as m a r k e r s  ( * ) .

C DM8
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CDM8 CD2
------------A--------------------- . _ _ ____________ A___

F i g u r e  7 . 6  S o u t h e r n  b l o t  o f  t h e  a m p l i f i e d  CD2 and CDM8 

f r a g m e n t s  h y b r i d i s e d  w i t h  CD2 1 .2  kb i n s e r t .  The f i g u r e  

s h o w s  t h a t  t h e  a m p l i f i e d  DNA i n  CD2 t r a c k s  h a v e  

h y b r i d i s e d  t o  t h e  p ro be  and s e v e r a l  d i f f e r e n t  s i z e  DNA 

have been a m p l i f i e d ,  some s m a l l e r  t h a n  t h e  CD2 i n s e r t  

( i . e .  s m a l l e r  t h a n  1 .5  k b ) .  None o f  t h e  a m p l i f i e d  DNA 

f r a g m e n t s  i n  t h e  C DM8 t r a c k s  h a v e  h y b r i d i s e d  

s p e c i f i c a l l y  t o  t h e  CD2 p r o b e .
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The presence o f  more than one f r a g m e n t  among th e  
a m p l i f ie d  CDM8  s t u f f e r  was unexpected because in theory  
o n ly  one f rag m e n t  o f  about  450 bp s h o u ld  have been 
generated.  The sequences f o r  these two o l ig o n u c le o t id e s  
had been chosen, by the a id  o f  computer, to  have the  
l e a s t  homology w ith  the non t a r g e t  sequences in CDM8 . 
The reason f o r  seeing these fragments might be t h a t  the  
o l ig o n u c le o t id e  primers have annealed weakly to  the CDM8  

DNA on n o n - ta rg e t  s i t e s .

The above ex p e r im e n t  showed t h a t  n o n - s p e c i f i c  
a n n e a l i n g  i s  a m a j o r  p r o b le m  in  a m p l i f i y i n g  DNA 
fragments using PCR as has been suggested by Frohman and 
M a rt in  (1 9 9 0 ) .  A d just ing  the length and temperature o f  
the annealing and a m p l i f i c a t i o n  seemed to  improve the  
q u a n t i ty  o f  the 1.5  kb CD2 fragments.  Also apparent was 
the observat ion  t h a t  l in e a r is e d  DNA tended to  generate  
less n o ns pec i f ic  fragments (F ig .  7 . 5 ) .

7 .3  PCR A m p l i f i c a t i o n  o f  the  P la c e n ta l  cDNA L ib r a ry

A t t e m p t s  w e re  made t o  a m p l i f y  t h e  p l a c e n t a l  
l i b r a r y ,  described in  the previous chapter  (Chapter  6 ) ,  
using PCR. For t h i s  purpose the l i b r a r y  DNA was f i r s t  

d ig e s te d  w i t h  Not 1 r e s t r i c t i o n  enzyme and PCR was 
performed using the twosets o f  FD0161G s p e c i f i c  primers  
(496 and 736) .  CD2 and CDM8  a m p l i f i c a t i o n  as described  
above were used as p o s i t i v e  c o n t r o ls .  The a m p l i f i e d  DNA 
were run on a 1.5% agarose g e l .  The ge l  showed t h a t  
fragments generated from the CD2 and CDM8  were as above, 
but fragments generated from the l i b r a r y  using FD0161G 
s p e c i f i c  p r im ers  were m a in ly  l e s s  th a n  500 bp ( F i g .  
7 . 7 ) .  I t  was thought t h a t  these fragments were o f  small  
s iz e  and t h a t  FD0161G s p e c i f i c  fragments could be among 
them. Another PCR experiment was t h e r e f o r e  s e t  up using 
a com binat ion  o f  d i f f e r e n t  a n n e a l i n g  and e x t e n s i o n  
t i m e s .  The p o s s i b i l i t y  o f  g e n e r a t i n g  n o n - t a r g e t  
f ragm ents  was t e s t e d  by ru n n in g  PCR u s in g  e i t h e r  a 

s i n g l e  p o p u l a t i o n  o r  two d i f f e r e n t  p o p u l a t i o n s  o f  
primers (using e i t h e r  primer number 496 or 736 vs using
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Figure 7 .7  A m p l i f ied  cDNA l i b r a r y  on a 1.5% agarose g e l .
The t w o  o l i g o n u c l e o t i d e  496 and  736 h a v e  g e n e r a t e d  

f r a g m e n t s  l e s s  t h a n  500 bases l o n g  ( t r a c k s  16 and 1 7 ) .
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b o th  496  and 736 t o g e t h e r  r e s p e c t i v e l y ) .  I n  t h i s  
experiment the pr imers were annealed a t  45°C, extended 
a t  72°C and denatured a t  90°C. The s iz e  o f  the expected  

FD0161G s p e c i f i c  fragment was too small to  be seen in  an 
o r d i n a r y  agarose gel and had t o  be v i s u a l i s e d  in  a 
polyacry lam ide g e l .  V is u a l i s in g  the a m p l i f ie d  fragments  
i n  t h e  p o l y a c r y l a m i d e  g e l  was f a c i l i t a t e d  by t h e

■2 O
a d d i t io n  o f  a small amount o f  P-gamma-dATP during the  
l a s t  5 cycles  o f  the PCR. The PCR products were run on a 
1 2 % pol yacry  1 ami de gel and a f t e r  d r y i n g ,  t h e  ge l  was 
a u to ra d io g ra p h e d  and i t  showed t h a t  both  s i n g l e  and 
double primers had generated fragments (F ig  7 . 8 ) .

I t  was then decided to  do a PCR a m p l i f i c a t i o n  using  
a combi n a t io n  o f  s i n g l e  or  d o u b le  p r i m e r s ,  w i t h  o r  
w ithou t  tem p la te .  The templates  were the cDNA, genomic 
DNA and some random DNA as a negat ive  c o n t r o l .  To avoid  
any p o s s i b i l i t y  o f  DNA contamination o f  the pr imers or  
th e  re ag e n ts  from th e  p r e v io u s  e x p e r i m e n t s ,  f r e s h  
a l iq u o ts  o f  Taq polymerase, o l ig o n u c le o t id e  pr im ers ,  and 
b u f fe rs  were used. The PCR was c a r r ie d  out f o r  30 cyc les  
programmed to  run 30 seconds f o r  anneal ing a t  45°C, 30
seconds f o r  the extension a t  72°C and one minute f o r  
d e n a tu ra t io n  a t  90°C. The exper imental  se t  up is  shown 
in Table  7 .1 .  A dd it io n  o f  r a d io la b e l l e d  n u c le o t id e  and 
v i s u a l i s a t i o n  o f  the DNA fragments were as above.

The autoradiography o f  the r e s u l t in g  PCR product  
showed t h a t  most o f  t h e  d o u b l e  p r i m e r s ,  i n c l u d i n g  

t e m p l a t e  m inus r e a c t i o n  ( t r a c k  4 ,  F i g .  7 . 9 ) ,  h a ve  
g enera ted  s i m i l a r  f ra g m e n ts .  The s i m i l a r i t i e s  o f  t h e  
banding p a t te rn  and a lso  the genera t ion  o f  fragments in  
the  tube w i th o u t  any tem plate  may suggest t h a t  these  
fragments could have been caused by e i t h e r  s e l f  pr iming  
or by priming each o th e r .  Another p o s s i b i l i t y  is  t h a t  

r e a g e n t s  in  a l l  o f  t h e  t u b e s  m i g h t  have  been  
contaminated w ith  the same kind of  DNA r e s u l t in g  in the  
generat ion  o f  these fragments .
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F i g u r e  7 . 8  PCR a m p l i f i e d  l i b r a r y  DN A on  a 12% 

p o l y a c r y l a m i d e  g e l .  I n  t h i s  g e l  i t  i s  o b v i o u s  t h a t  

r e a c t i o n  m i x e s  w i t h  o n l y  s i n g l e  p r i m e r s  h a v e  a l s o  

a m p l i f i e d  some DNA; t h e r e f o r e  i t  can n o t  be s a i d  t h a t  

t h e  a m p l i f i e d  DNA a r e  s p e c i f i c  a m p l i f i c a t i o n  o f  t a r g e t  

s e qu en c es .  The s i z e  o f  a m p l i f i e d  f r a g m e n t s  can n o t  be 

a c c u r a t e l y  measured f r o m  t h e  m a r k e r s  used because t h e  

m a r k e r s  a r e  s i n g l e  s t r a n d e d  and t h e  a m p l i f i e d  DNA most  

p r o b a b l y  d o u b l e  s t r a n d e d .
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Table 7.1 Experimental s e t  up to  exclude the  p o s s i b i l i t y  
o f  contam inat ion .  No DNA, cDNA l i b r a r y  DNA or genomic 
DNA were a m p l i f ie d  by PCR. In  each DNA sample th e r e  was 
two s in g le  primers and one double pr imers .
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F i g u r e  7 . 9  PCR a m p l i f i e d  DNA f r o m  p l a c e n t a l  cDNA o r  

g e n o m i c  DNA on a 12% p o l y a c r y 1 a m i d e  g e l .  T h i s  g e l  

c o n t a i n s  t h e  p r o d u c t s  o f  t h e  a m p l i f i c a t i o n  e x p e r i m e n t  

d e s c r i b e d  i n  T a b l e  7 . 1 .  I n  t h i s  ge l  t r a c k s  1-3  c o n t a i n  

DNA f r o m  No. 1-3 i n  T a b l e  7 . 1 ,  t r a c k s  6 - 8  f r o m  No. 4 - 6 ,  

t r a c k s  9-11 f r o m  No. 7-9  and t r a c k s  13-15 f r o m  No. 10-12 

r e s p e c t i v e l y .  I n  most  t r a c k s  some a m p l i f i e d  DNA can be 

s e e n  d e s p i t e  t h e  f a c t  t h a t  some d i d  n o t  h a v e  a n y  

t e m p l a t e  ( i . e .  t r a c k s  1 - 3 ) .
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S e v e ra l  s i m i l a r  e x p e r im e n ts ,  w i th  prop er  c o n t r o l s ,  

f a i l e d  t o  g e n e r a t e  any FD0161G s p e c i f i c  f r a g m e n t s .  

Im prov ing  the  s e n s i t i v i t y  o f  th e  PCR by a l t e r i n g  th e  

l e n g th  and th e  te m p e ra tu re  o f  th e  s teps  in v o lv e d ,  using  

f r e s h  re ag en ts  e t c .  a ls o  f a i l e d  t o  i d e n t i f y  th e  FD0161G 

s p e c i f i c  DNA. Some o f  th e  reasons f o r  t h i s  f a i l u r e  w i l l  

be d iscussed l a t e r  in  t h i s  c h a p t e r .

7 .4  Colony H y b r id is a t io n  o f  the  P la c en ta l  L ib ra ry

The above p l a c e n t a l  l i b r a r y  was a ls o  screened by 

t h e  c o lo n y  l i f t  method o f  in  s i t u  h y b r i d i s a t i o n  o f  

b a c t e r i a l  c o lo n ie s  (C h a p te r  2 ) .  In  these  e x p e r im e n ts  th e  

t h r e e  FD0161G s p e c i f i c  o l i g o n u c l e o t i d e s  (4 9 6 ,  497 and
736)  were used. Se v era l  c o lo n ie s  which were p icked  as 

p o s i t i v e s  in  th e  p r im a ry  s c re e n in g  proved to  be f a l s e  

p o s i t i v e s  in  th e  subsequent s c re e n in g s .  T h is  method o f  

s c r e e n i n g  t h e  l i b r a r y  w i t h  h i g h l y  d e g e n e r a t e  

o l i g o n u c l e o t i d e s  could  not  i s o l a t e  any p o s i t i v e  c lo n e  in  

s e v e r a l  a t te m p ts  which were made to  o p t im is e  th e  system  

and t r y  t o  reduce th e  no ise  s i g n a l s .  The main problem  

was t h a t  th e  background ( f a l s e  p o s i t i v e s )  s i g n a l s  were  

v e r y  s t r o n g  and none o f  t h e  t r e a t m e n t s  a p p l i e d  c o u l d  

im prove  t h e  background w i t h o u t  r e m o v in g  any  p o s s i b l e  

p o s i t i v e  s i g n a l .  N e v e r th e le s s  i t  has to. be emphasised  

t h a t  o n ly  a l i m i t e d  number o f  a t te m p ts  were made and i t  

was then dec ided t o  abandon t h i s  method o f  approach.

7 .5  Screening a Lambda g t 1 1 cDNA L ib ra ry

7 .5  .1 Cloning FD0161G cDNA Clone

As shown above and in  th e  p re v io u s  c h a p te r  (C h a p te r  

6 )  s e v e r a l  methods were  e m p lo y e d  f o r  i d e n t i f y i n g  t h e  

FD0161G s p e c i f i c  c lo n e .  A l l  o f  th e s e  approaches,  so f a r ,  

had f a i l e d  t o  i d e n t i f y  t h e  t a r g e t  c l o n e s .  A n o t h e r  

approach, in  p a r a l l e l ,  was c a r r i e d  o u t  ( i n  our  la b  by 

Dr. Nickson and Mr McBride, Nickson e t  a l . ,  1990)  us ing
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a lambda gt11 p l a c e n t a l  cDNA l i b r a r y  ( c o n t a i n i n g  1 .5 x 1 0 6 

independent  c l o n e s ) .  T h e i r  f i n d i n g s ,  which were c a r r i e d  

ou t  in  p a r a l l e l  w i th  my work,  a re  g iven  h e re ,  w i t h  t h e i r  

p e rm is s io n ,  to  complement my own f i n d i n g s .  T h e i r  work 

c o v e r  s c r e e n i n g  t h e  lambda g t 1 1 l i b r a r y ,  c l o n i n g  t h e  

FD0161G cDNA c lo n e ,  su b c lo n in g  i t  i n t o  pUC18 and pCDNAI 
and sequencing.

The p l a c e n t a l  l i b r a r y  was im m u n o s c re e n e d  w i t h  

a f f i n i t y  p u r i f i e d  p o l y c l o n a l  Abs t o  t h e  F D0 1 6 1 G  

p r o t e i n .  P o s i t i v e  p laques were p ic k e d ,  r e p l i c a t e d  and 

re -s c r e e n e d  t w i c e .  C o n s i s t e n t l y  p o s i t i v e  p laques  were  

observed a t  a f req u e n c y  o f  2 .5 x 1 0 ” 5 p laq u e s .  A f t e r  some 

p r e l i m i n a r y  r e s t r i c t i o n  a n a l y s i s ,  a b ig g e r  c lo n e  (D N 1 /6 ,
1 .2  kb)  was a n a ly s e d  f u r t h e r  and s e v e r a l  r e s t r i c t i o n  

s i t e s  w e r e  i d e n t i f i e d  ( F i g .  7 . 1 0 ) .  1 / 6  c l o n e  was
sequenced on both s t ra n d s  (u s in g  Sequenase k i t  from USB) 
and found t o  c o n ta in  an open re a d in g  frame o f  742bp and 

a 410bp u n t r a n s l a t e d  r e g io n ,  t e r m i n a t i n g  in  a p o ly  (A)  

s i t e  and po ly  (A) t a i l  (Appendix 3 ) .  T h is  c lo n e  was then  

used f o r  i s o l a t i n g  more c lon es  by r e s c r e e n in g  th e  same 

l i b r a r y  by th e  p laque h y b r i d i s a t i o n  method d e s c r ib e d  in  

o t h e r  c h a p te rs  (C h a p te rs  2 and 3 ) .  The id e a  was t h a t  

those  c lones  no t  be ing a b le  t o  be expressed as a f u s io n  

p r o t e i n  ( e . g .  n o t  b e i n g  i n  f r a m e  o r  i n  r i g h t  

o r i e n t a t i o n )  w o u l d  be i d e n t i f i e d  by t h e  DNA 

h y b r i d i s a t i o n  method o f  p laque l i f t s  ( e . g .  i s o l a t i o n  o f  

FN c lon es  in  C hapter  3 ) .

The r e s c r e e n in g  o f  th e  l i b r a r y  produced more than  

48 p o s i t i v e  c lo n e s  ( f r e q u e n c y  o f  3 x 1 0 “ 3 ) ,  and t h e s e  

c lon es  were assessed f o r  i n s e r t  s i z e  by PCR us ing  two  

o l i g o n u c l e o t i d e  p r im e rs  f l a n k i n g  th e  i n s e r t  in  lambda 

g t 1 1 . One o f  th e s e  c lones  (B3)  was found t o  be about  

1 . 6 k b  and i t  was s u b c lo n e d  i n t o  pUC18 f o r  f u r t h e r  

a n a l y s i s .  R e s t r i c t i o n  mapping showed t h a t  i t  in c lu d e d  

th e  sequence o f  c lon e  1 /6  ( F i g .  7 . 1 0 )

In  o r d e r  to  f i n d  ou t  w hether  th e  B3 c lo n e  was a 

f u l l  l e n g th  cDNA, and a ls o  w hether  i t  was coding th e  

same N - t e r m i n u s  amino a c i d  s e q u e n c e  as t h e  FD0161G
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1 34

AATAA

H3 B H P BX S

Figure 7.10 Diagram of the structure of the cDNA clones B3 and 
1 /6 . The dark bars represent DNA sequence obtained 
off both strands of the respective cDNA.The translational 
stop codon is shown at position \ 153. The 3 3  base pairs 
upstream of the initiation codon are shown including the 
inframe stop codon. Sizes are in base pairs;B- BamHI,
Bx- Bstxl, H- HincII, H3- Hindlll, P- PstI, S- Sacl.
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g ly c o p e p t id e ,  i t  had t o  be sequenced.  The B3 c lo n e  ( i n  

pUC18) was t h e r e f o r e  sequenced in  both s t ra n d s  as w e l l .  

B3 shared th e  same sequence f o r  th e  1150bp w i t h  c lone  

1 / 6 .  The a d d i t i o n a l  413bp o f  B3 was sequenced from both  

s t r a n d s .

B3 sequence c o n ta in e d  a complete  open re a d in g  frame  

b e g i n n i n g  w i t h  an AUG codon ( A p p e n d i x  3 )  i n  a good  

consensus sequence f o r  t r a n s l a t i o n a l  i n i t i a t i o n  (Kozac  

1 9 8 3 ) .  T h i s  i s  p re c e d e d  by 33bp o f  5 ’ u n t r a n s l a t e d  

sequence c o n t a in in g  a s top  codon and an in - f r a m e  ATG a t  

p o s i t i o n  28, which i s  a weaker consensus sequence f o r  

t r a n s l a t i o n a l  i n i t i a t i o n  (Kozac 1 9 8 3 ) .

I n  s i t u  h y b r i d i s a t i o n  us ing c lo n e  DN1/6 as probe  

l o c a t e d  t h e  c o r r e s p o n d i n g  g e n e  t o  t h e  c h ro m o s o m e  

l o c a t i o n  1p13 .3  (M o r r is o n  e t  a l  . , 1 9 9 0 ) .  T h is  le a d  us
t o  become aware o f  th e  p o s i t i o n i n g  o f  3 b e t a - h y d r o x y - 5 -  

ene s t e r o i d  dehydrogenase (HSD) a t  chromosome l o c a t i o n  

1p13 by Berube e t  a l . ( 1 9 8 9 ) .  Subsequent ly  c lo n es  DN1/6 

and B3 w e r e  shown ( N i c k s o n  e t  a l . , 1 9 9 0 )  t o  h a v e
n u c l e o t id e  sequences i d e n t i c a l  t o  th e  open re a d in g  frame  

and 3 1 u n t r a n s l a t e d  sequences o f  HSD (The e t  a l . ,  1 9 8 9 ) .

The deduced amino a c id  sequence o f  th e  N - te rm in u s  

from n u c l e o t id e  34 i s  in  agreement w i th  most o f  th e  N-  

te rm in u s  amino a c id  sequence o f  th e  FD0161G g l y c o p e p t id e  

( F i g  7 . 1 1 ) .  T h is  a ls o  shows t h a t  th e  AUG s t a r t i n g  a t  

p o s i t i o n  34 i s  t h e  i n i t i a t o r  o f  t r a n s l a t i o n  as was 

suggested above. Among th e  f i r s t  24 amino a c id s  deduced 

from th e  B3 sequence o n ly  one, a t  p o s i t i o n  6 ( H i s ) ,  does 

n o t  a g r e e  w i t h  t h e  amino a c i d  s e q u e n c e  o f  FD0161G  

g l y c o p e p t i d e  ( c y s t e i n e ,  C y s ,  i n  HSD i n s t e a d  o f  

h i s t i d i n e ,  H is ,  in  FD0161G, F ig  7 . 1 1 ) .

The  N - t e r m i n u s  a m in o  a c i d  s e q u e n c e  a g r e e m e n t  

between t h e  FD0161G g l y c o p e p t i d e  and HSD s t r o n g l y  

suggests  t h a t  these  two p r o t e i n s  a re  th e  same. I f  t h a t
is  th e  case then one e x pects  t h a t  th e  HSD, be ing  a
dehydrogenase, i s  to  be found in  th e  c y to s o l  and n o t  on
th e  s u r f a c e  o f  the  c e l l  ( A l b e r t s  e t  a l  . , 1989) as th e
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a
Thr [ 1 1 - G 1 y - T r p - S e r - H is  [ 5 ] - L e u - V a 1 - T h r - G l y - A l a  [ 1 0 ] - G l y

Thr [ 1 ] - G 1 y - T r p - S e r - Cys [ 5 ] - L e u - V a l - T h r - G l y - A l a  [ 1 0 ] - G l y  

b

a
G l y - P h e - L e u - G l y - G l n - A r g - I l e u - I l e u - A r g  [ 2 0 ] - L e u - L e u - V a l - L y s

G 1 y - P h e - L e u - G l y - G I n - A r g - I 1e u - I 1eu-A rg  [ 2 0 ] - L e u - L e u - V a l - L y s  

b

F ig u r e  7 .11 Amino a c id  sequences o f  th e  N - te r m in u s  o f  

t h e  FD0161G g l y c o p e p t i d e  ( a )  and HSD ( b ) .  The o n l y  

d i f f e r e n c e  between th e s e  two sequences i s  in  p o s i t i o n  

[ 5 ]  and is  u n d e r l in e d .
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d a ta  from th e  FD0161G e x p e r im e n ts  i n d i c a t e d  ( i . e .  la c k  

o f  im m unoscreen ing ) . However, i t  has been shown t h a t  the  

FD0161G g l y c o p e p t i d e  i s  e x p r e s s e d  on t h e  s u r f a c e  o f  

human g r a n u l o s a  c e l l s  ( M u l l e r  u n p u b l i s h e d  w o rk  b u t  

r e p o r te d  to  th e  WHO Task F o r c e ) .

In  o r d e r  t o  f i n d  o u t  whether  B3 can be expressed on 

th e  s u r fa c e  o f  th e  COS c e l l s ,  th e  f u l l  le n g th  c lo n e  (B3)  

was s u b c lo n e d  i n t o  pCDNAI, ( I n v i t r o g e n ) ,  a p l a s m i d  

v e c t o r  d e r iv e d  from CDM8. Recombinants were a m p l i f i e d  in

E. c o l  i MC1 0 6 1 / p 3  c e l l s  ( C h a p t e r  6 )  and  p u r i f i e d  

plasm ids  were t r a n s f e c t e d  i n t o  COS c e l l s  by DEAE-dextran  

t r a n s f e c t i o n  method (C h a p te r  1 and 6 ) .  The t r a n s f e c t e d  

c e l l s  were cytospun and s t a in e d  w i th  FD0161G McAb. The 

c e l l s  were c o u n t e r s t a in e d  w i th  prop id ium  i o d i d e .  W6/32 

s t a i n i n g  was used as a p o s i t i v e  c o n t r o l  and CD2 s t a i n i n g  

was used to  show th e  f re q u e n c y  o f  t r a n s f e c t i o n  (see  a ls o  

Chapter  6 ) .

The FITC s t a i n i n g  showed t h a t  c e l l s  t r a n s f e c t e d  

w i th  B3 DNA s t a in e d  w i th  th e  FD0161G McAb ( F i g .  7 . 1 2 ) .  

The  f r e q u e n c y  o f  t r a n s f e c t i o n  was s i m i l a r  t o  CD2 

t r a n s f e c t i o n  ( F i g .  7 . 1 3 ) .  These s t a i n i n g  r e s u l t s  were ,  
ho w e ve r ,  o b t a i n e d  f rom  a c e t o n e  f i x e d  c e l l s .  I t  was 

t h e r e f o r e  dec ided t o  s t a i n  v i a b l e  COS c e l l s  which had 

been t r a n s f e c t e d  w i th  th e  B3 DNA. For t h i s  purpose th e  

D E A E -d e x t ra n  t r a n s f e c t e d  COS c e l l s  w e re  t r e a t e d  as  

d e s c r ib e d  in  C hapter  6 ( i . e .  t r a n s f e c t i o n ,  h a r v e s t i n g ,  

e c t . )  s h o r t  o f  c y t o s p i n n i n g . The c e l l s  were then  spun 

down and resuspended in  PBS A. McAbs (FD0161G, CD2 o r  

W 6 /3 2 ) were  added t o  t h e  c e l l  s u s p e n s i o n  and t h e n  

in cu bated  a t  room te m p e ra tu r e .  The c e l l s  were then  spun 

down and resuspended as above, then  washed two t im e s  in  

PBS A. FITC c on juga ted  a n t i -m o u se  second Ab was added t o  

t h e  c e l l  s u s p e n s io n  and a f t e r  i n c u b a t i o n  t h e y  w e r e  

washed as above .  The re s u s p e n d e d  c e l l s  w e re  e x a m in e d  

under  m ic ro s c o p e  and t h e  r e s u l t  i n d i c a t e d  t h a t  t h e  

s t a i n i n g  had n o t  p r o d u c e d  a n y  c l e a r  r e s u l t .  

T h i s i n d i c a t e s  t h a t  t h e  F D 0 1 6 1 G  McAb b i n d s  t o  a 

p o l y p e p t i d e  which i s  n o t  on t h e  s u r f a c e  o f  t h e  COS 

c e l l s .  T h is  FITC s t a i n i n g  o f  th e  t r a n s f e c t e d  COS c e l l s
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F ig u r e  7 .1 2  The COS c e l l s  t r a n s f e c t e d  w i t h  th e  B3 DNA 

( c lo n e d  i n t o  pCDNAI) and s t a in e d  w i t h  FD0161G McAb. The
c e l l s  were a l s o  c o u n t e r s t a i n e d  u s in g  p r o p i d i u m  i o d i d e  

( r e d ) .
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F ig u r e  7 .1 3  The COS c e l l s  t r a n s f e c t e d  w i th  th e  CD2 DNA 

and s t a in e d  w i th  th e  a n t i -C D 2  Ab. The s t a i n i n g  was done 

t o  a cce ss  t h e  e f i c i e n c y  o f  t r a n s f e c t i o n .  The c e l l s  were 

a l s o  c o u n t e r s t a i n e d  u s in g  p r o p i d i u m  i o d i d e .
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in  s o l u t i o n  and i t s  subsequent f i n d i n g s  were supo rted  by 

th e  panning e x p e r im e n ts ,  w i t h  im m obi l ised  FD0161G Ab, 
which d id  not  show b in d in g  beyond th e  background l e v e l  
s e e n  w i t h  mock t r a n s f e c t e d  COS c e l l s  ( r e s u l t s  n o t  

shown). These f i n d i n g s  t o g e t h e r  s t r o n g l y  i n d i c a t e  t h a t ,  

in  th e  t r a n s f e c t e d  COS c e l l s ,  th e  FD0161G e p i to p e  i s  not  

a c c e s s ib l e  t o  th e  FD0161G McAbs.

7 .6  Discussion

The  r e s u l t s  w h i c h  w e r e  g i v e n  i n  t h e  p r e v i o u s  

c h a p te r  (C h a p te r  6)  and e a r l i e r  in  t h i s  c h a p te r  showed 

t h a t  th e  methods a p p l ie d  in  o r d e r  t o  c lon e  th e  FD0161G 

cDNA were n o t  a b l e  t o  i s o l a t e  any p o s i t i v e  c l o n e .  

Immunoscreening using th e  COS e x p re s s io n  system, d e s p i t e  

t h e  f a c t  t h a t  FD0161G Ab gave t h e  l e a s t  n o n s p e c i f i c  

panning o f  u n t r a n s f e c t e d  COS c e l l s ,  d id  not  i s o l a t e  th e  

t a r g e t  c lon e  (C h a p te r  6 ) .  I f  we a c c e p t  th e  o b s e r v a t i o n  

t h a t  c y t o s p u n  COS c e l l s ,  t r a n s f e c t e d  w i t h  B3 DNA,  
expressed th e  p o ly p e p t id e  recognised  by th e  FD0161G McAb 

on f i x e d  c e l l s  but  not  on th e  c e l l s  in  s o l u t i o n  (based  

on the  r e s u l t s  o f  panning o r  FITC s t a i n i n g  o f  c e l l s  in  

s o l u t i o n )  then th e  f a i l u r e  o f  panning o r  FITC s t a i n i n g  

o f  th e  v i a b l e  c e l l s  may have been caused, most p r o b a b ly ,  
by l a c k  o f  FD0161G e x p r e s s i o n  on t h e  s u r f a c e  o f  t h e  

t r a n s f e c t e d  c e l l s .  The p o s i t i v e  s t a i n i n g  o f  th e  f i x e d  

c e l l s  may be e x p la in e d  in  t h a t  acetone  f i x i n g  may have 

an e f f e c t  on th e  c e l l s  (such as d e l i p i d a t i o n  d iscussed
i n  C h a p t e r  6 )  w h i c h  may r e s u l t  i n  t h e  F D 0 1 6 1 G
p o ly p e p t id e  becoming a c c e s s ib l e  t o  th e  FD0161G Ab. On 

th e  o t h e r  hand th e  f i n d i n g  t h a t  FD0161G g l y c o p e p t id e  i s  

expressed on th e  s u r f a c e  o f  g ra n u lo s a  c e l l s  (shown by
FACS method, M u l l e r  un pu b l is h e d )  may e i t h e r  be due t o
cross r e a c t i v i t y  o f  th e  FD0161G McAb w i th  a s i m i l a r  but  

d i f f e r e n t  Ag on th e  s u r fa c e  o f  th e  g ra n u lo s a  c e l l s  o r  

c a u s e d  by t e c h n i c a l  a r t i f a c t s  ( f o r  e x a m p l e  some  

g ra n u lo s a  ce l  1s^become # b u rs te d  p r i o r  t o  th e  FACS and 

th e  HSD p r o t e i n s  somehow have bound t o  th e  s u r f a c e  o f
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i n t a c t  c e l l s  and bound t o  t h e  McAbs g i v i n g  p o s i t i v e  

s i  g n a l s ) .

H y b r i d i s a t i o n  prob ing  (u s in g  DN1/6 c lo n e  a m p l i f i e d  

by PCR) showed t h a t  3 b e ta -H S D  i s  n o t  p r o b a b l y  low  

abundance in  th e  p l a c e n t a l  cDNA l i b r a r y  used in  t h i s
—  Qwork ( 1 /3 0 0 0  o r  3x ° ) .  N e v e r t h e le s s  th e  immunoscreening  

o f  th e  lambda g t 1 1 i n d i c a t e d  t h a t  th e  e x p re s s io n  o f  the  

HSD c lones  were g r e a t l y  reduced ( f re q u e n c y  o f  2 .5 x 1 0 “ 5 ) .  
The r e d u c t io n  in  th e  l e v e l  o f  e x p re s s io n  cou ld  have been 

caused by s e v e r a l  f a c t o r s  such as th e  p r o t e i n  no t  being  

e x p r e s s a b l e  ( s e e  b e l o w ) ,  n o t  b e i n g  i n - f r a m e ,  e t c .  

F a i l u r e  o f  th e  COS system t o  i s o l a t e  th e  FD0161G c lon e  

may have been due t o  th e  panning procedure  as panning  

may be le s s  s e n s i t i v e  than  Ab s c re e n in g  o f  lambda g t 1 1 
c lo n e s .  The reason f o r  panning being le s s  s e n s i t i v e  is  

t h a t ,  bes ides  panning i t s e l f ,  t h e r e  a re  s e v e r a l  s te p s  

i n v o l v e d  ( i n  t h e  COS s y s t e m )  w h i c h  may l i m i t  t h e  

i s o l a t i o n  o f  th e  t a r g e t  c lo n e .  Some o f  th e s e  l i m i t i n g  

ste p s  can be summarised as f o l l o w s :

I n e f f i c i e n t  c l o n i n g  o f  cDNA i n t o  cDM8 ( p r o b a b l y  l e s s  

e f f i c i e n t  than c lo n in g  i n t o  lamba g t 1 1 ) .

V a r i a b l e  e f f i c i e n c i e s  o f  t r a n s f e c t i o n  as w e l l  as being  

l e s s  e f f i c i e n t  th a n  p la q u e  f o r m i n g  i n  t h e  la m d a  g t1  1 
system  (e v en  though t h e  e f f i c i e n c y  o f  p a c k a g i n g  o n l y  

approaches 10%, phage, once packaged, form p laques  on E. 
c o l i  w i t h  th e  e f f i c i e n c y  o f  a lm ost  100%, Lech and B r e n t ,  
1 9 8 7 ) .  With  10-20% DEAE-dextran t r a n s f e c t i o n  e f f i c i e n c y  

o n l y  1x 104-2x 104 t r a n s f e c t a n t s  p e r  ug o f  CDM8 DNA i s  

p r o d u c e d  ( o u t  o f  1 x 1 0 5 c e l l s  o n l y  1 0 - 2 0 %  r e c e i v e  

p l a s m id ) .  T h is  may be le s s  e f f i c i e n t  than  p laque  fo rm in g  

because le s s  than 1 in  107 p lasm ids became t r a n s f e c t e d  

i n t o  COS c e l l s  ( t h i s  i s  assumed i f  o n l y  one c o p y  o f  

plasmid e n t e r s  each c e l l ) .

P ann ing  may be i n e f f i c i e n t  b e c a u s e  s e v e r a l  s t e p s  a r e  

i n v o l v e d  w h i c h  may r e d u c e  i t s  e f f i c i e n c y  ( s u c h  as  

s e v e r a l  washing s te p s ,  Ab b in d in g  s te p s ,  c e n t r i f u g a t i o n s  

and e t c . ,  Chapter  2 ) .
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The s c re e n in g  o f  co lony  l i f t s  and a ls o  a m p l i f y i n g  

cDNA o r  genomic DNA w i t h  th e  o l i g o n u c l e o t i d e  p r im e r s ,  
( d e r i v e d  f ro m  t h e  p a r t i a l  am ino  a c i d  s e q u e n c e  o f  t h e  

FD0161G g l y c o p e p t i d e ) ,  a l s o  f a i l e d  t o  i d e n t i f y  any  

c lo n e .  The reason in  th e s e  two cases may be more c l e a r ,  

as th e  amino a c id  sequence d e r iv e d  from th e  DNA sequence  

o f  B3 (c lo n e d  from a lambda gt11 l i b r a r y  as w e l l  as t h e  

a m in o  a c i d  s e q u e n c e  o f  t h e  HSD) show ed  on e  v e r y  

i m p o r t a n t  v a r i a t i o n  f r o m  t h e  a m in o  a c i d  s e q u e n c e  

determ ined  by th e  M u l l e r  group f o r  th e  FD0161G e p i to p e  

(N ickson e t  a l . ,  1990 and M u l l e r  personal  communicat ion)
. The amino a c i d  c o m p a r is o n s  showed t h a t  t h e  s i x t h  

re s id u e  should have been c y s t e in e  r a t h e r  than  h i s t i d i n e ,  

and t h a t  th e  codon sequence f o r  H is  was one o f  th e  l e a s t  

d e g e n e r a t e .  By u s in g  DNA s e q u e n c e s  c o r r e s p o n d i n g  t o  

h i s t i d i n e ,  i n s t e a d  o f  c y s t e i n e ,  t o  g e n e r a t e  

o l i g o n u c l e o t i d e s  ( i . e .  o l i g o  4 9 6 )  t o  run PCR, i t  i s  

c l e a r  t h a t  such an o l i g o n u c l e o t i d e  would not  be a b le  t o  

a n n e a l  t o  t h e  t a r g e t  s i t e  i n  t h e  HSD gene o r  cDNA 

(codons f o r  H is  a r e  CAC or  CAU but  codons f o r  Cys a re  

UGU and U G C ) .  L a c k  o f  h a v i n g  p e r f e c t l y  m a t c h e d  

o l i g o n u c l e o t i d e  among th e  496 p r im e r s ,  to  th e  5 ’ end o f  

th e  gene, could have been th e  main reason f o r  not  being  

a b le  t o  a m p l i f y  th e  HSD sequence from th e  genomic DNA by 

PCR.

The above s ugg es t io ns  may be t r u e  f o r  th e  cDNA, as 

w e l l  as  t h e  f a c t  t h a t  n o t  a l l  cDNA c l o n e s  w o u l d  

r e p r e s e n t  th e  f u l l  l e n g th  message, and in  most o f  t im e s  

th e  5 ’ end o f  th e  sequence, in  most o f  th e  t im e s ,  would 

n o t  be p r e s e n t  among t h e  t a r g e t  c l o n e s  ( G r e e n e  and  

S t r u h l ,  1 9 8 7 ) .  I f  t h i s  i s  t h e  c a s e ,  t h e n  u s i n g  

o l i g o n u c l e o t i d e s  c o m p le m e n ta ry  t o  t h e  5 ’ end o f  t h e  

message would not  i d e n t i f y  those  c lon es  m iss ing  some 

sequences from t h e i r  5 ’ end. In  f a c t ,  th e  l a r g e s t  c lo n e  

which was i s o l a t e d  from lambda g t 1 1 by Ab s c re e n in g  was 

about  400 bp s h o r t e r  than th e  f u l l  le n g th  cDNA and most 
i f  not  a l l  o f  th e  m iss ing  sequence was from th e  5 ’ end 

o f  th e  c lo n e  which supports  th e  above p r e d i c t i o n .
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The 83 f o l d  d i f f e r e n c e  between th e  f r e q u e n c ie s  o f
—  ^c lon es  being i d e n t i f i e d  by Ab s c re e n in g  ( 1 / 2 . 5 x 1 0  ) and

_ o
t h e  DNA h y b r i d i s a t i o n  method o f  s c r e e n i n g  ( 1 / 3 x 1 0  )
could  have been caused by some o f  th e  f o l l o w i n g  f a c t o r s .  

Any cDNA t o  be expressed as an i d e n t i f i a b l e  p r o t e i n  has 

t o  be in  f ra m e  (3  p o s s i b i l i t i e s )  and in  t h e  r i g h t  

t r a n s c r i p t i o n a l  o r i e n t a t i o n  ( t w o  p o s s i b i l i t i e s ) .  The  

cDNA s h o u ld  c o n t a i n  t h e  s e q u e n c e s  c o d i n g  f o r  t h e  

e p i to p e  recogn ised  by a g iven  Ab ( t h i s  does no t  seem to  

be t h e  m a jo r  p ro b le m  f o r  t h e  FD0161G p o l y c l o n a l  Ab,  
because r e c o g n i t i o n  o f  a c lo n e  la c k in g  about 400 bp from  

t h e  5 ’ end o f  t h e  message showed t h a t  t h e  e p i t o p e s  

recogn ised  by th e  p o ly c l o n a l  Ab a re  not  j u s t  coded f o r  

by th e  5 ’ end o f  th e  sequence) .  For th e  e x p r e s s io n  o f  

th e  f u l l  le n g th  cDNA as a f u s io n  p r o t e i n  ( i . e .  in  lambda 

g t 1 1 ) t h e r e  should  be no s top  codon between th e  end o f  

th e  b e t a - g a l a c t o s i d a s e  t r a n s c r i p t i o n  u n i t  ( l a c  Z gene)  

and th e  i n i t i a t i o n  codon in  th e  cDNA. The cDNA sequence  

o f  B3 showed t h a t  i t  c o n ta in e d  a s top  s ig n a l  a t  t h e  5 ’ 
u n t r a n s l a t e d  r e g io n ,  t h e r e f o r e  such a s ig n a l  would not  

a l lo w  e x p re s s io n  o f  f u l l  le n g th  cDNA ( c o n t a i n i n g  th e  

5 ’ UT r e g io n )  as a f u s io n  p r o t e i n .  The DNA h y b r i d i s a t i o n  

method o f  s c re e n in g  i s  no t  l i m i t e d  by any o f  th e  above 

f a c t o r s  and w i l l  t h e r e f o r e  be more s e n s i t i v e .

A q u e s t i o n  th e n  a r i s e s  i n  t h a t  w o u ld  a p r o t e i n  

d e r iv e d  from such a DNA sequence ( i . e .  HSD) be a b le  t o  

be expressed on th e  s u r fa c e  (as  th e  r e s u l t s  found by 

doing FACS a n a l y s i s  on th e  g ra n u lo s a  c e l l s ,  per formed by 

M u l l e r ,  s u g g e s t s ) ?  The r e a s o n  f o r  p r o p o s i n g  such a 

q u e s t io n  i s  t h a t  i t  i s  now known t h a t  f o r  a p r o t e i n  t o  

be expressed on th e  s u r fa c e  o f  a e u k a r y o t i c  c e l l ,  t h e r e  

s h o u ld  e x i s t  a s t r e t c h  o f  u s u a l l y  more t h a n  9 a m in o  

a c i d s ,  h a v i n g  an u n i n t e r u p t e d , u n c h a r g e d ,  m a i n l y  

hydrophobic  p r o p e r t y ,  t o  a c t  as s ig n a l  sequence ( H e i j n e  

1981; Pugsley 1989 and C hapter  1 ) .  Looking a t  th e  amino 

a c id  sequence o f  th e  HSD (Appendix 3 )  i t  shows l i t t l e  

s ig n  o f  c o n t a in in g  a t y p i c a l  hydrophobic  transmembrane  

sequence. Two hydrophobic  re g io n s  between r e s id u e s  7 6 -92  

and 2 8 4 - 3 0 5  h a v e  mean h y d r o p h o b i c i t i e s  (m e a n  G l y  

r e s i d u e ;  von H e i j n e  1 981 ,  1 9 8 5 )  o f  - 3 . 0  and - 4 . 9 ,
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r e s p e c t i v e l y .  W h i l s t  th e  l a t t e r  one may be s u f f i c i e n t l y  

long and hydrophobic  enough t o  a c t  as a transmembrane  

r e g i o n ,  t h e r e  i s  no h y d r o p h o b i c  l e a d e r - l i k e  s e q u e n c e  

c lo s e  to  th e  N - te rm in u s  end.

I t  i s  known t h a t  th e  HSD i s  a microsomal enzyme 

(K o ide  and T o r re s  1965; F e r r e  e t  a l  . , 1975) and i t  is
commonly p u r i f i e d  f ro m  m ic r o s o m a l  e x t r a c t s  o f  c e l l s  

( I s h i - O h b a  e t  a l . ,  1 9 86 a ,  b; I s h i m u r a  e t  a l  . , 1 9 8 8 ;
Thomas e t  a l  . , 1 9 8 9 ) .  I t  i s  n o t  known w h e t h e r  t h e

p l a c e n t a l  HSD is  in  th e  o u t e r  s id e  o f  th e  microsome,  
f a c i n g  th e  lumen (which i s  t o p o g r a p h i c a l l y  th e  o u t s i d e  

o f  th e  c e l l ) ,  o r  whether  i t  i s  in  th e  in n e r  s id e  o f  the  

m i c r o s o m e ,  f a c i n g  t h e  c y t o p l a s m  ( w h i c h  i s  

t o p o g r a p h i c a l l y  i n s i d e  th e  c e l l ) .  More l i k e l y ,  i s  th e  

p o s s i b i l i t y  t h a t  t h e  HSD i s  h y d r o p h o b i c  enough t o  be 

a d sorbed  t o  t h e  c y t o p l a s m i c  f a c e  o f  t h e  e n d o p l a s m i c  

r e t i c u l u m ,  o r  t h a t  some form o f  g l y c o l i p i d  m o d i f i c a t i o n  

anchors i t  t h e r e .

HSD is  a ls o  a dehydrogenase (Thomas e t  a l . , 1989)
which uses NAD as c o f a c t o r  and th e  sequence most s i m i l a r  

t o  an N A D -b in d in g  b e t a - a l p h a - b e t a  m o t i f  ( W i e r e n g a  e t  

a l . ,  1 9 86 )  l i e s  a t  t h e  a m i n o - t e r m i n u s , f r o m  S e r 5 t o
A s p 3 6 . .  The  q u e s t i o n  i s  w h e r e  d o e s  t h e  NAD-HSD  

i n t e r a c t i o n s  o c c u r  ; i s  i t  i n  t h e  lu m en  o f  t h e  

microsomes or  i t  i s  in  th e  c y to s o l?  In  f a c t ,  most o f  th e  

NAD-HSD i n t e r a c t i o n s  may occur in  th e  c y to s o l  around th e  

m it o c h o n d r ia ,  ( A l b e r t s  e t  a l . ,  1987) and t h i s  may be why 

HSD can be c o - p u r i f i e d  w i th  m i to c h o n d r ia  ( I s h i m u r a  e t  

a l . , 1988; Thomas e t  a l  . , 1 9 8 9 ) .  I f  t h i s  is  th e  case ,
t h e n  a t  l e a s t  t h e  e p i t o p e  r e s p o n s i b l e  f o r  t h e  

dehydrogenase a c t i v i t y  o f  th e  HSD would no t  be f a c i n g  

th e  lumen o f  th e  microsomes.

One may then wonder, how could  FD0161G Ab i d e n t i f y  

t h i s  p r o t e i n  o r  a t  l e a s t  p a r t  o f  i t  on th e  s u r f a c e  o f  

t h e  g r a n u l o s a  c e l l s .  S e v e r a l  p o s s i b i l i t i e s  may be 

r e l e v a n t  in  d e a l i n g  w i th  t h i s  q u e s t io n .  One p o s s i b i l i t y  

i s  t h a t  a small p a r t  o r  t a i l  o f  t h i s  p r o t e i n  i s  exposed  

t o  t h e  lum en o f  t h e  m ic r o s o m e  and i s  t h e r e f o r e
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recognised by th e  FD0161G Ab. The second p o s s i b i l i t y  i s  

t h a t  some o f  th e  p r o t e i n  is  c a r r i e d  ou t  to  th e  lumen o f  

th e  endoplasmic  r e t i c u lu m  (ER) d u r in g  l i p i d  t r a n s p o r t  

across  th e  ER membrane as in  5 ’ n u c l e o t id a s e .  A t h i r d  

p o s s i b i l i t y  i s  t h a t  FD0161G re co gn is e s  two iso fo rm s  o f  

t h e  same p r o t e i n  which have a r i s e n  by d i f f e r e n t i a l  

s p l i c i n g .  The s p l i c e  sequences would code f o r  th e  l e a d e r  

s e q u e n c e .  The u n s p l i c e d  s e q u e n c e s  w o u ld  t h e n  ha v e  t o  

code f o r  t h e  l o n g e r  p r o t e i n  c o n t a i n i n g  t h e  s i g n a l  

p e p t i d e .  Such a p r o t e i n  would be e xpressed .  I f  t h i s  was 

th e  case then th e  s p l i c e d  is o fo rm  has to  code f o r  th e  

s m a l l e r  p r o t e i n  ( H S D ) .  T h i s  p o s s i b i l i t y  may be 

a c c e p t a b le  as th e  p r o t e i n  on th e  g ra n u lo s a  which was 

r e c o g n is e d  by t h e  FD0161G Ab has d i f f e r e n t  s i z e  and  

p r o t e a s e  V8 d i g e s t  c h a r a c t e r i s t i c s  t h a n  t h e  on e  

r e c o g n i s e d  f r o m  human p l a c e n t a  ( M u l l e r  1 9 8 9 ) .  

N onethe less  i t  has been s a id  t h a t  th e s e  f i n d i n g s  a re  no t  

s t ro n g  enough t o  su p p o r t  th e  s p l i c i n g  h y p o th e s is .  I f  th e  

mRNA p o p u la t io n  c o n ta in s  d i f f e r e n t  is o fo rm s ,  then th e  

amount and s i z e  o f  each mRNA can be d e t e r m i n e d ,  f o r  

example, by p r im e r  e x te n s io n  te c h n iq u e  (Ausubel e t  a l . 
1 9 8 7 ) .

E x p e r i m e n t s  a r e  u n d e r  way i n  o u r  l a b  t o  u s e  

e l e c t r o n  microscopy to  f i n d  o u t  whether  th e  HSD i s  a 

m em b rane  p r o t e i n  o r  n o t ,  b e c a u s e  i m m u n o - e 1e c t r o n  

microscopy has f a i l e d  t o  d e t e c t  HSD in  bovine a d re n a l  
m ito c h o n d r ia  ( I s h im u r a  e t  a l . , 1 9 8 8 ) ,  and a ls o  t o  f i n d
o u t  how much o f  t h i s  p r o t e i n  may be e x p o s e d  t o  t h e  

o u ts id e  o f  th e  c e l l .  Another  approach,  in  o r d e r  to  show 

w h e th e r  v i a b l e  t r a n s f e c t e d  c e l l s  can e x p r e s s  t h e  HSD 

(coded by B3) p r o t e i n  on t h e i r  s u r f a c e ,  c o u l d  be t o  

a n a ly s e  th e  B3 t r a n s f e c t e d  COS c e l l s  w i t h  a f lu o r e s c e n c e  

a c t i v a t e d  c e l l  s o r t e r  (FACS) in  a s i m i l a r  way as t h a t  

done by M u l l e r  ( p e r s o n a l !  communication and th e  p r o j e c t  

progress  r e p o r t  to  th e  WHO in  1 9 8 9 ) .

323



CHAPTER 8

GENERAL DISCUSSION
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8.1 Placental Fibronectin

Fibronectin (F N ) protein isoforms have several 
functions in the body and they play vital role for the 
integrity of human placenta. The m u l t i f u n c t i o n a l  
properties of FN may have been mediated by the ability 
of FN isoforms to bind to cell and other extracellular 
matrix components such as collagens and fibrin (Chapter 
1). These and other functional properties which have 
been assigned to FN (Chapter 1) may have been made 
possible by the existence of multiple FN isoforms. For 
example the presence of CS1 cell binding site is within 
one of the alternative splice region (IIICS) (Humphries 
et al., 1987 ).

In order to find out whether more than one type of 
FN isoforms exist in human placenta and if so what are 
their tissue specificity, human placental FN was 
investigated at molecular and protein level. At the 
molecular level a placental cDNA library was screened 
for FN isoforms (Chapter 3). At the protein level three 
monoclonal antibodies (McAbs) were used in 
immunohistological studies (Chapter 4).

Screening a cDNA library from chorionic plate of 
human placenta resulted in the isolation of several 
clones which two were analysed further. Both clones 
extended toward the regions known to be alternatively 
spliced, ED-I and IIICS (Kornblihtt et al., 1984a,b). In 
one of these clones (HCF24) both regions were present 
and in another one both were absent (HCF17, Chapter 3).

The difference between the two clones isolated 
regarding the presence or absence of ED-I, may be 
functionally significant, because the presence of ED-I 
increases the distance between the cell-binding and 
heparin-binding sites, resulting in an enhanced binding 
activity of the cellular fibronectin molecule.
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It is also known that the IIICS region can be 
alternatively spliced in 5 different ways (Kornblihtt et 
al. , 1984a,b; Gutman and Kornblihtt 1987; Schwarzbauer
et al. , 1987; Dufour et al. , 1988), two of which were
observed in this work (Chapters 1 and 3).

The presence or absence of the entire IIICS 
sequences among the cDNA clones from the chorionic plate 
may be significant (if we asume that the HCF17 was from 
placental and not plasma) because it has been shown 
that some of the IIICS sequences code for a cell binding 
domain called connecting segment 1, CS1 (Humphries et 
al. , 1986, 1987). The CS1 has been shown to promotes
cell adhesion of me l a n o m a  or neural crest cells 
(McCarthy et a l ., 1986; Dufour et a l ., 1988). FN
isoformed (for example coded by HCF24 clone) may have 
similar function in the placenta. Presence of both types 
may be significant in that one type ( I I I C S + ) 
specifically promote the adhesion or migration of some 
cells and other type does not. This suggestion may be 
supported by the finding that some areas of the embryo 
are never occupied by migrating neural crest cells, even 
though they have been shown to contain high amount of FN 
(Dufour et al., 1988).

The presence of the third alternative splicing 
region known as ED-II was not possible at the molecular 
level because none of the isolated clones were long 
enough to cover that area. However, some placental 
tissues stained positively with anti-ED-II Ab suggesting 
the presence of ED-II isoform in some but not all 
tissues from some but not all placentae. The pattern of 
regulation for such differences between different 
placentae is not known.

Many questions remain to be answered. In particular 
the functional significance of 20 possible FN subunits 
is not clearly understood. The alternative mRNA splicing 
which generates the FN variants is cell type specific
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indicating that it is a regulated process. Little is 
known about the nature of this control mechanism. 
However, the availability of complete cDNA and genomic 
clones for FN offers an opportunity to investigate these 
problems experimentally. Thus continued progress may be 
anticipated in the study of this highly complex and 
multifunctional molecule. Any such findings may also 
help us to understand the precise role of each FN 
isoforms in placenta.

It has been reported that the pattern of 
glycosylation in placenta changes during placental 
development (Zhu and Laine, 1987), Questions which
remain to be answered in this regard are: (i) How and
why are the glycosylation patterns for these FNs change 
during development of the placenta? Is genetic 
programming of glycosyl transferase expression involved, 
or are different m R N A - s p l i c i n g  forms of FN being 
s ynthesized during stages of gestation which are 
glycosylated differently and take a different route 
through the Golgi? (ii) What effect, if any, does this 
change in carbohydrate have on the function of FN in the 
placental tissues? Some of these could have been 
addressed in this work but for the reasons discussed in 
Chapters 3 and 4, such as lack of anti-IIICS Ab, lack of 
good quality mRNA for SI mapping and most importantly 
joining the WHO sponsored project limited the progress 
toward resolving some of these questions.

8.2 Placental Cell Surface Determinant

As a part of a team organized by the WHO Task force 
on Vaccines for Fertility Regulation our group was asked 
to jo^n the investigation for d e t ermining the 
trophoblast surface markers. Our aim was to identify 
placental specific cDNA clone(s) corresponding to 
placental-specific polypeptide defined by McAbs (Chapter 
6 ) .
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In order to clone cell surface determinants few 
criteria should be met. These include availability of an 
expression vector, of a mamm a l i a n  or other type 
expression system, of good quality antibodies and a 
workable strategy. There are also other less frequently 
used methods such as oligonucleotide probing, PCR, etc. 
Nevertheless oligonucleotide probing and PCR are, in 
most of the times, dependent on the availability of 
partial amino acid sequences from the target determinant 
for generating degenerate oligonucleotides. The methods 
of approach which were employed during the course of 
work included oligon u c l e o t i d e  probing, PCR and 
immunoscreening.

Mixed-sequence oligonucleotide probes had been 
first used successfully for the isolation of a cloned 
cDNA encoding human beta 2-microglobulin (Suggs et al., 
1981). For the fact that various problems are usually 
associated with use of degenerate oligonucleotides, 
various methods for oligonucleotide synthesis and 
hybridisation conditions have been suggested (Duby, 
1987). Even computer programmes are available to 
determine the optimal structure of oligonucleotide 
probes from amino acid sequence (Yang et a l . , 1984),
Formulas have also been devised to take into account the 
choice of codon for each amino acid; these are based on 
codon utili s a t i o n  data, intercodon d i n u c l e o t i d e  
frequencies and other rules (Lathe , 1985). The more 
degenerate the oligonucleotides are the more probable 
that they contain the perfect match sequence, at the 
same time highly degenerate ones are usually associated 
with higher background.

The other approach for isolating cDNA sequences 
encoding a surface protein involves the use of PCR 
technique. This approach becomes possible either using 
known DNA sequences for generating primers or whenever
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partial amino acids sequences are available to generate 
oligonucleotides. If DNA sequences are not available 
then degenerates oligonucleotides can be designed based 
on the information present in the amino acids sequences. 
Degenerate oligonucleotides have already been used for 
cloning cDNA clones (Lee et al. , 1988; Girgis et al. ,
1988; Griffin et al., 1988). The problem with the PCR is 
that it is very sensitive and using highly degenerate 
oligonucleotides often leads to the amplification of un­
specific sequences (Lee and Casky 1990). Conditions 
should therefore be optimiS a d  in order to reduce 
amplification of non-target sequences.

The third approach may be the use of 
immunoscreening methods. This can involve fusion protein 
expressed, for example, in E .  c o l i  through the use of 
lambda gtll expression system or as native protein 
expressed in a mammalian cell system. The detection of 
fusion polypeptide is more governed by the availability 
of good quality Abs (polyclonal or monoclonal Abs) that 
recognise the linear structure of the protein. That is 
to say if an Ab can identify the target polypeptide on a 
Western-blot it is then expected to identify the same 
polypeptide from a fusion product. For this purpose 
polyclonal Abs are more preferred than McAbs (St. Jhon, 
1987) since they recognise several different epitopes of 
the same protein.

Proteins which are expressed on a mammalian cell 
system can be detected by either m o n o c l o n a l  or 
polyclonal Abs. In such a system Abs which recognise a 
linear structure of a protein are useful. , as are those 
Abs which recognise the native structure of the same 
protein. Limitations of such system are that the Ags 
should be expressed on the surface of the cell and full 
length cDNA encoding for such a protein may be needed 
for protein to pass through the membrane, to be 
properly processed, etc.
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In both systems (i.e. lambda or/and mammalian) 
polyclonals are much superior than McAbs when they are 
used for the initial screening. This is because 
polyclonal Abs have multi recognition domains but 
McAbs recognise only a single epitope. McAb which can 
not recognise the target polypeptide in a Western blot 
may even be less useful , since very few of the 
expressed polypeptides would be in their native form.

As it was shown in the previous chapters (Chapters 
5-7) that we started the work which was aimed at 
isolating trophoblast cell surface determinants. At 
that time only few poorly defined McAbs were available. 
None of these Abs were shown to recognise the target 
polypeptides on Western blots. In fact only for one of 
these Abs (i.e. FD0161) enough Ag could be purified to 
do Western-blot analysis or to raise polyclonal Abs.

Lack of McAb (or even polyclonal Abs) in one hand 
and the desire to isolate cell surface determinants 
limited our choice of screening systems to a mammalian 
expression system (Chapter 6). For reasons given in 
Chapter 6 (and above), none of the McAbs identified any 
target polypeptides. Polyclonal Abs against FD0161G Ag 
only became available toward the end of this work and 
were used for screening either COS or lambda expression 
systems. No clone was recovered from the COS system but 
the lambda library produced a clone (DN 1/6) which its 
DNA sequences suggested that it might be the HSD. 
Identification of this clone as HDS may explain why 
FD0161G polyclonal Ab did not produce positive clones 
from the COS system since HSD, most probably, is not a 
surface membrane protein.

In summary, due to several limitations and 
difficulties, such as lack of polyclonal Abs, lack of 
amino acid sequence from the target Ags, poor quality 
and poorly defined McAbs, inaccurate amino acids
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sequences for generating o l i g o n u c l e o t i d e s  for 
oligonucleotide probing (colony hybridisation) or 
amplifying the target sequences by PCR and other reasons 
given in Chapters 5-7 no surface determinant was 
identified.

In any future investigation the above problems 
showd be avoided and a larger pool of Abs, possibly 
polyclonal Abs, be used. If polyclonal Abs are available 
it is best to used them against COS system since it is 
less likely that the identified polypeptide would be a 
non-surface protein. This will reduce the amount of work 
which is put into screening a lambda library and the 
disappointment in finding that the identified protein is 
not a cell surface determinant. If and when a cDNA clone 
is identified as encoding a cell surface protein it can 
then be expressed, on a mammalian system, for various 
reasons such as raising more Ab against the polypeptide 
for cross reactivity tests, doing Western-blot analysis 
and identification of domain specific McAbs which only 
recognises non-shared epitopes (placental specific 
epitope). For example the immunological contraception 
against hCG is directed only to the C-terminal amino 
acids 109-145 sequences of the beta-subunit, this is 
because other domains of hCG polypeptides are shared by 
other proteins in the body (Diczfalusy, 1986).

Whenever a trophoblast specific domain of a cell 
surface protein is identified, synthetic or 
bioengineered polypeptides can be used for production of 
vaccine and the ultimate tests on human-like primates. 
If successful you know what is next provided 
cetain criteria are met:

1. The Ags used for immunization must be specific to the 
placenta and not cross-react with proteins of other 
tissues or body fluids.

331



2. The Ags must be available in pure form in sufficient 
large amounts.

3. Immunization against such Ags must prevent or disrupt 
implantation at a very early stage of pregnancy and 
without undesirable side effects.
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APPENDICES

Appendix 1

Relative Centrifugal Field Nanogram
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is  designed f o r  Beckman c e n t r i fu g e s  s in ce  most o f  the  
m ajor s p in n in g  were done on th e  Beckman c e n t r i f u g e s  
(C h a p te r2 ) .  To determ ine an unknown va lue  in a column, 
a l i g n  r u l e r  th ro u g h  known v a lu e s  in  th e  o t h e r  two  
columns. Desired v a lu e  is  found a t  the in t e r s e c t io n  o f  
th e  r u le r  w ith  the  column o f  in t e r e s t .  The RCF can be 
determ ined f o r  any r o to r  provided th e  rad iu s  ( r )  o f  such 
ro to r  is  known by t h is  fo rm ula  RCF=1. 1 2 r ( r p m /1 0 0 0 ) .
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Appendix 2

Restriction Map of Fibronectin cDNA
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APPENDIX 3

Nucleotide and amino acid sequences of FD0161G (HSD) cDNA clone

cctggtgagtgattcctgctactttggatggccATGACGGGCTGGAGCTGCCTTGTGACA

ggaccactcactaaggacgatgaaacctaccggTACTGCCCGACCTCGACGGAACACTGT

MetThrGlyTrpSerCysLeuValThr
1

GGAGCAGGAGGGTTTCTGGGACAGAGGATCATCCGCCTCTTGGTGAAGGAGAAGGAGCTG

CCTCGTCCTCCCAAAGACCCTGTCTCCTAGTAGGCGGAGAACCACTTCCTCTTCCTCGAC

GlyAlaGlyGlyPheLeuGlyGlnArgllelleArgLeuLeuValLysGluLysGluLeu 
10 20

AAGGAGATCAGGGTCTTGGACAAGGCCTTCGGACCAGAATTGAGAGAGGAATTTTCTAAA

TTCCTCTAGTCCCAGAACCTGTTCCGGAAGCCTGGTCTTAACTCTCTCCTTAAAAGATTT

LysGluIleArgValLeuAspLysAlaPheGlyProGluLeuArgGluGluPheSerLys 
30 40

CTCCAGAACAAGACCAAGCTGACAGTGCTGGAAGGAGACATTCTGGATGAGCCATTCCTG
1 8 1 -----------------------4-----------------------H-------------------- + -------------------------1-----------------------H----------------------h 2 4 0

GAGGTCTTGTTCTGGTTCGACTGTCACGACCTTCCTCTGTAAGACCTACTCGGTAAGGAC

LeuGlnAsnLysThrLysLeuThrValLeuGluGlyAspIleLeuAspGluProPheLeu 
50 60

AAGAGAGCCTGCCAGGACGTCTCGGTCATCATCCACACCGcctGTATCATTGATGTCTTC
241 --------- +---------- +--------- +---------- +----------+----------+ 300

TTCTCTCGGACGGTCCTGCAGAGCCAGTAGTAGGTGTGGCggaCATAGTAACTACAGAAG

LysArgAlaCysGlnAspValSerValllelleHisThrAlaCysIlelleAspValPhe 
70 80
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GGTGTCACTCAcagAGAGTCTATCATGAATGTCAATGTGAAAGGTACCCAGCTCCTGTTA
301 --------- +----------+----------+----------+----------+---------- + 360

CCACAGTGAGTgtcTCTCAGATAGTACTTACAGTTACACTTTCCATGGGTCGAGGACAAT

GlyValThrHisArgGluSerlleMetAsnValAsnValLysGlyThrGlnLeuLeuLeu 
90 100

GAGGCCTGTGTCCAAGCTAGTGTGCCAGTCTTCATCTACACCAGTAGCATAGAGGTAGCC

CTCCGGACACAGGTTCGATCACACGGTCAGAAGTAGATGTGGTCATCGTATCTCCATCGG

GluAlaCysValGlnAlaSerValProValPhelleTyrThrSerSerlleGluValAla 
110 120

GGGCCCAACTCCTACAAGGAAATCATCCAGAATGGCCATGAAGAAGAGCCTCTGGAAAAC

CGCGGGTTGAGGATGTTCCTTTAGTAGGTCTTACCGGTACTTCTTCTCGGAGACCTTTTG

GlyProAsnSerTyrLysGluIlelleGlnAsnGlyHisGluGluGluProLeuGluAsn 
130 140

ACATGGCCCGCTCCATACCCACACAGCAAAAAGCTTGCTGAGAAGGCTGTACTGGCGGCT

TGTACCGGGCGAGGTATGGGTGTGTCGTTTTTCGAACGACTCTTCCGACATGACCGCCGA

ThrTrpProAlaProTyrProHisSerLysLysLeuAlaGluLysAlaValLeuAlaAla 
150 160

AACGGGTGGAATCTGAAAAACGGCGGCACCCTGTACACTTGTGCCTTACGACCCATGTAT

TTGCCCACCTTAGACTTTTTGCCGCCGTGGGACATGTGAACACGGAATGCTGGGTACATA

AsnGlyTrpAsnLeuLysAsnGlyGlyThrLeuTyrThrCysAlaLeuArgProMetTyr 
170 180

ATCTATGGGGAAGGAAGCCGATTCCTTTCTGCTAGTATAAACGAGGCCCTGAACAACAAT

TAGATACCCCTTCCTTCGGCTAAGGAAAGACGATCATATTTGCTCCGGGACTTGTTGTTA

IleTyrGlyGluGlySerArgPheLeuSerAlaSerlleAsnGluAlaLeuAsnAsnAsn 
190 200

GGGATCCTGTCAAGTGTTGGAAAGTTCTCCACTGTTAACCCAGTCTATGTTGGCAATGTG

CCCTAGGACAGTTCACAACCTTTCAAGAGGTGACAATTGGGTCAGATACAACCGTTACAC

420

480

540

600

660

720

GlylleLeuSerSerValGlyLysPheSerThrValAsnProValTyrValGlyAsnVal 
210 220



GCCTGGGCCCACATTCTGGCCTTGAGGGCCCTGCAGGACCCCAAGAAGGCCCCAAGCATC
721 --------- +----------+----------+----------+----------+---------- + 780

CGGACCCGGGTGTAAGACCGGAACTCCCGGGACGTCCTGGGGTTCTTCCGGGGTTCGTAG

781

841

901

961

1021

1081

AlaTrpAlaHisIleLeuAlaLeuArgAlaLeuGlnAspProLysLysAlaProSerlle 
230 240

CGAGGACAGTTCTACTATATCTCAGATGACACGCCTCACGAAAGCTATGATAACCTTAAT

GCTCCTGTCAAGATGATATAGAGTCTACTGTGCGGAGTGGTTTCGATACTATTGGAATTA

ArgGlyGlnPheTyrTyrlleSerAspAspThrProHisGlnSerTyrAspAsnLeuAsn 
250 260

TACACCCTGAGCAAAGAGTTCGGCCTCCGCCTTGATTCCAGATGGAGCTTTCCTTTATCC
--------- +---------- +---------+----------- +----------+---------- + 900
ATGTGGGACTCGTTTCTCAAGCCGGAGGCGGAACTAAGGTCTACCTCGAAAGGAAATAGG

TyrThrLeuSerLysGluPheGlyLeuArgLeuAspSerArgTrpSerPheProLeuSer 
270 280

CTGATGTATTGGATTGGCTTCCTGCTGGAAATAGTGAGCTTCCTACTCAGGCCAATTTAC
--------- +---------- +---------+----------- +----------+---------- + 960
GACTACATAACCTAACCGAAGGACGACCTTTATCACTCGAAGGATGAGTCCGGTTAAATG

LeuMetTyrTrpIleGlyPheLeuLeuGluIleValSerPheLeuLeuArgProIleTyr 
290 300

ACCTATCGACCGCCCTTCAACCGCCACATAGTCACATTGTCAAATAGCGTATTCACCTTC
 + ------------------------- + --------------------- + ---------------------------+ ------------------------+ ------------------- - - +  1020
TGGATAGCTGGCGGGAAGTTGGCGGTGTATCAGTGTAACAGTTTATCGCATAAGTGGAAG

ThrTyrArgProProPheAsnArgHisIleValThrLeuSerAsnSerValPheThrPhe 
310 320

TCTTATAAGAAGGCTCAGCGAGATtTGGCGTATAAGCCACTCTACAGCTGGGAGGAAGCC
 +-+  +-------------------- +----------+----------+ 1080
AGAATATTCTTCCGAGTCGCTCTAaACCGCATATTCGGTGAGATGTCGACCCTCCTTCGG

SerTyrLysLysAlaGlnArgAspLeuAlaTyrLysProLeuTyrSerTrpGluGluAla 
330 340

AAGCAGAAAACGGTGGAGTGGGTTGGTTCCCTTGTGGACCGGCACAAGGAGACCCTGAAG
--------- +---------- +--------- +---------- +----------+----------+ 1140
TTCGTCTTTTGCCACCTCACCCAACCAAGGGAACACCTGGCCGTGTTCCTCTGGGACTTC

LysGlnLysThrValGluTrpValGlySerLeuValAspArgHisLysGluThrLeuLys 
350 360
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T CCAAGACT CAGT GATTT AAGGATGACAGAGATGTGCATGTGGGTATTGTTAGGAGATGT
1141 -----------------+-----------------+------------------+----------------- +-----------------+ + 1200

AGGTT CT GAGT CACT AAATT CCT ACT GT CT CT ACACGT ACACCCAT AACAAT CCT CT ACA

SerLysThrGlnEnd
370

CAT CAAGCT CCACCCT CCT GGCCT CAT ACAGAAAGT GACAAGGGCACAAGCT CAGGT CCT
1201   +-----------------+------------------+----------------- +-----------------+------------------+ 1260

GT AGTT CGAGGT GGGAGGACCGGAGT AT GT CTTT CACT GTT CCCGT GTT CGAGT CCAGGA

GCT GCCT CCCTTT CAT ACAATGGCCAACTTATTGTATT CCT CATGT CAT CAAAACCT GCG
1 2 6 1 ----------------- +---------------- +----------------- +----------------- +---------------- +   + 1320

CGACGGAGGGAAAGT AT GTT ACCGGTT GAAT AACAT AAGGAGT ACAGT AGTTTT GGACGC

CAGT CATT GGCCCAACAAGAAGGTTTCTGTCCTAAT CATAT aCCAGAGGAAAGACCAT GT
1321 -----------------+-----------------+— — --------+-----------------+---------------- +------------------- + 1380

GT CAGT AACCGGGTT GTT CTT CCAAAGACAGGATT AGT AT AtGGTCTCCTTTCTGGTACA

GGTTT GCT GTT ACCAAAT CT CAGT AGCT GATT CT GAACAATTT AGGGACT CTTTT AACTT
1381 -----------------+-----------------+----------------- +----------------- +---------------- +------------------- + 1440

CCAAACGACAAT GGTTT AGAGT CAT CGACT AAGACTT GTT AAAT CCCT GAGAAAATT GAA

GAGGGT CGTTTT GACT ACT AGAGCT CCATTT CT ACT CTT AAAT GAGAAAGGATTT CCTTT
1441 ------------------i------------------i------------------- H------------------ 1----------------- 1----------------------h 1 500

CT CCCAGCAAAACT GAT GAT CT CGAGGT AAAGAT GAGAATTT ACT CTTT CCT AAAGGAAA

CTTTTT AAT CTT CCATT CCTT CACAT AGTTT GAT AAAAAGAT CAAT AAAT GTTT GAAT GT
1501 -----------------+----------------- +----------------- +----------------- +---------------- +------------------- + 1560

GAAAAATT AGAAGGT AAGGAAGT GT AT CAAACT ATTTTT CT AGTT ATTT ACAAACTT ACA

Ttaaa
1561 ---------  1565

A a t t t
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