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s  U M M A R Y

1 s in g le  c e l l  suspension  was p repared  from th e  n e u ra l r e t i n a  t i s s u e s  

o f seven days embryonic ch icken . The c e l l  suspension  was allow ed to  

s e t t l e  on th e  c le a n  g la s s  su rface  by in c u b a tin g  f o r  one hour a t  

30^C iia ai serum medium o f E a g le 's  f l u i d .  The m icroscopic  

o b se rv a tio n  showed th a t  th e  m a jo rity  o f th e  c e l l s  were s in g le  and 

s tro n g ly  adhered to  th e  u n tre a te d  g la ss  su r fa c e . I t  was n o tic e d  

th a t  th e  in te r a c t io n  betw een g la s s  and c e l l s  was s tro n g  enough to  

r e s i s t  c e n tr i fu g a l  fo rc e s .

In tro d u c tio n  o f the  l i p i d  (d is te a r o y l  o r  d i l in o le o y l  phosp h atid y l 

ch o lin e ) onto th e  g la s s  su rfa ce  a f fe c te d  c e l l  ad h esio n . O rg an isa tio n  

o f th e  o r ie n te d  f ilm s  on th e  g la s s  were done on the w a te r su rfa c e  by 

th e  B lo d g e tt and Langnruir tech n iq u es  and f o r  th e  u n o rie n te d  f ilm s  th e  

le c i tW n  was spread, on the  g la s s  s u r fa c e . Mhen th e  l e c i t h i n  mono-4 

la y e r  was o rgan ised  on th e  g la s s  su rfa ce  th e  c e l l s  became le s s  

adhesive to  th e  ^ a s s *  Adhesion decreased  as more l i p i d  was added 

to  th e  g la s s  s u r fa c e . The c e l l s  k ep t t h e i r  round, form w hile  be ing  

adhesive to  th e  l e c i t h i n  s u r fa c e . The o b se rv a tio n s  w ith  0 ^  

la b e l le d  l e c i t h i n  g la s s  su rfa c e  showed th a t  a  la rg e  amount o f 

la b e l le d  phospho lip id  was tak en  in to  the  c e l l s  when th ey  were 

in cu b a ted  in  co n tac t w ith  tl^s su rface  fo r  one hour a t  38 ® C in  a  

serum, medium and ly s o le c i th in  was re le a s e d  in to  th e  medium. But 

when th e  c e l l  su spension  was shaken to  p rev en t c o n tac t w ith  l e c i t h i n  

i t  was observed th a t  much le s s  ly s o le c i th in  was re le a s e d  and le s s  

la b e l le d  l e c i t h i n  in c o rp o ra te d  in to  the c e l l s .



ii

T his su g g ests  t h a t  phospho lipases were invo lved  in  the  p ro d u c tio n  o f  

l y s o le c i th in  so th a t  c o n ta c t i s  re q u ire d  f o r  t h e i r  a c t io n .  I t  i s  

known th a t  ih e  ly s o le c i th in  d im in ishes th e  adhesion  o f c e l l s ,  

th e re fo re  the o b se rv a tio n s  o b ta in ed  from th i s  experim en tal work 

in d ic a te  t h a t  th e  n e u ra l r e t i n a  c e l l s  w i l l  n o t adhere to  a  l e c i t h i n  

su rfa ce  because o f th e  re le a se d  ly s o le c i th in  a f t e r  l e c i t h i n  

in c o rp o ra tio n  in to  the  c e l l s  du rin g  in c u b a tio n  p e r io d .
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I  ïï T R Q D XT C T I  0 II

Most c e l l s  can adhere to  n o n -c e llu la r  su b s tra te s*  R eac tions o f

c e l l s  in  c u ltu re  to c o n ta c t w ith  t h e i r  g la s s  substx'atum have

re c e n t ly  been t r e a te d  by several, in v e s t ig a to r s .  Abercrombie (1958)

and Weiss (195#) have considered  ti^o types o f c e l l  c o n ta c t, namely

th a t  be ti/een  one c e l l  and an o th e r, which o f f e r s  a  b a s is  fo r

s p e c if ic  in te r a c t io n s  and th a t  between a  c e l l  and n o n -c e l lu la r

o b je c ts ,  which probab ly  ex p resses  scane of th e  s im p le r  and more

b a s ic  p o in ts  o f  c e l l  beh av io u r. C e ll in te r a c t io n s  w ith  g la s s

su rfa c e s  a re  g e n e ra lly  con sid ered  in  te m s  o f  a  b a lance  between

e l e c t r o s t a t i c  re p u ls io n  by c e l l  su rfa c e  charge and a t t r a c t i v e  fo rc e s

o f  th e  London Van d e r  Waal’ » type  ( C u rtis  I 962) .  C u rtis  (1967) in

a  rev iew  o f th e  s u b je c t of c e l l  adhesion  has p o in ted  to  a

co n sid e rab le  body o f evidence f o r  th e  e x is te n c e  o f two c la s s e s  of

c e l l  adhesion . The f i r s t  i s  an adhesion w ith  se p a ra tio n  o f le s s  
0 -

tlian  20 A, th e  c e l l  b e in g  in  m o lecu lar c o n tac t and w i l l  n o t e a s i ly  

be d ispersed*  The second type o f adhesion  occurs w ith  ICO to  200 A 

s e p a ra tio n  between th e  membranes. C u rtis  ( I 966) has suggested  th a t  

c e l l  a.dhesion i s  the r e s u l t  of the  balance  between opposing 

physico -chem ical fo r c e s .

5%e n a tu re  o f th e  physico-chem ical groups w ith in  c e l l  p e r ip h e r ie s  

a f f e c t s  t h e i r  a b i l i t i e s  to  adhere to  and to  se p a ra te  from each o th e r . 

S tu d ies  on p re p a ra tio n  o f  i s o la te d  l ip id s  have p rovided  s tro n g  

evidence th a t  phosp h o lip id s  in  aqueous system s a re  o ftesi o rgan ised  

bimolecu3.ar l e a f l e t s  (G lau e rt and Lucy 1968) .  F o r some tim e i t  lias



been g e n e ra l ly  assumed th a t  th e  l ip id s  o f c e l l  membranes a re  always 

a rranged  in  t h i s  c o n f ig u ra tio n . The v a rio u s  components o f  c e l l  

membranes, p a r t i c u la r ly  t h e i r  c o n s ti tu e n t p ro te in  m a te r ia ls ,  l i p i d ,  

c l io le s te ro l  p o ly sa c c h a r id e s ,m e ta l io n s , w a te r a re  a l l  f a c to r s  which 

in tro d u ce  an enormous degree o f com plexity . The p resence  o f 

l i p id s  in  c e l l u l a r  membranes was f i r s t  proposed in  th e  n in e te e n th  

c en tu ry  to  accoun t fo r  th e  observed r e la t io n s h ip  betw een l i p i d  

s o lu b i l i t y  and th e  v e lo c i ty  o f p e n e tra tio n  o f compounds in to  c e l l s .  

Overton p o s tu la te d  in  I 902 th a t  th e  plasma membrane i s  composed o f 

a  th in  la y e r  o f l i p i d .  in  I 926, G o rte r and Grendel found th a t  th e  

l i p i d  co n ten t o f  hemolyzed e ry th ro c y te s  wa^ s u f f i c i e n t  to  form a  

continuous la y e r  60 to  80 I  th ic k  over th e  e n t i r e  c e l l  su rfa ce  

and p o s tu la te d  th a t  th e  plasm a membrane i s  composed o f a  double 

la y e r  o f  l i p i d  m o lecu les . The most im portan t p h o sp h o lip id s  of 

c e l l  membranes a re  d iao y lp h o sp h atid y le th an o lam in es, p h o sp h a tid y l 

ch o lin e  ( l e c i t h i n ) ,  phosp h atid y l s e r in e  and p h o sp h a tid y in o s ito l 

which can  be considered  as long  m olecules w ith  t^/o f a t t y  a c id  

chains u s u a lly  showing d i s t r ib u t io n  in  chain  le n g th  and a lso  in  

t h e i r  degree o f s a tu x 'a tio n . The v a r io u s  ty p e s  o f l i p i d s  o f th e  

b io lo g ic a l  membranes can a lso  be co n sidered  p a r t  o f  

■ m acrom olecular a r ra y  e i t h e r  in  com bination w ith  carbonhydrate  o r 

w ith  p ro te in  by form ing th e  l ip o p r o te in  m olecules o f  th e  b a s ic  

s t r u c tu r e  o f c e l l  membranes w hether m ito ch o n d ria l, n u c le a r , 

endoplasm ic re tic u lu m , o r  plasm a membrane. Tvfo main fu n c tio n s  can 

be a t t r ib u te d  to  th e  plasm a membrane. The f i r s t  i s  concerned w ith  

t r a n s p o r t  and th e  second w ith  c e l l  c o n tac t which p ro v id es  a means 

o f in te r a c t io n  o r  communication by t r a n s f e r  o f che,mical in fo rm atio n



from one c e l l  to  s n o th e r . P ro te in s  in  the  c e l l  membrane probably

have many fu n c tio n s . I-Iitchison and S\-/ann (1954) suggested  th a t  the

membrane's e l a s t i c i t y  and mechani-cal a b i l i t y  to  expand and c o n tra c t

could be due to  f ib ro u s  p ro te in s . The l i p i d  la y e r  betw een two

la y e r s  o f p ro te in s  in  the membrane a re  v is u a l is e d  as a t ta c h in g  to

p r o te in  by in te r a c t io n  o f p o la r  fu n c tio n a l groups and hydrocarbon

ch a in  o f  th e  l i p i d  in la y e r s  a re  v is u a l iz e d  as in te r a c t in g  w ith  each

o th e r ,  perhaps by in t e r d ig i t a t i o n  o f ch a in . Lenard and. S inger

(1966) proposed a  s t r u c tu r e  o f  th e  plasmalemma based  on sp ec tro sc o p ic

and o p tica l, n a ta to ry  d is p e rs io n  s tu d ie s .  They suggested  th a t  th e

io n ic  and p o la r  heads o f  l i p i d  m olecu les, to g e th e r  w ith  a l l  o f  th e

io n ic  s id e  cliain  o f the  s t r u c tu r a l  p ro te in s  a re  on th e  e x te r io r

su rfa ce  o f the  membrane in  Van d e r  W aal's  c o n ta c t w ith  th e  bu lk

aqueous phase . Sequences o f  th e  s t r u c tu r a l  p ro te in s  c o n s is t in g

predom inan tly  o f n o n -p o la r  s id e  ch a in  a re  in  th e  i n t e r i o r  o f  th e

membrane, to g e th e r  w ith  th e  hydrocarbon t a i i s  o f th e  phosp h o lip id s

and th e  r e l a t i v e ly  n o n -p o la r l i p i d s  such as c h o le s te r o l .  In

p a r t i c u l a r ,  the h e l i c a l  p o r tio n s  o f th e  p ro te in  a re  i n t e r i o r ,

where th ey  a re  s ta b i l i z e d  by hydrophobic in t e r a c t io n s .

E le c tro n  m icroscopy lias th ro m  some l i ^ t  on th e  f in e  s t r u c tu r e  o f

th e  plasma membrane. The d e f in i te  th ic k n e ss  o f plasm a moabranes 
0

o f 60 to  100 A have been observed a t  th e  su rfa c e  o f c e l l s  by

e le c tro n  microscopy* Under h ig h e r m icroscopic  r e s o lu t io n  th e

plasm a membrane o f most ty p es  o f c e l l s  appeared th re e - la y e re d .
0

Each o f  th e  th re e  la y e r s  i s  about 25 A and th e  m iddle la y e r  was 

found to  be le a s  d e n se .th a n  th e  o th e r  two (Z o tte rq u is t  1956). 

R obertson in  1959 c a lle d  t h i s  s t ru c tu re  u n i t  membrane, wliich i s  a lso



' observed  in. most i n t r a c e l l u l a r  membranes. I t  was n o tic e d  th a t  a  

sm all b rid g e  c rossed  th e  li.'i:^t c e n tr a l  la y e r  and i t  was suggested  th a t  

th ey  were p o re s ,S tu d ie s  o f  th e  p e rm e ab ility  o f  th e  plasm a membrane 

showed tXiat the  maxiiïïum p o ro s i ty  o f th e  membrane would be one pore 

p e r p ro te in  molecn,ile so th a t  in o rg an ic  io n s  would, be ab le  to  pass 

betw een two p ro te in  m o lecu les .

E lec tron , m icroscopic  obB ^rvatiohs showed t l ia t  th e  two c e l l»  w ere in

c lone  c o n tac t tand appeared as  dense l in e  sep a ra te d  by space o f 110 
o

to  150 A and cen ta ined a  m a te r ia l  o f low e le c tro n  d e n s i ty  i n  t h a t  

space* T h is i n t e r c e l l u l a r  component was co n sid e red  as a  k in d  o f 

cem enting substance* Many a u th o r i t i e s  (D erv ich ian  1949) b e lie v ed  

th a t  th e  prim ary b a s is  o f l ip o p r o te in  s t ru c tu re  i s  Colombie b in d in g  

beirv/een th e  io n ic  l i p i d s  such as l e c i t h i n .  C u rtis  p o in te d  ou t th a t  

th e  c e l l  su rfa c e  can be seen  a s  a la y e r  o f low d i e l e c t r i c  c o n s ta n t 

due to  the  presence  o.f l i p i d  b i la y e r  and a  v a r ie ty  o f  fo rc e s  a c t  to  

s t a b i l i z e  the b i la y e r  s t r u c tu r e .

The thermodynamic c o n s id e ra tio n s  and experim en tal r e s u l t s  d iscu ssed  

f i t  i n  w ith  th e  id e a  o f  a  mosaic s t ru c tu re  f o r  th e  p ro te in s  and 

l i p i d s  o f membranes by S in g er and Lenard (1966) .  S in g e r and 

N iço is  on suggested  t h a t  th e  g lo b u la r  m olecule o f th e  in te g r a l  

p ro te in s  a l t e r n a te  w ith  s e c tio n s  o f p h o sp h o lip id  b i l a y e r  in  the  

c ro ss  s e c t io n  o f  th e  membrane. The g].obular m olecules a re  

p o s tu la te d  to  be sm phipathio a s  a re  p h o spho lip id s an.d i s  

s t r u c tu r a l l y  asym étrie  i f i th  one h ig h ly  p o la r  end and one no2i.«-polar 

end (L enard, S in g er and V allach  I 966) ,  The h ig h ly  p o la r  re g io n  

which i s  th e  io n ic  amino a c id  re s id u e s  i s  bound c o v a le n tly  to  

th e  sacch arid e  re s id u e s  to  form, g ly c o p ro te in s  and i s  a lso  ii:



5>

c o n ta c t w ith  th e  aqueous phase on b o th  s id e s  o f th e  i n t a c t  

membrane so t h a t  th e  in te g r a l  p ro te in  m olecule w ith  th e  a p p ro p ria te  

s iz e  and s t ru c tu re  may tra n sv e rse  th e  e n t i r e  membrane. The non

p o la r  end was embedded in  the  hydrophobic i n t e r i o r  o f th e  membrane.

I t  was suggested  th a t  th e  phospho lip ids o f the mosaic s t ru c tu re  a re  

p redom inan tly  arranged  as  an in te r ru p te d  b i la y e r ,  w ith  t h e i r  p o la r  

groups in  c o n tac t w ith  th e  aqueous phase and a  sm all p o r tio n  o f the  

l i p i d  more in t im a te ly  a s s o c ia te d  w ith  in te g r a l  p ro te in s .

Most l ip o p ro te in s  a re  f a i r l y  lo o se  a s s o c ia tio n s  and r a th e r  u n s ta b le  and 

exchange t h e i r  l i p i d  m o ie tie s  q u ite  r e a d i ly  w ith  l i p i d  in  th e  

environm ent. llie  u n ifo rm ity  o f l ip o p r o te in  com bination in  a  

p a r t i c u la r  c e l l u l a r  membrane sug g ests  th a t  th e  s p e c i f i c i t y  o f th e  

b in d in g  o f l ip id s  to  p ro te in s  may depend on a  p re c is e  s t e r i o  arrangem ent 

(Dawson 1968). The o rg a n iz a tio n  o f th e  l ip o p ro te in  m icro s t ru c tu re  

w i l l  depend on m u ltip le  a ttachm ent and m atching o f p o la r i ty  which 

w i l l  determ ine the  com bination o f enzymes w ith  t h e i r  s u b s t r a te ,  f o r  

exam ple, phospholipase re a c t io n s .  L ip o p ro te in s  o f te n  p o ssess  

enzymic a c t i v i t y  and so lu b le  enzymes can be e x tra c te d  from 

l ip o p r o te in s  by v a rio u s  agen ts which d is ru p t  th e  l i p i d  p ro te in  a s s o c ia t io n  

(î^wson 1972)# Many l ip o p ro te in s  a re  a tta ch e d  to  membranes where a  

whole raxge o f l i p id s  and p ro te in s  a re  arranged  to g e th e r  and f o r  

t h i s  reason  much o f  th e  work on l i p i d  p ro te in  in te r a c t io n s  lias been 

done w ith  model system s.

The model o f the  plasm a membranes as a  l i p i d  b i la y e r  coated  w ith  

p ro te in  was f i r s t  suggested  by D a n le l l i  and Davson (l954™55)*

Model system  experim ents can ex p la in  c e r ta in  l ip id - p r o te in  

in te r a c t io n s  and th e y  may t e l l  us about what k ind  o f  membrane a c tio n



ta k e s  p lace  .In th e  c e l l .  L ip id  such as f a t t y  a c id , p h o sp h o lip id s , 

c h o le s te ro l  and c h o le s te ro l e s t e r ,  can be packed in  s in g le  o r  

b i la y e r s .  The o r ie n ta t io n  of the l i p id s  w itliin  such s t ru c tu re s  i s  

p a r t ly  determ ined by th e  presence o f  the  p o la r  heads o f th e  

hydrocarbon c h a in s . When p o la r  l i p i d  such as p h o sphatidy l 

c h o lin e  ( l e c i th in )  i s  d isp e rse d  on a  w a ter i t  w i l l  ten d  to  

o r ie n t  in  a  la m e lla r  a r ra y .  I t  i s  kno\m th a t  th e  p o s i t iv e  and 

n e g a tiv e  charges on th e  head group o f phosphatidy l ch o lin e  balance  

each o th e r  so th a t  th e re  w i l l  be no re p u ls io n  between them. The 

charged o r  s tro n g ly  p o la r  group a s s o c ia te  w ith  th e  w a te r m olecules 

w hile  i t s  n o n -p o la r t a i l  ( f a t t y  a c id  s i t e  of hydrocarbon chain ) 

a s s o c ia te  w ith  each o th e r  by Van d e r  W aal's fo rc e s  which a re  weak 

and o p e ra te  sh o r t d is ta n c e s  o n ly . These p ro p e r t ie s  o f l i p id s  

have been  s tu d ied  by form ing film s  on th e  w a ter su rfa ce  by Adam and 

Davies and E idea l ( I 963) . Since th e  b io lo g ic a l  membranes a re  

known to  r e s u l t  from in te r a c t io n  between l i p id s  and p ro te in s  the  

model and a r t i f i c i a l  monomolecular f ilm s  a re  o f c o n s id e ra b le  b io lo g ic a l  

i n t e r e s t .  The s o -c a lle d  f i lm  balance  dev ised  by Langnruir in  1917 

i s  s t i l l  the p r in c ip a l  in s tru m en t f o r  the  s tudy  o f th e  f ilm s  on 

g la s s  su rfa ce  by d ipp ing  tec lm iq u e . B lo d g e tt in  1935 observed th a t  

th e  amount o f su rfa ce  a c tiv e  m a te r ia l  th a t  could be d e p o sited  on a  

g la s s  slid .e  depended on sev e ra l f a c to r s .  He in tro d u ced  th e  concept 

o f  X and Y type f i lm s , A d e f in i t io n  o f th e se  film s  was g iven  in  

term s o f the  ra d io  between th e  a re a  occupied by th e  m onolayer on the 

s o l id  s u b s tr a te  and th e  a re a  occupied on th e  aqueous s u r fa c e . Mi 

id e a l  Y -type f ilm  d e fin ed  as m u lti la y e r  system  fo r  b o th  upward and 

dovmward d ipp ing  t r i p s  and X -type f ilm  i s  d e fin ed  as a  la y e r  system



f o r  the  dovm\'/ard movement o f the  s l id e  and zero f o r  upward t r i p s .  

The p re se n t work i s  concerned w ith  s tu d ie s  o f co n tac t in te r a c t io n s  

o f th e  n e u ra l r e t in a  c e l l s  w ith  c lean  g la ss  c o v e rs lip s  and w ith  

l e c i t i i in  covered g la s s  su r fa c e s .

The in tro d u c tio n  o f a  l e c i t h i n  la y e r  onto g la s s  and th e  in cu b a tio n  

o f  c e l l s  onto aa adsorbed la y e r  o f serum changes the n a tu re  o f th e  

c e l l / g l a s s  in te r a c t io n .  The observed re a c t io n s  o f th e se  c e l l s  

were changed in  re s p e c t o f th e  r a te  o f attachm ent and sp read in g  

on a le c i tb .in  f ilm  compared w iih g la s s  and th e  adhesiveness o f the  

c e l l s  was d im inished by ly s o le c i th in  which was re le a s e d  in to  the  

in c u b a tio n  medium by c e l l s  from th e  l e c i t h i n  la y e r s .



CHAPTER 2 

MATERIALS AND METHODS

2 .1  THE COVERSLIPS

G lass .c o v e rs lip s  14#72om v,ere .c leaned  .in -a b so lu te  a l c o h o l /n i t r i c  a c id . 

A fte r  th i s  p o in t two d i f f e r e n t  c lean in g  methods were used as fo llow s 5

a) A fte r  r in s in g  w ith  ta p  w a ter they  were r in s e d  w ith  d i s t i l l e d  w a ter 

once, and th ey  were th en  f u r th e r  washed by b o i l in g  th re e  tim es in  

f r e s h  changes o f d i s t i l l e d  w a ter and d r ie d  in  a i r .

b) A fte r  w ashing w ith  n i t r i c  a c id  th ey  were r in se d  w ith  ta p  w ater 

once, d i s t i l l e d  w a te r and e th a n o l. They were b rough t in to  warm 

KOH and allow ed to  rem ain in  i t  f o r  one second* They were r in se d  

ag a in  w ith  ta p  w a te r and t r a n s f e r r e d  to  th e  o th e r  d ish  which 

con ta in ed  d i lu te d  n i t r i c  a c id . Once more, r in s in g  was made under 

th e  ta p  w a ter and d i s t i l l e d  w a te r . They were th en  sep a ra te d  and 

d r ie d  in  a i r .

2 .2  CELL SUSPENSION

The eyes were removed from seven days ch icken  embryos (De Kalb s t r a in )  

and p laced  in  Hanks s o lu t io n .  The n e u ra l r e t in a e  were d is s e c te d  away 

from the  pigmented r e t in a e  w ith  fo rc e p s . The t i s s u e s  were 

t r a n s fe r r e d  to  a  c e n tr ifu g e  tu b e . They were washed tw ice in  about 

4ml CÎ'IE (Calcium and Magnesium f r e e  Hanks* medium pH 7#&)* The 

t i s s u e s  were incubated  in  about 3ml tiy p .s in  c o n c e n tra tio n  [ 0 . 25^  

D ifco t r y p s in  in  T r is  S a line  (NaCl 8g , KOI 2m l(l990), Na^RPO^

Oglg, T r is  3g, Phenol Red 1.5m l, P e n ic i l l in  1 x 10^ u n i t s ,

S treptom ycin O .lg ) ] f o r  20 m inutes a t  room tem peratru’e . The 

t ry p s in  s o lu t io n  was removed w ithou t d is tu rb in g  th e  t i s s u e  by 

p ip e t t in g  and th e  t i s s u e s  were washed w ith  co ld  CMF tw ic e . One drop
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o f bovine sejmm was dropped w ith  p a s te u r  p ip e t te  to  a c t  as a  try p s in  

ln h i.b ito r  b e fo re  adding about gml co ld  CMF in to  th e  tu b e . The 

t i s s u e s  were g e n tly  p ip e tte d  u n t i l  th ey  were d isp e rse d  in to  s in g le  

c e l l s .  To p repare  a  good s in g le  c e l l  suspension  th e  c e l l s  were 

c e n tr ifu g e d  a t  300rpm f o r  one m inute and the  su p e rn a ta n t was 

t r a n s fe r r e d  to  th e  o th e r  c lean  c e n tr ifu g e  tube and c e n tr ifu g e d  again  

a t  ISOOrpm f o r  5 m inutes a t  4 The su p e rn a tan t was poured o f f .

The c e l l s  a t  th e  bottom o f th e  tube  were p ip e tte d  g e n tly  a f t e r  the  

a d d itio n  of co ld  f r e s h  CI'IF to  resuspend  them. The c e l l  suspension  

was d i lu te d  by adding 2m l’o f th i s  suspension  to  10ml c u ltu re  medium 

(mem) to  g ive  about 0 , 25x10*̂ c e l l s  p e r m l.

12ml o f th i s  c e l l  suspension  was poured in to  th e  p e t r i  d ish  which 

con tained  two c lean , g la s s  s l id e s .  The p e t r i  d ish  was in cu b ated  a t  

58 ® C f o r  one hour in  a  d e s s ic a to r  which had a  w a ter s a tu ra te d  

atm osphere co n ta in in g  J ’/o COg in  a i r .  The c e l l s  were allow ed to  

s e t t l e  and a t ta c h  to  c le a n  g la ss  c o v e r s l ip s .  A fte r  in c u b a tio n  the 

p e t r i  d is h  was taken  ou t from th e  d e s s ic a to r  and c o v e rs lip s  were 

removed g e n tly  w ith  fo rc e p s . The c o v e rs lip s  were t r a n s f e r r e d  to  55ml 

co ld  MEÏI (E a g le 's  MEM, 10^ C alf serum and embryo e x tr a c t )  medium 

©ad were c e n tr ifu g e d  f o r  f iv e  m inutes a t  500 rpm. The adhesiveness 

o f th e  c e l l s  was te s te d  by c e n tr ifu g in g  th e  c o v e rs lip s  in  a tu b e . 

A fte r  c e n tr i fu g a t io n  th e  c o v e rs lip s  were removed from th e  tubes 

(Ambrose and Ee,sty tech n iq u e  I9 6 0 ) .The c o v e rs lip s  were in v e r te d  and 

mounted on a s l id e .  The edges of th e  c o v e rs lip s  were . 

sea le d  w ith  v a se lin e  i n  ord.er to  p reven t th e  c e l l s  on th e  c o v e rs lip s  

d ry in g . The adheren t c e l l s  in  an a re a  were counted under th e  phase 

m icroscope w ith  a 10.X o b je c t iv e . The percentsige o f c e l l s  s t ic k in g  

to  th e  c o v e rs lip s  i s  c a lc u la te d  from th e  equations



II

P ercen tage  o f c e l l s  s t ic k in g  

No, o f c e l l s  s t i c k i l y  x 100

l i f t
X

Where

T = th e  t o t a l  number o f c e l l s  in  p e t r i  d ish

A “ th e  a re a  o f p e t r i  d ish  (cm^ )

a  = th e  counting a re a  under m icroscope (cm^ )

2 ,5  c m  ADHESION TO ORIEHTED MONO AND MaLTILAYER FIIMS

C overslip s  were coated  w ith  l e c i t h in  la y e r s  by th e  B lo d g e tt

te ch n iq u e , ( 1935)

A c lean  beaker o f 12.5cm d iam eter was f i l l e d  w ith  approx im ately  2000ml 

o f d i s t i l l e d  w a te r . The w ater su rfa ce  was allow ed to  become smooth. 

U n labelled  l e c i t h i n  (d is te a ro y l  calbiochem ) 5mg/ml in  CHCl^ /[TEOH 

s o lu tio n  was c a r e fu l ly  dropped onto th e  su rface  from a  ICyyl sy ringe  

c a r e f u l ly  p o s itio n e d  over th e  smooth w ater s u r fa c e . The le c ith - in  was 

added drop by drop  in  such a way th a t  each drop was watched u n t i l  a  

g iv en  drop suddenly formed a  packed f ilm  on th e  su rfa ce  and d id  n o t 

p e n e tra te  in to  th e  w a te r , VJhen approx im ately  4yVl l e c i t h i n  had been 

added th e  drops d id  n o t spread  as q u ick ly  as p re v io u s ly , and gave what 

a,ppeared to  be a  condensed la y e r  and rem ained w hite  f o r  a  few 

seconds a t  th e  dropping p o in t which in d ic a te d  th a t  s u f f ic ie n t  l e c i t h in  

had been added, Ttfo c o v e rs lip s  were th en  c a r e fu l ly  f3.oated on the  

su rfa ce  and allow ed to  rem ain th e re  f o r  a  few seconds b e fo re  being 

g e n tly  removed and d r ie d  in  a i r  on a  p e t r i  d is h . Hence a  th in  f i lm  

o f e i t h e r  a  monolaye;r o r  a  few la y e rs  should be d e p o sited  on the  

su rfa c e  o f th e  s l id e s .  Experim ents w ith  la b e l le d  l e c i t h in

d esc rib ed  l a t e r  dem onstrates th a t  many la y e r s  were form ed. A fte r  

removii^g th e  f lo a t in g  s l id e s  g e n tly  w ith  fo rcep s  a n o th e r a l iq u o t  o f
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l e c i t h i n  s o lu t io n  in  the  sy rin g e  was added to  th e  w a ter surfa.ce as 

b e fo re  u n t i l  th e  su rfa ce  was covered s u f f ic ie n t ly  w ith  l e c i t h i n .

One o f tvro d rie d  s l id e s  was allow ed to  f l o a t  ag a in  on th e  w ater 

su r fa c e . This was re p e a te d  an o th er fo u r  tim es under the  same 

c o n d itio n s  as b e fo re . T here fo re , by adding l e c i t h i n  each tim e, a 

m u lt i la y e r  f ilm  s ix  tim es th e  o r ig in a l  th ick n ess  should  be d ep o sited  

on th e  g la s s ' su rfa c e . A pproxim ately 4yYl o f l e c i t h i n  s o lu tio n  

c o n ta in in g  2(^ g m  l e c i t h i n  was used  in  th e  p re p a ra tio n  o f th e  f i lm  on 

the  g la s s  o f a re a  14 . 72cm on th e  d ish  and hence adheres to

each c o v e rs lip  g iv in g  a  th e o r e t ic a l  th ick n ess  f o r  each la y e r  o f
0 I

1 4 ,7A * The two s l id e s  which had m onolayer and m u lt i la y e r  f i lm  on 

t h e i r  su rfa c e s  were t r a n s fe r r e d  in to  th e  p e t r i  d is h .  2ml o f c e l l  

suspension  which co n ta in ed  about .25x10 c e l l s  p e r  ml in  co ld  CMP was 

reouspended in to  10ml o f  c u ltu re  medium (I4EM) in  th e  c o n ic a l tu b e . 

This suspension  was poured in to  the  p e t r i  d is h  and th e  c e l l s  wei*e 

allow ed to  s e t t l e  on th e  c o v e rs lip s  which had the  l e c i t h i n  f ilm s  on 

t h e i r  f a c e .  The same amount o f c e l l  suspension  was p repared  and 

added to  an o th er p e t r i  d ish  which a lso  had two c lea n  c o v e rs lip s  

w ithou t mono o r  m u lt i la y e r  f ilm  on t h e i r  su rfa c e s  as a  c o n tro l .  The 

two p e t r i  d ish es  were p laced  in  a  h o t room and in cu b ated  f o r  one hour 

a t  $8 ® 0 , A fte r  in c u b a tio n  th e  c o v e rs lip s  were t r a n s f e r r e d  w ith  

approx im ately  35nfL o f f r e s h  medium (PIEM), in to  50ml c e n tr ifu g e  tubes 

and spun a t  JOOrpm f o r  5 m in u tes . The adheren t c e l l s  s tay ed  on tlie 

c o v e rs lip  and non-ad iieren t c e l l s  were t r a n s fe r r e d  to  th e  medium.

The adhesive c e l l s  on th e  c o v e rs lip s  were counted under lOX o b je c tiv e  

w ith  lOX a d d it io n a l  m a g n ific a tio n  in  a  known $0 square  a re a .
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2*4 I.ANGMIR TROUGH mASUREMENT OF FILM mCKNESS (im ig m iir 191?)

The co a tin g  was done hy sp read ing  a  f ilm  on a  d i s t i l l e d  w a ter su rface  

by d is so lv in g  th e  t e s t  m a te r ia l wliich was d is te a ro y l  l e c i t h i n  and 

d i l in o le o y l  l e c i t h i n  i n  th e  so lv en t chloroform -m ethanol and allow ing  

th e  m onolayer to  become f irm ly  adsorbed onto a  c lean  g la s s  surface*  

G lass c o v e rs lip  su rfa c e s  were cleaned  b e fo re  use in  o rd e r to  avoid  

cont am inat io n  *

MEASUREMENT OF FIIM THICKNESS;

The c le a n  g la s s  shallow  trough  was hea ted  in  th e  oven f o r  30 m inu tes. 

A fte r  hea.tjng , the shallow  trough  was waxed u s in g  a  c le a n  t i s s u e  to  

o b ta in  a  smooth wax co a t on th e  trough  and th e  th re e  g la s s  b a r r ie r s  

were a lso  waxed. The wax coated  g la s s  trough  was tak en  under the  

c a r r i e r  which had a  galvonom eter s c a le  on th e  to p . The t r o u ^  was 

f i l l e d  w ith  d i s t i l l e d  w a ter on which th e  l e c i t h in  s o lu t io n  was 

sp read . The w ater su rfa ce  was swept by moving th e  wax coated  b a r  

a c ro ss  the  trough  in  o rd e r  to  check th e  p u r i ty  o f th e  f r e s h ly  

d i s t i l l e d  w a ter s u r fa c e . The th ic k  c lean  s l id e  was p laced  onto th e  

hook which was connected to  galvonom eter s c a le  by p a ss in g  through th e  

h o le  under th e  c a r r i e r .  T h e re fo re , the su rface  p re ssu re  e x e rted  by 

the  f i lm  was measured by th e  s e n s i t iv e  f lo a t in g  and suspended 

b a lan c e . B efore th e  th ic k  s l id e  was p laced  in  p o s it io n  i t  was 

c leaned  w ith  a lc o h o l, d i lu te d  n i t r i c  a c id  and e th a n o l. The second 

wæc coated  b a r  was moved towards th e  suspended balance  so th a t  the  

d i s t i l l e d  w a ter su rfa ce  was checked f o r  p u r i ty  by su rfa ce  te n s io n  

measurement again  b e fo re  th e  l e c i t h in  was added on to  th e  s u rfa c e .

The two b a rs  were p o s itio n e d  19 cm a p a r t by le a v in g  th e  suspended 

b a lance  beti/een  them. The balance  was c a l ib ra te d  f o r  g iven  

p re ssu re s  w ith  w e ig h ts .

1 ( ^ 1  co ld  d is te a ro y l  l e c i t h i n  s o lu tio n  co n ta in in g  5^  gm l e c i th in  in
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CHCl^ /kSOH v/aa allow ed to  spread  over the w a te r s iirfa ce  between the  

tifo b a r r ie r s  w ithou t p e n e tra tin g  the  w a ter. A fte r  adding the 

l e c i t h i n  the  galvonom eter s c a le  read jjig  was reco rded  in  o rd e r  to  

c a lc u la te  th e  su rfa ce  p re s su re . The c lean  th in  c o v e rs lip  was dipped 

in to  th e  tro u g h  v e ry  slow ly  by u s in g  a  slow d riv e  e l e c t r i c  motor*

The l iq u id  f i lm  on th e  w ater su rface  was brought in to  c o n ta c t w ith  

s o l id  g la s s  su rfa ce s  when th e  c o v e rs lip  broke tlirough th e  w ater 

su rface*  The c o v e rs lip  can be regarded  as a  V ilhelm y p la te *  The 

s l id e  was l i f t e d  up slow ly a f t e r  i t  touched the  bottom  o f th e  ta n k . 

D ipping th e  s l id e  in to  the  trough  was rep ea ted  an o th er f iv e  tim es and 

i t  was d r ie d  in  th e  a i r .  The sajne method o f c o a tin g  th e  c o v e rs lip s  

measured f o r  d i l in o le o y l  l e c i t h in  as w e ll. At the  end of the 

experim ent the  t r o u ^  was em ptied in  o rd e r to  p repare  an o th e r f ilm  on 

the  o th e r  c lean  g la s s  c o v e rs lip  bu t t h i s  tim e the  p re p a ra t io n  was made 

a t  a  d i f f e r e n t  su rfa ce  p re ssu re  by u s in g  th e  same- teohniq^ue and the ' 

same amount of l e c i t h i n .  Some p re p a ra tio n s ' were made w ith  d i l in o le o y l  

l e c i t h i n  as w e ll .  . The f ilm  on th e  g la s s  c o v e rs lip s  were ob ta ined  

under d i f f e r e n t  su rface  p re ssu re s  w ith  l a s t  p re p a ra t io n .

THE CELL SbSESHSIOFi

The c e l l  suspension  was p repared  as d esc rib ed  befo re  and i t  was 

d i lu te d  in  12ml c u ltu re  medium (M-I and 5/'= c a l f  serum) to  g ive O.25 x 

10^ c e l l s  p e r ml* The f i lm  coated c o v e rs lip s  were t r a n s fe r r e d  in to  

th e  p e t r i  d is h  and 12ml c e l l  suspension  was poured in to  each p e t r i  

d is h . The p e t r i  d ish es  were incubated  f o r  an hour a t  $8 ° C, A fte r  

in c u b a tio n  the  c o v e rs lip s  were c en tr ifu g e d  $QOrpm f o r  5

m inu tes . The c o v e rs lip s  were taken  out from the c e n tr ifu g e  tubes 

and they  were p laced  under th e  m icroscopic  f i e l d  to  examine th e  adheren t 

c e l l s  on the f i lm  co n ta in ed  c o v e rs lip  s u r fa c e s . The two c lean  

c o v e rs lip s  w ithou t f ilm  on th e i r  su rfa ce s  were a lso  incubated  w ith  

12ml c e l l  suspension  as a  c o n tro l .
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2*5 MKASUHHS-IEInĤ of h io s h io l ip id  ab h srs itt t o  c o v e rs lip

a) B efore libwposure to  C e lls

I C ^ l  la b e l le d  l e c i t h in  (in New Zealand N uclear NE0-^G8

phosphatidy l ch o lin e  -  (u) from a lg ae  grown in  carbon

d io x id e ) was used  during  th e  experim ent. 1 0 //1  la b e l le d

l e c i th in  s o lu tio n  s p e c if ic  a c t i v i t y  4  % BO ^dpr^gm in benzane

was pu t in to  th e  tube and d rie d  w ith  n itro g e n  g a s . 2^ / / l  co ld

l e c i t h i n  so lu tio n  co n ta in in g  12^ g m  ( 5mg/ml) l e c i t h i n  in  CHCl^

/lyEEOH was added to  the tube w ith  7 5 //1  co ld  CHCl^ A

3 / /1  sample was taken  to  count th e  r a d io a c t iv i ty  in  the  mixed

le c i t h i n .  A c lean  b eak e r o f 12* 5cm d iam eter was f i l l e d  w ith

approxi.m ately 2000ml. o f d i s t i l l e d  w a te r . V/hen th e  w ater su rface

became smooth th e  la b e l le d  l e c i t h in  and co ld  l e c i t h in  m ixture

was p o s itio n e d  on th e  w ater s u r fa c e . The two c le a n  c o v e rs lip s

were allow ed to  come in to  co n tac t w ith  the w a ter s u r fa c e . The

s l id e s  were removed from th e  d ish  and d r ie d  in  th e  a i r .  O ther

c o v e rs lip s  were covered w ith  th ic k e r  la y e rs  re p e a tin g  th i s

techn ique b u t u s in g  ^  1 o r  ^  1 o r  1 ^  1 a l iq u o ts  o f l e c i t h in  
2

s o lu t io n .  3*5cia: a re a  was cu t o f f  from every g la s s  s l id e  to  

measure t h e i r  r a d io a c t iv i ty .  A c tiv i ty  was measured in  a  

s c i n t i l l a t i o n  co u n te r by d is so lv in g  the l iq u id  from th e  c o v e rs lip s  

w ith  the  s c i n t i l l a n t  2*5?® PPO in  to lu e n e . The c e l l  suspension  was 

p repared  as  d e sc rib ed  p re v io u s ly . The f i lm  con ta in ed  g la ss  

c o v e rs lip s  were p laced  in to  th e  p e t r i  d is h . 12n l c e l l  

suspension  which con ta ined  0 .25 x 10  ̂ c e l l s  p e r ml was poured 

in to  th e  p e t r i  d is h .  The same amount o f c e l l  suspension  was 

added to  an o th er p e t r i  d ish  which a lso  had. two c le a n  c o v e rs lip s  BJi 

a  c o n tro l. The p e t r i  d ish es  were in cu b a ied f o r  one hour a t  

38° C.
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b) A fte r  Exposure to  C ells

C e lls  were p repared  and c u ltu re d  on th e  c o v e rs lip s  as d e sc rib ed  

above# A fte r  in c u b a tio n  th e  s l id e s  were removed and tr a n s fe r r e d  

in to  the  f r e s h  medium ( M i  c a l f  serum) con tained  in  a  co n ica l 

tube f o r  c e n tr ifu g a tio n #  A fte r  c e n tr ifu g a tio n  the  s l id e s  were 

p laced  under th e  m icroscopic f i e l d  to  count th e  ad h eren t c e l l s  to  

th e  g la s s  su rfaces*  The c a lc u la t io n  of th e  p ercen tage  o f 

adheren t c e l l s  was made by th e  method d esc rib ed  e a r l ie r *

2*6 CELL ADHESION TO TJNOHIBIITBD FILMS

Comparable experim ents were c a r r ie d  out u s in g  u n o rien ted  f i lm s .  A 

mixed la b e l le d  l e c i t h i n  p re p a ra tio n  co n ta in in g  e i th e r  co ld  d i l in o le o y l  

o r  d is te a ro y l  l e c i t h i n  and la b e l le d  mixed l e c i t h in  was p repared  as 

d esc rib ed  below. These f ilm s  were much th ic k e r  th an  th e  o r ie n te d  

f ilm s  whidi:i p rov ide the  o p p o rtu n ity  o f examining chem ical changes in  

th e  l iq u id  a f t e r  in c u b a tio n  by TLC.

a) 1 ^ 1  0^  ̂ l a b e l le d  l e c i t h i n  so lu tio n  (NEC-588 pho sp a t id y l 

ch o lin e  -  C ^  (U) from a lg ae  grown in  carbon C^^ d io x id e ) 

s p e c if ic  a c t i v i t y  4^IQ^dp]^'gm  in  benzene was added to  1 0 ^1  co ld  

d is te a ro y l  o r  d i l in o le o y l  l e c i t h i n  s o lu tio n  co n ta in in g  50/ 6/gm 

(5mg/ml) l e c i t h i n  in  CHCl^ /ïffiOH. 50//1  CHClj /Ï-1E0H was added 

on t h i s  le c i 'U iin  m ix ture  as a  m a tte r  o f p rep a rin g  film s  on th e  

c o v e r s l ip s .  Tb m easure th e  s p e c i f ic  a c t i v i t y  o f  t h i s  m ix ture  a  

sample from t h i s  was d r ie d  under n itro g e n  gas in  a  s c i n t i l l a t i o n  v i a l  

b e fo re  i t  was counted in  the  s c i n t i l l a t i o n  c o u n te r . 1 ^ 1  l e c i t h in  

m ixture was dropped onto  a  c o v e rs lip . The drop on the  c o v e rs lip  

was sp read  w ith  the  o th e r  c o v e rs lip  b;/ malcing an angle  o f
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approxim ately  45° betifeeii them and ensu ring  th a t  ra d io a c tiv e

l e c i t h i n  rem ained on th e  c o v e rs lip . Spreading was con tinued

u n t i l  the  drop d isappeared  on th e  s l id e  su rface  so th a t  u n o rin ted

f ilm  was produced on th e  c o v e rs l ip . The c o v e rs lip  wa,s allow ed

to  d ry  in  th e  a i r .  A f te r  ev ap o ra tin g  th e  s o lv e n t , an a re a  o f 
■ z33cm was cu t from th e  two c o v e rs lip s  w ith  a  diamond p o in t in  o rd e r 

to  count the  r a d io a c t iv i ty  on tlie knovn s l id e  a re a  to  measure ‘ 

average f ilm  th ic k n e ss  b e fo re  th e  s l id e s  incu b ated  w ith  c e l l  

suspension*

Measurement of C ell Adhesion:

The same amount o f c e l l  suspension  was p repared  and c u ltu re d  on 

th e  c o v e rs lip s  as d e sc rib e d  e a r l i e r .  A fte r  in c u b a tio n  th e  

c o v e rs lip s  were cu t in to  s t r i p s  o f  w ith  a  diamond p o in t.

The s t r i p s  were used  to  measure l e c i t h i n  on th e  c o v e rs lip s  and 

in c o rp o ra tio n  in to  th e  c e l l s  which had s e t t l e d  on th e  g la s s  

su rfa ce  du rin g  one hour in c u b a tio n  a t  38 ° C* A f te r  c a lc u la t io n  

o f th e  percenta.ge o f  adheren t c e l l s  to  th e  g la s s ,  in c u b a tio n  

medium and c e l l s  were c o lle c te d  f o r  measurement o f  r a d io a c t iv i ty ,

b) Measurement of R a d io a c tiv ity  R eleased on C u ltu re :

The d i s t r ib u t io n  o f  r a d io a c t iv i ty  between c o v e rs l ip ,  medium, 

adheren t c e l l s  and non-adheren t c e l l s  a f t e r  in c u b a tio n  was 

fo llow ed  by tlie tech n iq u es  d esc rib ed  f o r  th e  comparable 

experim ents w ith  o r ie n te d  f i lm s . See p a r t i c u la r ly  F ig u re  2 .1  f o r  

flow  diagram .
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L A B E L L E D  L E C I T H I N  C O V E R E D  C O V E R S l l P

R A D I O A C T I V I T Y  M E A S U R E D  ON 3 . 3 c r / o F  
, C O V E R S L I P  A N D  T H I C K N E S S  C A L C U L A T E D

I N C U B A T I O N  W I T H  C E L L  S U S P E N S I O N  F O R  
AT 3 8 ' C

I N C U B A T I O N  M E D I U M  F I L T E R E D

F R E E  R A D I O A C T I V I T Y  IN 
M E D I U M  M E A S U R E D

R A D I O A C T I V I T Y  I N  NON A D H E R E N T  
C E L L S  M E A S U R E D

1
I N C U B A T E D  C O V E R S L I P

3 3  c m ^  CUT O F F  
C O V E R S L I P  AN D 
R A D I O A C T I V I T Y  
M E A S U R E D

R E M A I N I N G  P A R T  O F  C O V E R S L I P  
CE N T R I F U G E D

P E R C E N T A G E  CELL A T T A C H M E N T  
ON C O V E R S L I P  C A L C U L A T E D

C O V E R S L I P  T R Y P S I N Z E D

T R Y P S I N  F I L T E R E D

R A D I O A C T I V I T Y  E L U T E D  
BY M E D I U M  M E A S U R E D

C E N T R I F U G E D  M E D I U M  F I L T E R E D

I
~ 1

F R E E  RADI Q/ i CTI VI TY 
IN M E D I U M  
M E A S U R E D .

R A D I O A C T I V I T Y  I N  
NON A D H E R E N T  C E L L S  
M E A S U R E D .

W A S H E D  W I T H  F R E S H  M E D I U M  ( M E M )

M E D I U M  F I L T E R E D

R A D I O A C T I V I T Y  IN A D H E R E R E N T  
C E L L S  M E A S U R E D .

RADI OACT I VI TY ELUTED 
BY  M E D I U M  M E A S U R E D

R A D I O A C T I V I T Y  IN A D H E R E N T  
C E L L S  M E A S U R E D

Vigh 2,1 Flow Diagraxa for Cell Adiiesion to ITnoriented FilmSi



2c7 CKLLS IF  GOM'ACT AKD ITOE-COITIACT WITH LECITHIIT SITEFACE

The two types o f experim ent were c a r r ie d  out* During th e  f i r s t  

experim ent th e  c e l l s  were allow ed to  come in to  c o n ta c t w ith  l e c i th in  

covered g la s s  surface*  The p re p a ra tio n  o f t h i s  experim ent was 

e x a c tly  th e  same as the  l a s t  experim ent d esc rib ed  on th e  previous 

page, except th e  amount of ra d io a c tiv e  l e c i t h i n  and co ld  l e c i t h i n  were 

in c re a se d . For th e  second experim ent th e  c e l l  su spension  was p laced  

in  la b e l le d  l e c i t h i n  covered c o n ica l f l a s k  by u s in g  the  shaker 

b a th  in  o rd e r to  p rev en t c e l l  c o n tac t w ith  g la s s  su rfa c e  d u ring  . 

in c u b a tio n . The purpose of th e se  experim ents was to  d isc o v e r  i f  

c e l l s  in  c o n tac t re le a s e d  ly s o le c i th in  from a  l e c i t h i n  surface*

A -  C ell Adhesion on th e  Film  Covered. Surface;

a) Before Exposure to  C ells

In  t h i s  experim ent 2 ^ 1  la b e l le d  l e c i t h in  was mixed w ith

5 ( ^ 1  co ld  l e c i t h i n  (5mg/ml in  CHOI^/KSOH s o lu tio n )  and 1 0 0 //1  

CHCl^ /I ’̂rSOH 50:50 added to  the  m ixture* A 5 //1  sample was tak en  

from the  m ixture and i t s  r a d io a c t iv i ty  measured on th e  

s c i n t i l l a t i o n  counter* 1 ( ^ 1  m ixture l e c i t h i n  was sp read  on th e  

th in  c o v e rs lip  w ith  an o th er s l id e  as d esc rib ed  p rev iously*  A fte r  

th e  c o v e rs lip  d r ie d  a re a  was c u t o f f  from th e  s l id e  to

measure th e  g a in  in  r a d io a c t iv i ty  on the  g la ss  su rface*

b) A fte r  Exposure to  C ells

12ml c e l l  suspension  was p repared  f o r  each p e t r i  d is h  and the  

c o v e rs lip s  were incubated  a3.1 as b e fo re . A f te r  in c u b a tio n  a 

%5cd^area was cu t o f f  from the  s l id e s  again  to  measure th e  

rem aining r a d io a c t iv i ty  on the s l id e  a f t e r  in c u b a tio n . The o th e r  

p a r t s  of the  c o v e rs lip s  were c en tr ifu g e d  in  about 55^1 f r e s h  I'TETi 

medium f o r  5 m inutes a t  500rpm* A fte r  c e n tr ifu g in g , the 

c o v e rs lip s  were p laced  under th e  m icroscopic f i e l d  to  examine the



adheren t c e l l s  on th e  f i lm  coated  g la s s  s u r fa c e s . I t  was found 

th a t  th e re  were no c e l l s  on th e  su r fa c e s . Medium and c e l l s  were . 

c o l le c te d  fo r  measurement of r a d io a c t iv i ty .  The in cu b a tio n  

medium and c e n tr ifu g e d  medium were f i l t e r e d  th rough  th e  0#2^^m  

pore s iz e  m ilip o re  f i l t e r  to  c o l le c t  the  f lo a t in g  c e l l s  in  the  

mediums ©

c) E x tra c tio n s  of L iqu ids f o r  TLO

The in cu b a tio n  medium which passed  thi'ough th e  m il l ip o re  f i l t e r  

was e x tra c te d  w ith  5ml CHOI y /t-ISOH 50:50 in  a  u n iv e r s a l  b o t t l e  and 

allow ed to  stand u n t i l  sep a ra ted  a t  room tem p era tu re . A fte r  . 

s e t t l i n g ,  th e  e x t r a c t  was c o lle c te d  in to  the  c le a n  u n iv e rs a l  

b o t t l e  by p ip e tte *  The e x tra c t io n  from the  in c u b a tio n  medium was 

re p ea ted  fo u r  tim es u s in g  5ml pure CHCl  ̂ each tim e by sav ing  the  

e x tr a c ts  in to  th e  u n iv e rsa l, b o t t l e  each tim e and i t  was completed 

, by 5ïûl CHCl^ />IEOH. The c o lle c te d  e x tr a c t  was d r ie d  under

n itro g e n  g a s . The medium from the  c e n tr ifu g a tio n  was f i l t e r e d  to  

o b ta in  unadheren t c e l l s  from the  c u ltu re  and to  i s o l a t e  any 

substance  re le a s e d  by the  c e l l s  f o r  id e n t i f i c a t io n  by 

ohromotography.

d) TLC Methods

The 20 X 20cm g la s s  p la te s  (UTachey-hagel) were used* 50//gni 

s tan d a rd s  of l e c i t h i n  were in tro d u ced  w ith  1 0 ^ 1  sy rin g e  about 

2* 5cm from th e  low er edge o f the  plate* An e x tra c te d  sample from 

th e  in c u b a tio n  medium and an e x tra c te d  sample from th e  c e n tr ifu g e d  

medium was r e - e x tr a c te d  w ith  CEOl /̂MEOH*

A 2 ^ 1  r e - e x t r a c t  from in c u b a tio n  medium and 5 ^ 1  r e - e x t r a c t  

from c e n tr ifu g e d  medium were sp o tte d  on th e  s t a r t i n g  l in e  

sep a ra te ly o  The Chromotography tan k  was f i l l e d  to  a  dep th  o f 

approxim ately  2cm w ith  so lv en t I  (Chloroform 100ml  ̂ Methanol



60ml , A oetio a c id  l6m l , D is t i l l e d  w a ter 8ml ) which run  in  the  

tajdc th e  ascending  mode* Before th e  p la te  was p laced  in  th e  tank, 

the  atm osphere of th e  tan k  was s a tu ra te d  w ith  th e  so lv e n t vapor. 

The movement o f the  l iq u id  phase was stopped when the  f r o n t  had 

reached a  s u f f i c i e n t  d is ta n c e  which was 10cm from th e  s t a r t i n g  

point*  The p la te  was removed from th e  tan k  and d r ie d .  The 

p o s i t io n  o f th e  l i p id s  were re v e a le d  by sp ray ing  M alachite  g reen  

o r  w ith  M b-blue. Malaclii-te g reen  re v e a ls  ly so p h o sp h o lip id s  as 

w hite  spots-* I d e n t i t i e s  of sp o ts  were determ ined by comparison 

w ith  th e  s ta n d a rd s . The compounds were recovered  by sc rap in g  the  

adsorben t from th e  p la te  where th e  sp ray  in d ic a te d  a  zone to  be 

p re s e n t and th ey  were tr a n s fe r r e d  in to  the  v i a l s  to  measure 

r a d io a c t iv i ty .
1

B « The- c e l l s  no t in  c o n ta c t w ith  a l e c i t h in  surfa.ce; re le a s e  o f 

ly s o le c i th in

For' t h i s  experim ent th e  c e l l  suspension  was p laced  in  

l e c i t h i n  covered c o n ica l f l a s k .

A fte r  la b e l le d  l e c i t h in  was d r ie d  by oxygen-free

n itro g e n  2£yjl co ld  d is te a ro y l  l e c i t h in  (5mg/ml in  CHCX̂  /îffiOH

s o lu tio n )  w ith  05ml./CHCl^ /MEOÏÏ 50:50 was mixed w ith  i t*  The

r a d io a c t iv i ty  o f th e  s o lu tio n  was counted . A c le a n  c o n ica l

f la s k  ml) was used  d u ring  th i s  experim ent. The in s id e  o f the

f la s k ,  e s p e c ia l ly  the bottom , was covered w ith  l e c i t h i n  s o lu tio n

by pouring  the la b e l le d  l e c i t h in  in  th e  f la s k  and shaking  u n t i l

th e  s o lu tio n  ev ap o ra ted . 1 ^ / 1  c e l l  suspension  was p repared

which was d e sc rib ed  as b e fo re  and poured in to  th e  coated

f la s k  and .shaken in  th e  shaker b a th  f o r  £0i hour a t  $8 ° C. The

f la s k  was removed from th e  b a th  tmd th e  medium was f i l t e r e d

through an 0.2^/m  pore s iz e  m ill ip o re  f i l t e r  to  c o l le c t  0̂ *̂
/
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in c o rp o ra te d  f lo a t in g  c e l l s  in  th e  medium* The f i l t e r  was 

tr a n s fe r r e d  in to  th e  v ia l  to  measure the  r a d io a c t iv i ty  a t  th e  

c e n t i l l a t i o n  counter* The r e s t  of th e  medium was 

TLC

TLC was c a r r ie d  o u t as d e sc rib ed  above* A fte r  e x tra c t io n  th e  

in c u b a tio n  medium was d r ie d  under n itro g e n  g a s . 3)xy e x tra c te d  

in cu b a tio n  medium was re -e x tr a c te d  w ith  5 ^  1 CHCl^ /l-IIDOH* 1 0 //1  o f 

th e  s tan d a rd  ly s o le c i th in  and 2 5 //1  r e - e x tr a c te d  in cu b a tio n  

medium were p laced  on th e  g la s s  p la te  5cm from each  o th e r  by 

m icrosyringe  a t  th e  s t a r t i n g  l i n e .
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CHAPTER 5""h------— "

R E S U L T  S

5.1  ARHBSIOH OH GLEAH GLASS SURFACE

The neui’a l  r e t i n a  c e l l s  in  a. serum medium o f E agle*s f i t i id

ra p id ly  a tta c h e d  when th ey  were s e t t l e d  onto a  c lean  g la s s  su rface  

f o r  one hour a t  $8 °C. As shown in  Table 5*1 an average o f 65^ 

o f  th e  c e l l s  became a tta c h e d  to  the  g la s s  s u r fa c e . M icroscopic 

o b se rv a tio n  showed th a t  th e  m a jo rity  o f th e  c e l l s  were in d iv id u a l 

and adh.ered on c o n ta c t w ith  th e  substratum #

Table 3 .1 -  C e ll adhesion  on c lea n  g la s s  su rfa c e

T % 10*̂ Adherent C e lls
Ho' • io ..

2# 26 86 76.6
tt 73 65.0
It 88 78.4
It TL12 99.8

3.59 107 63.5tt 110 65.5
2,88 92 64.4

n 85 58.1
5 .0 72 45 .4It 65 45 .7ft 90 60,5ft 90 66,5

it 99 66*5
t: 91 61.1
St 89 59.8

Average 65 .0
8D 15.5

Area o f p e t r i  d is h  (A) =* 56,44
Co\mtin^j a re a  o f  c o v e rs lip s  (a) “  0,0028 cm
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5 .2  CEIL ADHESION ON LABELLED DILIHOLEOYL LECXTHIH COATED GLASS 

SÏÏRBACE (BLODGETT TECHHIQillE)

The a d d itio n  o f th e  phosphatidy l ch o lin e  ( l e c i th in )  on th e  g la s s  

su rfa ce  caused a  s ig n i f ic a n t  e f f e c t  on adhesiveness o f th e se  c e l l s  

i n  a  serum, medium-. Attachm ent o f th e  c e l l s  to  th e  m u lti-

d i l in o le o y l  phosphophatidyl ch o lin e  la y e r  in  a  serum 

mediura was a f fe c te d  by th e  th ic k n e ss  of th e  l e c i t h i n  l a y e r  such 

th a t  a,s th e  th ic k n e ss  in c re a se d  th e  percen tage o f c e l l s  s t ic k in g  

decreased  as  shown by the g raph  in  F igu re  5*1.

Table 5 .2  « C ell adhesion  on C^ la b e l le d  d i l in o le o y l  l e c i t h i n

coated  g la s s  su rfa ce

No,

A

A1
A2
A3
A4

A1
A2
A3
A4

D ilin o le o y l L e c ith in

T-2.52 X 10
Background 
C ontro l sample ^ 1

4
8
16
A fte r  in c u b a tio n  
2 
4 
8 
16

cpm

30
7651

37
85

116
104

28
16
16
59

Thickness
i

1.0
2.1
5.0
2.7

0.7
0.4
0.4
1.0

Adherent C ell 3
Ho*

45
45
46 
55

56.0
56.0
56.8
42 .4

B

B1
B2
B5
B4

B1
B2
%5
B4

T«2*?6 % 10* 
Background 
ContTOl sample ^ 1  
2 /
4
8
16
A fte r  in c u b a tio n  
2
4
8
16

22
5589

52
152
267
154

16
32
58
77

1.1
4.7
9.5
4.65

0.6
1.1
2.0
2.7

54
42
51
41

59.0 
50.7 
22.6
50.0



to

35 -

o'*

in

zw

a
<

30 ■

25 ■

22

Thickness
À

A dherent C ells  
%

1.0 36.0
2.1 36.0
3.0 .36.8
2.7 42.4
1.1 39.0
4.7 30.7

, 9 . 3 22.6
4.65 30.0
0.68 35.1
1.3 35.8
1.7 ■ 4 2 .6
1.6 48.0
1.9 ■ 31.0
4.5 27.7
4.7 .31.1

- ■  ........
31.1

[REFER TO TABLE 3 .2 Î

Linear regression analysis 
Slope -  2 .03
Intercept 40.75 
r -  0.7
%  CELLS = - 2 .0 3  Â +  40.75

5 . 5
T H I C K N E S S  A

TIG V a r ia tio n  o f p e rcen tage  o f c e l l s  s t ic k in g  w ith  th ic k n e ss  
f o r  la b e l le d  hlLBTOLEOYL LECITHIÎT coated  g la s s  su r fa c e , 
(B lo d g e tt Technique)® R esu lts  ta b le  $ .2
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Table 5*2 (con tinued)

G T-5 X
Backgrotmd 40 M - m n

C ontrol sample 5^1 40495 M

Cl 2 / 159 0 .68 — » •

- C2 4 274 1 .5 — —

05 8 552 1 .7 — »

04 16 525 1 .6
A fte r  in c u b a tio n _ _ _ r _ _ _ _  . . . . I

Cl 2 62 0 .5 52 55.1
02 4 60 0 .5 55 55*6
05 8 79 0 .58 65 42.6
04 16 164 0 .8 71 48.0

D T«5 X lO'* m . M . M • »

Background 40 « '»-'*■

C ontrol sam ple-5 /̂1 22695 - , - , f #

D1 2 / 106 1 .9  1
D2 4 522 4.5 — —

D5 8 546 4 .7 '*■ * •

D4 16 276 2.4 ---- -

A fte r  in c u b a tio n ■
D1 2 52 0.5 46 51.0
D2 4 65 0 .7 41 27.7
2)5 8 160 1 .4 46 51*1
2)4 16 196 1 .7 46 51*1

Area of p e t r i  d is h  (A) 56.44 cm^
Counting a re a  o f  c o v e rs lip s  (a ) 0.0028 cm '
Area o f c o v e rs lip  (C) 5*5 cmS
T otal number o f c e l l s  in  d ish  (T)
S e t t l in g  tim e one hour a t  58 **0

5*5 GELL ADHESION OR LABELIÆD DISTEAROYL LECITHIN COATED GMSS 

SOBEACE (BLODGETT TECfflmCQtlE)

Tlie r e s u l t s  of t h i s  experim ent, as g iven  in  Table 5*5> do n o t slicw 

any r e la t io n s h ip  between th ic k n e ss  and c e l l  adhesion  a lthough  i t  i s  

seen  th a t  a  h ig h e r percen tage  o f c e l l s  become detached  compared 

w ith  th e  c lea n  g la s s  su rfa ce  (Table 5*1)*

The f a c t  t h a t  tlie re  i s  no r e la t io n s h ip  between the th ic k n e ss  and 

percen tag e  o f c e l l s  s t ic k in g  may be due to  th e  condensation  o f tlm 

l i p i d  m olecules a f t e r  expended on th e  w a ter sur'face and th e  

o rg a n is a tio n  o f th e  l i p i d  m olecules in  v a ry in g  th ic k n e ss  on th e  

g la s s  s u r fa c e .
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Table 3*5 ” C ell adhesion  on la b e l le d  disteaa::oyl l e c i t h in  

coated  g la s s  su rfa ce

Uo. D is tea ro y l L e c ith in  
 ___________

cpm T liic ^ e s s Adlierent C ells
No,

A1
A2
A3
A4

A1
A2
A3
A4

B

T=»3 % 10* 
Background 
C ontrol sample ^ 1

4
8
16
A fte r  in c u b a tio n  
2
4
8
16

T=2.76 X 10* 
Background 
C ontrol sample 5f/l

B1 2 /
B2 4
B3 8
B4 16

A fte r  in c u b a tio n
B1 2
B2 4
B3 8
B4 16

C œ 3 X 10^
Baclcground
C ontrol sample ÎL/

01 2 /
C2 4
03 8
04 16

A fte r  in c u b a tio n
01 2
02 4
03 8
04 16

20
4551 iH

51 2 .2
26 1 .2

213 9 .3
126 5.5

25 1 .0
20 0.9

127 5.5
69 2.9

20
6996

75 
180 
160 
281

32
76 
96

102

2.2
5.4 
4 .8
8 .4

0 .96
2.3
2.9
3.0

40
14360

108
337
362
417

8
51

141
297

1.5
3.1
5 .0  
% 7

0.1
0 .7
1.9
4.1

48
50
48
52

44
42
49
40

4
37
47
41

32.5
33.8
32.3
34.9

32.0
30.7
35.8
29.2

29.8
25.0
31.8 
27.7
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Table 3*3 (con tinued)

D T-3 3C 10* ma mm

Background 20 —« m t mm

C ontro l sample 5j/l 23206 » ma

D1 2 ^ 295 3*4 •m -

D2 4 512 4*4
D3 8 539 4 .6 tm —>

D4 16 624 5 .3 K» «
A fte r  in c u b a tio n

D1 2 194 1*7 44 29.7
D2 4 239 2 .0 37 25.0
D3 8 239 2 .0 47 31.8
D4 16 217 1 .84 37 25.0

A rea o f p e t r i  d is h  (a)
Counting a re a  o f  c o v e rs lip s  (a ) 
Area o f c o v e rs lip s  (C)
T o ta l number o f c e l l s  i n  d ish  (T) 
S e t t l in g  tim e one hour a t  38*0

= 56.44 cm 
= 0.0028 onT 
= 3*3 cm^

5 .4  CELL ADHESION ON LABELLED DILINOLEOYL LECITHIN COATED GLASS 

SURFACE (MOEISNTED)

The r e s u l t s  o f th e  l e c i t h i n  on c e l l  adhesion  as u n o rie n te d  

adsorbed f ilm  to  g la s s  a re  g iven  i n  Table 3*4 and th e  r e la t io n s h ip  

between th ic k n e ss  and percen tage  o f c e l l s  s t ic k in g  i s  shovjn by 

th e  grapli i n  F igure  3*2# I t  i s  seen th a t  a  g re a te r  percen tage  o f 

c e l l s  became detached  as  the  th ic k n e ss  o f th e  l e c i t h i n  la y e r ,  

which had e i th e r  s a tu ra te d  o r  u n sa tu ra te d  n o n -p o la r ch a in , 

increased*  M icroscopic exam inations showed th a t  th e  n e u ra l 

r e t i n a  c e l l s  rem ained in  round form w hile be ing  adhesive  to  th e  

l e c i t h i n  su rfa c e  in  serum medium and th e  m a jo rity  o f  th e  

c e l l s  were in d iv id u a l a s  in  the p rev ious experim ent.

A la rg e  amount o f  l e c i t h i n  in c o rp o ra tio n  occurred  in  th e  c e l l s  

du rin g  in cu b a tio n  f o r  one hour a t  38°C on th e  l e c i t h i n  s u r fa c e s .

The r e s u l t s  o f the in c o rp o ra te d  l i p i d  in to  th e  n e u ra l  r e t i n a  c e l l s  

and th e  mediums a re  g iv en  in  Table 3*5 3Joà F igure  3*3*



5 0

30

(/)

o
<

25 -

20 -

15

Thickness A dherent Cells
k %

39.L ■ 30 .3
87.7 16.8
39.9 26.9
4 5 .5 30 .9
69.09 36.0
8 3 .2 5 25.5
1 3 6 .8 16.8
51.6 30.2
106.0 21.0
54.9 29 .6
19.67 30 .9
4 8 .2 2 6 .9

[REFER TO TABLÎ

L in ear regression analysis; 
Slope "■ 0.136 
In te rcep t 35.1 
r  -  0.85
%  CELLS = -0 .1 36  + 35 .1

50
T H I C K N E S S  Â

FXCr 5 ,2  V a ria tio n  o f  percen tage  o f c e l l s  s t ic k in g  w ith  tiiio k n ess
f o r  la b e l le d  DILIKOLEOYL LEGITHIF' coated  g la s s  s u r fa c e , 
(U horlented Film )*H esult.s ta b le  3*4«

150



5r

A fte r  in c u b a tio n  th e  f lo a t in g  n e u ra l r e t in a  c e l l s ,  which d id  n o t 

a t ta c h  to  the  d i l in o le o y l  l e c i t h i n  la y e r ,  were c o lle c te d  from th e  

in c u b a tio n  medium and approxim ately  )l^o o f th e  r a d ia t io n  was 

measured on them* 4^^ o f th e  r a d io a c t iv i ty  was found on th e  

e x tra c te d  in c u b a tio n  medium* The experim ent was com pleted by 

c o l le c t in g  th e  adheren t ■ c e l l s  from th e  f ilm  su rfa ce  in  o rd e r  to  

measure th e  in c o rp o ra te d  ra d io a c tiv ity *

>-

W P .

C O

F ig  5*5 D is tr ib u t io n  o f  r a d io a c t iv i ty  f o r  C la b e l le d
DILINOLEOYL LECITHIN coated  g la ss  su rfa ce  (b a o rie n te d  Film )

R e su lts  ta b le  5*5
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Table 5*4 -  C e ll adhesion  on C la b e l le d  d i l in o le o y l  l e c i t h in  

coated  g la s s  su rfa ce  (U noriented)

No* D ilin o le o y l L e c ith in Radioac t i v i t y  
cpm

Thickness
A

Adiiereat Cells
No*

A Baohgroimd 
C ontro l sample ^ 1  
C o verslip  /  
C overslip  
A f te r  in cu b a tio n  
C overslip  
C overslip

27
18728

« " • -

A3.
A2

3740
8551

59-4
87.7 : -

A1
A2

251
264

2.64
2.78

45
25

50.3
16.8

B . Background 20 **

C ontrol sample ^ 1  
C overslip

22509 - -

B1 4564 59.9 - —
B2 C overslip 5207 45.5 —

B1
A fte r  in c u b a tio n  
C overslip 278 2.45 40 26.9

B2 C o verslip 551 3.06 46 30.9
. . . . . .  .

C Background 27 « « •

C ontro l sample 5//1 
C overslip

15480 wm • u

Cl 5455 69,09 -

02 C overslip 6549 83.25 — *“

01
A fte r  in cu b a tio n  
C overslip 266 5.58 44 36.0

02 C overslip 251 5.19 58 25.5

D Background 20 M m . »

C ontrol sample ^ /1  
C overslip  '

21387 ** _ ##

D1 14868 156.3 ** —

D2 C overslip 5608 51.6 —

B1
A fte r  in cu b a tio n  
C overslip 842 7.75 25 16 .8

D2 C overslip 1241 11.42 45 30.2

E Background 25 W mm m

C ontro l sample ^jj\ 
C overslip  '

258O7 mm mm. ■u

E l 12851 106.0 - —
E2 C overslip 6645 54.9 — ”

E l
A fte r  in c u b a tio n  
C overslip 366 5.025 31 21.0

E2 C overslip 292 2 .4 44 29.6

F Baclcground 20 n

F I
C ontro l sample 5/Æ 
C overslip  /

58421
5840 19.67

F2 C overslip 9415 48 .2 -

F I
A fte r  in c u b a tio n  
C overslip 692 5 .54 46 50.9

F2 C overslip 396 2.03 40 26.9

Area o f p e t r i  dish. (A)
Counting area, of c o v e rs lip s  (a) 
Ai’ea  of c o v e rs lip  (C)
T o ta l number o f  c e l l s  i n  d is h  (T) 
S e t t l in g  tim e one hour a t

= 56.44 cm^
•= 0,0028 cmf 
= 3 .5  cm-^
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5.5 CRLL ADHESION ON LABELLED D1STW.0TL I.SCIOHIH COATED GM 38 

SURFACE (TJKORIEOT-’EB)

The p ercen tage  of th e  adhesive c e l l s  to  th e  d is te a ro y l  l e c i t h i n  

f i lc i  su rfa ce  decreased  as  the th ic k n e ss  o f th e  f i lm  in c re a se d  as 

shovm in  the  graph i n  F ig u re  3.5» which i s  p lo t te d  from th e  r e s u l t s  

g iven  in  Table 3.&. L e c ith in  in c o rp o ra tio n  occurred  in  th e  c e l l s  

d u rin g  inoubati.on as  shown in 't h e  r e s u l t s  o b ta ined  g iv en  i n  

Table 5*7 ajid F ig u re  3 .4  wlrLch shows th a t  a la rg e  amount o f ra d io 

a c t i v i t y  was measured in  th e  c e l l  a f t e r  incubation*  The c e l l  

rem ained in  round form w hile  be ing  adhesive to  ’the l e c i t h i n  la y e r .

C3-3Cex:

50

30

20
CJ/ s

f— ■

CD 
=» 

/  C_J
CC C -J

CD

TO

0

F ig  3*4 D is tr ib u t io n  o f  r a d io a c t iv i ty  fo r  C ^ la b e l le d
DISTEAROYL LECITHIN coated  g la s s  su rfa ce  (U n o rien ted ). 
R esu lts  ta b le  3 .7 ,page 37*
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Table 3«6 « C e ll adhesion  on 0 ^  la b e l le d  d is te a ro y l  l e c i t h in  

coated, g la s s  su rface  (U noriented)

No# D is tea ro y l L e c ith in  
 ^ __________

cpm Thickness 
1

Adlierent C e lls
No,

A

A1

À1

Background
C ontro l sample ^ 1
C o verslip
A fte r  in c u b a tio n
C overslip

50
15018
4812

1444

72.8

21#8 55 23.5

B

B1

B1

Baclcground 
C ontro l sample ^ 1  
C overslip  ^ 
A fte r  in c u b a tio n  
C overslip

25
14515

5648

668

6*6

9.06 54 22*8

01
02

01
02

Background
C ontrol sample
C overslip  /
C overslip
A fte r  in c u b a tio n
C ov erslip
C overslip

20
14045

6686
7427

2689
1579

95 .7
104.1

57.7
22.1

51
29

20.8
19.5

B

Bl
D2

Bl
D2

Background
C ontro l sample ^ 1
C overslip  /
C overslip
A fte r  in c u b a tio n
C overslip
C overslip

24
19584

6237
5518

2428
1869

63.7
54.0

24.7
18*97

52
41

21.5
27.5

E l
E2

SI
E2

Background
C ontrol sample ^ 1
C overslip  '
C overslip
A fte r  in c u b a tio n
C overslip
C overslip

24
26536

5551
7381

5215
2807

41.5
55.2

24.0
21.0

42
40

28.3
26*2

p Background 25
C ontro l sample 26641

PI C o verslip  ^ 7529
P2 C o verslip 9240

A fte r  in c u b a tio n
PI C overslip 5181
P2 C overslip 5051

55.6
68.3

25.5
57.5

44
55

29.2
22.2
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Table 3»^ (con tjjîued)

G

G 1

G 1

Backgrourd
C ontrol sample ^ 1
C overslip
A fte r  in cu b a tio n
C overslip

20
25510  _____
8558 r 64.3

4298 35.2 41 27.6

Area o f p e t r i  d ish  (a )
Counting a re a  o f c o v e rs lip s  (a ) 
Area o f c o v e rs lip  (C)
T o ta l number o f c e l l s  i n  d ish  (T) 
S e t t l in g  tim e  one hour a t  58 G

56*44 cm^2
0.0028 cm 
3*3 cm^ ,
3*0 X 10

3 0

§

0

Thickness
k

Adherent Cells 
%

72,8 23.5
76.6 22.8
93.7 20.8
104.1 19.5

, 63.7 21.5
54.0 27.5
41.3 ' 283
55.2 26.2
55.6 29.2
68.3 22 ,2
64.3 27.6

(REFER TO TABLE

L in ear regression analysis: 
Slope 0.156
In te rcep t 35 .1  
r - 0 .0 4

% CELLS ^ -0.156 Â f  35.1

-T-
6 0 7 0 9 0

F IG
THICKNESS A

V a ria tio n  o f percen tage  of c e l l s  s t ic k in g  w ith  th ic k n e ss  
f o r  la b e l le d  DISTilAROYL LECITHIN coated  g la s s  en rface , 
(U noriented F ilm )^R esu lts  ta b le  5*6.

no
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5,6  TRIE LAYER CEROMOTOGRABDT

à) C e lls  in  co n tac t w ith  l e c i t h i n  su rface

The amount o f l e c i t h i n  (d is te a r o y l  phosphatidy l ch o lin e )

in c re a se d  during  f i lm  p re p a ra tio n  on the g la s s  su rfaces*  The

m icroscopic  o b serv a tio n s  showed th a t  neural, r e t i n a  c e l l s  d id

n o t come i n  c o n ta c t w ith  th e  l e c i t h i n  su rfa ce  a f t e r  one hour

in c u b a tio n  in  serum medium a t  5& C oh th e se  v e ry  th ic k  u n o rien ted  
s te e ro y l  l e c i t h i n  film s*

The f lo a t in g  c e l l s  in  th e  in c u b a tio n  medium and th e  c e n tr ifu g e d  

medium were c o l le c te d  in  o rd e r  to  measure in c o rp o ra te d  

la b e l le d  p h ospho lip id  in to  th e  c e l l s ,  A la rg e  amount of 

r a d io a c t iv i ty  was measured on th e  c e l l s  as  g iv en  in  ta b le  5*10 and a s  

shown on F ig u re  5*6#

The experim en tal work was c a r r ie d  on by e x tra c t in g  th e  

in c u b a tio n  medium and c en tr ifu g e d  medium f o r  th in  la y e r  

chromotography in  o rd e r  to  f in d  chem ical changes in  th e  mediums.

The o b se rv a tio n  o f th e  T .L .C , r e s u l t s  showed t h a t  the  

ly s o le c i th in  was re le a se d  in to  th e  medium d u rin g  in c u b a tio n  

when th e  c e l l s  a re  in  c o n tac t w ith  l e c i t h in  s u r fa c e . See 

F ig u res  5*6 and 5*7#



EXP. 1

C E N T R I F U G E D  
M E O I U H

P ig  5*6 U is tr ib i i t io n  o f r a d io a c t iv i ty  fo r  c o l l s  in  c o n tac t 
w ith  l e c i t h i n  su rfa c e * (R e su lts  ta b le  5*10)

80-

60

40-

20-

EXP 1 
■ 2

S2

C3
§

FIG 5*7 D is tr ib u t io n  o f r a d io a c t iv i ty  fo r  c e ll, u n co n tac ted  
w ith  l e c i t h i n  su rface*(R os u i t s  ta b le  5*12)
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Table 5*8 "  C e lls  in  c o n tac t w ith  u n o rien ted  le c i tM i i ( d is te a r o y l  

ph o sp h atid y l c h o lin e )  surface*

D is te a ro y l l e c i t h i n cpm Thickness
A

Background 20
5 1 c o n tro l sample 51682

C overslip 28955 269
It 11629 108
It 12297 114
A fte r  c e l l  in cu b a tio n
C o v erslip  # 10865 506
91 7469 151
A fte r  in c u b a tio n  in  MEM
w ithou t c e l l  suspension
C overslip 6004

P ercen tage  d i s t r ib u t io n  o f r a d io a c t iv i ty
(c o v e rs l ip  * in  ta b le  5*8)

A d h e r e n t
D is te a ro y l L e c ith in cpm io cpm C e lls  io

C o v erslip  a f t e r  c e l l
in c u b a tio n 10 865 5 9 .6 NO

CELLS
C e lls  in to  th e  in cu b a tio n OBSERVED
medium on f i l t e r  paper 6 709 56.8 OK

THE
C e lls  in to  th e  c en tr ifu g e d GLASS.
medium on f i l t e r  paper 656 5*6

Mediums (in c u b a tio n  and
c e n tr ifu g e d ) were
e x tra c te d  f o r  T .L .C .
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Table 5*10 ~ C e lls  in  co n tac t w ith  l e c i t h in  (d is te a r o y l  

ph o sp h atid y l ch o lin e ) su rfa ce  (TLC)

No*
L ip id  e x tra c te d  from 

In cu b a tio n  Medium 
TLC

cpm. io
cpm

I: O rig in  + ly s o le c ith in . 2025 15*12
Unkno -̂m 595 2.93
L e c ith in 9415 70.73
F ro n t, f r e e  ac id 1549 11.58

O rig in  + ly s o le c i th in 1170 16,65
Unknown 356 4.78

2 L e c ith in 4809 68,46
F ro n t, f r e e  ac id 710 10.11

O rig in  + ly s o le c i th in 1365 16.09
% Uiiknown 541 4 .02j L e c ith in 5638 66.53

F ro n t, f r e e  a c id 1152 15.56

Table 5*11 -  C ells  i n  c o n ta c t w ith  l e c i t h in  (d is te a r o y l  

pho sp h atid y l ch o lin e ) su rface

No*
L ip id  e x tra c te d  from 

C en trifu g ed  Medium 
TLC

cpm io
cpra

O rig in  H- ly s o le c i th in 38 10 .8
J Unknown 15 5.69

L e c ith in 188 55.41
F ro n t, f r e e  ac id 113 52.1

O rig in  + ly s o le c i th in 51 9 .17
Unknown 9 2,662 L e c ith in 158 46.75
F ro n t, f r e e  ac id 140 41.42

O rig in  + ly s o le c i th in 77 14 .7
s Unknown 18 8 .447 L e c ith in 288 43.51

F ro n t, f r e e  ac id 201 58.36
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b) C e lls  -uiicQiitaoted w ith  l e c i t h in  su rface  (TLQ)

Comparable experim ents were done w ith  l e c i t h in  ( d is te a r o y l  

ph o sp h atid y l d io l in e )  covered co n ica l f l a s k s .  The c e l l s  

were t r a n s f e r r e d  in to  th e  f l a s k  and incubated  f o r  one hour 

i n  th e  shaker b a th  a t  $ 8 ° C  in  o rd e r to  p rev en t c o n ta c t w ith  

l e c i t h i n  su rfa c e . '%e r e s u l t s  o f T.L .C . showed th a t  a  

sm a lle r  amount o f  ly s o le c i th in  re le a se d  to  th e  medium during  

in c u b a tio n  compared w ith  the  c e l l s  which were i n  c o n ta c t w ith  

l e c i t h i n  f i lm . See F igure  5.7y page 59*

5*12 « C e lls  uncon tac ted  w ith  l e c i t h i n  (d is te a ro y l  

ph o sp h atid y l ch o lin e ) su rface

No. D is te a ro y l L e c ith in cpm io
cpm

Background
c o n tro l sample 

C e lls  in to  th e  
in c u b a tio n  medium on 

, f i l t e r  paper

20
2800

10535

E x trac te d  INCUBATION 
MEDim f o r  T.L .C .

I

O rig in  + ly s o le c i th in
Unknown
L e c ith in
F ro n t, f r e e  a c id

154
455

1913
849

4*6
12.98
58.09
28.54

2
■ O rig in  + ly s o le c i th in  
Unknown 
L e c ith in  
F ro n t, f r e e  ac id

31
482

2710
1024

0 .72
11.35
65.8
24.1
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5 .7  CELL ADHESION ON UmLBBLLED DISTMROYL LECITHIN AlfP DILIXTOLEOYL 
LECITHIN COATED GLASS SURFACE (LMGMIR TROUGH I4ETH0D)
L e c ith in  f ilm s  on g la ss  su rfa c e s  were p repared  f o r  b o th  mono and 
m u lt i - la y e r  by d ip p in g  in to  u n la b e lle d  d is te a ro y l  and d i l in o le o y l  
co n ta in ed  w ater su rfa ce  by Langmuir method.
The r e s u l t s , a s  g iven  in  T ables 5 .15 and 5*14 show th a t  th e  percen tage  
o f adhesive  c e l l s  on th e  l e c i t h i n  su rfa ce  do n o t show any 
r e la t io n s h ip  w ith  th e  in c re a s in g  l e c i t h in  th ick n ess ,h o w ev e r,a  
h ig h e r  p ercen tage  o f c e l l s  became detached compared w ith  th e  
c lea n  g la s s  s u r fa c e . The c e l l s  k ep t t h e i r  round form w hile  b e in g  
adhesive  to  th e  l e c i t h i n  and th e  m a jo rity  o f them were in d iv id u a l .

Table 5*15 C e ll adhesion  on u n la b e lle d  d is te a r o y l  l e c i t h i n  
coated  g la s s  s u rfa c e .

No#' B a r r ie r
d is ta n c e

cm

Jg a lv o
re a d in g

dyn/cm
TC

Thickness
X

T X I(f Adherent C e lls
No

lA. 19 0 .0 0 .0 97.7 2.55 54 29.15
2A 19 0 .5 0 .9 97.7 2.12 58 24.55
5A 19 O.OI 0 .0 97.7 5 .0 41 27.54
4A 19 0 .0 0 .0 97.7  , 5 .0 48 52.25
5A 19 0 .0 0 .0 97.7 5 .0 64 45 .0

IB 9 .7 8.22 25.7 49 .4 2.55 59 55.42
2B 9.65 8.65 27.1 4 9 .1 5.12 47 50.56
5B 10.75 8.55 26 .1 54.7 5 .0 44 29.56
4B' 9 .5 8 .4 26.5 '48 .4 5 .0 49 52.92
5B 9 .5 8 .6 26.9 47.5 5 .0 52 21.5
6B 9.95 8 .8 27.5 50.6 5 .0 14 9 .4
7B 9 .0 5 .6 47.6 45.8 5 .0 26 17.46

Area o f d ish  (A) 56.44
Counting a re a  o f  c o v e rs lip s  (a,) 0.0028 01/
T o ta l number o f c e l l s  in  d ish  ( t )

IB-TB Gurfaoe p re ssu re  v a r ia b le
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Table 5 ,14  C e ll adhesion  on u n la b e lle d  d i l in o le o y l  l e c i t h in  

co a ted  g la s s  surfaoom

No'̂ B a r r ie r
d is ta n c e

cm

galvo
re a d in g

dyn/cm
■K

Thickness
A

T X 10 Adherent C e lls
No

AI 19 4 ,70 14.7 96.2 2.55 57 48.85
A2 19 5 ,9 12,2 96.2 5.12 45 29.07

A5 19 7.55 25 .0 96,2 5 .0 55 35.61

A4 19; 5 .G 18,2 96.2 5 .0 56 56.62

A5 19 6 ,4 20.0 96.2 5 .0 52 34.96

BI 15*25 8,22 25,7 77.2 2.55 57 48.85
B2 15. ? 8 .7 27.2 69 .4 5.12 46 29.71

B5 17*2 8,55 26,1 87 .1 5 .0 58 38.97
B4 15.2 8 ,4 26.5 77 .0 5 .0 48 32.25

B5 16 .0 8 ,7 27.2 81 ,0 5 .0 51 34.26
B6 15.2 8 .4 26.5 77 .0 5 .0 51 34.26

A rea o f d is h  (a ) 56*44 cm'* 
C ounting a re a  o f  c o v e rs lip s  (a )  0,0028 cm'* 
T o ta l number o f c e l l s  in  p e t r i  d ish  (t )

* AI-A5 S urface  p re s su re  c o n sta n t 
B l-16 S urface p re s su re  v a r ia b le

5 , 8  c e IjL a d h e s i o n  o n  mono a n d  m IjT I - l a y b r  l e c i t h i n  c o v e r e d  c o v e r s l i p s

(BLODGETT TECHITigifE).

The u n la b e lle d  d is te a r o y l  and d i l in o le o y l  l e c i t h in  f ilm s  were 

t r a n s f e r r e d  from th e  w ater su rfa ce  to  th e  g la s s  su rfa ce  by th e  B lodgett

techni.que in  th e  form o f mono and m u lt i - la y e r s .  The m a jo rity  o f th e

adhesive  c e l l s  on th e  l e c i t h i n  su rfa ce  were in d iv id u a l  and kep t 

t h e i r  round form .

The percen tag e  o f c e l l s  on th e  l e c i t h i n  la y e r  d id  n o t show any 

r e la t io n s h ip  w ith  th e  d i l in o le o y l  th ic lm ess  as shown in  ta b le  5*15, 

however, l e s s  c e l l s  became adhesive  compared w ith  a  c lean  g la s s  su r fa c e . 

The d is te a r o y l  l e c i t h i n  su i’face  g iv es  a  s im ila r  r e s u l t  to  th a t  o f  th e  

d i l in o le o y l  l e c i t h i n  s u r fa c e .



Table 5# 15 « C ell adhesion  on mono and m u lt i- la y e r  l e c i t h i n  

covered c o v e rs lip s

No,
x V

Thickness Adherent Celia
No. I0 àverage io

1
2
5
4
5
6
7

0) d M rH
g ^  m•H *H A
â  a  - l

3 .6
3.0
5 .0  
2,62 
5.25 
2,62
5.6

)

1 14 .7

59
59
57
25
42
46
49

21,8
59.6
24.9
19.1
26.1 
35.1 
27.5

27.7

1
2
5
4
5
6
7

% -(!) C H
o 3 - d
.9:5 &H O Pi *H <D *Hm A

3*6
5.0
5.0 
2,62 
5.25 
2,62 
5 .6

1 88 .2  

)

30
47
52
26
50
52
34

16,8
51.6
54.9
19.9
51.1
59.7
19.1

27.6

1
2
3
4
5
6
7

H H
I I  ” 
i s ’g4̂  *f4 PiW O Pi •H <D **H A A A

5.6
5 .0
5 .0  
2.62 
5.25 
2,62
5.6

1 14 .7

56
55
37
20
29
55
42

20,2
25.5
24.9
12.4  
18 ,0  
26,7
25.5

21,5

1
2
5
4
5
6
7

^  VÛ

I I ”W+sp+» -H Pt M O Pi •H d) »H A A A

5.6
5 .0
5.0 
2,62 
5.25 
2.62
5.6

1 88 .2

52
24
40
50
45
28
52

17.9  
16,1
26.9
22.9 
15.5
17.9
17.9

19 .5
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CHAPTER 4 

■ D I S  e u s  S I  O N

The r e s u l t  o f th e  p e rfu s io n  experim eni shows th a t  i n  a  senua medium

c e l l  adhesion  was s tro n g  to  th e  u n tre a te d  g la ss  su rfa ce  and th e

c e l l s  remained in  round fo m  w hile  being  adhesive to  th e  f i lm

su rfa c e , Waen th e  g la s s  su rfa ce  was covered w ith  a  l e c i t h i n

(d is te a ro y l  o r  d i l in o le o y l  phosphatidy l ch o lin e ) f i lm  th e re  was

n o tic e a b le  decrease  in  c e l l  adhesion . The c e l l  and g la s s

in te ra c t io n s  were a f fe c te d  by in c re a s in g  th e  th ick n ess  o f th e  f ilm

on th e  ^ a s s  su r fa c e . I t  was observed th a t: when th e  s te a ro y l  l e c i t h in
su rfa c e s  were v e ry  th ic k  few c e l l s  ( ta b le  5 ,6 )  o r no c e l l s  ( ta b le  5 .8 )
s tu ck  to  th e  l e c i t h i n  on th e  u n o rie n te d  f i lm  su rfa c e s .

These o b se rv a tio n s  can be in te rp re te d  to  im ply th a t  a

l e c i t h i n  su rface  i s  l e s s  adhesive th an  g la s s  and th i s  appears to

agree w ith  Marouda.s* (1973) r e s u l t .  In  my experim ental work i t

was observed th a t  a  la rg e  amount o f C la b e l le d  p h o sp ho lip id  was

talcen in to  th e  c e l l s  when th ey  were incubated  in  c o n ta c t w ith  the

su rfa ce  f o r  one hour and ly s o le c i th in  was re le a se d  in to  th e  medium.

An experim ent was c a r r ie d  ou t by shaking th e  c e l l  suspension  to

preven t c o n ta c t w ith  l e c i t h in  con ta ined  g la s s  su rfa ce  and i t  was

n o tic e d  th a t  a  sm a lle r  amount o f l e c i t h in  was in co rp o ra ted  in to  th e

c e l l  and le s s  3 .y so lec ith in  re le a s e d . This f a c t  su g g ests  th a t

c o n ta c t i s  re q u ire d  f o r  c e l l  and l e c i t h i n  in te r a c t io n s .

The adhesiveness o f the c e l l s  a t  tlie  g la s s  su rface  must depend on 

th e  s iz e  o f  the  c o n tac t a re a  a t  th e  c e l l  su rface  w ith  g la s s  

in iterfa-ce. The c e l l  c o n tac t may be governed by environm ental
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c o n d itio n s  and by su rfa c e  w e t t a b i l i ty  which w i l l  be dependent on 

th e  fo rc e s  between m olecules and th e  fo rc e s  v a ry  w ith  th e  

ty p e  o f  m olecules,. G lass and c e l l  adhesion w i l l  o ccu r i f  the  

su rfa ce  a re as  can form  m u ltip le  p o in t a t  the  c o n tac t a re a  where 

th e  fo rc e  of a t t r a c t i o n  bases take  p la c e , Ambrose’ s o b se rv a tio n  

w ith  marfacc; c o n ta c t m icroscope suggested  th a t  c lo se  c o n ta c t 

w ith in  a  few Angstrom u n i t s  between a  c e l l  and i t s  substra tum  may 

on ly  e x is t  over 1 p e rc e n t o f the t o t a l  a rea  o f the c e l l  opposed 

th e  substra tum : But C u rtis  (1964.^6$) suggested  th a t  c e l l  t o  g la s s

c o n ta c ts  were much w ider and once an adhesion  iias formed the  c e l l s  

d e p a r t from th e  sp h e r ic a l  shape and th e  c o n tac t a re a  presum ably 

e x ten d s , When a  c e l l  a re a  i s  opposed to  th e  g la s s  su rfa ce  i t  m i ^ t  

form s h o r t  range adhesive bonds a t  5 ,6  X (¥ e is s )  b u t C u rtis  (1967)1 

D erjagu in  ( I 960) in d ic a te d  th a t  th e  d is ta n c e s  over which i n t e r -  

m o lecu lar fo rc e s  a c t  may be g r e a te r .  The l e c i t h i n  la y e r s  on th e  

g la s s  s l id e  may be a  s im p lif ie d  model o f th e  c e l l  membrane which 

cause c e l l - c e l l  in te r a c t io n s  w ith  weak and lo o se  adhesive bonds 

between th e  c e l l  and f i lm  on th e  g la s s .  In tro d u c in g  z w it te r io n ic  ' 

l i p i d  m olecules such as l e c i t h in  on a  g la s s  su rfa ce  may. produce an 

e l e c t r o s t a t i c  f i e l d  on th e  g la s s  which in  tu rn  a f f e c t s  l i p i d  

conform ation , TTie d e n s ity  and s ig n  o f th e  f i lm  w i l l  depend on 

r e la t iv e  numbers, n a tu re  and lo c a l iz a t io n  o f ionogenic groups o f th e  

l e c i t h i n  la y e r  on th e  ^ a s s  su r fa c e . When the  g la s s  c a r r ie s  an 

adsorbed f i lm  beneath  the  c e l l s  th e re  may be p e n tra t io n  of serum 

p ro te in s  in to  th e  f ilm  and th e se  m olecu lar in te r a c t io n s  which depend
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upon number o f  io n ic  and n o n -io n ic  bounding o f th e  two d i f f e r e n t  

m o lecu les, T his complex la y e r  on th e  g la s s  su rface  can be 

co n sid ered  to  be more l ik e  a  c e l l  s u r fa c e . The a d so rp tio n  of 

v a r io u s  p ro te in s  on u n ijao lecu la r fiD ns o f charged l i p i d  su g g ests  

th a t  the  prim ary a s s o c ia t io n  occurs alm ost e n t i r e ly  between 

the charged io n ic  groups of th e  in te r f a c e  and the p ro te in  (M atalon 

and Schulman 1949 ) * A c e l l  and g la s s  attachm ent may be governed 

by adsorbed serum p ro te in s  and p ro ton  p e n e tra tio n  from th e  

suspending medium and attachm ent o f the c a tio n s  cou ld  a f f e c t  adhesion  

(Rappapot e t  a l  I960)The r e s u l t  o f  th e  experim ents showed th a t  a  

sm a lle r  amount o f c e l l s  were adhered to  l e c i t h in  compared w ith  g la ss  

i n  serum medium when they  were in  c o n ta c t. T his might be 

due to  th e  degree o f hyd ro p h o b ic ity  o r h y d ro p h il ic i ty  o f th e  l e c i t h in  

la y e r  on th e  g la s s  s u r fa c e .

The in c o rp o ra tio n  o f l i p i d  in  th e  c e l l  may r e s u l t  from  a  number o f  

pathways having t h e i r  o r ig in s  in  p ro te in  m etabolism . I f  c e l l  

su rfa ce  p ro te in s  have th e  op p o site  charge to  th e  l e c i t h i n  la y e r  th i s  

w i l l  cause th e  ad so rp tio n  u n t i l  th ey  have the  same s ig n  as th e  

opposed su rfa ce , suggestirig  an e l e c t r o s t a t i c  in te r a c t io n  between 

charged g roups, On th e  o th e r  hand an o th er p o s s ib i l i ty  may be th a t  

th e  l e c i t h i n  i s  tak en  in  phagocytosis*  I t  i s  known th a t  a  c e l l  

w ith  carboxyl groups on t h e i r  membranes a re  ab le  to  adhere In  a  non- 

s p e c if ic  way by Hie r a t e  of Ca io n s  which can form a  b rid g e  

between the  n eg a tiv e  charges on the  c e l l  p e r ip h e r i  p ro te in s  and 

n e g a tiv e  charge o f th e  sen m  p ro te in s . Another ex p lan a tio n  a r is e s  

i n  th e  fo llo w in g  manner. I t  was n o tic e d  tlmit much le s s  ly s o le c i th in  

was re le a se d  and l e s s  la b e l le d  l e c i t h in  in co rp o ra ted  in to  th e  c e l l s



49

when misiiemsioïi wag incu b ated  in  a  shaker b a th  in  o rd e r to  p rev en t c e l l  

c o n tac t w ith  ^ a s s  su rfa ce  (see  F igu re  4 .1 ) .  This su g g ests  th a t  

c o n ta c t of a  c e l l  w ith  a  l e c i t h in  sui'faoe i s  n ecessa ry  "for" h y d ro ly s is  

o f th e  l e c i t h i n  and tliu s  the  jihospliol ip a s e s  invo lved  in  p ro d uction  

o f ly s o le c i th in  can n o t be re le a s e d  by th e  c e l l s .  T herefo r# , 

i t  i s  c le a r  t l ia t  c o n ta c t i s  re q u ire d  f o r  t h e i r  in te r a c t io n .  Since 

ly s o le c i th in  i s  Imovm to d im in ish  the  adJiesion o f c e l l s  I  can 

ex p la in  th e  o b se rv a tio n  th a t  c e l l s  w i l l  n o t adhere to  l e c i t h in  

as being  due to  conversion  o f th i s  to  ly s o le c i th in  when th e y  c o n tac t 

a  l e c i t h i n  su r fa c e . T his ex p lan a tio n  f o r  non-adherence o f c e l l s  i s  

d i f f e r e n t  from th a t  s ta te d  by Maroudas (1973) who suggested  th a t  

c e l l s  w i l l  n o t adliere to  a  hydrophobic su rfa ce  w ith  a  low y ie ld in g  

s t r e s s  under a  tra n s v e rse  lo ad  and l e c i t h i n  i s  an example o f a  

hydrophobic su rfa ce  w ith  low y ie ld ,  Ivanova (1973) suggested  th a t  i t  

i s  n o t c le a r  w liether th e  ionogenic c h a r a c te r i s t i c  o f th e  su rfa c e  o f 

l i p i d  f i lm  i s  e s s e n t ia l  f o r  i t s  non-adhesiveness and she supports  

Liberman who suggested  th a t  e le c tro n e g a t iv i ty  o f th e  su rface  

ph ospho lip id  f i lm  may p lay  an im portan t ro le  in  ad h esio n . The 

adhesion  o f the  n e u ra l r e t in a  c e l l s  on th e  c lea n  su rfa ce  were s tro n g  

and promoted by serum. This must have been based on c o n s id e ra tio n  

. o f th e  h y d ro p h ilic  n a tu re  o f th e  g la s s  su rfa ce  which was 

predom inantly  w e tta b le . The c e l l s  w i l l  adhere to  th in  f ilm s  e i th e r  

by ly s in g  them away o r  because l i t t l e  ly s o le c i th in  can be form ed. 

T h e re fo re , Maroudas* ex p lan a tio n  appears to  be u n n ecessa ry .

The experim en tal o b se rv a tio n s  a lso  showed th a t  the  sp read ing  could 

n o t occur on th e  l e c i t h i n  la y e r  and th e  l e s s e r  amotmt of adhesive 

c e l l s  adhere on i t  compared w ith  c lean  g la s s .
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F ig  4 .1  Laaigmuir a o v e rtu rn in g  mechanism*

The t r a n s f e r  o f th e  monolayers to  a  s o lid  g la s s  by d ipp ing  

techn ique o r  f lo a t in g  may produce d i f f e r e n t  type of f i lm s  such as 

X tjT )0 film s  which a re  hydrophobic, as d ipp ing  goes on more and 

more i r r e g u la r  s t ru c tu re  w i l l  form in  th e  case o f X ty p e  film s  on 

mixed X /ï  type f i lm s . This s t r u c tu r e  probab ly  enhances the  

overtum i.ng  (see  F ig u re  4*1) • This s o r t  o f s t ru c tu re  m i ^ t  e f f e c t  

the  b in d in g  o f the  serum p ro te in s  to  the  l e c i t h i n  la y e r  and m i^ it  

reduce the amount o f serum a d so rp tio n  to  th e  l e c i t h in  s u r fa c e . The 

serum p ro te in s  adsorbed on th e  in te r f a c e  o f th e  la y e r  a re  probably  

f u l l y  un fo lded  and t h i s  may reduce th e  p o te n t ia l  a t  th e  in te r f a c e  

a f f e c t in g  in te r a c t io n  w ith  th e  l e c i t h in  su rface  b e fo re  ly s o le c i th in  

i s  re le a s e d  by th e  c e lls*  The r e s u l t  o f physico-chem ical fo rc e s  

a c tin g  betv/een the c e l l  s u r fa c e , substratum  and th e  in te rv e n in g  

medium must e f f e c t  th e  p h y s io lo g ic a l response o f th e  c e l l  to  c o n tac t 

w ith  su rfa ce  and any v a r ia t io n  in  tliem would ce r ta irü ,y  be r e f le c te d
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i n  a l te r e d  o r  m odified  behav iour o f th e  c e l l  and the  sp read in g  

p ro c e ss . A fte r  l e c i t h in  in c o rp o ra tio n  in to  th e  c e l l  the re le a se d  

ly s o le c i th in  a f f e c t s  th e  c e l l  in te r a c t io n s  or l e c i t h i n  i s  

in c o rp o ra te d  as ly s o le c i th in  by th e  c e ll*  The enzymic re a c t io n  

dem onstrated a t  the ph o sp h o lip id -w ate r in te r f a c e  by Dawson 

in d ic a te d  th a t  ly s o le c i th in  w i l l  le a v e  a  un im o lecu lar f i lm  of 

l e c i t h i n  a t  the  a i r -w a te r  in te r f a c e  when t h i s  i s  d ig e s te d  w ith  

phospholipase A. The French w orkers B*La B re to n  and J . P tm taleon(1958) 

and l a t e r  J .E tie n n e  (1966J and J.Polonowsk;! (I9^5 ) f i r s t  n o tic e d  a  

connection  between phospho lip id  h y d ro ly s is  and c h o le s te ro l  e s t e r  

fo m a t io n  in  the plasm a. They suggested  th a t  fa ttj '-  a c id  re le a s e d  

from the  p h o sp h o lip id , phosphatidy l, ch o lin e  b y  phospholopasec were 

subsequen tly  in c o rp o ra te d . A study  of th e  d ig e s t io n  of 

u n im o lecu la r fi3jns o f ^ P - l e c i t h i n  and pho sp h atid y l ethonolam ine 

by cobra venom phospholipase A in d ic a te d  th a t  phosp h o lip id s

were hydro lysed  w ith o u t th e  n e c e s s i ty  f o r  any a c t iv a t in g  agen t and 

th a t  th e  ly so p h o sp iio lip id s  re le a se d  by th e  a c tio n  la r g e ly  l e f t  th e  

f ilm  and en te red  th e  b u lk  phase .

During l e c i t h i n  in c o rp o ra tio n  in to  the n eu ra l r e t i n a  c e l l s  the  f a t t y  

a c id  com position o f th e  phosphoglycerides in  a  membrane m ig^t a l t e r .

Any d i s t r ib u t io n  in  ch a in  le n g th  of phospho lip ids and a lso  t h e i r  

degree o f u n sa tu ra te d  f a t t y  acid  ch a in  may cause to  e f f e c t  on 

membrane f l u i d i t y  (C \% rtis). The in co rp o ra ted  l i p i d  m olecule 

p robab ly  w i l l  a s s o c ia te  wit.h o th e r  iypes o f l i p id s  in  the  c e l l  and 

w i l l  combine w ith  p ro te in  to  form lip o p ro te in , s t r u c tu r e .  This m ight 

change the s p e c if ic  com bination o f th e  c e l l  l i p id s  and c e l l  protein.3 

and p robably  w i l l  cause the s tim u la tio n  o f enzymic a c t i v i t i e s .



Thû ch a in  le n g th  may r e f l e c t  a  p re c ise  reqm.rement f o r  th e  s te re o

chemical, o r ie n ta t io n  o f enzym e-substra te  complex# I t  i s  Imovm tha,t

phospho lipases in  th e  c e l l  membranes a re  e i th e r  phospho lipase  Ay.

o r  o r  p robably  sometimes b o th , which can r e le a s e  th e  f a t t y  a c id

from t i e  1 p o s i t io n  and a lso  the 2 p o s itio n #  T h ere fo re ,

p h o spho lipases have an im portan t r o le  in  reducing  th e  m ic e lle  s iz e

removing accum ulated phospholip ids#  M etal io n s  such as Ca"^ , Mg***’*'

may be re ta in e d  as an i n t r i c a t e  o r e s s e n t ia l  parrb o f l i p i d  p ro te in

complex* Dawson and Hemington (196?) had p o in ted  ou t t h a t  in  the

p resence  o f calcium , l i t t l e  enzymic ad .sorption occurred  on a  pure
+'hl e c i t h i n  su rfa ce  and I-Ig a lso  p revented  th e  d é n a tu ra tio n  o f  enzyme. 

Probably  a f t e r  l e c i t h in  in c o rp o ra tio n  th e se  c a tio n s  p lay  a  h i.^ ily  

s p e c i f ic  r o le  in  th e  f u r th e r  fo rm ation  o r  breakdown o f enzyme- 

s u b s tr a te  complex* De Haas (1966) d isco v ered  th a t  phosphol.ipases 

a c t iv a t io n  i s  due to  c leavage o f a  sm all p ep tid e  from p ro te in  chain

by a  p r o te o ly t ic  enzyme. C u rtis  suggested  th a t  in c o rp o ra tio n  o f
(

s a tu ra te d  f a t t y  a c id s  ta k è "p lace  in  R p o s i t io n  and show a  r i s e  in  

ad h es iv en ess , in c o rp o ra tio n  o f u n sa tu ra te d  f a t t y  a c id  cause to  f a l l  

i n  ad h es iv en ess .

The r e s u l t  o f  the  ad liesiveness o f n e u ra l r e t i n a  c e l l s  on 0 ^  

la b e l le d  d is te a ro y l  l e c i t h in  and un l.abelled  d i l in o le o y l  le c i th iu i  

coated  g la s s  su rfa ce  by B lo d g e tt technique and th e  r e s u l t  o f th e  

adhesiveness of tlie se  c e l l s  th e  u n la b e lle d  l e c i t h i n  (d is te a r o y l  and. 

d i l in o le o y l)  coated  g la s s  su rface  by Langmuir techn ique  d id  no t have th e  

value  o f ad liesiveness th a t  i s  expec ted . These experim ental, r e s u l t s  

d id  n o t show a  c le a r  r e la t io n s h ip  w ith  the  in c re ase d  th ic k n e ss  o f 

th e  l e c i t h i n  la y e r  on th e  co v ers lip s*  A g en era l co n clu sio n  seems to
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"b® the,t th e  l i p i d  i s  n o t In  a  f u l l y  condensed c o n d itio n  end th a t: 

th© l i p i d  a ls o  i s  n o t In  to o  much o f a  f u l l y  expanded c o n d itio n  

as shown in  f ig u re  4*3* The le o i t l i in  f ilm  t r a n s fe r r e d  by th e  

B lodgett toohnigue to  th e  su rfa c e  w i l l  r e f l e c t  th e  degree o f 

f le x in g  and tw is t in g  o f  th e  hydrocarbon ch a in s  on th e  a i r /w a te r  

in te r fa c e *  T h e re fo re ,a t th e  low com pression th e  m olecules a re

ôoœo

a )  Equal Thi.ckness

b )  V a riab le  Thickness

æ=
F ig  4*2 Form ation o f m u lt i la y e r  f ilm s  oa g la s s  su rface*

o r ie n ta te d  a t  d i f f e r e n t  an g les  o r  fo m  packed aggregateo* The shape 

o f th e  hydrocarbon ch a in  and le s s  condensa tion  o f  th e  d isp e rse d  

l e c i t h in  on th e  w ater su rfa ce  w i l l  be a  s i^g n iflean t f a c to r  whi.ch can 

be thought to  cause d i f f e r e n t i a t i o n  o f th e  le c i tM n  packing on th e  

g la s s  su:cfac04 Ti'ie o th e r  p o s s ib i l i t y  i s  th e  form o f  th e  m olecu lar 

o i'g îm isa tio n  o f th e  l i p i d  la y e r  on th e  g la s s  surface*
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The l e c i t h i n  m olecules can a rran g e  them selves 1ji many ways on to p  

o f  th e  f i r s t  la y e r  f o r  every i r r e g u la r  d ip p in g  o f th e  g la s s  in to  

th e  w a ter (see  F ig u res  4*1*4#2,4*3)# , TIaes© d i f f e r e n t  

o rg a n is a tio n s  o f  th e  l e c i t h i n  m olecules w i l l  e i t h e r  decrease  o r 

In c re a se  th e  th ic k n e ss  o f th e  la y e r  w ith  th e  le n g th  o f number m olecules 

so th a t  th e  la y e r  w i l l  o rg an ise  i n  d i f f e r e n t  th ic lm e sse s  oa th e  

g la s s  surface*  The fo rm ation  o f model membranes may a ls o  be

a )  Lovr compressiom ^  : 0  -  tXXlXX) -  (yr^y-:r-(XXXr^-

b ) High com pression fjCXT

F ig  4«3 Diagram o f monolayer film s  on w ater surface#

r e la te d  to  th e  degree o f  f l u i d i t y  o f th e  hydrocarbon chains o f th e  

l i p i d  a t  th e  tem pera tu re  o f th e  experiment* For e x am p le ,it was 

n o tic e d  th a t  f u l l y  s a tu ra te d  phospho lip ide  do not form m yelin  f ig u re s  

a t  room temperature(Ciia.pman ©t a l  I9&7)* For th e se  reaso n s i t  can 

be assumed th a t  th e  measurement o f th e  adh essiv en ess  o f th e  c e l l s  

w i l l  show d i f f e r e n t i a t io n  fo r  d i f f e r e n t  a re a s  on th e  same c o v e rs lip  

by changing l e c i t l i ln  th ick n ess*  Tlxese tech n iq u es  do no t in d ic a te  

much about adliesion to  l e c i t h in  because much o f  th e  g la s s  sm?face 

was f re e  o f l e c i t h i n  u n lik e  th e  sd .tuation  w ith  th e  u n o rie n te d  film s*
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Rosenberg suggested  {l$62) th a t: th e  in t e r a c t  io n s  between t i s s u e  

o tilt'u re  c e l l s  and m u lti-m o le cu la r  la y e r s  a re  fu n c tio n s  o f th e  number of 

m onolayers which a re  im d e rly in g  th e  c e l ls *  He showed th a t  th e  attachm ent 

and sp read in g  o f c e l l s  was in c re a s in g ly  leng thened  when he in c re a se d  

th e  number o f su b jacen t monomoleculaa? layex*s o f barium  s to a r a te - s t e a r i c  

a c id  on th e  quark % s l id e s  by th e  B lodgett Technique* He p re d ic te d  th a t  i f  

a  random p o p u la tio n  o f c e l l s  were grown on s u b s tr a te  o f v a ry in g  th ic k n e ss  

a  s t a t i s t i c a l l y  s ig n i f ic a n t  sample should  m igrate  and be en trapped  in  th e  

low er re g io n s  o f th e  la y e r  and even on a  chrome p la te d  g la s s  su rfa ce  i f  

th e  th ic k n e ss  reach es  down to  th e  g la ^ s  s u r f a c e ,to  which c e l l s  adhere more 

re a d ily *
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There have been, few re p o r ts  concerning l e c i t h in  su rfa ce  which i s  

b e lie v e d  to  p lay  a  c ru c ia l  ro le  be ing  a non-adhesive su rfa ce  f o r  

c e l l  adhesion* 0* Yu Ivanova suggested  tlmit th e  phospho lip id  i s  

th e  on ly  f ilm  which i s  a  non-adliesive su rface  f o r  experim ents w ith  

f ib r o b la s t  and o th e r  types o f c u ltu re  c e l l s  (1975)* I n  h e r  

experim ent w ith  tim e -la p se  cinem atography she used mouse embryo 

f ib r o b la s t ,  th e  c e l l  o f L s t r a in ,  Chim s t r a in  c e l l s  and e p i th e l i a l  

k idney  c e lls*  Her r e s u l t s  in d ic a te d  th a t  on the  l e c i t h i n  coated  

g la s s  su rfa ce s  th o se  ty p es  o f c e l l  d id  n o t sp read  b u t re ta in e d  

t h e i r  sp h e r ic a l  form f o r  many hours co n tin u o u sly  formed and withdrew 

sh o r t  cy toplasm ic p ro cess  and th e  same r e s u l t  was o b ta in ed  in  my 

experim en tal work w ith  n e u ra l r e t i n a  c e l l s  excep t f o r  th e  

cy top lasm ic process*  She showed the  non-adhesiveness o f th e  

l e c i t h i n  by f u r th e r  experim ents which was s l ig h t ly  d i f f e r e n t  than  

mine* \Vhen she covered a  p a r t  of the  ^ a s s  by l i p i d  la y e r  and th e  

c e l l s  o r ie n te d  them selves p a r a l l e l  to  f ilm  edge and th e y  d id  no t s to p  

u n d u la tin g  bu t d id  n o t a t ta c h  to  th e  phospholipid* She proved th a t  

th e  c h a r a c te r i s t i c  o f  th e  su rfa ce  o f th e  f i lm  was non-adhesive , by 

c e l l  m ig ra tio n  to  th e  narrow sc ra tch ed  reg io n s  on th e  l e c i t h i n  la y e r  

a f t e r  the  c o v e rs lip  was incubated  w ith  c e l l s .  This no'bion i s  a lso  

supported  by Maroudas* o b se rv a tio n  th a t  f ib r o b la s t  c e l l  d id  no t 

a t ta c h  to  th e  la y e r  b u t grew in  tra c k s  sc ra tc h e d  th rough  on the  

l e c i t h in  la y e r  in  medium c o n ta in in g  serum a t  57 ° 0* T h erefo re , the 

a ttachm ent o f a  c e l l  such as non-adhesive su rface  must have been by 

m ediated serum p ro te in s  in  th e  medium*

C u r t i s ’ e x p e r im e n t  i s  w i t h  n e u r a l  r e t i n a  c e l l s  i n  a  m ed iu m  c o n t a i n i n g  

CoA, ATP an d  o l e a t e  sh o w e d  t l i a t  t h e  a d h e s i v e n e s s  o f  t h e  c e l l s  w e r e
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m ain ta ined  in  a  such medium a n i the f a t t y  a c id  was ra p d ily  

in c o rp o ra te d  in to  th e  plasmalemmad. • phospho lip ids and th e  o th e r  

components o f th e  c e l l  su rface*  Some s o r t  o f ra p id  l e c i t h i n  

in c o rp o ra tio n  occurred  when th e  n e u ra l r e t i n a  c e l l s  were incu b ated  

on th e  l e c i t h i n  la y e r  in  serum con tained  medium d u rin g  ray 

experim ent * Curtis- ' tre a tm e n t o f th e  c e l l s  w ith  

phospho lipase  A and in cu b a tio n  of c e l l s  w ith  ly s o le c i t l i in  le d  

to  d im inu tion  in  c e l l  adhesion* T h ere fo re , th e  f a t t y  a c id  

com position  o f t i s s u e  l i p id s  can be s u ite d  to  the requ irem en ts  o f 

th e  c e l l  and phospho lipases can become an im portan t enzyme in  th e  

re g u la t io n  of l i p i d  com position, and adhesion*

C u rtis  in d ic a te d  t l ia t  u n s a tu ra tio n  and re d u c tio n  o f  ch a in  le n g th  

would be expected  and d id  reduce, e lectrodynaraic  fo rc e s  and th e se  m i ^ t  

reduce intraraembrane fo rc e  o f a t t r a c t io n  and in tra m o le c u la r  fo rc e s  

( a f f e c t in g  plasraslommal f l u i d i t y )

R esearch o f c o n tac t in te r a c t io n  of RHCE Ho* 41 c e l l s  and Blastocytoma 

c e l l s  w ith  g la ss  has been c a r r ie d  out by W eiss. During h is  

experim ent th e  EH4I Ho. 41 c e l l s  became s tro n g ly  c o n tac te d  to  th e  

g lass*  He suggested  th a t  the  adhesiveness o f th e se  c e l l s  to  th e  

g la s s  were in  prim ary minimum because th e  c e l l  overcame th e  

e l e c t r o s t a t i c  p o te n t ia l  b a r r i e r  by producing p ro tru s io n s  from the 

c e l l  when th ey  d is lo d g ed  from the g la s s  they  l e f t  m a te r ia l  on th e  

s u r fa c e . W ith th i s  m ic ro ru p tu res  from the  c e l l  pe rip h ery  he a lso  

proved th a t  th e  t o t a l  adhesive bonds between a  c e l l  and g la s s  have 

g r e a te r  energy th an  the  t o t a l  adhesive  bonds h o ld in g  th e  c e l l  

p e rip h e ry  to g e th e r .

D eryagin , Landau, Verv/ey and Oyerboek considered  th e  in te r a c t io n
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betw een p a r t i c l e s  t h a t  would talce th e  p lace  o f e l e c t r o s t a t i c  fo rc e s  

o f  re p u ls io n  ac ted  to g e th e r  w ith  th e  London fo rce s  o f a t t r a c t io n *  

C u rtis  po in ted  out th a t  in  th e  Ven-fey and Overbeck tre a tm e n t o f 

c o l lo id a l  s t a b i l i t y  i t  i s  p re d ic te d  th a t  th e re  w i l l  be reg io n s  o f  

adliesion s t a b i l i t y  due to  d isp e rs io n  fo rce s  a t  p a r t i c l e  s e p a ra tio n
a

o f  tlie  o rd e r of 100 -  I 50 A, and th a t  an e l e c t r i c a l  p o te n t ia l

b a r r i e r  raalces c lo se  approach d i f f i c u l t .  He c a lc u la te d  th a t  th e

adhesive  energji- f o r  BHL21/CB and ’h^2^ and ch ick  n e u ra l r e t i n a  c e l l s

which he showed were adheren t in  secondary a t t r a c t i v e  nmniirium w ith in
o

molecuJ.ar c o n tac t w ith  th e  s e p a ra tio n  o f 100 A, He in d ic a te d  th a t

the  c e l l  could form s ta b le  adhesion in  secondary a t t r a c t i v e  minimum
o

when sep a ra te d  by 100 -  150 A,

However, Weiss s t a t e s  i t  would appear extrem ely u n l ik e ly  th a t  th e

in te r a c t io n  o f t h i s  type would p rovide enough a t t r a c t i v e  energy to

s t a b i l i s e  t i s s u e  system . Weiss suggested  th a t  the  two d i f f e r e n t

c e l l s  have th e  same mean e l e c t r o s t a t i c  m o b il i t ie s  such as  EH'H Ho. 41

and î'îa&tocytoïïia c e l l s ,  one of them can form adhesive in  prim ary

minimum w hile  th e  o th e r  became adhesive in  secondary a t t r a c t i v e

minimum w ith  g la s s  su r fa c e . He concluded th a t  th e  c o n ta c t w ith

o th e r  c e l l s  o r  n o n -o e llu la r  su rfa ce  charged group depend on-

t h e i r  p resence  and s p a t i a l  lo c a t io n  a t  th e  s u r fa c e . P e th ic ia

suggested  th a t  i f  a l l  membrane ai*e h e ld  to  each o th e r  a t  the

se p a ra tio n  I 50 A a c tu a l s e p a ra tio n  w i l l  be sm a lle r  th an  t l ia t  and

m ediated  by fo rc e s  a d d it io n a l  to  th e  d isp e rs io n  fo rc e s  and the  s iz e

o f th e  e l e c t r i c a l  p o te n t ia l  b a r r i e r  w i l l  n o t p ro h ib i t  th e  c lo se

approach i f  c o n tac t made a t  p ro tu b e ran ces . He in d ic a te d  th a t
0

membranes can make s ta b le  adhasion  w ith  th e  5 A se p a ra tio n  in  a  weak
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d is p e rs io n  fo rc e  by Ca bridg ing*  Jlrmstrong and Jones emphasised

th a t  d iv a le n t c a tio n s  most e f f e c t iv e  in  prom oting c e l l u l a r  adhesion  

v a ry  from one system  of c e l l s  to  a n o th e r . A p e r t in e n t  example i s  

th e  c o n tra s t  between t h e i r  own r e s u l t s  w ith  amphibian epideroKtl 

c e l l s  wMch show th a t  th e  io n  i s  most e f f e c t iv e  in  p rev en tin g

d is s  ag g reg a tio n  y whereas Armstrong had e a r l i e r  dem onstrated th a t  th e  

1% io n  i s  most e f f e c t iv e  in  b r in g in g  about re a g g reg a tio n  o f th e  

c e l l s  o f d is s o c ia te d  lim b buds o f ch ick  embryos A liso n  (19^3) in d ic a te d  

t h a t  th e  d iv a le n t o r  t r i v a l e n t  c a tio n s  a f f e c t  c e l l  adhesion  perhaps 

by b r id g in g  from' one c e l l  to another*

D a n ie l l i  (1951) s ta te d  th a t  Ca would be bound to  th e  

carbox l group of th e  p ro te in s  and phosphate groups of ' l i p i d s .

G arvin (19 %  suggested  th a t  a  re c e p to r  molecule which could 

undergo a  conform ational charge on combining w ith  th e  m eta l ion  le ad s  

to  in c re a se d  adliesiveness.A  second a l te r n a t iv e  i s  t h a t  a  m eta l 

a c t iv a te d ' enzyme i s  c r u c ia l  to  th e  adhesive p ro c e s s .G u r tis  proposed 

th a t  th e  prim ary ro le  o f  the  p o s i t iv e ly  charged d iv a le n t c a tio n s  in

prom oting c e l l  adhesion  was to  low er c e lls*  n e t n eg a tiv e  su rfa ce

ch arg e .

The e f fe c t iv e n e s s  of p o ly v a len t c a tio n s  on th e  c e l l  adhesion  . 

i s  c le a r  » w i l l  cause th e  re d u c tio n  o f th e  fo rc e s  of re p u ls io n  

over a range of s e p a ra tio n s  and may perm it adhesion  to  form . The 

p o te n t ia l  energy  b a r r i e r  probably  must have been surmounted b e fo re  

th e  su rfa c e s  a re  c lo se  enough to  bind p o ly v a len t c a t io n s .  Brownian 

m otion may a l te r n a t iv e ly  p rovide to  approach two su rfa c e s  a t  la rg e  

d is ta n c e  where th ey  need enough energy to  overcome re p u ls io n  fo rce s  

and l in k  th e  p o ly v a le n t c a tio n s  to  th e  p o la r  s id e  o f th e  c e l l  membrane



5 9

p ro te in s  and opposed s u r fa c e . T h e re fo re ,I t  would appear t h a t  c lo se  

range b r id g in g  ag en ts  naay be im p o r ta it  as  a  d i r e c t  linlcage between 

th e  c e l l  and th e  g la s s  in te r f a c e .

In  my ex p erim en ta l work th e  charge d i s t r ib u t io n  a t  th e  n e u tr a l  

r e t i n a  c e l l  su rfa c e  may be he trogeneous and n o n -p o la r  re g io n s  o f  th e  

c e l l  su rfa ce  may be in vo lved  in  c o n ta c t in te r a c t io n s  byr r e le a s in g  

ly s o le c i th in  to  th e  medium le a d in g  to  decreased  adluesion on th e  

l e c i t h i n  su rfa c e  in  serum co n ta in ed  medium. I t  i s  p robab le  th a t; th e  

decreased  ad h esiv en ess  o f t h i s  c e l l  oa a  l e c i t h i n  su rfa c e  i s  a  

consequence o f  ly s o le c i th in  r e le a s e  b u t i t  i s  c le a r  t h a t  we do not; 

y e t  have a  f u l l  u n d e rs tan d in g  o f  a l l  th e  physico-chem ica3. forms 

between c e l l  s u b s tr a te  end environm ent.
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