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I .  GENERAL INTRODUCTION

A, An in t r o d u c t io n  t o  S trep to m y ce s  c o e t ic o to r

1 . S trep to m y ce s  c o e H o o to r

The p ro to k a ry o te  n a tu r e  o f  S trep to m yces  c o e t i c o to r  was r e v e a le d  

by i t s  c e l l  w a l l  c o m p o s itio n  (Cummins and H a r r i s ,  1958) and i t s  f i n e  

s t r u c t u r e  shown by e l e c t r o n  m ic ro sco p y  (G la u e r t  and  Hopwood, 1 959 , 

i 9 6 0 , 1 9 6 1 % Hopwood and  G la u e r t ,  I 9 6 0 ) .  Thus i t  had  a  g ra m -p o s i t iv e  

c e l l  w a l l  c o n ta in in g  s u g a r s ,  amino a c id s  and  amino s u g a r s ,  in c lu d in g  

d i-am in o  p im e lic  a c i d ,  and  i t s  f i n e  s t r u c t u r e  showed membranous 

m esosom es, f i b r i l l a r  n u c le a r  m a t e r i a l ,  p ro to p la sm  dense  w ith  r i b o ­

som es, b u t  no n u c le a r  membrane o r  m ito c h o n d ria  and  no m i t o t i c  

a p p a r a tu s , L a t e r ,  g e n e t ic  s tu d i e s  showed i t  t o  have  m erozygo tes 

and a  c i r c u l a r  g e n e t ic  map w hich  w ere b o th  f e a t u r e s  p o s s e s s e d  by  

o th e r  p r o to k a r y o te s 5 such  as E. c o t i .

The fo l lo w in g  c o n s id e r a t io n s  i l l u s t r a t e  th e  s u i t a b i l i t y  o f  

S, G o e tic o to r  f o r  g e n e t ic  s t u d i e s .  I t s  v e g e ta t iv e  and s e x u a l  l i f e  

c y c le s  a re  s h o r t ,  t h r e e  t o  f o u r  d a y s , i n  w hich tim e  a  s in g l e  h a p lo id  

sp o re  can  g e rm in a te , p ro d u ce  s u b s t r a t e  m ycelium , a e r i a l  hyphae and  

th e n  h a p lo id  s p o r e s , a s  was shown by p h a s e - c o n t r a s t  o b s e r v a t io n s , 

(Hopwood, i 9 6 0 ) .  The sp o re s  a re  lo n g - l iv e d  s in c e  s p o r u la t in g  s l a n t  

c u l tu r e s  rem a in  v ia b l e  f o r  more th a n  a  y e a r .  Up t o  10^ sp o re s  a re  

o b ta in e d  from  a  f r e s h  s l a n t  c u l t u r e .  These sp o re s  a r e  r e a d i l y  

su spended  i n  s t e r i l e  w a te r ,  and can  b e  t r e a t e d  w ith  a  v a r i e t y  o f  

m u tag en s . The w i ld - ty p e  s t r a i n ,  A 3 (2 ) , grows on a  s im p le  d e f in e d  

medium, ( s e e  S e c tio n  I I ) ,  e n a b lin g  many d i f f e r e n t  a u x o tro p h ic  

m u ta tio n s  t o  be  o b ta in e d .  A s p o r u la t in g  c u l t u r e  o f  S, c o e t i c o to r



a s  d i s c r e t e  c o lo n ie s  o r  c o n f lu e n t  g row th  on a g a r  p l a t e s  i s  r e a d i l y  

r e p l i c a t e d  by  a  v e lv e t  p ad  t o  f r e s h  a g a r  p l a t e s ,  e n a b lin g  s c re e n in g  

o f  l a r g e  num bers o f  s p o r e s , once th e y  have  grown t o  i n d iv id u a l  

c o lo n ie s ,  and t h e r e f o r e  d e te c t io n  o f  r a r e  m u ta n ts  o r  re c o m b in a n ts .

2o The G e n e tic  System  o f  S, o o e t io o lo r .

R ecom bina tion  was f i r s t  d e m o n s tra te d  i n  S . Q o e tio o to r  s t r a i n  I .S - S .  

(S e rm o n ti and  S p a d a -S e rm o n ti, 1955 ? 1956) and  l a t e r  i n  S, a o e t io o lo r  

s t r a i n  A 3(2) (Hopwood, 1 9 5 7 ) , t h e  s t r a i n  w ith  w hich  n e a r ly  a l l  

su b se q u e n t g e n e t ic  s tu d i e s  have  b een  m ade. R ecom bina tion  o c c u r re d  

w ith  v a r i a b le  f re q u e n c y  be tw een  any p a i r  o f  th e  d e r i v a t i v e s  o f  A 3 (2 ); 

how ever, re c o m b in a n ts  w ere a lw ays in f r e q u e n t  and  w ere o b ta in e d  f o r  

a n a ly s i s  by  s e l e c t i n g  them  from  am ongst th e  b u lk  o f  a s e x u a l  p ro g en y  

by  grow ing  th e  p ro g en y  on m edia  l a c k in g  n u t r i e n t s  r e q u i r e d  by  th e  

p a r e n t  s t r a i n s .  T h is  a n a ly s i s  a t  f i r s t  r e v e a le d  t h r e e  l in k a g e  g ro u p s 

(Hopwood, 1959) w hich  c o n s t i t u t e d  a  genome p ro b a b ly  m ore th a n  200 

re c o m b in a tio n  u n i t s  lo n g ;  l a t e r  th e s e  became two l in l ta g e  g roups 

(Hopwood and  S e rm o n ti , 1962; Hopwood, 1 9 6 5 a ).

t'Jhen re c o m b in a n ts  f o r  c lo s e ly  lin lc e d  m ark e rs  w ere s e l e c t e d  am ongst 

t h e  p ro g en y  o f  a  c r o s s ,  two ty p e s  o f  c o lo n y  a p p e a re d  on th e  s e l e c t i v e  

p l a t i n g  medium. The f i r s t  ty p e  w ere  l a r g e r  r e g u l a r  shaped  c o lo n ie s ,  

w hich  y ie ld e d  h a p lo id  sp o re s  a l l  o f  t h e  same g e n o ty p e , i n d i c a t i n g  

t h a t  th e  o r i g i n a l  c e l l  was h a p lo id .  The second  t y p e ,  d e te c te d  by  

t h e i r  i n a b i l i t y  t o  r e p l i c a t e  t o  th e  same s e l e c t i v e  medium a s  t h a t  on 

w hich  th e y  w ere gro^ra, w ere s m a l le r  i r r e g u l a r  sh ap ed  c o lo n ie s ,  w hich 

p ro d u ced  a  l a r g e  m a jo r i ty  o f  h a p lo id  sp o re s  w ith  a  v a r i e t y  o f  g e n o ty p e s , 

w h ile  t h e  m in o r i ty  r e t a i n e d  th e  p r o p e r ty  o f  p ro d u c in g  sp o re  p ro g en y  

w ith  v a r i a b l e  g e n o ty p e s . T h is  second  ty p e  o f  c o lo n y  was c a l l e d  a
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h e te ro c lo n e  (S e rm o n ti, M a n c in e ll i  and  S p a d a -S e rm o n ti, i 9 6 0 ) .

A n a ly s is  o f  t h e  g e n o ty p e s  o f  t h e  h a p lo id  p ro g en y  o f  i n d iv id u a l  

h e te ro c lo n e s  r e v e a le d  t h a t  com plem entary  g e n o ty p e s  w ere n o t  e q u a l i n  

f re q u e n c y  a s  th e y  had  b een  am ongst h a p lo id  rec o m b in a n t p ro g en y  o f  a

c ro s s  a s  a  w h o le . I t  was c h a r a c t e r i s t i c  o f  h e te r o c lo n e s  t h a t ,  f o r

each  l in k a g e  g ro u p , re c o m b in a n ts  c o n ta in in g  a t  l e a s t  one a l l e l e  w ere 

d e f i c i e n t ,  o r  even a b s e n t ,  and  th e  e f f e c t  was n o t a l l e l e  s p e c i f i c ;  

commonly a l l  o f  one p a r e n t a l  s e t  o f  a l l e l e s  f o r  one l in k a g e  g roup  was 

m is s in g . T hese f in d in g s  w ere l a t e r  i n t e r p r e t e d  (Hopwood, M a n c in e l l i ,  

S e rm on ti and  S p a d a -S e rm o n ti, 196I ) ,  t o  mean t h a t  t h e  h e te r o c lo n e s  a ro s e  

from  h e te r o g e n o te s , t h a t  i s  p c œ t ia t t y  d i p lo i d  c e l l s , i n  w hich one o r  

more segm ents o f  e i t h e r  p a r e n t a l  genome ;;e re  m is s in g  an d  c o n se q u e n tly  

a l l e l e s  c o u p le d  t o  t h e  m is s in g  r e g io n s  e n te r e d  h a p lo id  re c o m b in a n ts  

w ith  re d u c e d  f r e q u e n c ie s .

The v a r i e t y  o f  g e n o ty p e s  fo und  i n  th e  p ro g en y  o f  h e te r o c lo n e s  

t h a t  w ere h e te ro z y g o u s  f o r  s e v e r a l  m ark e rs  i n d ic a t e d  t h a t  th e

h e te ro z y g o u s  c o n d i t io n  was r e p l i c a t e d  many t im e s  b e fo r e  h a p lo id

s e g r e g a t io n  to o k  p l a c e .  Second o rd e r  h e te r o c lo n e s  w ere o b ta in e d  on 

s e l e c t i v e  medium, e s p e c i a l l y  i f  hyphae o f  f i r s t  o rd e r  h e te r o c lo n e s ,  

r a t h e r  th a n  s p o r e s ,  w ere u se d  a s  th e  inocu lum ; t h e s e  h e te ro c lo n e s  

f r e q u e n t ly  showed more e x te n s iv e  d e le t i o n s  th a n  t h e i r  p r o g e n i to r .  

(Hopwood, S erm on ti and  S p a d a -S e rm o n ti, 1 9 6 3 ).

I n d iv id u a l  h e te r o c lo n e s  p ro v id e d  a  means o f  n o n - s e te o t iv e  

g e n e t ic  a n a ly s i s  o f  t h e i r  h e te ro z y g o u s  r e g io n ,  and  c o l l e c t i v e l y  o f  

th e  w hole genome. The e f f e c t s  on s e g r e g a t io n  o f  d e le te d  r e g io n s  

c o u ld  be  ta k e n  i n t o  a c c o u n t , so t h a t  e s t im a t io n s  o f  l in k a g e  c o u ld  

s t i l l  be  made (s e e  Hopwood and S e rm o n ti , 1 9 6 2 , and  S erm o n ti and
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Hopwood, 1964 , f o r  a  re v ie w  o f  th e  g e n e t ic s  o f  5 . Q o e tio o to v  a t  t h i s  

s t a g e ) .  T hese a n a ly s e s  c o n firm ed  and e x te n d e d  th e  f in d in g s  o f  th e  

e a r l i e r  s e l e c t i v e  a n a l y s i s .  Hopwood ( 1965a ) l a t e r  sum m arised th e  

g e n e t ic  te c h n iq u e s  and t h e i r  r e s u l t s  f o r  28 l o c i ,  w hich  s t i l l  f e l l  i n  

two l in k a g e  g roups o f  a b o u t 60 and TO re c o m b in a tio n  u n i t s  e a c h .

The n e x t  s te p  was ta k e n  when th e  two l in k a g e  g ro u p s w ere sho^m t o  

be  p a r t s  o f  a  c i r c u l a r  l in k a g e  map (Hopwood, 1965b ) .  I t  was found  

t h a t  th e  s e g r e g a t io n  p a t t e r n  o f  n o n - s e le c te d  m ark e rs  a t  b o th  ends o f  

one l in k a g e  g roup  am ongst re c o m b in a n ts  s e l e c te d  f o r  m ark e rs  i n  th e  

o th e r  l in k a g e  g roup  was s t r o n g ly  d ep en d en t on th e  s e l e c t i o n  a p p l i e d ,  

and  th u s  t h a t  th e  two l in k a g e  g ro u p s w ere c o n n e c te d  a t  e ach  en d .

The in te r v e n in g  r e g io n s  m ust have  b een  lo n g , s in c e  a l l  t h e  m ark e rs  

in  d i f f e r e n t  l in k a g e  g ro u p s showed 50% re c o m b in a tio n  i n  h e te r o c lo n e s .  

T h is  f in d in g  d id  n o t d i s t i n g u i s h  be tw een  a  c i r c u l a r  chrom osom e, o r  a  

l i n e a r  chromosome t h a t  e i t h e r  was c i r c u l a r l y  pe rm u ted  o r  e l s e  h ad  

c o n s ta n t  e n d s , w i th  v i a b l e  rec o m b in a n ts  a r i s i n g  o n ly  by  even  num bers 

o f  c ro s s o v e r s  d u r in g  th e  s e x u a l  p r o c e s s .  T ha t t h e  chromosome d id  

n o t  have  c o n s ta n t  ends was l a t e r  sho^m by 'p h e n o ty p ic *  a n a ly s i s  o f  

h e te r o c lo n e s  (Hopwood, 1 9 6 6 b ), A l a r g e  number o f  in d iv id u a l  

h e te r o c lo n e s  o b ta in e d  from  one c r o s s , s e l e c te d  t o  be  h e te ro z y g o u s  

f o r  a  p a i r  o f  com plem enting  c lo s e l y  l in k e d  h i s t i d i n e  ih i s )  m u ta t io n s , 

w ere a n a ly s e d  a s  a  w hole f o r  h e te r o z y g o s i ty  o r  h e m iz y g o s ity  o f  a  number 

o f  m ark e rs  d i s t r i b u t e d  th ro u g h o u t  th e  g e n e t i c a l l y  m arked r e g io n s  o f  

th e  map. P r a c t i c a l l y  a l l  t h e  h e te r o c lo n e s  w ere h e te ro z y g o u s  f o r  a  

co n tin u o u s segm ent o f  t h e  genom e, o f  v a r i a b le  le n g th  b u t  a lw a y s , o f  

c o u r s e ,  in c lu d in g  th e  h is  r e g io n .  The h e te ro z y g o u s  r e g io n s  o f  

d i f f e r e n t  h e te r o c lo n e s  o v e r la p p e d  t o  c o v e r th e  w hole o f  th e  genome
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and  th u s  th e  genome d id  n o t  have  c o n s ta n t  e n d s . The d a ta  d id  n o t  

d i s t i n g u i s h  betw een  c lo s e d  genomes o r  genomes t h a t  w ere l i n e a r  b u t  

c i r c u l a r l y  p e rm u ted . T h is  d i s t i n c t i o n  h a s  s t i l l  n o t  b een  p o s s ib l e  

a lth o u g h  a s  a  w ork ing  h y p o th e s is  th e  genome h a s  b een  assum ed t o  be  a  

c lo s e d  c i r c l e  (Hopwood, 1 9 6 7 a ).

T here  w ere c e r t a i n  f e a t u r e s  o f  th e  d i s t r i b u t i o n  o f  genes on th e  

re c o m b in a tio n  map o f  S. G o e lio o to r  ( s e e  F ig u re  l ) .  F i r s t l y  th e  known 

genes w ere c o n c e n tr a te d  i n  tw o r e g io n s  s e p a r a te d  by  l a r g e  ' s i l e n t ' 

r e g io n s ,  each  a b o u t J o f  t h e  t o t a l  map; t h i s  uneven d i s t r i b u t i o n  

in c lu d e d  many t e m p e r a tu r e - s e n s i t iv e  m u ta tio n s  w hich  m igh t have b een  

e x p e c te d  t o  o c cu r i n  g en es  c o n c e rn in g  a  g r e a t e r  v a r i e t y  o f  p ro c e s s e s  

th a n  th e  bullc o f  th e  e x i s t i n g  m u ta t io n s  w hich  w ere c o n ce rn e d  w ith  

b i o s y n th e t i c  p ro c e s s e s  (Hopwood, 1 9 6 6 a ). Thus th e  s i l e n t  r e g io n s  

c o n ta in e d  genes c o n t r o l l i n g  a s  y e t  u n d e te c te d  f u n c t i o n s , o r  th e y  w ere 

p o s s ib ly  r e g io n s  t h a t  w ere n o t  lo n g  in  p h y s ic a l  te rm s  b u t  in  w hich  

re c o m b in a tio n  was a b n o rm a lly  f r e q u e n t .

S e c o n d ly , t h e r e  was some c l u s t e r i n g  o f  f u n c t i o n a l l y  r e l a t e d  

g e n e s , s u g g e s t in g  t h e  e x is te n c e  o f  o p é ro n s (Hopwood, 1965a ,  1965c ) ;  

o th e r  f u n c t i o n a l l y  r e l a t e d  g en es w ere found  t o  be  a r ra n g e d  a p p ro x im a te ly  

d i a m e t r i c a l l y  i n  t h e  tw o w e l l  m arked r e g io n s  o f  t h e  map. Thus t h e r e  

w ere tw o seq u en ces  o f  genes (o r  c l u s t e r s ) ,  one i n  each  a r c ,  c o n ta in in g  

f u n c t i o n a l l y  r e l a t e d  g en es a t  c o rre sp o n d in g  p o s i t i o n s  in  th e  s e q u e n c e , 

f o r  w hich  Hopwood ( 1967b ) s u g g e s te d  an e v o lu t io n a r y  o r i g i n .

W ith th e  know ledge o f  genome c i r c u l a r i t y ,  Hopwood (1967a )  a n a ly s e d  

t h e  p ro g en y  o f  a  c ro s s  c o n ta in in g  m ark e rs  w id e ly  d i s t r i b u t e d  o v e r  th e  

g e n e t i c a l l y  m arked segm ents o f  th e  map. He made s i x  p o s s ib le  

s e l e c t i o n s  f o r  re c o m b in a n ts  be tw een  a d ja c e n t  m ark e rs  and found  t h a t ,
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FIGURE 1 ,  The l in k a g e  map o f  S trep to m y ce s  o o e t ïc o lo r .  

From Hopwood (1967a) w ith  l a t e r  a d d i t i o n s .

%ë 8 'I 'l-
C? Qi

f i l l

The c irc u m fe re n c e  o f  t h e  c i r c l e  e q u a ls  a p p ro x im a te ly  26o c e h tiM o rg a n s . 

The gene sym bols i n d ic a t e d  o u t s id e  th e  c i r c l e  and  r e f e r r e d  t o  i n  th e  

t h e s i s  a r e  e x p la in e d  i n  T ab le  9- Numbers i n s i d e  th e  c i r c l e  i n d i c a t e  

th e  p o s i t i o n s  o f  in d is p e n s a b le  te m p e ra tu re  s e n s i t i v e  m u ta t io n s .  

B ra c k e ts  i n d i c a t e  u n o rd e re d  g e n e s . Genes s e p a r a te d  from  a  g roup  o f  

o th e r  o rd e re d  genes by  d o t te d  l i n e s  a r e  u n o rd e re d  r e l a t i v e  t o  th e  

members o f  t h e  g ro u p .
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am ongst each  o f  th e  s i x  sam ples o f  reco m b in an ts^  th e  h ig h e s t  u n s e le c te d  

re c o m b in a tio n  f r e q u e n c ie s  o c c u rre d  in  th e  r e g io n s  im m ed ia te ly  n e x t 

t o  th e  re g io n  betw een  th e  s e l e c te d  m arkers  in  w hich  re c o m b in a tio n  was 

o b l ig a to r y  0 The s im p le s t  e x p la n a t io n  f o r  t h i s  was zy g o te  in c o m p le te ­

n e s s ;  th e  r e g io n  be tw een  t h e  s e l e c te d  m arkers had  t o  be  h e te ro z y g o u s  

i n  o rd e r  f o r  re c o m b in a tio n  t o  y i e l d  a  v ia b le  reco m b in an t and th e  

f la n k in g  re g io n s  w ould b e  more l i k e l y  th a n  d i s t a n t  r e g io n s  t o  b e  a l s o  

h e te ro z y g o u s  and so  c o n ta in  u n s e le c te d  c ro s s o v e r s ,  H ie re  was no 

e v id e n c e  f o r  n e g a t iv e  i n t e r f e r e n c e  in  th e  h e te ro z y g o u s  r e g io n s  o f  

h e te r o c lo n e s  so  t h a t  n e g a t iv e  i n te r f e r e n c e  a s  an a l t e r n a t i v e  t o  z y g o te  

in c o m p le te n e ss  i n  e x p la in in g  th e s e  f in d in g s  seemed u n l ik e l y .  T here  

was a  n e g a t iv e  c o r r e l a t i o n  be tw een  n o n - s e le c te d  c ro s s o v e r s  i n  th e  two 

f la n k in g  i n t e r v a l s   ̂ f a v o u r in g  a  m odel in  w hich each  m erozygo te  c o n ta in e d  

a  w hole genome from  one p a r e n t  and a  frag m en t from  th e  o th e r  r a t h e r  

th a n  one i n  w hich th e  c o n t r ib u t io n s  from  b o th  p a r e n t s  w ere in c o m p le te . 

Each p a re n t  a p p ea re d  t o  c o n t r ib u te  th e  w hole genome w ith  ab o u t th e  

same f re q u e n c y  g and th e  frag m e n ts  had  ends a t  random  p o s i t io n s  

th ro u g h o u t th e  genome.

On th e  b a s i s  o f  t h i s  m odel f o r  z y g o te s ,  Hopwood (1967a )  p ro p o se d  

a  m odel f o r  th e  o r i g i n ,  by  re c o m b in a t io n , o f  h e te ro c lo n e s  on th e  one 

hand  and  h a p lo id  re c o m b in a n ts  on th e  o th e r  ( s e e  F ig u re  2 ) .  The 

s e g r e g a t io n  o b se rv e d  w i th in  t h e  p rogeny  o f  many in d iv id u a l  h e te ro c lo n e s  

was c o m p a tib le  w ith  t h i s  m o d e l, a c c o rd in g  t o  w hich a  p l a t i n g  u n i t  

w hich c o u ld  y i e l d  a  h e te ro c lo n e  was d e r iv e d  from  a  m erozygo te  when an 

odd number o f  c ro s s o v e r s  ( u s u a l ly  one) o c c u rre d  i n  th e  d iso m ic  r e g io n ,  

w ith  t h e  c ro s s o v e r  u s u a l ly  n e a r  one end o f  t h i s  r e g io n .  The 

t e r m in a l ly  r e p e a te d  genome th u s  p ro d u ced  c o u ld  th e n  r e p l i c a t e  many

6



FIGURE 2 . Model f o r  th e  o r i g in  o f  h e te ro c lo n e  and h a p lo id  genomes 
from  m ero zy g o tes  (Hopwood, 1967a ) .

M erozygote

1 c ro s s o v e r  

e .g .  in  i n t e r v a l  1

H e te ro c lo n e
genome

2 c ro s s o v e rs

e .g .  i n  i n t e r v a l s  1 & 3

H a p lo id
genome

S e v e ra l  c y c le s  o f  r e p l i c a t i o n  b e fo re  R e p l ic a t io n  y i e l d s
random  h a p l o i d i s a t i o n  y i e l d s  a  hom ogeneous h a p lo id  c lo n e .
h e te r o c lo n e .
The c i r c l e  and a rc  r e p r e s e n t  t h e  genome c o n t r ib u t io n s  o f  th e  p a r e n t s  
t o  t h e  m ero z y g o te . L e t t e r s  i n d i c a t e  m arker a l l e l e s .  Numbers b e tw een  
t h e  c i r c l e  and  a rc  i n d i c a t e  i n t e r v a l s  r e f e r r e d  t o  i n  th e  t e x t .
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t im e s  d u r in g  th e  g row th  o f  t h e  h e te r o c lo n e .  The h a p lo id  p ro g en y  o f  

a  h e te ro c lo n e  w ould a r i s e  by  f u r t h e r  s in g l e  o r  h ig h e r  odd num bered 

c ro s s o v e rs  w hich c o u ld  o c c u r  i n  d i f f e r e n t  p la c e s  i n  d i f f e r e n t  genomes 

w i th in  t h e  same h e te r o c lo n e  c o lo n y , and  t h i s  w ould e x p la in  th e  v a r i a b l e  

h a p lo id  p ro g en y . Thus i n  th e  h e te ro c lo n e  genome i n  F ig u re  2 ,  a  w i l l  

e n te r  th e  h a p lo id  genome w henever th e  second  c ro s s o v e r  i s  i n  th e  

i n t e r v a l s  2 ,  3 ,  h o r  5? and  A o n ly  when i t  i s  i n  t h e  i n t e r v a l  1 ;  

t h e r e f o r e  a  s h o u ld  be  much more f r e q u e n t  i n  t h e  h a p lo id  p ro g en y  th a n  

Ao S im i la r ly  th e  f re q u e n c y  o f  D sh o u ld  exceed  th e  f re q u e n c y  o f  

w ith  in te r m e d ia te  r a t i o s  f o r  t h e  in te r v e n in g  p a i r s  o f  a l l e l e s .  The 

a l l e l e  f r e q u e n c ie s  o b se rv e d  am ongst a  random sam ple o f  th e  h a p lo id  

p ro g en y  o f  a  s in g l e  h e te r o c lo n e  w i l l  fo rm , t h e r e f o r e ,  two o p p o sin g  

g r a d i e n t s ,  a sc e n d in g  from  a  minimum f o r  th e  a l l e l e s  i n  c o u p lin g  w ith  

genome ends t o  a  maximum f o r  th e  a l l e l e s  i n  o p p o s i t io n  t o  th e  e n d s .

T h is  s i t u a t i o n  was o b se rv e d  in  m ost h e te r o c lo n e s .  Most o f  th e  

re m a in d e r  had  a l l e l e  g r a d i e n ts  c o m p a tib le  w ith  th e  f i r s t  c ro s s o v e r  

in  th e  fo rm a tio n  o f  th e  h e te r o c lo n e  o c c u r r in g ,  n o t a t  th e  e n d s , b u t  

somewhere e l s e  in  th e  d iso m ic  r e g io n  ( i n  i n t e r v a l s  2 ,  3 o r  4 ) .

H a p lo id s  w ould a r i s e  b y  an even  number o f  c ro s s o v e r s  w i th in  th e  

h e te ro z y g o u s  r e g io n  o f  a  m erozygo te  ( s e e  F ig u re  2 ) ,

One m a jo r f e a t u r e  o f  t h i s  m odel was t h a t  h e te r o c lo n e  genomes w ere 

rec o m b in a n t s t r u c t u r e s ,  and  one way t o  t e s t  t h i s  w ould be  t o  a t te m p t 

h e te r o c lo n e  s e l e c t i o n s  b e tw een  s t r a i n s ,  one o r  b o th  o f  w hich  w ere 

d e f e c t iv e  i n  r e c o m b in a tio n . C e r ta in  p r e d i c t i o n s  c o u ld  b e  made a b o u t 

t h e  co n seq u en ces  i f  h e te r o c lo n e  genomes w ere reco m b in an t s t r u c t u r e s .



3* The p o s s ib le  co n seq u en ces  o f  h e te ro c lo n e  s e l e c t i o n  in  c ro s s e s

w ith  r e e  p a r e n t s .

F i r s t l y ,  c o n s id e r  th e  e f f e c t  o f  s e l e c t i o n  f o r  h e te ro c lo n e s  

am ongst t h e  p ro g en y  o f  a  c ro s s  i n  w hich  one p a re n t  was re c o m b in a tio n  

d e f i c i e n t  (reo)»  I f  t h i s  m u ta tio n  w ere r e c e s s iv e  and  lo c a te d  c lo s e  

t o  th e  p o in ts  o f  s e l e c t i o n ,  th e n  i t  w ould be  e x p e c te d  t o  have l i t t l e  

e f f e c t  s in c e  t h i s  r e g io n  w ould be  d isom ic  in  a lm o st a l l  z y g o te s .

I f ,  how ever, i t  was d i s t a n t  from  th e  p o in ts  o f  s e l e c t i o n ,  th e n  a l l  

z y g o te s  i n  w hich  th e  r e c  a l l e l e  was hem izygous ( th o s e  z y g o te s  w hich 

c o n ta in e d  a  com p le te  genome from  th e  re a  p a r e n t )  w ould n o t  be  

e x p e c te d  t o  p ro d u ce  h e te r o c lo n e s .  T h is  s i t u a t i o n  w ould b e  r e v e a le d  

by  u s in g  th e  ^pheno typ ic  * a n a ly s i s  o f  Hopwood (1966b )  w hich  d e te rm in e d  

w h e th e r h a p lo id  p ro g en y  o f  a  p a r t i c u l a r  h e te r o c lo n e  w ere a l l  o f  one 

a l l e l e  ty p e  o r  o f  b o th  a l l e l e  ty p e s  f o r  any  u n s e le c te d  h e te ro z y g o u s  

m ark e rs  i n  th e  c r o s s .  The h e te r o c lo n e  p o p u la t io n  w ould be  e x p e c te d  

t o  b e  p o l a r i s e d ,  w ith  h e te ro c lo n e s  a r i s i n g  a lm o st e n t i r e l y  from  z y g o te s  

c o n ta in in g  a  w hole genome from  th e  p a re n t  and  a  p a r t i a l  genome

from  th e  r e o  p a r e n t .  The p ro g en y  o f  h e te ro c lo n e s  show ing th e  

o p p o s i te  p o l a r i t y  sh o u ld  be  h e te ro z y g o u s  f o r  a  c o n tin u o u s  s e c to r  from  

th e  p o in ts  o f  s e l e c t i o n  t o  th e  re o  l o c a t i o n .

S e c o n d ly , c o n s id e r  th e  e f f e c t  o f  s e l e c t i o n  from  th e  p ro g en y  o f  a  

c ro s s  i n  w hich b o th  p a r e n t s  w ere reo« I f  t h e r e  w ere an a b s o lu te  b lo c k  

t o  re c o m b in a tio n  th e n  c e r t a i n l y  h a p lo id s ,  and i n  a d d i t io n  h e te r o c lo n e s  

i f  th e y  w ere reco m b in an t s t r u c t u r e s ,  sh o u ld  b e  a b s e n t  from  th e  p ro g e n y - 

I f  t h e  r e o  m u ta tio n  r e s u l t e d  i n  a  p a r t i a l  b lo c k  i n  r e c o m b in a t io n , 

re d u c in g  th e  f re q u e n c y  o f  c r o s s in g - o v e r ,  th e n  am ongst th e  re d u c e d  

reco m b in an t p rogeny  o f  t h e  c r o s s ,  a  h ig h e r  f r a c t i o n  m ig h t be

8



h e te ro c lo n e s  ( a r i s i n g  by  s in g te  c ro s s o v e r s )  com pared w ith  th e

* ■e q u iv a le n t  h e te ro c lo n e  s e l e c t i o n  f o r  v e c  p a r e n t s .  These h e te r o ­

c lo n e s  sh o u ld  a l s o  be  much more s t a b l e .  T h is  w ould p r e s e n t  th e  

p rob lem  o f  s a t i s f a c t o r i l y  d i s t in g u i s h in g  s t a b l e  h e te ro c lo n e s  from  

t r u e  h a p lo id s .  The fo l lo w in g  c r i t e r i a  m igh t s e rv e  t h i s  p u rp o se . 

F i r s t l y ,  s t a b l e  h e te r o c lo n e s  due t o  hem i- o r  hom ozygosity  f o r  a  re o  

m u ta tio n  w ould s t i l l  s e g re g a te  h a p lo id s  w ith  v a r i a b le  g en o ty p es  a t  a  

low f re q u e n c y , p ro v id e d  th e  b lo c k  t o  re c o m b in a tio n  was n o t a b s o lu te .  

S eco n d ly , i f  h e te ro c lo n e s  c o u ld  be  s e l e c te d  from  a co m b in a tio n  o f  

r e e  p a re n t  s t r a i n s  w ith  th e  m arker a rran g em en ts  o f  F ig u re  3 , th e n  

s t a b le  h e te ro c lo n e s  w ith  a  lo n g  h e te ro z y g o u s  r e g io n  w ould have a  

p h eno type  w hich  w ould be  a  r a r e  m u l t ip le  c ro s s o v e r  c la s s  f o r  a  

h a p lo id ,  e s p e c i a l l y  in  a  c ro s s  p resum ab ly  h a v in g  a  red u c ed  re c o m b in a tio n  

f re q u e n c y .

I t  th u s  a p p ea re d  t h a t  th e  a v a i l a b i l i t y  o f  r e o  m u ta tio n s  in  

jS. o o e t'to o to r  sh o u ld  a llo w  a  t e s t  o f  th e  h y p o th e s is  o f  h e te ro c lo n e  

o r i g in  and th e y  w ere t h e r e f o r e  so u g h t.

4 , R a tio n a le  f o r  th e  s e l e c t i o n  o f  re o  m u ta n ts .

Reo m u tan ts  w ere f i r s t  i s o l a t e d  in  E» QoZi K12 by C la rk  and 

M arg u lie s  (1965 ) from  a  m u ta g e n - tre a te d  F ’leu  ade^  s t r a i n ,  d e te c te d  

a s  r e o  i n  c ro s s e s  w ith  an  H fr s t r a i n .  Mien F c e l l s  a re  m ated  w ith  

H fr c e l l s ,  th e  l a t t e r  d o n a te  t h e i r  HNA in  a  p o l a r i s e d  m anner i n  t h a t  

a l l  H fr c e l l s  o f  a  g iv e n  s t r a i n  b e g in  d o n a tin g  a t  th e  same p o in t  on 

th e  genome and th e  d o n a tio n  p ro c e e d s  w ith  th e  same o rd e r  o f  genes 

a t  th e  same r a t e .  Thus a l l  c o n ju g a tin g  c e l l s  behave g e n e t i c a l l y  i n  

th e  same way. The m utagen t r e a t e d  F c e l l s  w ere sp re a d  on a g a r 

p l a t e s  and in c u b a te d  t o  y i e l d  c o lo n ie s .  T hese w ere r e p l i c a t e d  to
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FIGURE 3. P a r e n ta l  m arker a rra n g em e n ts  f o r  a  c ro s s  betw een  le a k y  
re o  p a re n ts  e n a b lin g  s e l e c t i o n  o f  p ro b a b le  h e te ro c lo n e s  
from  h a p lo id  re c o m b in a n ts .

+ d

M erozygote

1 c ro s s o v e r  

e .g .  in  i n t e r v a l  1

C ro sso v e rs  i n  i n t e r v a l s  

1 ,  2 5 3 s 4 ,  5 and 6

cl

H e te ro c lo n e
genome

H ap lo id
genome

Both ty p e s  o f  reco m b in an t have th e  same w ild - ty p e  pheno type  b u t  th e  
h e te ro c lo n e  genome req_uires o n ly  one c ro s s o v e r  ( t h a t  can o ccu r anywhere 
in  th e  h e te ro z y g o u s  r e g io n )  w hereas th e  h a p lo id  genome r e q u i r e s  s i x  
non-random ly  d i s t r i b u t e d  c ro s s o v e rs  and i s  t h e r e f o r e  l i k e l y  t o  be  th e  
l e s s  f r e q u e n t  ty p e .

+ r e p r e s e n ts  w ild - ty p e  a l l e l e s .

Lower c a se  l e t t e r s  r e p r e s e n t  m u tan t a l l e l e s ,
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«I*
a  l a w  o f  H fr leu ade c e l l s  o b ta in e d  by  s p re a d in g  a  d rop  o f  a  dense  

su sp e n s io n  o f  c e l l s  on an a g a r  p l a t e  s e l e c t i n g  f o r  leu ade 

reco m b in an tse  In  t h i s  way each  in d iv id u a l  P c o lo n y  was c ro s s e d  

w ith  t h e  H fr s t r a i n .  Any z y g o te s  form ed on th e  p l a t e s  and y i e ld in g  

a  s u i t a b l e  reco m b in an t w ould g iv e  r i s e  t o  a co lony^  and t h i s  o c c u r re d  

w ith  a  c h a r a c t e r i s t i c  d e n s i ty  o f  reco m b in an t c o lo n ie s  f o r  th e  m a jo r i ty  

o f  reo^  F c o lo n ie s .  A number o f  F c o lo n ie s  c o n ta in in g  a  m u ta tio n  

a f f e c t i n g  re c o m b in a tio n a l  a b i l i t y  w ere i d e n t i f i e d  by  th e  much lo w er 

d e n s i ty  o f  re c o m b in a n ts  t h a t  th e y  g a v e . C la rk  and M a rg u lie s  w ere 

a b le  t o  c o n firm  t h a t  th e  re d u c e d  a b i l i t y  o f  two o f  th e s e  F s t r a i n s  

t o  y i e l d  rec o m b in a n ts  w ith  H fr s t r a i n s  was a t  th e  l e v e l  o f  re c o m b in a tio n  

r a t h e r  th a n  a t  t h e  c o n ju g a t io n  l e v e l ,  o r  due t o  i n t r a c e l l u l a r  breakdow n 

o f  d o n a te d  DM . T hese Tec m u ta tio n s  w ere a l s o  sh o rn  t o  r e n d e r  th e  

s t r a i n s  UV s e n s i t i v e .

The p ro p e r ty  o f  UV s e n s i t i v i t y  c o n fe r r e d  by th e  Tea m u ta tio n s  i n  

Ê*. Qol% was usod  a s  th e  c r i t e r i o n  f o r  a t te m p tin g  t o  i s o l a t e  Tea 

m u ta tio n s  i n  5 . aoel%coloT s in c e  a t  th e  tim e  a  t e s t  o f  re c o m b in a tio n  

s im i l a r  t o  t h a t  d e v is e d  by  C la rk  and M a rg u lie s  c o u ld  n o t be  a p p l i e d ,  

depend ing  a s  i t  does on th e  d i f f e r e n t  r o l e s  (donor and  r e c i p i e n t  o f  

chromosome f ra g m e n ts ) p la y e d  by  th e  two s t r a i n s  i n  a c ro s s  i n  F . c o lio  

However, by no means a l l  UV s e n s i t i v e  m u ta tio n s  i n  coVl w ere 

a s s o c ia t e d  w ith  re c o m b in a tio n  d e f ic ie n c y  and th u s  many UV s e n s i t i v e  

m u ta tio n s  i n  5 . qobV IqoIo t t h a t  d id  n o t a f f e c t  i t s  re c o m b in a t io n a l  

a b i l i t y  w ere e x p e c te d . N e v e r th e le s s  i t  was a  r e a s o n a b le  e x p e c ta t io n  

t h a t  UV s e n s i t i v e  m u ta t io n s  sh o u ld  in c lu d e  a t  l e a s t  some o f  t h e  d e s i r e d  

Tec ty p e .

In  v iew  o f  th e  f a c t  t h a t  none o f  th e  UV s e n s i t i v e  m u ta tio n s
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d is c u s s e d  i n  t h i s  t h e s i s  h a s  i n  f a c t  b e en  shown t o  a f f e c t  r e c o m b in a t io n , 

a  summary o f  UV s e n s i t i v e  m u ta t io n s  a s  a  w hole i n  E. o o li. and  o th e r  

m ic ro -o rg a n ism s  i s  a p p r o p r ia te  h e r e .

B. R a d ia t io n  s e n s i t i v i t y  i n  Esahert-Ghia o o ti.,

1 . UV and  X -ray  S e n s i t i v i t y  i n  EscheT-iahia o o t ï  B.

The f i r s t  UV s e n s i t i v e  m u tan t i n  any m ic ro -o rg a n ism  was i s o l a t e d  

and  d e s c r ib e d  i n  Esohev'tGhia oo ti-  B ( H i l l ,  1958) a s  one o f  22 

s u r v iv o r s  o f  2 .2  x  10^ c e l l s  exposed  t o  a  h ig h  d o se  o f  UV. Sub­

s e q u e n t ly  e le v e n  o th e r  UV s e n s i t i v e  s t r a i n s  w ere i s o l a t e d  i n  th e  

same way and  d e s c r ib e d  by  H i l l  and  Simson (1 9 6 1 ) and  H i l l  and  F e in e r  

(1964 ) .  T ab le  1 sum m arises t h e i r  f i n d in g s .  T r̂o o f  th e  UV 

s e n s i t i v e  m u ta n ts  (B s l  and  Bs2) w ere a l s o  X -ray  s e n s i t i v e  ( H i l l  and  

S im son , I 96I ) ;  B sk , B s5 , B s6 , B s? , B s9 , BslO and B s l l  w ere a l s o  

s t a t e d  t o  be  X -ray  s e n s i t i v e  by  Chung and  G reenberg  ( 196 9 ) b u t  no 

d a ta  on th e s e  m u ta n ts  a p p e a r  t o  have  b een  p u b l is h e d .  The m u ta n ts  

d i f f e r e d  i n  th e  e x te n t  o f  c e l l  e lo n g a t io n  a f t e r  UV, a  p r o p e r ty  t y p i c a l  

o f  s t r a i n  B, and  a l s o  i n  t h e i r  s e n s i t i v i t i e s  t o  c r y s t a l  v i o l e t  and  

f u r a c i n .  Four s t r a i n s ,  B s l ,  B s3 , Bs8 and B s l2 , w ere  u n a b le  t o  

s u p p o r t  th e  developm ent o f  p la q u e s  by UV i r r a d i a t e d  T1 b a c te r io p h a g e ,  

a  phenomenon c a l l e d  ^ o s t  c e l l  r e a c t i v a t i o n  (H er) and  f i r s t  d e s c r ib e d  

f o r  B and  B s l ( E l l i s o n ,  F e in e r  and  H i l l ,  I 96O ); th e s e  s t r a i n s  w ere 

t h e r e f o r e  c a l l e d  Her .

S e v e ra l  w o rk e rs  h ave  l o c a t e d  th e  m u tan t genes i n  th e s e  s t r a i n s  

and a l s o  t h a t  i n  a  UV and  X -ray  r e s i s t a n t  s t r a i n  o f  E, ooVl B 

i s o l a t e d  and  d e s c r ib e d  by  W itk in  (19^7) and  d e s ig n a te d  B / r .  These 

g e n e t ic  r e s u l t s  a r e  sum m arised  in  T ab le  2 .

11
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These m u ta tio n s  can  h e  d iv id e d  by p h en o ty p e  and  g e n e t ic  l o c a t i o n  

in to  s i x  g ro u p s :

Group M u ta tio n  

a

u v r-3  

uV r-lB

b

c

d

Pheno type 

UV s e n s i t i v e  3 Her 

UV s e n s i t i v e ,  Her 

UV s e n s i t i v e .  Her 

X -ray  s e n s i t i v e
UV s e n s i t i v e ,  Her

e x v l  1

s u t

X -ray  s e n s i t i v e  
UV s e n s i t i v e ,  Her 
p o s s ib ly  reo*

s u p p re s s o r  o f  ton 
p h en o ty p e

L o c a tio n  

n e a r  g a t  and  uVtB o f  IC12 

n e a r  his  and  uvx*C o f  K12 

n e a r  matB and  uvi*A o f  K12 

n e a r  matB and te x  o f  K12

Not l o c a te d ,  

be tw een  ta o  and o r a

A ph r  s t r a i n  la c k in g  p h o to r e a c t iv a t in g  enzymes was o b ta in e d  by D r.

W, Harm, and  th e  phi^ gene l o c a te d  n e a r  9 ^ t  by  van  de P u t t e ,  e t  a l .  (1 9 6 5 ) 

I t  i s  in c lu d e d  i n  t h i s  s e c t io n  b e c a u se  i t  was an  E, oot'i B s t r a i n .

W ild - ty p e  E. G o tt  B was more r a d i o s e n s i t i v e  th a n  w i ld - ty p e  

E, Got'i K12, b e in g  s i m i l a r  in  s e n s i t i v i t y  and p h en o ty p e  (e x c e p t f o r  

m ucoid  p r o d u c t io n ) ,  t o  K12 ton  m u tan ts  w hich a re  d e s c r ib e d  l a t e r ,

K12 h as  r a d i o s e n s i t i v i t y  s i m i l a r  t o  B / r .  G reenberg  (1 9 6 4 a ) , 

a n a ly s in g  re c o m b in a n ts  from  K12 H fr x  BF c r o s s e s , l o c a te d  a  gene o f  

K12 d e s ig n a te d  UV2 c o n f e r r in g  UV r e s i s t a n c e ,  c lo s e ly  l in k e d  t o  t&x 

( t 6 ^ ) ,  a  gene f o r  r e s i s t a n c e  t o  b a c te r io p h a g e  t 6 .  A l l  UV r e s i s t a n t

re c o m b in a n ts  t e s t e d  w ere NTG r e s i s t a n t  l i k e  K12, Donch and  G reenberg

(l9 6 8 d )  c o tra n s d u c e d  w ith  pToC^ a  gene f o r  UV s e n s i t i v i t y  from

Got'i B t o  a  ton^ K12 d e r i v a t i v e .  The UV s e n s i t i v e  t  r  ans d u c t a n t  s 

w ere f i la m e n t  fo rm in g  and  m u co id , and s in c e  ton o f  K12 i s  l in k e d  t o  

proC  t h i s  was e v id e n c e  t h a t  E, oot'i B c a r r i e d  a  ton ty p e  m u ta t io n .

I t  p resum ab ly  a l s o  c o n ta in e d  a  s u p p re s s o r  o f  m ucoidy . T h is  Zc>n-type

12



gene was a l s o  l in k e d  t o  t s x  an d  was p resu m ab ly  th e  a l l e l e  o f  UV2 

d e s c r ib e d  a b o v e .

G e n e tic  and  p h e n o ty p ic  s tu d i e s  o f  two f u r t h e r  d e r i v a t i v e s  o f  

E ,  Got'i Ba syn (uv s e n s i t i v e )  and  f 'it  (uv r e s i s t a n t )  a r e  sum m arised 

i n  T ab le  3 . h a s  a  s i m i l a r  p h en o ty p e  and  l o c a t i o n  t o  wvr-3 o f

E .  oot'i B and uvrC  o f  E. oot'i 10.2, The f 'it  gene re se m b le s  ton o f  

K12 i n  i t s  p h en o ty p e  b u t  n o t  in  i t s  l o c a t i o n ,  w i th  f 'it  e q u iv a le n t  

t o  ton^ and f'it^  e q u iv a le n t  t o  ton» G e n o ty p ic a l ly  f 'i t  may n o t be  

e q u iv a le n t  t o  ton o f  1 0 2 , b u t  may be  l i k e  th e  su t  gene i n  w hich  a 

m u ta t io n  s e rv e s  t o  s u p p re s s  th e  ton p h en o ty p e  o f  E ,  oot'i B*

K ato and Kondo (1967) i s o l a t e d  a  number o f  r a d i a t i o n  s e n s i t i v e  

s t r a i n s  from  a  B /r  ty p e  E» oo t'i s t r a i n  by s e l e c t i n g  f o r  Her m u ta n ts  

u s in g  th e  m ethod o f  H ow ard -F landers and T h e r io t  (1 9 6 2 ) .  A l l  h ad  

g r e a t e r  UV s e n s i t i v i t y  th a n  th e  w i ld - ty p e  and none w ere f i la m e n t  

fo rm in g . They w ere c h a r a c t e r i s e d  t o  v a ry in g  d e g r e e s ,  d e f in in g  

fo u r  p h e n o ty p e s  f o r  UV and X -ray  s e n s i t i v i t y ,  and  Her o f  UV and  

X -ray  i n a c t i v a t e d  b a c te r io p h a g e .  M utan ts o f  th e  f i r s t  p h e n o ty p ic  

g roup  w ere UV s e n s i t i v e  and  Her f o r  UV i n a c t i v a t i o n j  th e y  showed 

s l i g h t  X -ray  s e n s i t i v i t y  and an  in te r m e d ia te  l e v e l  o f  Her f o r  X -ray  

i n a c t i v a t i o n .  In  t h e s e  r e s p e c t s  th e y  w ere s i m i l a r  i n  p h en o ty p e  t o  

t h e  uwA^ B and  C m u ta n ts  o f  E» oo t'i K12. They a l s o  showed enhanced  

UV m u ta b i l i t y  f o r  a  g iv e n  d o s e ,  w hich was n o t f u r t h e r  enhanced  by 

th e  p re s e n c e  o f  a c r i f l a v i n e  a f t e r  th e  i r r a d i a t i o n ,  and  w ere c r o s s ­

s e n s i t i v e  t o  NTG and WAS, A s in g l e  m u tan t r e p r e s e n t in g  th e  seco n d

+group  was UV and X -ray  s e n s i t i v e  b u t  Her f o r  UV i r r a d i a t e d  b a c t e r i o ­

p h a g e , and  had  abnorm al DBA m e tab o lism  a f t e r  UV i r r a d i a t i o n .  I n  

t h e s e  r e s p e c t s  i t  was s i m i l a r  t o  th e  e x r  o r  t e x  m u ta n ts  o f  E, o o t'i B
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and E, o o t'i 1(12 r e s p e c t i v e l y .  In  c o n t r a s t  t o  e x r  m u ta tio n s  i t  

showed norm al UV m u t a b i l i t y ,  w hich  was f u r t h e r  in c r e a s e d  by  p o s t ­

i r r a d i a t i o n  t r e a tm e n t  w ith  a c r i f l a v i n e ,  and  i t  was Her f o r  

X - i r r a d i a t e d  b a c te r io p h a g e .  A s in g le  r e p r e s e n ta t i v e  m u tan t o f  th e
4.

t h i r d  g roup  was UV and  X -ray  s e n s i t i v e ,  b u t  Her f o r  b o th  UV and 

X -ray  i r r a d i a t e d  b a c te r io p h a g e .  I n  th e s e  r e s p e c t s  i t  re sem b led  

re o  m u tan ts*  The f o u r th  g ro u p  c o n ta in e d  m u ta n ts  t h a t  w ere UV 

s e n s i t i v e  and h ad  in te r m e d ia te  Her a b i l i t y  f o r  UV i n a c t i v a t e d  b a c t e r i o ­

p h a g e , and  w ere o f  in te r m e d ia te  X -ray  s e n s i t i v i t y .  T hese m u ta n ts  

w ere n o t  f u r t h e r  c h a r a c t e r i s e d  and  none o f  t h e  m u ta tio n s  in v o lv e d  

was lo c a te d ,

2 . UV s e n s i t i v i t y  i n  E so h ev io h ia  o o t'i K12.

A s im i l a r  s e r i e s  o f  m u ta n ts  h a s  b een  c h a r a c t e r i s e d  i n  E, o o t'i  

K12 and a  d e r i v a t i v e  o f  K12, s t r a i n  CR34, G e n e tic  a n a ly s i s  was 

much more e a s i l y  p e rfo rm ed  i n  th e s e  s t r a i n s  th a n  B , b e c a u se  o f  th e  

i n t e r - f e r t i l i t y  o f  K12 s t r a i n s .  The genes uorA^ vcorB^ uOvC 

(H o w ard -F la n d ers , Boyce and T h e r i o t ,  I 96 6 ) ,  uovD (Ogawa, Shim ada and 

Tomizawa, I 9 6 8 ) and  ton  (H o w ard -F la n d ers , Sim son and T h e r io t ,  1964a^ 

A d le r  and H a rd ig re e , 1964) have  been  i d e n t i f i e d .  Tlie uvrA , R ,

C and  D m u ta n ts  a n a ly s e d  w ere s e l e c te d  t o  b e  Her by  th e  m ethod 

o f  H ow ard -F landers and T h e r io t ,  (1962 ) and th e  ton  m u ta n ts  w ere 

s e l e c te d  e i t h e r  f o r  t h e i r  in c r e a s e d  UV s e n s i t i v i t y  o r  f o r  e x c e ss  

m ucoid s e c r e t i o n ,  Donch and G reenberg  (1968c ) su b d iv id e d  ton  m u ta n ts  

o f  Ê  o o t'i  IQ2 in to  two g ro u p s on th e  b a s i s  o f  c o t r a n s d u c t io n  w ith  

proC ' tonA 24-29% c o tr a n s d u c t io n  and  tonB  12-17% . How ever, tonA 

and  tonB  m u ta n ts  d id  n o t a p p e a r  t o  complem ent each  o t h e r .  T ab le s  

4 and 5 sum m arise th e  p h e n o ty p ic  and  g e n e t ic  r e s u l t s ,

l 4



. 3 1
O -H

I I

•H
OM

g
rd +3 0 0

II

I

EH

I
■ëI

I
p
•H

0 P
W V—'

ro 0

itû

O
0 0

ï=̂ 0 H W
p *H P ' ^
•H P •H
H eô p  .—^
•H  P A  0
P  0 0  A
•H 0 O K

II 8 Ï
0 fd

ü «H rH
0  4h P  *H
0 g  !3

A 0 — "

P  ^

■S3
•H  ^
H  0  
0

"d

§
g
0
0
0

H

's5
M o

• f 0

• g t•H ^
p P  «d
•H •H '
0 0
0 0 ^
0 0  O

A A

<d •d rd
0 0 0

P p P
0 0 0
0 0 0

P P P

P p P
g O O
0 0 0

rd
0
p
g
p

I

td
0I
p

I
0

L
»d

i

«H

I
0
0
0

i
I

0

*8

1
0

P  '— > 0 44 
•H ^

ÈiO

*0
•rH
0

1

0

O

8 - ?0 w

>
•H  '
P P•H •

S l î0 "W-

%
■g
0
p

1

1 3

I
.-s

00 p
0

rd 0

Lî̂
rH 'Ô) 

p

If
rH 

0 ^

0
P
0
0

P

1

■g

1
P

I
1 3

I
p
•H

0 ^  
0 0 
0  w -

0

i
8K
0g

. 3

t
!
H

'S

g
I
. g

i
0

I

'ëi
o
t)

g

t
. g

• g

g
0

I
0

I ir\
voS

0
h
g Q CVJ
0 vo

o\
0 H
Ph • •
0
îs 1 "ë
0 vo •H
0 0 o \ Ph

•H 0 rH 0
d o P
u ü §H

p P P

1

0
%
4h g
O

g g

1 1 ^
% §  % 1 r-N

0
0I

S
0
0

üÔ

I
I
g
g
c3

g *d

A A

0 0

A W

«
H

0

I
0

I

I
A

p  ü n:* 0  4h tiû P

i



0

i
a
A

P

d 0
d
•H

I
d
0

t
A

d

CVJ
d

'çi
O
O

«
•vi>

O
‘ï^
?s
%

O
0
to •

-=!■
0 00

• H A
O

>5
P 0
"H î>
> •H

•H P
P d
•H >
0 •H
0 0
0 0
A d

0 0
O P

•H
P
d d

•H 0
d Co
d
A
bû
0

•H
P
Ü
0
4h
4h
d
0
0
0
0
CÎ3

LT\

EH

I

§ 
• H
ëa
a

I

A
X

g

0

0 0
0 0
O O
0 u
ü a

1 1
A A
X X
U 0«H 'HA A0 0 0

O 0 O 0 O
•H •H •H •rt •H
P P P
O a a0 U 0 57 0
d p d p d0 0 0 0 0
i

0 0
0 4 h U 4 h U

P O P o p
O O o
o 0 a 0 a
rH •H rH •H H
A EH A B-t A

Si
g
S

•I
d
g

1

î
d00

ï

g
*H

10
ga

ü

p

I

U

0

1

0
0§

A
X

g
0

•H

0
P

.3
I
O
0
u
d  
0 

P  a 
0

aî 'h
0

« H
O

I
« H
O
0

&
d

to

I
p

0
0
o
g

«

0 
•H

I ..
d  P

& i &
g

4 h  
O

__ _ a
EH o  EH

a
•H

I

•ti

fi

S

g
•H

I
I
§
A

0

00

i
a
A

d
NO
NO NO
ON ON
rH rH

----
P P ,
O O

•rt •rt 00
U P4 NO0 0 ON

A A

d  d

0o
&

I
«

d  d

I I
A A
ë  ë

o  IA A

O 

<“0 d
g. g

d

1.■1d  p
A

a i
d  tio 
<  o

L fN
NO
ON
H

g0
I
d

0•o

I
»H
A

0

I
0

I
d

I

0
&
O

g
4 h

0
S
bO

ë
ë

0
U
d

.a

I
i

T

to

ë  i"

g -5
O
•S

d a d  0  4h

I0
d  d

On ft 
rH 0  

»H0 « 0 
P  P

I I
l - l

0

I

rH



A f u r t h e r  s e r i e s  o f  m u ta n ts  t h a t  w ere UV s e n s i t i v e ,  b u t  n o t 

f i la m e n t  fo rm ing  ( e l im in a t in g  any  ton  m u ta n ts )  w ere i s o l a t e d  by  van  

de P u t te  e t  a l ,  ( I 9 6 9 ) i n  a  s t r a i n  CR34. T h e ir  r e s u l t s  in d ic a t e d  

t h a t  m ost o f  th e s e  àcœ (d a rk  r e p a i r )  m u ta tio n s  w ere a l l e l e s  o f  th e  

uovA^ #  o r  C l o c i  a l r e a d y  d e f in e d ,  b u t  doT“‘2 w hich  was H er* mapped 

a t  a  d i f f e r e n t  p o s i t i o n  t o  knoim UV s e n s i t i v i t y  genes o f  E, oo t'i 

and  p resu m ab ly  d e f in e d  a n o th e r  g e n e , ( c a l l e d  darA  by  T a y lo r  and 

T r o t t e r ,  1967)? se e  T a b le s  4 and  5 f o r  i t s  p h en o ty p e  and g e n e t ic  

l o c a t i o n .

3 . R ecom bina tion  d e f i c i e n t  m u ta n ts  o f  E so h ev io h ia  o o t i  ÎCL2.

T hree  l o c i  c o n t r o l l i n g  re c o m b in a tio n  a b i l i t y  have  so  f a r  b een  

d e f in e d ,  reoA  ( W i l l e t t s ,  C la rk  and Low, 1969)5  veoB  and  reoC  

(Emmerson, I 9 6 8 ) ,  on t h e  b a s i s  o f  g e n e t ic  and p h y s io lo g ic a l  f i n d in g s .  

The p h en o ty p es  and l o c a t i o n s  o f  th e s e  m u ta n ts  a r e  sum m arised i n  

T a b le s  6 and 7•

C la rk  (1 967 ) d iv id e d  25 v e o  m u ta tio n s  i n t o  t h r e e  p h e n o ty p ic  

g ro u p s  i n  an  a tte m p t t o  g e t  an  i n d ic a t i o n  o f  t h e  number o f  genes 

in v o lv e d . They w ere  d e s ig n a te d  R e e l ,  Rec2 and  R ec3 , on t h e  b a s i s  

o f  t h e i r  f e r t i l i t y  l e v e l  w ith  s t r a i n  H frK L l6 , (d ep e n d en t upon th e  

r e l a t i v e  dom inance r e l a t i o n s h i p  o f  th e  r e o  m u ta tio n  w ith  r e c *  and 

th e  l o c a t i o n  o f  t h e  r a c *  gene w ith  r e g a r d  t o  th e  H fr o r i g i n ) ,  t h e i r  

d e g re e  o f  UV s e n s i t i v i t y  and t h e i r  sp o n tan eo u s  in d u c t io n  l e v e l s  o f  

A ly s o g e n s .

R e e l m u ta t io n s  h ad  lo w er UV s e n s i t i v i t y  and  r e l a t i v e l y  h ig h  

f e r t i l i t y  w ith  KLI6 and  showed no rm al sp o n ta n eo u s  in d u c t io n  o f  A 

ly s o g e n s .  Rec2 m u ta t io n s  h ad  h ig h e r  UV s e n s i t i v i t y  and  h ig h  

f e r t i l i t y  w ith  KLI6 and  abnorm al sp o n tan eo u s in d u c t io n  o f  A ly s o g e n s .
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Rec3 m u ta tio n s  had  h ig h e r  UV s e n s i t i v i t y  and low f e r t i l i t y  w ith

H frK L l6, and  abnorm al sp o n tan eo u s in d u c t io n  o f  ly s o g e n s . C la rk

*  4"d e m o n s tra te d  t h a t  two o f  th e  v e a  m u tan ts  w ere r e c e s s iv e  t o  vea

and t h a t  th e  UV s e n s i t i v i t y  and re c o m b in a tio n a l  a b i l i t y  w ere p r o p e r t i e s

o f  th e  same gene o r  o f  v e ry  c lo s e ly  l in k e d  g e n e s .

A R e e l m u ta tio n  (veG -B l)  was shoT-m t o  complem ent th e  Rec2 { r e a - lS

QXid veo -S S )  and Rec3 {v e c ‘"67 and  v e o -1 2 )  m u ta t io n s ,  b u t  th e s e  Rec2

and Rec3 m u ta tio n s  d id  n o t complem ent one a n o th e r .  A l l  t h r e e  g roups

w ere n e a r ly  norm al i n  t h e i r  fo rm a tio n  o f  tao^  m e r o d ip lo id s , i n d ic a t in g

a  d e f e c t  i n  re c o m b in a tio n  r a t h e r  th a n  m ere ly  i n  chromosome t r a n s f e r .

Low ( 1 968 ) exam ined th e  ty p e s  o f  reco m b in an ts  and th e  l in l ta g e  o f

u n s e le c te d  m ark e rs  am ongst th o s e  reco m b in an ts  t h a t  w ere o b ta in e d  from

c ro s s e s  betw een  a veo^  donor and veoAlS^ veaB21 o r  veoC22 r e c i p i e n t s

in  w hich th e  r e e *  a l l e l e  h ad  n o t  had  tim e  t o  e n te r  any z y g o te s .

The a b s o lu te  y i e l d s  o f  re c o m b in a n ts  w ere i n  a l l  c a se s  much l e s s  th a n  
* "I*
in  v e c  x  v e o  c r o s s e s .  ReoAlS  was shown t o  y i e l d  no r e a l  

re c o m b in a n ts ;  a l l  th e  p ro g en y  w ere e i t h e r  F ' s t r a i n s ,  b e in g  a p p a re n t ly  

rec o m b in a n ts  b e ca u se  o f  t h e i r  m e ro d ip lo id  n a tu r e ,  o r  th e y  w ere non­

donor m e ro d ip lo id s  w hich c a r r i e d  o n ly  p a r t  o f  an  F f a c t o r .  ReoBBl 

and VBGC22 gave s im i l a r  r e s u l t s  t o  one a n o th e r ;  b o th  y ie ld e d  recom bin ­

a n ts  w ith  norm al l in k a g e  r e l a t i o n s h i p s  w hich w ere F and a p p a re n t ly  

norm al r e c o m b in a n ts . Thus a lth o u g h  th e  a b s o lu te  l e v e l  o f  recom bin­

a n ts  was d e p re s s e d  by  vecB  and  reoC  m u ta t io n s ,  when re c o m b in a tio n  d id  

o c cu r w i th in  a  z y g o te , i t  o c c u rre d  w ith  norm al f re q u e n c y  r e l a t i v e  t o  

map le n g th .

W itk in  (1969 ) r e p o r t e d  t h a t  UV in d u ced  m u ta b i l i t y  was g r e a t ly  

re d u c e d  by th e  veoA l (no m u ta tio n s  w ere d e te c te d )  and reoB  m u ta t io n s ,

1 6



and re d u c e d  t o  a  l e s s e r  e x te n t  by  recC 22,

A f o u r th  m u ta t io n ,  lex^  i s  in c lu d e d  in  t h i s  s e c t io n  and T ab le s  

6 and 7 b e c a u se  o f  i t s  c lo s e r  s i m i l a r i t y  t o  v e c  th a n  t o  u vv  o r  ton  

m u ta t io n s .  I t  c o n fe r s  a  p h en o ty p e  s im i l a r  i n  many r e s p e c t s  t o  th e  

e x r  m u ta t io n s  o f  S', o o t i  B (H ow ard -F landers and B oyce, I 9 6 6 ) .

F u r th e r  m u ta tio n s  h a v in g  an  e f f e c t  on UV s e n s i t i v i t y  and 

re c o m b in a tio n  w ere d e s c r ib e d  by  H o llan d  (19^7) and  H o llan d  & T h r e l f a l l  

(1 9 6 9 ) ,  F o u r , R e f I I  m u ta n ts  o f  S', o o t i  ÎCL2 w hich  h a d  b een  s e l e c t e d  

f o r  r e f r a c t i v i t y  t o  c o l i c i n  E 2 , w ere a l s o  fo und  t o  b e  UV s e n s i t i v e .  

T hese R e f I I  (u v s )  m u ta n ts  s h a re d  some p r o p e r t i e s  w ith  th o s e  o f  known 

r e o  m u ta n ts  ( s e e  T ab le  8 w hich  sum m arises t h e i r  r e s u l t s ) .  The 

r e f r a c t i v i t y  and UV s e n s i t i v i t y  w ere p r o p e r t i e s  o f  a  s in g l e  m u ta t io n  

o r  v e ry  c lo s e ly  l in k e d  m u ta t io n s ,  w ith  a  l o c a t i o n  n e a r  t o  t h r ,  and  

t o  m u ta t io n s  w ith  a  R e f l l  (u v s* ) p h e n o ty p e . The a u th o r s  s u g g e s te d  

t h a t ,  s in c e  c o l i c i n  E2 a c te d  on s e n s i t i v e  c e l l s  by  c a u s in g  DBA 

d e g r a d a t io n ,  t h e  R e f I I  (u v s)  m u ta n ts ,  w hich  i n  th e  two c a s e s  t e s t e d  

a p p e a re d  t o  be d e f e c t iv e  a l s o  i n  re c o m b in a t io n , may h ave  b een  

d e f i c i e n t  i n  a  n u c le a s e  o r  some a s p e c t  o f  c o n t r o l  o f  th e  a c t io n  o f  a  

n u c le a s e .  A re o  m u ta n t and g en es  c o n t r o l l i n g  r e s t r i c t i o n  and m o d if ic ­

a t i o n  w ere a l s o  l o c a te d  i n  t h i s  r e g io n ,  s u g g e s t in g  a  r e g io n  o f  th e  

chromosome co n ce rn e d  w ith  DBA m e tab o lism .

4 . S tu d ie s  w ith  d o u b le  m u ta n ts .

D ouble m u ta n ts  c o n s t r u c te d  t o  c o n ta in  two m u ta tio n s  i n  d i f f e r e n t  

g en es  s h a r in g  some p h e n o ty p ic  p r o p e r t i e s  have b e en  s tu d ie d  f o r  th e  

i n t e r a c t i o n  o f  th e  tw o com ponent m u ta t io n s . The r a t i o n a l e  in v o lv e d  

was t h a t  i f  th e  two com ponents e x p re s s e d  th e m se lv e s  in d e p e n d e n tly  

i n  th e  d o u b le  m u tan t and  t h e i r  common p r o p e r t i e s  w ere  a p p ro x im a te ly
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a d d i t i v e ,  th e n  in d e p e n d e n t pa thw ays o f  a c t io n  o f  th e  genes w ere 

i n d ic a t e d .  I f  t h i s  was n o t  s o ,  th e n  a  common pathw ay o f  a c t io n  was 

i n d ic a t e d .

For exam ple , H o w ard -F la n d e rs , Boyce and T h e r io t  ( I 9 6 6 ) showed t h a t  

uvrAuvrB^ uvrAuvrC  and uvrBuvrC  d o ub le  m u ta n ts  w ere o n ly  a  l i t t l e  more 

UV s e n s i t i v e  th a n  th e  m ost s e n s i t i v e  a l l e l e  o f  t h e i r  com ponen ts, and  

uvrA^ B and C w ere t h e r e f o r e  presum ed t o  a c t  in  a  common pathw ay o f  

r e p a i r ,

S im i la r ly  Ogawa e t  a l .  {1 9 6 8 ) found  a  uwBicorD  do u b le  m u tan t t o  

be  o n ly  t h r e e  t im e s  a s  s e n s i t i v e  t o  UV as  i t s  l e a s t  s e n s i t i v e  compon­

e n t ,  s l i g h t l y  more s e n s i t i v e  t o  gamma ra y s  and  t o  have  s l i g h t l y  l e s s  

Her o f  UV i r r a d i a t e d  b a c te r io p h a g e .  I t  showed much l e s s  UV in d u c e d  

DBA d e g ra d a t io n  th a n  th e  uvrV  m u ta n t . They co n c lu d ed  t h a t  th e  genes 

uvtB (and  t h e r e f o r e  w)x*A and  uvrC) and  uvrD  w ere f u n c t i o n a l l y  r e l a t e d .

Uvr ton  d o u b le  m u ta n ts  (H o w ard -F lan d ers , Simson and T h e r io t  1964b) 

how ever, w ere 15 t im e s  more s e n s i t i v e  th a n  t h e i r  m ost s e n s i t i v e  

component a t  t h e  10% s u r v iv a l  l e v e l ,  and th e  r a d i a t i o n  r e s i s t a n c e  o f  

re c o m b in a n ts  in  an H fr ton^  x  F u vr Ion  c ro s s  in c r e a s e d  in  two

s t e p s .  The d i f f e r e n t  p h e n o ty p e s  o f  u vr  and Ion  w ere b o th  e x p re s s e d  

i n  th e  d o u b le  m u tan t and  th e s e  w ere presum ed t o  a c t  by  d i f f e r e n t  

m echan ism s,

S t r a i n  B s l ,  w hich  was a  d o u b le  m u tan t from  th e  o u t s e t ,  b e in g  

MVr-I e x r-1  s u g g e s ts  t h a t  e x r  and  u vr  a c t  by  d i f f e r e n t  m echanism s 

s in c e  s t r a i n s  o b ta in e d  when each  was t ra n s d u c e d  o u t o f  B s l i n to  B 

h ad  o n ly  p a r t  o f  t h e  m u tan t p h en o ty p e  o f  B s l .  (M a tte rn , Zwenlc and  

R o rsc h , 1966 ) .

Donch, G reen and  G reenberg  (1968 ) s tu d ie d  e x r  to n  s t r a i n s
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c o n s t r u c te d  w ith  eccr-S and eocr-? from  s t r a i n s  Bs2 and Bs7 and to n -1  

from  E» Q o ti  K12. In  th e s e  s t r a i n s  f i la m e n ta t io n  in d u c e d  by a  

v a r i e t y  o f  a g e n ts  in c lu d in g  UV was su p p re s s e d  and  th e  UV s e n s i t i v i t y  

was l e s s  th a n  a d d i t i v e .  However, s in c e  p a n to y l  la c to n e  was shown t o  

p re v e n t  f i l a m e n ta t io n  and  d e c re a s e  UV s e n s i t i v i t y  s im u lta n e o u s ly , 

f i la m e n ta t io n  i t s e l f  w ould a p p e a r  t o  have b een  th e  l e t h a l  f a c t o r .

Then th e  l e s s  th a n  a d d i t i v e  UV s e n s i t i v i t y  o f  e x r  ton  w ould be  

e x p e c te d  even th o u g h  e x r  and  ton  o th e rw is e  o p e ra te  th ro u g li d i f f e r e n t  

m echanism s. Emr ton  s t r a i n s  w ere s t i l l  m uco id , a n o th e r  p h e n o ty p ic  

p r o p e r ty  o f  ton  s t r a i n s  (e x c e p t th o s e  o b ta in e d  from  s t r a i n  B w here 

m ucoidy was s u p p r e s s e d ) . The s u p p re s s io n  o f  ton  f i l a m e n ta t io n  by 

e x r  was su p p o r te d  by  th e  re d u c e d  re c o v e ry  and  t h e r e f o r e  s u p p re s s io n  

o f  f i l a m e n ta t io n  b ro u g h t a b o u t in  e x r  ton  com pared w ith  exr^  ton  

by  p a n to y l  l a c to n e ,  m in im al medium re c o v e ry  o r  l i q u i d  h o ld in g  

r e c o v e ry .  The im p l ic a t io n  o f  th e s e  r e s u l t s  i s  t h a t  e x r  and  ton  

o p e ra te  by  d i f f e r e n t  r o u t e s ;  t h a t  e x r  in v o lv e s  f u n c t io n s  n o t  t o t a l l y  

a f f e c t e d  by ton  was co n firm ed  by  th e  d e te c t io n  o f  e x r  m u ta n ts  in  

s t r a i n  B w hich c o n ta in e d  a  ton  ty p e  m u ta t io n .

H o w ard -F lan d ers , T h e r io t  and  S te d e fo rd  (1 9 6 9 ) c o n s t r u c te d  a  

u v r  r e o  s t r a i n  and com pared i t  w ith  u vr r e o  , uor r e o  and  

u vr r e o  s t r a i n s .  The d i f f e r e n t  p h en o ty p es  o f  th e  two ty p e s  o f  

m u ta tio n  w ere e x p re s s e d  in d e p e n d e n tly  i n  th e  d oub ly  m u tan t s t r a i n .  

Thus u v r  and r e o  a p p e a re d  t o  a c t  by  in d ep e n d en t p a th w ay s. A 

f u r t h e r  o b s e rv a t io n  was t h a t  t h e  u vr re o  s t r a i n  h ad  a  s u r v iv a l  o f  

37% a t  a  UV dose  w hich  in d u c e d  a b o u t 1 .3  p y r im id in e  d im ers p e r  

genom e.

*4“ "4" "4" *4*
The v a lu e s  f o r  u v r  re o   ̂ u v r  re o  and  u vr re o  s t r a i n s  w ere
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2 2 , 60 and 3 ,700  d im ers p e r  genome r e s p e c t iv e ly  (H ow ard -F landers 

and B oyce, I 9 66 ) .

W itk in  (1967 ) exam ined th e  ph en o ty p es o f  a l l  p o s s ib le  c o m b in a tio n s  

o f  gen o ty p es o f  her \ e x r  and escr^ o b ta in e d  by s u c c e s s iv e

m u ta tio n  f o r  in c r e a s e d  UV r e s i s t a n c e  s t a r t i n g  from  B s l h c r - l  e x r-1  f i t ^  

and  Bs2 h er eocr-2 f i t  . A p art from  th e  s u p p re s s io n  o f  f i la m e n t  

fo rm a tio n  o f  f i t ^  i n  th e  p re s e n c e  o f  exr^  th e  t h r e e  p a i r s  o f  p h en o ty p es 

w ere e x p re sse d  in d e p e n d e n tly  i n  a l l  th e  s t r a i n s .  Thus from  th e s e  

s t u d i e s ,  uor  ̂ ton  ( f i t )  and e x r  ( te x )  genes a p p e a re d  t o  o p e ra te  by 

d i f f e r e n t  m echanism s, re o  o p e ra te d  in d e p e n d e n tly  o f  uor^ and  a l th o u g h  

i t  was n o t  t e s t e d  i n  d o u b le  m u ta n ts ,  was in d ep e n d en t o f  ton  on th e  

b a s i s  o f  t h e i r  p h e n o ty p e s . Eee and te x  w ere n o t t e s t e d  f o r  i n t e r ­

a c t io n ,  b u t have s i m i l a r  m u tan t p h en o ty p es and p o s s ib ly  t h e r e f o r e  

c lo s e ly  r e l a t e d  f u n c t io n s .

5 . Mechanisms o f  UV r e p a i r .

V ario u s  b io c h e m ic a l s t u d i e s  have been  made on th e  s t a t e  o f  th e  

DM s y n th e s is e d  b e fo r e  and a f t e r  UV i r r a d i a t i o n ,  i n  w i ld - ty p e  c e l l s  

and in  r e o  o r  u v rre c  m u ta n ts .

B e fo re  th e  s tu d y  o f  th e  e a r l y  r a d i a t i o n  s e n s i t i v e  m u ta n ts  

thym ine d im ers betw een  a d ja c e n t  thym ine r e s id u e s  in  DM w ere a lr e a d y  

known t o  b e  p ro d u ced  by UV and  w ere c o r r e l a t e d  w ith  UV k i l l i n g  o f  

b a c t e r i a  in  v ivo »  A p h o to r e a c t iv a t in g  enzyme o f  y e a s t  c o u ld  e l im in a te  

t h e  d im ers in  th e  p re s e n c e  o f  v i s i b l e  l i g h t  (Wacker 1963 f o r  a  r e v ie w ) . 

S u b seq u e n tly  i t  was shown t h a t  th e  d im ers w ere in d u c e d  by UV betw een  

a d ja c e n t  p y r im id in e s  in  D M , w h e th e r c y to s in e  o r  thym ine r e s i d u e s ,  

t h a t  any o f  th e s e  w ere rem oved by p h o to r e a c t iv a t in g  enzymes i n  th e  

p re s e n c e  o f  l i g h t  and  t h a t  u r a c i l  d im e rs , w hich w ere p ro d u ced  by
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h e a t  t r e a tm e n t  o f  c y to s in e  d im e rs , w ere m onom erised by  th e  p h o to ­

r e a c t i v a t i n g  enzyme; p resu m ab ly  a l l  d im ers w ere i n  f a c t  m onom erised 

in  s i t u ,  ( s e e  S e tlo w  1966  f o r  a  r e v ie w ) .

The f in d in g  o f  H o w ard -F lan d ers , B oyce, Simson and  T h e r io t  (1 9 6 2 ) 

t h a t  u vr  c e l l s  c o u ld  no lo n g e r  r e a c t i v a t e  UV i r r a d i a t e d  T1 b a c t e r i o ­

phage i f  th y m id in e  was s u b s t i t u t e d  by 5-b ro m o d eo x y u rid in e  had  

im p l ic a te d  thym ine  a s  th e  t a r g e t  f o r  UV in d u ce d  damage w hich  c o u ld  

be  r e a c t i v a t e d  in  th e  d a rk  i i  w i ld - ty p e  c e l l s .

Boyce and  H ow ard -F landers (1964) and H o w ard -F la n d ers , Boyce and  

T h e r io t  (1 9 6 6 ) showed t h a t  th e  UVT  ̂ E, o o t i  ÎCL2 c o u ld  e x c is e  from  i t s  

DM thym ine d im ers ( th e y  became TCA s o lu b le  d u r in g  in c u b a t io n )  and 

th y m in e -c y to s in e  d im ers in d u ce d  by  UV. S t r a in s  m u tan t a t  u vr A , 

uvrB  o r  uvro  w ere d e f i c i e n t  i n  t h i s  f u n c t io n  ( th e  d im ers rem a in ed  TCA 

in s o lu b le )  and in  th e  p a r t i a l  UV in d u ce d  DM d e g ra d a t io n  a s s o c ia t e d  

w ith  e x c is io n  w hich was t y p i c a l  o f  th e  w i ld - ty p e .

S e tlow  and C a r r ie r  (1964) showed t h a t  s i m i l a r ly  w i ld - ty p e  E, o o t i  

B and th e  B /r  m u tan t w ere a b le  t o  e x c is e  UV in d u ce d  thym ine d im e rs , 

w hereas s t r a i n  B s l l  p e rfo rm ed  t h i s  f u n c t io n  a t  h a l f  th e  r a t e  o f  B 

and s t r a i n  B s l e x c is e d  no d im e rs . I n  a d d i t io n  th e  d im ers i n  B sl

rem ain ed  i n t a c t  i n  th e  DBA w hereas th o s e  o f  B /r  d id  n o t .

P e t t i j o h n  and H anaw alt (1964) d e m o n s tra te d  i n  E, a o U  TAU-bar, 

w i ld - ty p e  f o r  r a d i a t i o n  s e n s i t i v i t y ,  t h a t  some DBA d e g ra d a t io n  fo llo w s  

UV i r r a d i a t i o n ,  a s  was shown a l r e a d y  in  E, o o t i  I d 2 (Boyce and Howard-

F la n d e rs  1 9 6 4 ) , and a t  t h e  same tim e  H -5  b ro m o u ra c il  was in c o r p o r a te d

i n to  DBA. The DBA was e x t r a c t e d  and  banded  on c e n t r i f u g e  d e n s i ty  

g r a d i e n t s ;  much o f  th e  r a d i o a c t i v i t y  was a s s o c ia te d  w ith  DBA o f  th e  

same d e n s i ty  a s  p r e - e x i s t i n g  DBA w ith  some a t  p o s i t io n s  in te r m e d ia te
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betw een  t h i s  and  t h a t  o f  s e m i- c o n s e rv a t iv e ly  r e p l i c a t e d  h y b r id  DBA.

T h is  was n o t a t  a l l  c h a r a c t e r i s t i c  o f  b ro m o u ra c il  i n c o r p o r a t io n  i n to  

r e p l i c a t i n g  u n i r r a d i a t e d  DBA w hich shows s e m i-c o n s e rv a t iv e  r e p l i c a t i o n ,  

w ith  DBA b an d in g  d i s c r e t e l y  a t  l i g h t ,  h y b r id  and  heavy  p o s i t i o n s .

Thus th e  new ly s y n th e s is e d  DBA o c c u r re d  i n  s h o r t  segm ents random ly 

d i s t r i b u t e d  th ro u g h o u t th e  p r e - e x i s t i n g  DBA. P h o to r e a c t iv a t io n  

b e fo re  b ro m o u ra c il  i n c o r p o r a t io n  r e s t o r e d  norm al s e m i-c o n s e rv a t iv e  

r e p l i c a t i o n ,  im p ly in g  t h a t  th e  random  s y n th e s is  o f  s h o r t  segm ents 

o f  new DBA was dep en d en t upon th e  p re s e n c e  in  DBA o f  p y r im id in e  d im e rs , 

and p resum ab ly  upon t h e i r  e x c i s io n .  I t  was c o n c lu d ed  t h a t  w i ld -  

ty p e  c e l l s  r e p a i r  UV damage by s in g le  s t r a n d  e x c i s io n  o f  th e  d e f e c t  

and r e p a i r  o f  th e  s i n g l e  s t r a n d  gap u s in g  th e  undamaged s t r a n d  a s  a 

t e m p la te .

Rupp and H ow ard -F landers ( I 9 6 8 ) fo llo w e d  p o s t  i r r a d i a t i o n  DBA

s y n th e s i s  i n  a  s t r a i n  c o n ta in in g  th e  m u ta tio n  uOvAQ and  t h e r e f o r e

u n a b le  t o  e x c is e  p y r im id in e  d im e rs . T h is  s t r a i n  shows 37% s u r v iv a l

a t  a  UV dose  w hich  p ro d u ce d  an  a v e ra g e  o f  50 p y r im id in e  d im ers p e r

genome. Thus t h e  c e l l s  a p p a r e n t ly  have  a  m echanism  f o r  overcom ing

th e  p o t e n t i a l l y  l e t h a l  e f f e c t  o f  many p y r im id in e  d im e rs . T h is  s t r a i n  

3in c o r p o r a te d  H th y m id in e  i n to  i t s  DBA a t  a  re d u c e d  r a t e  a f t e r  a  low  

dose  o f  UV; th e  d im ers i n h i b i t e d  b u t  d id  n o t b lo c k  DBA s y n th e s i s .  

A n a ly s is  o f  s e d im e n ta t io n  r a t e s  on a lk a l i n e  s u c ro s e  g r a d ie n ts  o f  th e  

DBA s y n th e s is e d  im m e d ia te ly  a f t e r  UV i r r a d i a t i o n  showed t h a t  i t  

c o n ta in e d  a l k a l i  l a b i l e  bonds o r  gaps w hich w ith  f u r t h e r  in c u b a t io n  

became a l k a l i  s t a b l e  o r  r e p a i r e d .  The e v id e n c e  f o r  t h i s  was t h a t  

th e  new ly s y n th e s is e d  DBA sed im en t ed  more s lo w ly  th a n ,  and th e n  w ith  

f u r t h e r  in c u b a t io n  a s  f a s t  a s ,  t h e  p r e - e x i s t i n g  DBA. An e s t im a te
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o f  th e  number o f  gaps p e r  genome c o rre sp o n d e d  a p p ro x im a te ly  w ith  t h e  

number o f  d im ers  in d u c e d  p e r  genome by th e  UV dose u s e d . The p re s e n c e  

o f  gaps r a t h e r  th a n  a l k a l i  l a b i l e  bonds was co n firm ed  by  s e d im e n ta t io n  

a n a ly s i s  o f  d e n a tu re d  new ly s y n th e s i s e d  DBA on n e u t r a l  s u c ro s e  

g r a d ie n ts  when i t  s t i l l  se d im e n te d  more s lo w ly  th a n  p r e - e x i s t i n g  DBA. 

(H ow ard -F landers e t  a l . ,  1 9 6 8 ) .

H ow ard -F landers e t  a l ,  ( I 9 6 8 ) a l s o  made u se  o f  th e  c o n ju g a t io n  

sy s tem  i n  th e  f u r t h e r  a n a ly s i s  o f  th e  uor  and  re o  f u n c t io n s .  They 

w orked on th e  a ssu m p tio n  t h a t  th e  chromosome d o n a te d  d u r in g  c o n ju g a t io n  

was one o f  a  p a i r  o f  d a u g h te r  chromosomes p ro d u ced  by  r e p l i c a t i o n  a t  

t h e  tim e  o f  c o n ju g a t io n .  A number o f  f in d in g s  w ere r e p o r t e d .

1 . The d o n a tio n  o f  b o th  chrom osom al DBA and  e p iso m a l DBA from  

i r r a d i a t e d  e x c i s io n  d e f e c t iv e  c e l l s  was n o t g r e a t l y  a f f e c t e d  

a l th o u g h  th e  d o n a te d  DBA p resu m ab ly  c o n ta in e d  s in g l e  s t r a n d  gaps 

i n  i t s  new ly s y n th e s i s e d  s t r a n d ,

2 . I r r a d i a t e d  e x c i s io n  d e f e c t iv e  F lao^  do n o rs  y ie ld e d  an  

in c r e a s in g  p r o p o r t io n  o f  Zao* re c o m b in a n ts  r a t h e r  th a n  se co n d a ry  

F Zao* do n o rs  i n  c r o s s e s  w ith  reo^  r e c i p i e n t s ,  w h e th e r uor'^ o r

uorA^ a s  t h e  UV d o se  was in c r e a s e d .

*  « *4*3 . When th e  r e c i p i e n t s  w ere reoA^ w h e th e r uor  o r  uorA^ th e  

number o f  Lac p ro g en y  from  c ro s s e s  w ith  i r r a d i a t e d  e x c is io n  

d e f e c t iv e  F Zae* do n o rs  f e l l  s h a rp ly  w ith  in c r e a s in g  UV d o se , 

and a l l  t h e  Lac* p ro g en y  w ere se c o n d a ry  F tao^  d o n o r s . ReoA 

r e c i p i e n t s  a p p e a re d  t o  b e  a b le  t o  form  a  Lac* c o lo n y  o n ly  i f  

th e y  r e c e iv e d  an i n t a c t  ep iso m e , s in c e  th e  UV dose  f o r  37% 

i n a c t i v a t i o n  in d u c e d  an a v e ra g e  o f  a b o u t one d im er p e r  t r a n s ­

f e r r e d  e p iso m a l s t r a n d .  S im i la r ly  reoB  r e c i p i e n t s  w h e th e r
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u u r*  o r  uvrB  h ad  t h e  same k i n e t i c s  o f  Lac* co lo n y  fo rm a tio n  i n  

c ro s s e s  w ith  UV i r r a d i a t e d  e x c is io n  d e f e c t iv e  F ta c^  donors h u t  

some o f  th e s e  ( th e  p r o p o r t io n  in c r e a s in g  w ith  d o se ) w ere ta c *  

re c o m b in a n ts .

An i n t a c t  u v r  sy s tem  i n  th e  above two e x p e rim e n ts  made no 

d i f f e r e n c e  t o  th e  dose  re s p o n se  c u rv e s  i n d i c a t i n g  t h a t  e x c is io n  

r e p a i r  was n o t  e f f e c t i v e  on th e  i r r a d i a t e d ,  r e p l i c a t e d  and 

t r a n s f e r r e d  DBA.

4 . P h o to r e a c t iv a t io n  o f  th e  r e c i p i e n t s  i n  3 above a f t e r  

c o n ju g a tio n  p ro d u ced  an in c r e a s e d  y i e l d  o f  F Zao* se co n d a ry  

d o n o r s , w ith  a  lo n g  h a l f  l i f e  f o r  p h o to r e a c t iv a t io n  t r e a tm e n t  

(ab o u t 1 .5  h o u r s ) ,  t h a t  i s  th e  d im ers w ere v e ry  s t a b l e  i n  th e  

r e c i p i e n t s ,

Thus th e  p y r im id in e  d im ers in  th e  t r a n s f e r r e d  DBA w ere 

a c c e s s ib le  t o  p h o to r e a c t iv a t io n  b u t  n o t e x c i s io n  r e p a i r  i n d i c a t i n g  

t h a t  th e  s in g l e  s t r a n d  gaps w ere o p p o s i te  th e  d im ers and  n o t 

d i s p la c e d  from  th em , s in c e  i f  t h i s  had  been  th e  c a s e ,  b o th  

p ro c e s s e s  sh o u ld  b e  c a p a b le  o f  r e p a i r i n g  th e  d im e rs .

5* When chrom osom al t r a n s f e r  from  e x c is io n  d e f e c t iv e  dono rs 

t o  u vr re o  r e c i p i e n t s  was p e rfo rm ed  w ith o u t i r r a d i a t i o n ,  a  

h ig h  p r o p o r t io n ,  T0%, o f  rec o m b in a n ts  s e l e c te d  f o r  a  p a r t i c u l a r  

donor a l l e l e  a l s o  i n h e r i t e d  a  c o n tin u o u s  sequence  o f  t h r e e  

u n s e le c te d  donor a l l e l e s .  A f te r  a  dose  o f  i r r a d i a t i o n ,  a lth o u g h  

th e  y i e l d  o f  re c o m b in a n ts  f o r  a  s in g le  m ale m ark e r was 20% t o  

50% o f  c o n t r o l  l e v e l s ,  a  h ig h  p r o p o r t io n  o f  th e  rec o m b in a n ts  

now p o s s e s s e d  o n ly  t h e  s e l e c t e d  donor a l l e l e  and  o n ly  1.5% 

p o s s e s s e d  th e  c o n tin u o u s  sequence  o f  th e  s e le c te e  and  t h r e e
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u n s e le c te d  donor a l l e l e s . D im ers in d u c e d  a f t e r  m a tin g  h ad  l i t t l e  

e f f e c t  on th e  p a t t e r n  o f  i n h e r i t a n c e  o f  a l l e l e s  (W illcins and 

H o w ard -F la n d ers , I 9 6 8 ) .

D e fe c ts  in d u c e d  b e fo r e  d o n a t io n ,  when t r a n s f e r r e d ,  p e rh a p s  

in d u ce d  and n e c e s s i t a t e d  re c o m b in a tio n  e v e n ts  t o  in c o r p o r a te  

o n ly  s h o r t  segm ents o f  donor DM in to  re c o m b in a n ts .

6 . O ther o b s e r v a t io n s  on th e  f r e q u e n c ie s  o f  Z-ao* re c o m b in a n ts  

a r i s i n g  from  i r r a d i a t e d  F Zac?* do n o rs  c ro s s e d  w ith  r e c *  

r e c i p i e n t s  su g g e s te d  t h a t  th e  i r r a d i a t e d  donor DM in c r e a s e d  

th e  re c o m b in a tio n  f re q u e n c y ,

7 . T here  was re c o v e ry  o f  F ta c  ep isom es t r a n s f e r r e d  from  

i r r a d i a t e d  e x c i s io n  d e f e c t iv e  r e c *  dono rs t o  recA  r e c i p i e n t s , 

i f  th e  donors w ere in c u b a te d  be tw een  i r r a d i a t i o n  and  m a tin g .

The in c u b a tio n  had  no e f f e c t  w ith  re o  r e c i p i e n t s , w hich  showed

• *4* -t ^a  s te a d y  h ig h e r  l e v e l  o f  Lac p ro g e n y , p resu m ab ly  l a r g e l y  ta o

re c o m b in a n ts . I n  s i m i l a r  e x p e rim e n ts  w ith  i r r a d i a t e d  e x c is io n

d e f e c t iv e  reoA  d o n o r s , e s s e n t i a l l y  no Lac* p ro g en y  w ere form ed

w ith  o r  w ith o u t  t h e  in c u b a t io n  p e r io d ,  when reoA  r e c i p i e n t s

w ere u s e d . W ith r e o  r e c i p i e n t s  th e  in c u b a t io n  p e r io d  c au se d  

■a  d e c l in e  o f  Lac p ro g e n y .

T hese r e s u l t s  s u g g e s te d  t h a t  an  i n t a c t  re c o m b in a tio n  sy s tem  

was needed  f o r  r e c o v e ry  o f  ep isom es i n  th e  e x c is io n  d e f e c t iv e  

d o n o r .

The f in d in g s  d e s c r ib e d  i n  t h i s  s e c t i o n ,  ta k e n  as  a  w h o le , have  

r e s u l t e d  i n  th e  fo l lo w in g  m odels f o r  th e  m echanism s o f  d a rk  r e p a i r  

o f  UV damage.
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uv in d u ce s  p y r im id in e  d im ers in  DBA.

B efo re  r e p l i c a t i o n .

1 . An enzyme d e te c t s  t h e  p y r im id in e  dim er and  c u ts  th e  DBA 

d e o x y rih o se  p h o sp h a te  b ack b o n e .

2 . A d e o x y rib o n u c le a s e  r e l e a s e s  th e  d im er and  a number o f  o th e r  

b a s e s  t o  form  a  s in g l e  s t r a n d  g ap ,

3 . A DBA p o ly m erase  r e p a i r s  th e  gap u s in g  th e  o p p o sin g  s in g le  

s t r a n d  a s  te m p la te ,

4 . A DBA l i g a s e  r e s t o r e s  th e  c o n t in u i ty  o f  th e  DBA d e o x y rib o se  

p h o sp h a te  b ackbone .

(Boyce and H o w a rd -F la n d e rs ,1964; S e tlo w  and  C a r r i e r ,1 9 6 4 ;

P e t t i j o h n  and  H an aw alt,1 9 6 4 ) .

At r e p l i c a t i o n .

1 , The d im er d e la y s  th e  r e p l i c a t i o n  p ro c e s s .

2 . R e p l ic a t io n  commences beyond th e  d im er le a v in g  a s h o r t  

s in g le  s t r a n d  gap o p p o s i te  th e  d im er i n  one d a u g h te r  chromosome 

and a  norm al DBA d u p lex  i n  th e  o t h e r ,

(Rupp and H o w a rd -F la n d e rs ,1 9 6 8 j H ow ard-F landers e t  a l . ,  1 9 6 8 ). 

A f te r  r e p l i c a t i o n .

1 . A re c o m b in a tio n  m echanism  u se s  th e  i n t a c t  in fo rm a tio n  o f  

th e  norm al DBA d u p le x  o f  one o f  th e  d a u g h te r  cliromosomes t o  

r e p a i r  th e  s in g l e  s t r a n d  gap o p p o s i te  th e  d im er o f  th e  o th e r  

d a u g h te r  chrom osome, o r  re c o m b in a tio n  betw een  s i s t e r  chromosomes 

c o u ld  c r e a t e  one p e r f e c t  chromosome and  a n o th e r  c o n ta in in g  a l l  

t h e  d e f e c t s .

(H ow ard -F landers e t  a l . ,  I 9 6 8 ; H o w ard -F lan d ers , T h e r io t  and 

S te d e f o r d , 1 9 6 9 ) .
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6 . Summary o f  th e  gene fu n c t io n s  in  E soh ev ioh ia  o o l i ,

Uvv m u ta tio n s  a f f e c t  th e  a b i l i t y  o f  c e l l s  t o  p e rfo rm  d a rk  r e p a i r

o f  th e  i r r a d i a t e d  DBA b e fo re  r e p l i c a t i o n  by e x c is io n  o f  p y r im id in e

. +d im e rs . Lon o r  f i t  m u ta t io n s  a c t  by  i n h i b i t i n g  c e l l  w a l l  fo rm a tio n  

a f t e r  UV i r r a d i a t i o n  and  o th e r  t r e a tm e n ts ,  p e rh a p s  due t o  some 

d e f e c t iv e  c o n t r o l  m echanism  lin lc in g  c e l l  w a ll  s y n th e s i s  (m ucopoly­

s a c c h a r id e )  t o  DBA r e p l i c a t i o n ,  le a d in g  t o  l e t h a l  f i la m e n t  fo rm a tio n .

Reo m u ta tio n s  a c t  by  a f f e c t i n g  s te p s  i n  r e c o m b in a t io n a l  r e p a i r ,  

a c t in g  on d a u g h te r  chromosomes a f t e r  r e p l i c a t i o n  o f  th e  damaged 

chromosome, p o s s ib ly  b e in g  u n a b le  t o  i n i t i a t e  DBA d e g ra d a t io n  

(* c a u t i o u s ' ,  veoBy veoC ) o r  s to p  i t  once s t a r t e d  ( ' r e c k l e s s ' ,  v e o A ) , 

ReoA v i r t u a l l y  e l im in a te s  norm al re c o m b in a tio n  w hereas veoB  and  

reoC  d e p re s s  t h e  number o f  z y g o te s  y ie ld in g  re c o m b in a n ts  b u t  

p e rm it  norm al re c o m b in a tio n  fre q u e n c y  when i t  does o c c u r ,

Exv and  t e x  m u ta tio n s  a r e  a l s o  im p l ic a te d  i n  r e c o m b in a t io n a l  

r e p a i r  s in c e  te x  a t  l e a s t  h a s  a  s im i la r  p heno type  t o  v e o  m u tan ts  

and e x r  m u ta n ts  have  a  p ronounced  e f f e c t  on re d u c in g  UV in d u ce d  

m u ta t io n ,  i n  f a c t ,  e l im in a t in g  i t  a l t o g e t h e r  (W itk in , 196T ).

Uvr and  r e o  m u ta n ts  can  s t i l l  overcom e th e  l e t h a l  e f f e c t  o f  

some UV dam age, b u t  u vr r e o  A m u ta n ts  can  a p p a re n t ly  overcom e n o n e .

A l l  th e  genes o f  E, o o t i  m en tio n ed  in  t h i s  s e c t io n  a r e  shown on 

th e  g e n e t ic  map in  F ig u re  4 .

C. R a d ia tio n  S e n s i t i v i t y  in  o th e r  M ic ro -o rg a n ism s.

1 . P ro to k a ry o t  e s .

M u ta tio n s  a f f e c t i n g  r a d i a t i o n  s e n s i t i v i t y  have  b e en  i s o l a t e d  in  

a  number o f  o th e r  b a c t e r i a  b u t  none o f  th e s e  o rgan ism s h as  been
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FIGURE 4 The l in k a g e  map o f  E so h erio h ia  a o li*

-.Adapted from  T a y lo r  and  T r o t t e r  (1967 ) .
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Only genes r e f e r r e d  t o  i n  t h i s  t h e s i s  a re  in c lu d e d .  Gènes d e s c r ib e d  

i n  F. o o t'i K12 a re  i n d ic a t e d  o u t s id e  th e  c i r c l e  and  th o s e  i n  E, o o t ’i  B 

in s id e  th e  c i r c l e .

( ) i n d ic a t e  im p re c is e ly  lo c a te d  g e n es ,

j i n d i c a t e  u n o rd e re d  g e n e s .

The num bers i n s id e  t h e  c i r c l e  a re  th e  map le n g th  in  m in u te s .
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a n a ly s e d  i n  a s  much d e t a i l  a s  E. o o t'i.

Her s t r a i n s  have  b een  found  in  B ao'ittu s su h t'it'is  (M a h le r , 1965; 

R e i t e r  and S tra u s s ^  1965; M unakata and Y onosuke, I 9 6 9 ) ;  Haem cphitus 

'in ftu en zae  ( S e tlo w  e t  a l .  5 1 9 6 8 ) ;  M ïorooooous tyso d e 'tk t'io u s  ( P e in e r , 

196 7 ) ;  Pseudomonas aerug'inosa  (H ollow ayj 1966a)% S a tm on etta  typhimur'ium  

( S kavronskaya  e t  a l . ,  I 9 6 9 ) ;  S e rra t-ia  m avoesoens (W in k le r , 1964) and  

StreptoooQ Q us pyogen es  (M alke, I 9 6 7 ) .  These p resu m ab ly  c o rre sp o n d  t o  

t h e  UOT m u ta n ts  o f  E. o o t'i.

S t r a in s  w hich w ere s e n s i t i v e  t o  b o th  UV and  X -ray s have b een  

o b ta in e d  i n  E aem ophitus 'in ftu en za e  (B a rn h a r t and  Cox, 1968 ; S e tlo w  

e t  a l . 3 1968 ) .  The s t r a i n  o f  S e tlo w  e t  a l .  may be veo^  w hereas 

t h a t  o f  B a rn h a r t and Cox, w hich  showed sm a ll  X -ray  s e n s i t i v i t y  and  

some Her d e f i c ie n c y ,  may be  u u v .

M utants a f f e c t e d  i n  re c o m b in a tio n  have been  o b ta in e d  in  

B ao 'ittu s s v h t' i t ' is  (Okubo and Romig, I 9 6 6 ; Hoch e t  a l . ,  I 967 ) ;

P ro teu s  m irah 'it'is  (Bohme, 1 9 6 8 ) ;  Pseudomonas aerug'inosa  (H ollow ay , 

1966b )  and S a tm on etta  typh'irrrur’ium (Wing e t  a l . ,  I 9 6 8 ) .

M'iorooooous ra d io d u ra n s  i s  an e x tre m e ly  r a d i a t i o n  r e s i s t a n t  

o rg an ism , such  t h a t  UV and X -ray  k i l l i n g  p ro b a b ly  depends a s  much on 

c y to p la sm ic  damage a s  damage t o  DNA. M oseley (1 9 6 7 , 1969) i s o l a t e d  

r a d i a t i o n  s e n s i t i v e  m u ta n ts  in  t h i s  o rgan ism  w hich w ere p a r t i a l l y  

d e f e c t iv e  in  p y r im id in e  d im er e x c is io n  such  t h a t  r a d i a t i o n  damage 

t o  DM was now th e  m ost im p o r ta n t  f a c t o r  f o r  k i l l i n g  c e l l s .

UV s e n s i t i v e  s t r a i n s  w hich a ls o  have h ig h  sp o n tan eo u s m u ta b i l i t y  

have  b een  i s o l a t e d  in  N e'isser'ia  m en 'in g it'id ïs  ( Jyssum , I 9 68 ) and 

P ro te u s  m irah 'it'is  (Bohme, I 9 6 7 ) ;  such  s t r a i n s  a r e  s i m i l a r  t o  t h a t  

r e c e n t l y  i s o l a t e d  i n  E. o o t i  by H i l l  (1 9 6 8 ) , e x c e p t t h a t  th e
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m u ta tio n  c o n f e r r in g  h ig h  m u ta b i l i t y  i n  t h i s  s t r a i n  d id  n o t a ls o  c o n fe r  

UV s e n s i t i v i t y .

T h is  summary o f  th e  r e s u l t s  o b ta in e d  i n  o th e r  p ro to k a ry o te s  

i n d ic a t e s  t h a t  r e p a i r  m echanism s f o r  UV dam age, w hich  have  b een  b e s t  

c h a r a c t e r i s e d  i n  K. qoZ'i   ̂ a r e  w id e sp re a d  am ongst th e  p r o to k a r y o te s .

2 . E u lca ry o tes .

UV s e n s i t i v e  m u ta n ts  have  b een  i s o l a t e d  i n  A sp e rg 'ittu s  n id u la n s  

( L a n ie r , Tuveson and Lennox, I 9 6 8 ) ;  ChZamydomonas re'Cnhard'C (D a v ie s , 

1 9 6 7 ) ;  N eurospora o ra s sa  ( Chang and  T uveson , I 96T ); Saoaharomyoes 

a e r e v i s ia e  (Cox and P a r r y ,  1968 ; ïïa lta i and M atsum oto, 1967» Snow, 

1 967 ) ;  SG hizosaaaharom yoes pomhe (H aefner and Howrey, 1 9 6 7 ) and  

'O&t'lZago m aydis  ( H o l l id a y ,  1 9 6 5 ) .

The p i c t u r e  t h a t  h a s  em erged from  th e s e  s tu d i e s  i n  eu lcaryo te  

m ic ro -o rg an ism s  i s  t h a t  UV s e n s i t i v i t y  c o n t r o l  and  i t s  r e l a t i o n s h i p  

t o  re c o m b in a tio n  i s  more com plex th a n  i n  p r o to k a r y o te s . For 

exam ple , Cox and P a r ry  ( I 9 6 8 ) a tte m p te d  t o  d e te c t  m ost o f  th e  genes 

a f f e c t i n g  UV s e n s i t i v i t y  in  SaoGhccromyoes by i s o l a t i n g  96 m u ta n ts . 

However, th e s e  w ere l o c a te d  a t  22 l o c i ,  t e n  o f  w hich  w ere o n ly  

r e p r e s e n te d  o n c e , i n d ic a t i n g  t h a t  s e v e r a l  more w ere s t i l l  u n d e te c te d .  

The m u ta n ts  i s o l a t e d  i n  o th e r  o rg an ism s have b een  to o  few t o  e x te n d  

t h i s  r e s u l t ,  b u t  w here th e y  have  been  m apped, l o c i  w ere f r e q u e n t ly  

r e p r e s e n te d  by o n ly  one m u ta t io n .

Some o f  th e s e  m u ta n ts  w ere a l s o  X -ray  o r  gamma r a y  s e n s i t i v e .

Thus m u ta n ts  a t  f i v e  o f  t h e  l o c i  o f  Cox and P a r ry  ( I 9 6 8 ) and  one o f  

th e  m u ta n ts  o f  Makai and M atsum oto (1967 ) i n  Saoaharomyaes w ere 

s e n s i t i v e  t o  gamma o r  X -ra y s , two o f  th e  p h e n o ty p ic  g roups o f  

m u ta n ts  o f  U s tita g o  w ere X -ray  s e n s i t i v e  t o  d i f f e r e n t  d e g re e s
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(H o l l id a y ,  1965 ) ,  and  t h e  f i v e  m u ta n ts  o f  Chtamydomonas w ere  gamma 

r a y  s e n s i t i v e  (D a v ie s , I 9 6 7 ) .

By c o n s t r u c t io n  o f  d o u b le  m u ta n ts ,  H akai and  M atsum oto (1 9 6 7 ) 

d e m o n s tra te d  t h a t  t h e i r  two UV s e n s i t i v e  m u ta tio n s  h ad  c lo s e ly  

r e l a t e d  f u n c t io n s  s in c e  th e  d o u b le  m u tan t d id  n o t  show g r e a t e r  

s e n s i t i v i t y  th a n  th e  s i n g l e  m u ta n ts .  In  c o n t r a s t ,  t h e  X -ray  

s e n s i t i v e  m u tan t a f f e c t e d  a  d i f f e r e n t  f u n c t io n  s i n c e ,  i n  co m b in a tio n  

w ith  e i t h e r  UV s e n s i t i v e  m u ta t io n ,  th e  d o u b le  m u ta n ts  w ere v e ry  UV 

s e n s i t i v e .  S im i la r ly  D av ies (1 967 ) ,  H aefner and  Howrey (19^7) 

and H o ll id a y  (1967) a l l  o b ta in e d  d o u b le  m u ta n ts  o f  g r e a t e r  s e n s i t i v i t y  

t o  UV th a n  e i t h e r  com ponent m u ta t io n  i n  Chtamydomonas^ Sohizo'^  

saQoharomyoee and  U st'itago  r e s p e c t i v e l y ,  i n d i c a t i n g  th e  e x is te n c e  

o f  a t  l e a s t  two d i f f e r e n t  m echanism s c o n t r o l l i n g  UV s e n s i t i v i t y  i n  

e v e ry  one o f  th e s e  o rg a n ism s .

K ilb e y  and Sm ith  ( 196 9 ) com pared one o f  th e  UV s e n s i t i v e  m u ta n ts  

o f  N akai and M atsumoto ( 1967 ) w i th  a  w i ld - ty p e  Saooharomyoes s t r a i n  

f o r  p h o t o r e a c t i v a b i l i t y ,  t h e  e f f e c t  o f  LHR on p h o t o r e a c t i v a b i l i t y , 

and  s e n s i t i v i t y  t o  d ie p o x y b u ta n e  and  NTG. They c o n c lu d e d  t h a t  th e  

m u tan t was q u a l i t a t i v e l y  s i m i l a r  t o  Her s t r a i n s  o f  E. ooVi and  

t h e r e f o r e  t h a t  i t  may have b een  d e f i c i e n t  i n  e x c i s io n  r e p a i r .

Some o f  th e s e  m u ta n ts  a f f e c t e d  re c o m b in a t io n , o r  showed e f f e c t s  

t h a t  may have r e s u l t e d  from  d e f e c t iv e  r e c o m b in a t io n . H o ll id a y  (1967) 

showed t h a t  uvs-^1 and w vs-2 o f  Ust'Clago h ad  c o n s id e r a b le  e f f e c t s  in  

r e d u c in g  m i t o t i c  gene c o n v e r s io n ,  and  c a u s in g  in c r e a s e d  o r  d e c re a s e d  

UV in d u c e d  m i t o t i c  s e g r e g a t io n  r e s p e c t iv e ly  i n  d i p l o i d s ;  and  t h a t  

uvs~2  b lo c k e d  m e io s i s .

O ther o b s e r v a t io n s  w ere t h a t  UV s e n s i t i v e  m u ta n ts  o f
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Saooharomyoes a f f e c t e d  UV in d u c e d  in te r g e n ic  m i to t i c  re c o m b in a tio n  

i n  a  com plex way (Snow, 1 9 6 8 ) ;  t h a t  f i v e  m u ta n ts  o f  SaooharomyQes 

re d u c e d  s p o r u la t io n  in  d i p l o i d s ,  a  s t e p  o c c u r r in g  a f t e r  re c o m b in a tio n  

(Cox and  P a r r y ,  1 968 ) ;  t h a t  u v s-1  o f  Neupoepova when homozygous in  

c ro s s e s  cau sed  a  h ig h  d e g re e  o f  a sc u s  and  a sc o sp o re  a b o r t io n  a lth o u g h  

c ro s s o v e r  f r e q u e n c ie s  w ere no rm al (Chang and T uveson , I 96T ); and t h a t  

m a tin g s  homozygous f o r  UV s e n s i t i v i t y  in  A s p e r g i t tu s  y ie ld e d  s t e r i l e ,  

dw arf c l e i s t o t h e c a  ( L a n ie r ,  Tuveson and Lennox, I 9 6 8 ) .
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I I .  GENERAL MATERIALS AND METHODS 

A. S trep to m y o es  o o e l i c o to r  s t r a i n s

1 . O r ig in  o f  t h e  s t r a i n s .

T hese w ere d e r i v a t i v e s  o f  a  s in g l e  c lo n e  w i ld - ty p e  i s o l a t e  

d e s ig n a te d  A 3(2) (Hopwood, 1959)» o b ta in e d  by  s u c c e s s iv e  s te p s  o f  

m u ta g e n e s is  o r  r e c o m b in a tio n . A l l  t h e s e  s t r a i n s  w ere i n t e r - f e r t i l e .  

They w ere grown by in c u b a t io n  a t  30^0 u n le s s  o th e rw is e  s t a t e d .

In  th e  s tu d y  c o n c e rn e d  w ith  p h o to r e a c t iv a t io n  a n o th e r  w i ld - ty p e  

i s o l a t e ,  K6T3» was u s e d . T h is  s t r a i n  was o b ta in e d  from  Dr Ï Ï . J ,  

K u tzn e r and  was c o n s id e re d  by  ICutzner and Waksman, (1959) t o  be  

c o r r e c t l y  named S. v io ta o e o r u b e r » A3(2) c lo s e ly  re se m b le d  k6T3 and

d i f f e r e d  from  5 . QoeVtQotoT  a s  d e f in e d  by  th e s e  a u th o r s  and  t h e r e f o r e  

A 3(2) sh o u ld  s t r i c t l y  be  c a l l e d  S, v io la e e o r u h e r . However, f o r  

re a s o n s  e x p la in e d  by  Hopwood and  S erm o n ti (1962 ) ,  A 3(2) h a s  c o n tin u e d  

t o  b e  c a l l e d  S% ooel'iQoZov  i n  p a p e rs  c o n ce rn e d  w ith  g e n e t ic  reco m b in ­

a t i o n .  R ecom binants have  n o t  so  f a r  b een  o b ta in e d  from  m ixed 

c u l t u r e s  o f  k6T3 w ith  A 3 (2 ).

2 . N o m en c la tu re .

A l l  l o c i  i n  5 . o o e U o o lo v  a r e  d e s c r ib e d  by  t h r e e  l e t t e r  sym bols 

fo l lo w in g  th e  recom m endations o f  Demerec e t  a l .  (1 9 6 6 ) ,  f o r  b a c t e r i a l  

g e n e t i c s ,  and  t o  conform  w ith  t h i s ,  l o c i  w hich  c o n t r o l  s e n s i t i v i t y  t o  

u l t r a v i o l e t  l i g h t  w ere  d e s ig n a te d  ui)s ( w l t r a y i o l e t  s e n s i t i v i t y ) .

T ab le  9 l i s t s  th e  l o c i  in v o lv e d  i n  t h i s  s tu d y ,  t h e  p a r t i c u l a r  a l l e l e s  

u s e d ,  and  t h e i r  m u tan t p h e n o ty p e . The g en o ty p es  o f  s t r a i n s  w i l l  be  

d e s c r ib e d  i n  f u l l  i n  t h e  t e x t  a s  a p p r o p r ia te .
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TABLE 9 . The l o c i  u se d  in  
c h a r a c t e r i s t i c s .

t h i s  s tu d y , th e  m u tan t a l l e l e s  and t h e i r  
(Talcen from  Hopwood, 1967a) •

Locus A l l e l e s P henotype

ammA com-^S U nable t o  u t i l i s e  n i t r a t e .

orgA arg-^l R equirem ent f o r  a r g in in e  ( c i t r i l l i n e )  
o r  o r n i th i n e .

adeA a d e S R equirem ent f o r  p u r in e s .

oysA G ys-16 R equirem ent f o r  c y s te in e .

oysC c y s S R equirem ent f o r  c y s te in e  o r  o r  8^0^

aysD

guoA

oys~18

gua-1

R equirem ent f o r  c y s te in e  o r  o r  
o r  S^O^.

R equirem ent f o r  g u a n in e .

kisA hùs-^1 R equirem ent f o r  h i s t i d i n e .

h tsC h is -9 R equirem ent f o r  h i s t i d i n e  o r  h i s t i d i n o l .

hisD his-'d R equirem ent f o r  h i s t i d i n e  o r  h i s t i d i n o l .

mthB mthr‘2 R equirem ent f o r  m e th io n in e  p lu s  th r e o n in e  
o r  homo s e r in e .

pheA ph e-1 R equirem ent f o r  p h e n y la la n in e .

proA p ro -1 R equirem ent f o r  p r o l i n e .

serA s e r -1 R equirem ent f o r  s e r in e  o r  g ly c in e .

s trA s t r - 1 R e s is ta n c e  t o  s tr e p to m y c in .

tp s tps-Z O T em pera tu re  s e n s i t i v e .  U nable t o  grow 
a t  37°C.

uroA ura-1 R equirem ent f o r  u r a c i l .

uvsA uvs-2^ 4  ̂ 9̂  
19^ 20^ 22,

15, ) 
23, 24 )

uvsB u v s-6 )
)

uVsC u v s -7 j  5 , 10 
16^ 17

.  U ,  ) 
)

S e n s i t iv e  t o  u l t r a v i o l e t  l i g h t .

uvsD UOS-ls 3̂  d , 
18

11, j 
)

uvsE UVS-13 )
uvsF UVS-2Ô E nhancer o f  s e n s i t i v i t y  t o  u l t r a v i o l e t

l i g h t  o f  some uvaC  and  uvsD  m u ta n ts .
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B, M edia (Hopwood, 1967a)

1 . M inim al Medium (MM).

T h is  had  th e  fo l lo w in g  c o m p o s itio n  p e r  l i t r e :

a s p a r a g in e ,  0 .5 g ;  KgHPO, 0 .5 g ;  KOH, 0 .3 g ;  MgSO^.TH^O, 0 ,2 g ;

FeSO^.THgO, O .O lg ; a g a r ,  15g ; and g lu c o s e ,  lO g.

The g lu c o s e  was a u to c la v e d  s e p a r a t e ly  a s  a  50^ s o l u t io n .  The medium was 

supp lem en ted  when n e c e s s a ry  a s  fo llo w s  (p e r  l i t r e ) ;  amino a c id s  e x c e p t 

h i s t i d i n e ,  5Qmg; h i s t i d i n e ,  70mg; a d e n in e  and u r a c i l ,  lOmg; v i ta m in s ,  Img; 

d ih y d ro s tre p to m y c in  s u lp h a te  50mg.

2 . Com plete Medium (CM),

T h is  c o n s i s te d  o f  (p e r  l i t r e ) :  K^HPOj^, 5g ‘> N aC l, 0 .5 g ;

MgSOj^.TH^O, 0 .5 g ;  p e p to n e  (D if c o ) ,  2g ; y e a s t  e x t r a c t  ( Y e a s t r e l ) ,  I g ;  

Casamino a c id s  (D if c o ) ,  1 .5 g ;  y e a s t  n u c le ic  a c id  h y d r o ly s a te ,  5m l,

( b o i l  2g o f  n u c le ic  a c id  i n  15ml o f  IN WaOH f o r  10 m in u te s ;  b o i l  2g 

o f  n u c le ic  a c id  in  15ml o f  IN HCl f o r  10 m in u te s , m ix th e  two s o l u t io n s ,  

a d ju s t  t o  pH 6 ,0 ,  f i l t e r  h o t ,  make up t o  40ml w ith  w a te r ) ;  v i ta m in  

s o l u t io n ,  1m l, ( r i b o f l a v i n e ,  0.1% ; n ic o t in a m id e ,  0,1% ; p -am in o b en zo ic  

a c i d ,  0.01% ; p y r id o x in e  HCl, 0.05% ; th ia m in e  HCl, 0,05% ; b i o t i n ,  0 .02% ); 

a g a r ,  15g ; g lu c o s e ,  25g ; h i s t i d i n e ,  p r o l i n e ,  t h r e o n in e ,  t ry p to p h a n  

and ty r o s in e  (when d e a l in g  w ith  th e  r e l e v a n t  a u x o tro p h s ) ,  50mg e a c h ,

CM was a d ju s te d  t o  pH 7 .2  w ith  IN HCl and c o u ld  b e  a u to c la v e d  a t  115^0 

f o r  10 m in u te s  w ith o u t  e x c e s s iv e  breakdo im  o f  t h e  g lu c o s e .

C. Use and M ain tenance  o f  C u ltu re s

1 . E qu ipm ent.

a .  S la n ts  o f  5ml CM i n  125mm x  l6mm t e s t  tu b e s  p lu g g ed  w ith
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c o tto n  w ool w ere u se d  f o r  m a in ta in in g  s to c k  c u l tu r e s  w hich 

w ere in c u b a te d  f o r  a b o u t a  week and th e n  s to r e d  a t  These

needed  t o  be  s u b c u l tu r e d  once a  y e a r  t o  f r e s h  s l a n t s  o f  CM.

b .  S la n ts  o f  15ml CM o r  su p p lem en ted  i n  150mm x  25mm t e s t  tu b e s  

in o c u la te d  and th e n  in c u b a te d  a t  30^C f o r  3 t o  5 days w ere u se d  

f o r  th e  p r e p a r a t io n  o f  sp o re /h y p h a l su s p e n s io n s  from  s in g l e  o r 

m ixed c u l t u r e s  and f o r  th e  m ain ten an ce  o f  s to c k  c u l tu r e s  i n  

c u r r e n t  u s e .

c .  F i l t e r  tu b e s  w ere c o n s t r u c te d  from  125mm x l6mm t e s t  tu b e s  i n  

t h e  b o tto m  o f  w hich a  h o le  a p p ro x im a te ly  5mm i n  d ia m e te r  was 

b low n. T h is  h o le  was c lo s e d  w ith  1" o f  packed  c o t to n  w o o l, 

and th e  m outh o f  t h e  tu b e  p lu g g ed  w ith  c o t to n  w oo l. The 

tu b e  was i n s e r t e d  th ro u g h  a c o t to n  w ool p lu g  in  th e  n eck  o f  a  

150mm X 25mm t e s t  tu b e ,

d . 100mm x 12.5mm t h i c k  w a lle d  tu b e s  w ere u sed  f o r  c e n t r i f u g a t i o n .

e .  Agar p l a t e s  w ere p re p a re d  by  p o u r in g  15ml o f  m o lte n  CM o r  

su p p lem en ted  I #  i n to  s t e r i l e  9cm g la s s  o r  p l a s t i c  P e t r i  d i s h e s .  

S in c e  a e r a t i o n  im proves s p o r u la t io n  on a g a r  p l a t e s  i n

S* Goet'tooZor g l a s s  P e t r i  d is h e s  w ere c o v e re d  w ith  m e ta l  l i d s  

l i n e d  w ith  11cm f i l t e r  p a p e r s ,  and th e  p l a s t i c  P e t r i  d is h e s  

h ad  v e n te d  l i d s .

f .  S u b c u ltu re s  t o  a g a r  s l a n t s  o r  p l a t e s  w ere made w ith  n i  chrome 

w ire  n e e d le s  o r  lo o p s .

g . Spore  s u s p e n s io n s  w ere s p re a d  o v e r a g a r  p l a t e s  w ith  g la s s  ro d  

s p re a d e r s  c o n s t r u c te d  o f  3mm g la s s  r o d .  These w ere s t e r i l i s e d  

i n  a  bunsen  flam e and a llo w e d  t o  c o o l  im m e d ia te ly  b e fo r e  u s e ,

h .  S t e r i l e  v e lv e t  pads h e ld  by a  s t a i n l e s s  s t e e l  r i n g  o v e r a
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s t a i n l e s s  s t e e l  b lo c k  w ere u se d  t o  make r e p l i c a s  t o  a g a r  

p l a t e s  from  a  m a s te r  p l a t e  by  th e  te c h n iq u e  o f  L ed e rb e rg  and 

L ed e rb e rg  (1 9 5 2 ),

2 . I n o c u la t io n  o f  C u l tu r e s .

In o c u la  i n  g e n e ra l  c o n s i s te d  o f  hyphae in  a l l  s ta g e s  o f  

developm ent in c lu d in g  s u b s t r a t e  and a e r i a l  hyphae and s p o re s .  T hese 

w ere o b ta in e d  e i t h e r  from  c o n f lu e n t  c u l tu r e s  on an  a g a r  s l a n t  from  

w hich  an  a r e a  a b o u t 5mm sq u a re  was dug o u t ,  o r  from  an  a g a r  p l a t e  

c o n ta in in g  m atu re  c o lo n ie s  from  w hich a  w hole co lo n y  was ta k e n .

a .  I n o c u la t io n  o f  S l a n t s .

Tlie in o c u la  w ere ta k e n  and t r a n s f e r r e d  on a  n i  chrome w ire  

n e e d le  and p la c e d  on th e  new s l a n t s  w here th e y  w ere b ro k en  up 

and s t r e a k e d  o v e r  th e  a g a r  s u r f a c e .

S la n ts  w ere in o c u la te d  w ith  o n ly  one o r  w i th  two d i f f e r e n t  

s t r a i n s .  I n  th e  f i r s t  c a s e ,  a l l  t h e  s p o re s  grown on th e  

s u r f a c e  o f  t h e  c o n f lu e n t  c u l tu r e  w ere o f  th e  same gen o ty p e  

e x c e p t f o r  r a r e  sp o n tan eo u s  m u ta t io n s . In  th e  l a t t e r  c a s e ,  

sp o re s  form ed on th e  c o n f lu e n t  c u l tu r e  c o n s i s t e d  p re d o m in a n tly  

o f  th e  g e n o ty p e s  o f  th e  two p a r e n t a l  s t r a i n s ,  b u t  a  p r o p o r t io n  

v a ry in g  betw een  ab o u t 1% and  l e s s  th a n  0.0001% depend ing  

upon th e  f e r t i l i t y  o f  th e  two s t r a i n s ,  h ad  reco m b in an t 

g e n o ty p e s . T hese a ro s e  from  zy g o te s  form ed betw een  th e  

hyphae o f  th e  tw o p a r e n t  s t r a i n s  d u r in g  g ro if th  o f  th e  m ixed 

c u l t u r e .  Such m ixed c u l tu r e s  a re  r e f e r r e d  t o  a s  " c r o s s e s "  

betw een  th e  two p a r e n t s  in v o lv e d .

b .  I n o c u la t io n  o f  a g a r  p l a t e s .

T h is  was c a r r i e d  o u t e i t h e r  w ith  an inocu lum  ta k e n  from  a
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c o n f lu e n t  c u l t u r e , o r  a  s in g le  c o lo n y ; o r  w ith  a  sp o re  

s u s p e n s io n .

i .  A c o n f lu e n t  c u l t u r e  o r  s in g le  co lo n y  inocu lum  was ta k e n  and  

s t r e a k e d  w ith  a  n i  chrome w ire .  I n  some c a s e s ,  two o r  more 

s t r a i n s  w ere s t r e a k e d  t o  s e c to r s  o f  a  p l a t e ,  so t h a t  t h e i r  

p h en o ty p es  c o u ld  he com pared by  r e p l i c a  p l a t i n g  o r  some 

o th e r  t e s t s  a p p l ic a b le  t o  a g a r  p l a t e s .  In  o th e r  c a s e s ,  

t h e  inocu lum  o f  a  s in g l e  s t r a i n  was s t r e a k e d  t o  y i e l d  

s in g l e  c o lo n ie s .

Nlien t h e  inocu lum  c o n s i s t e d  o f  a sp o re  s u s p e n s io n , th e  

i n t e n t io n  was u s u a l ly  t o  o b ta in  i s o l a t e d  c o lo n ie s .  Spore  

s u s p e n s io n s  d id  i n  f a c t  c o n s i s t  o f  a  v a r i a b le  p r o p o r t io n  o f  

sp o re s  and  a e r i a l  h y p h a l f ra g m e n ts , d ep en d in g  upon th e  

s t r a i n  and t h e  t im e  a t  w hich a  c u l t u r e  was h a rv e s te d .

They c o n ta in e d  a  sm a ll  p r o p o r t io n  o f  s u b s t r a t e  h y p h a l 

f ra g m e n ts .

T here  w ere t h r e e  ways i n  w hich  a  sp o re  su s p e n s io n  was t r e a t e d :

i i .  The f i r s t  o f  th e s e  t h r e e  m ethods was u se d  when i s o l a t e d

c o lo n ie s  w ere r e q u i r e d ,  b u t  th e  number o f  c o lo n y -fo rm in g

u n i t s  i n  th e  su s p e n s io n  was n o t  t o  b e  c a l c u l a t e d .  0 .1  ml

o f  th e  su s p e n s io n  was p i p e t t e d  on t o  th e  s u r f a c e  o f  an  a g a r

p l a t e .  0 .1  ml o f  s t e r i l e  d i s t i l l e d  w a te r  was p i p e t t e d

on t o  one o r  more f u r t h e r  p l a t e s  o f  th e  same c o m p o s itio n .

A g la s s  s p re a d e r  was u se d  t o  s p re a d  th e  u n d i lu te d  s u s p e n s io n

and th e n  t h e  s t e r i l e  d i s t i l l e d  w a te r  on th e  su b seq u e n t

p l a t e s  w ith o u t  in te r m e d ia te  s t e r i l i s a t i o n  o f  th e  s p r e a d e r .

T h is  a cco m p lish ed  v e ry  ap p ro x im ate  t e n - f o l d  d i l u t i o n s ,
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s in c e  a b o u t 10% o f  th e  p l a t i n g  u n i t s  i n  th e  i n i t i a l  s u s ­

p e n s io n  w ere t r a n s f e r r e d  on th e  s p re a d e r  and d i s t r i b u t e d  

i n  th e  0 .1  ml o f  w a te r  on th e  n e x t p l a t e ,  and  so  on .

One o f  th e s e  p l a t e s  u s u a l ly  y ie ld e d  50 t o  100 i s o l a t e d  

c o lo n i e s ,

i i i *  TÎ10 second  m ethod was u se d  when b o th  i s o l a t e d  c o lo n ie s  and 

an a p p ro x im a te  e s t im a te  o f  th e  c o n c e n tr a t io n  o f  th e  p l a t i n g  

u n i t s  from  w hich  th e y  had  a r i s e n  was r e q u i r e d .  T e n - fo ld  

d i l u t i o n s  o f  th e  s t a r t i n g  su s p e n s io n  w ere made by s u c c e s s iv e  

t r a n s f e r  o f  a  sam ple a t  one d i l u t i o n  i n to  an a p p r o p r ia te  

volum e o f  s t e r i l e  d i s t i l l e d  w a te r  t o  make th e  n e x t d i l u t i o n .

0 .1  m l o f  each  o f  a  ra n g e  o f  th e s e  t e n - f o l d  d i l u t i o n s  was 

p i p e t t e d  on t o  t h e  s u r f a c e  o f  one o f  a  s e r i e s  o f  a g a r  

p l a t e s  and each  0 .1  m l was s p re a d  o v e r t h e  s u r f a c e  o f  i t s  

p l a t e  w i th  a  new ly  s t e r i l i s e d  g la s s  s p r e a d e r .  T h is  

s p re a d in g  t e c h n iq u e ,  how ever, in tro d u c e d  an e r r o r  i n to  th e  

d i l u t i o n s ,  s in c e  a b o u t 10% o f  th e  sp o re s  w ere rem oved from  

each  p l a t e  on th e  s p r e a d e r .  T liis y i e ld e d  a  s e r i e s  o f  

p l a t e s ,  e ach  s u c c e s s iv e  p l a t e  i n  th e  s e r i e s  h a v in g  ^ / lO th  

a s  many c o lo n ie s  a s  th e  one b e f o r e .  S in g le  c o lo n ie s  

when r e q u i r e d  w ere  ta k e n  w ith  e a se  from  any  p l a t e  w ith  

l e s s  th a n  ab o u t 300 c o lo n ie s .  Colony c o u n ts  when r e q u i r e d  

w ere  made w ith  a c c u ra c y  on any p l a t e s  w i th  l e s s  th a n  

a b o u t 500 c o lo n ie s ,  

i v .  The t h i r d  m ethod was u sed  when i t  was d e s i r e d  o n ly  t o  o b ta in  

a c c u ra te  c o u n ts  o f  v i a b le  p l a t i n g  u n i t s  by  c o u n tin g  i s o l a t e d  

c o lo n ie s ;  t h e  c o lo n ie s  w ere n o t r e q u i r e d  f o r  f u r t h e r
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t e s t i n g  o r  s u b c u l tu r in g .  T e n - fo ld  d i l u t i o n s  w ere made 

in  s t e r i l e  d i s t i l l e d  w a te r .  1 ,0  ml o f  each  o f  th e  

a p p r o p r ia te  ra n g e  o f  d i l u t i o n s  was p i p e t t e d  i n t o  a  

s e p a r a te  P e t r i  d i s h .  15ml o f  m o lte n  a g a r  o f  th e  d e s i r e d  

c o m p o s it io n , h e ld  a t  50^0 , was p o u red  i n t o  th e  P e t r i  d is h  

and sp o re s  e v e n ly  d is p e r s e d  hy a g i t a t i n g  th e  d is h  b e fo r e  

th e  a g a r  s o l i d i f i e d .  Upon in c u b a t io n  t h i s  y ie ld e d  

i s o l a t e d  c o lo n ie s  g row ing  w i th in  th e  a g a r .  Up t o  1500 

c o lo n ie s  p e r  p l a t e  c o u ld  be c o u n te d  w ith  l i t t l e  d i f f i c u l t y .  

T h is  m ethod gave th e  m ost a c c u ra te  e s t im a te  o f  th e  

c o n c e n tr a t io n  o f  v i a b l e  p l a t i n g  u n i t s ,  w hich  was c a l c u l a t e d  

from  th e  c o lo n y  c o u n ts  o f  two o r  t h r e e  r e p l i c a  p l a t i n g s  

o f  each  sam p le .

3 . H a rv e s tin g  a  c o n f lu e n t  c u l t u r e  a s  a  sp o re  s u s p e n s io n .

In o c u la  on l a r g e  (25mm x  150mm) s l a n t s  y i e ld e d  c o n f lu e n t  s u b s t r a t e  

h y p h a l groT-rth w i th in  two d a y s . In  g e n e r a l ,  a e r i a l  hyphae w ere p ro d u ce d  

a f t e r  1 t o  2 days and sp o re s  a f t e r  2 t o  3 d a y s . S la n ts  w ere h a rv e s te d  

a f t e r  t h r e e  o r  m ore days in c u b a t io n  by th e  fo l lo w in g  m ethod , 9ml 

o f  s t e r i l e  d i s t i l l e d  w a te r  from  a  " U n iv e rs a l"  c o n ta in e r  was p o u re d  

on t o  t h e  s l a n t .  A h e a t - s t e r i l i s e d  w ire  lo o p  was u se d  t o  s c ra p e  th e  

s u r f a c e  o f  th e  s l a n t ,  a t  f i r s t  g e n t ly ,  and th e n  w ith  in c r e a s in g  

p r e s s u r e ,  b u t  a v o id in g  a s  f a r  a s  p o s s ib le  t e a r i n g  up th e  a g a r  s u r f a c e .  

T h is  c ru d e  sp o re  su s p e n s io n  was r e tu r n e d  t o  th e  U n iv e rs a l  c o n ta in e r  

and v ig o r o u s ly  a g i t a t e d  f o r  a b o u t 30 seco n d s on a  V A iirlim ixer ( F i s o n 's  

S c i e n t i f i c  A p p a ra tu s , L t d , ,  L oughborough, L e i c e s t e r s h i r e )  t o  b re a k  up 

sp o re  c h a in s  and l a r g e  h y p h a l f ra g m e n ts . The su s p e n s io n  was th e n  

f i l t e r e d  th ro u g h  t h e  c o t to n  w ool p lu g  o f  t h e  f i l t e r  d e s c r ib e d  above
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t o  remove a g a r  f ra g m e n ts  and  l a r g e  clum ps o f  a e r i a l  liyphae and  s p o re s .  

The sp o re  su s p e n s io n  was c e n t r i f u g e d  f o r  10 m in u te s  i n  an  MSE A ngle 50 

C e n tr i f u g e ,  w ith  t h e  15m l, 12 p la c e  h e a d , a t  ab o u t 1550 x  g . The 

s u p e r n a ta n t  w hich  c o n ta in e d  th e  b u lk  o f  any compounds d is s o lv e d  from  

th e  s l a n t  was d is c a rd e d  and  th e  sp o re  p e l l e t  d i s p e r s e d  i n  a  s u i t a b l e  

medium, u s u a l ly  s t e r i l e  d i s t i l l e d  w a te r .  The te c h n iq u e  y i e ld e d  p e l l e t s  

c o n ta in in g  a  maximum o f  a b o u t 10^ v ia b l e  u n i t s  when p l a t e d  on s u i t a b l y  

su p p lem en ted

D. U l t r a v i o l e t  S o u rc e s .

1 . The d i f f e r e n t  s o u rc e s .

F iv e  UV s o u rc e s  w ere  u se d  d u r in g  th e  c o u rs e  o f  t h i s  s tu d y .  UV 

lam ps 1 ,  2 , 3 and  L w ere  H anovia  ’g e rm ic id a l*  m ercu ry  lam ps and UV 

lamp 5 was a  P h i l i p s  30 w a t t  TUV m ercu ry  v apou r lam p , a l l  e m i t t in g  

l i g h t  p r im a r i ly  w ith  a  w a v e le n g th  o f  253*7 nm.

a .  UV lam p 1 was u se d  f o r  t h e  in d u c t io n  by  UV o f  t h e  uve  

m u ta t io n s ,  and  f o r  t h e i r  r e c o g n i t io n .  I t  was a l s o  u se d  i n  

th e  e a r ly  g e n e t ic  s t u d i e s  when a  q u a l i t a t i v e  d i f f e r e n t i a t i o n  

o f  re c o m b in a n ts  w ith  w i ld - ty p e  from  th o s e  w ith  m u tan t 

s e n s i t i v i t y  was r e q u i r e d .  The d o s e - r a t e  o f  t h i s  lamp was

n o t  d e te rm in e d  a c c u r a t e l y ,  b u t  was i n  th e  r e g io n  o f  10 e rg s

-2  -1mm sec

b . UV lam p 2 was u se d  from  A ugust 1966 u n t i l  A ugust 1968 and

r e p la c e d  UV lam p 1 f o r  th e  q u a l i t a t i v e  s t u d i e s .  I t s  d o s e -

» “2 —1 r a t e  was d e te rm in e d  a s  1 3 .2  e rg s  ram se c  , a t  th e  sam ple

s u r f a c e  o f  47*5 cm.

c .  UV lam p 3 was u se d  f o r  th e  q u a n t i t a t i v e  s t u d i e s  p e rfo rm e d  up
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t o  A ugust 1968 , I t s  d o s e - r a t e  was d e te rm in e d  a s  7 .5  e rg s

—2 —1 1mm sec  a t  th e  sam ple s u r f a c e  o f  4 5 ,5  cm. The v o l ta g e

o f  th e  e l e c t r i c i t y  su p p ly  t o  t h i s  lam p was c o n t r o l l e d  hy  an 

Advance V o l t s t a t .  Type C.V. 75A, o b ta in e d  from  Advanced 

Com ponents, L t d . , H a in a u l t ,  E sse x .

d . UV lam p k was u se d  f o r  q u a l i t a t i v e  s tu d i e s  from  Septem ber 1968

. —2 —1onw ards. I t s  d o s e - r a t e  was d e te rm in e d  a s  2 3 .6  e rg s  mm sec

a t  th e  s ta n d a r d  i r r a d i a t i n g  d i s ta n c e  o f  23 cms from  th e  lam p.

e .  UV lamp 5 was u se d  f o r  th e  q u a n t i t a t i v e  s t u d i e s  p e rfo rm ed  s in c e  

Septem ber 1968 . I t s  d o s e - r a t e  was d e te rm in e d  a s  1 1 .8  e rg s

—2 —1  •  1mm se c  w ith  th e  lam p m asked down t o  le a v e  Iq  cms e x p o sed ,

and 5 7 ,3  cms from  th e  sam ple s u r f a c e .

2 . D e te rm in a tio n  o f  t h e  d o s e - r a t e  o f  UV lam ps 3 , 4 and 5 by T2

b a c te r io p h a g e  s u r v i v a l  c u rv e s .

T2 b a c te r io p h a g e  in  T2 b u f f e r  g iv e  a  r e p r o d u c ib le  s u r v i v a l  c u rv e  

when exposed  t o  UV l i g h t ,  and  th e  lo g  o f  th e  s u r v iv in g  f r a c t i o n  i s  

p l o t t e d  a g a in s t  some m easu re  ( t im e  o f  i r r a d i a t i o n )  o f  th e  UV d ose  

r e c e iv e d  by  t h e  b a c te r io p h a g e .  S ta n d a rd  s u r v iv a l  c u rv e s  c a l i b r a t e d  

i n  e rg s  mm may b e  r e f e r r e d  t o  i n  th e  l i t e r a t u r e  (d a g g e r ,  1967)9  

w hich  e n a b le s  c a l i b r a t i o n  o f  a  new UV s o u rc e .

T2H*** b a c te r io p h a g e  and  a  h o s t  i n d i c a t o r  s t r a i n  A*. Q o tï  BR2, 

w hich  i s  s e n s i t i v e  t o  T2h’̂  w ere  k in d ly  p ro v id e d  by Dr D.A. R i t c h i e ,  

I n s t i t u t e  o f  V iro lo g y , Glasgow U n iv e r s i ty .

a .  M edia f o r  T2H*  ̂ b a c te r io p h a g e  s u r v iv a l  c u rv e s  w ere made w ith  

t h e  fo l lo w in g  c o m p o s it io n s :

i .  Phage b r o th .

D ifco  B acto  p e p to n e ,  15g ; D ifco  n u t r i e n t  b r o t h ,  8 g ;
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N aC l, 8g ; g lu c o s e ,  I g ;  w a te r ,  1000m l.

i i .  Top a g a r .

0.6% a g a r  i n  w a te r ,

i i i .  Base medium.

D ifco  t r y p to n e ,  10g ; D ifco  a g a r ,  10g ; WaCl, 8 g ; g lu c o s e ,  I g ;

w a te r  1000m l. 

i v .  T2 b a c te r io p h a g e  b u f f e r .

O.IM MgS0|^, 20m l; O.OIM CaC lg, 20m l; 1% g e l a t i n ,  2m l;

NagHPO^.lZHgO, 1 5 .2 g ;  KH^PO^, 3g ; N aCl, 8g ;

KgSOj^, 10g ; w a te r ,  2000m l.

b .  E x p e rim e n ta l p ro c e d u re .

+ .V ia b le  T2H b a c te r io p h a g e  w ere  d e te c te d  by  m ix in g  them  a t  a  

s u i t a b l e  d i l u t i o n  w ith  a  d en se  su s p e n s io n  o f  E*. a o t ï  BR2 

i n  2 .5 m l o f  0.6% a g a r  w hich  was p o u red  a s  a  t h i n  l a y e r  o v e r 

p l a t e s  o f  b a s e  medium. A f te r  o v e rn ig h t  in c u b a t io n  a t  37^0 , 

each  v i a b l e  b a c te r io p h a g e  o r  p la q u e  fo rm in g  u n i t  ( p . f . u . ) 

p ro d u ced  a  c l e a r  p la q u e  a g a in s t  th e  t u r b i d  baclig round  grow th  

o f  u n in f e c te d  E» o o t i  BR2. T hese p la q u e s  w ere c o u n te d  f o r  

s u i t a b l e  d i l u t i o n s  o f  sam ples o f  a  b a c te r io p h a g e  su s p e n s io n  

a f t e r  v a r io u s  e x p o su re s  t o  r a d i a t i o n  from  th e  UV lam p s.

5ml o f  T2H* b a c te r io p h a g e  su spended  i n  T2 b a c te r io p h a g e  

b u f f e r  a t  a  c o n c e n tr a t io n  o f  ab o u t 10^ p . f . u ,  p e r  ml was 

p i p e t t e d ’ i n t o  a  9 cm g l a s s  P e t r i  d is h  w ith  a  m e ta l c o v e r .

The i r r a d i a t i o n  was c a r r i e d  o u t a t  th e  s ta n d a r d  i r r a d i a t i o n  

d i s t a n c e s  from  th e  UV lam ps w ith  th e  P e t r i  d i s h  on a  m ag n e tic  

s t i r r e r  b a s e ,  u s in g  a  1" m ag n e tic  s t i r r e r  a t  700 r .p .m .  

(n o m in a l) . The UV i r r a d i a t i o n  and  su b se q u e n t p l a t i n g  o f
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d i lu t i o n s  o f  th e  b a c te r io p h a g e  s u s p e n s io n  w ere c a r r i e d  o u t 

in  a  room w ith  a  P h i l i p s  35U SOX sodium  v ap o u r lamp as th e  

o n ly  so u rc e  o f  l i g h t ,  w hich e m its  l i g h t  a lm o s t e n t i r e l y  a t  

589 nm, t o  a v o id  p h o to r e a c t iv a t io n .  T hese w ere a l s o  th e  

s ta n d a rd  c o n d it io n s  f o r  a l l  th e  s u r v iv a l  c u rv e  ex p e rim e n ts  

p e rfo rm ed  td .th  S» o o e t^ o o to r ,  0 .1m l sam ples o f  th e  T2H*** 

b a c te r io p h a g e  su s p e n s io n  w ere ta k e n  a t  z e ro  and a  s e r i e s  o f  

p re d e te rm in e d  d o s e s . The su s p e n s io n  was exposed  t o  UV by 

rem oving th e  m e ta l  c o v e r from  th e  d is h  f o r  t h e  a p p r o p r ia te  

p e r io d  t o  t h e  f i r s t  sam p lin g  t im e ,  when i t  was r e p la c e d ,  

and  th e  d i s h  rem oved from  u n d er th e  lamp and th e  sam ple ta k e n .  

T h is  p ro c e d u re  was r e p e a te d  f o r  th e  in c re m e n t o f  t im e  t o  

th e  n e x t sam p lin g  tim e  and so  on . The 0 .1  ml sam ples w ere 

d i l u t e d  im m e d ia te ly  t e n  o r  100 f o l d  i n to  T2 b a c te r io p h a g e  

b u f f e r ,  d epend ing  upon th e  f i r s t  d i l u t i o n  t o  be  p l a t e d .

F u r th e r  d i l u t i o n  o f  th e s e  sam ples was by  t e n  f o l d  d i l u t i o n  

o f  0 .1  ml o r  0 .5  ml sa m p le s . A p r e l im in a r y  ex p erim en t had  

in d ic a te d  w hich  d i l u t i o n s  o f  th e  b a c te r io p h a g e  su s p e n s io n  

w ould y i e l d  be tw een  50 and 500 p la q u e s  p e r  p l a t e  a t  a 

p a r t i c u l a r  UV d o se . F o r th e s e  p re d e te rm in e d  d i l u t i o n s  

betw een  0 .1  ml and 0 .5  ml sam ples w ere s e p a r a t e ly  d i l u t e d  

i n t o  2 .5  ml o f  m o lte n  to p  a g a r  h e ld  a t  45^0 w hich  was 

a l r e a d y  m ixed w ith  2 d ro p s (a p p ro x im a te ly  0 .1  m l) o f  a 

s t a t i o n a r y  c u l t u r e  o f  J?. a o H  BR2 grown o v e rn ig h t  a t  3T^G 

i n  10 ml o f  phage b r o th .  T h is  m ixed b a c te r io p h a g e  and 

b a c t e r i a  su s p e n s io n  was q u ic lily  p o u red  on t o  an  a g a r  p l a t e  

o f  a p p ro x im a te ly  15 ml o f  b a se  medium w hich  h ad  b e en  d r i e d
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a t  37^C f o r  a  few  h o u rs  b e f o r e  u s e .  The d ry in g  e n su re d

a d e q u a te  g e l l i n g  o f  t h e  to p  l a y e r .  The p la q u e s  w ere  c o u n te d

a f t e r  o v e rn ig h t  in c u b a t io n  a t  37^C.

c .  R e s u l t s .

The r e s u l t s  o f  th e  e x p e rim e n ts  f o r  UV lam ps 3 , 4 and  5 e r e  

p r e s e n te d  i n  T ab le  10 and a r e  p l o t t e d  a s  s u r v iv a l  c u rv e s  i n  

F ig u re  5 . d a g g e r (1967) recommended t h a t ,  i n  u s in g  T2 

b a c te r io p h a g e  s u r v iv a l  c u rv e s  t o  c a l i b r a t e  a  new UV s o u r c e ,  

t h e  p u b l is h e d  d a ta  o b ta in e d  w ith  s t r a i n s  and c o n d i t io n s  a s  

s i m i l a r  a s  p o s s ib l e  t o  y o u r own, sh o u ld  b e  u s e d . The d a ta

o f  Z e l le  and  H o lla e n d e r  (1954) w hich gave  a  D37 o f  33 e rg s

—2 • < •mm , w ere o b ta in e d  u s in g  T2 b a c te r io p h a g e  p l a t e d  on

S'. Qo'l'l B w hich  had  b een  i r r a d i a t e d  i n  p h o sp h a te  b u f f e r .

T h is  was t h e  sy s tem  c l o s e s t  t o  my own am ongst th o s e  q u o te d  

by  d a g g e r (1 9 6 7 ) .  The D37 v a lu e s  i n  seco n d s ta k e n  from  

F ig u re  5 f o r  UV lam ps 3 , 4 and  5 w ere 4 .6  s e c s ,  1 .4  s e c s  and

2 .8  s e c s  r e s p e c t i v e l y  c o rre sp o n d in g  t o  t h e  r e s p e c t iv e  d o s e - r a t e s

""2 —1 —2 —1 rto f  7 .2  e rg s  mm se c  , 2 3 .6  e rg s  mm se c  and 1 1 .8  e rg s

-2  -1mm sec

3 . D e te rm in a tio n  o f  t h e  d o s e - r a t e s  o f  UV lam ps 2 and  3 u s in g  a  

UV s e n s i t i v e  m e te r  0

a .  A n o th e r m ethod o f  c a l i b r a t i o n  w hich  was u se d  f o r  UV lam ps 

2 and  3 was p ro v id e d  by  a p p a ra tu s  lo a n e d  by  Dr P . Gormley 

o f  th e  I n s t i t u t e  o f  V iro lo g y , Glasgow U n iv e r s i ty .  T h is  

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

—2c o u n te r  w hich  a cc u m u la te d  one co u n t f o r  e v e ry  3 2 .2 6  e rg s  mm 

r e c e iv e d .  T h is  v a lu e  h ad  b een  c a l c u l a t e d  b y  com parison  o f
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20 Time10

FIGURE 5

The s u r v iv a l  c u rv e s  o f b a c te r io p h a g e

when grown on 'E soheviohia QO'l'i W2. a f t e r  

ex p o su re  t o  UV from  lam ps 3 9 ^ o r  5*
-110

(D a ta  o f  T ab le  1 0 )»

- 210

-H
•H

10

UV lam p 3

UV lam p
10

UV lamp 4
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t h e  l i g h t  m e te r ’ s re s p o n s e  w ith  a  T2 b a c te r io p h a g e  s u r v iv a l  

c u rv e  o f  t h e  ty p e  d e s c r ib e d  above,

b .  The r e s u l t s  a r e  t a b u l a t e d  i n  T ab le  1 1 . T hese m easurem ents 

w ere ta k e n  a t  th e  d i s t a n c e s  from  th e  lam ps » and u n d er th e  

l i g h t  c o n d i t i o n s ,  w hich  w ere n o rm a lly  u se d  d u r in g  i r r a d i a t i o n  

e x p e rim e n ts  w ith  t h e s e  lam ps on S. c o e liû o Z o v  s t r a i n s ,

i .  UV lam p 2 ,  w hich  h ad  b een  sw itc h e d  on b a r e ly  h a l f  an  h o u r 

b e fo r e  m easurem ents w ere commenced, d id  n o t  a p p e a r  t o  

have re a c h e d  s t a b l e  e m iss io n  u n t i l  t h e  l a t e s t  m easurem ents 

w ere ta k e n .  At 4 7 .5  cms from  th e  m e te r  s u r f a c e ,  th e  

d i s t a n c e  a t  w hich  i r r a d i a t i o n  was n o rm a lly  c a r r i e d  o u t ,

2 .4 4  s e c s  w ere e q u iv a le n t  t o  1 c o u n t.

• • ™2 " IT h is  g iv e s  a  d o se  r a t e  o f  1 3 .2  e rg s  mm se c  • So

t h a t  a  d i r e c t  com parison  o f  th e  dose  r a t e s  o f  UV lam ps 

2 and 3 c o u ld  b e  m ade, m easurem ents w ere  a l s o  ta k e n  a t

4 5 .5  cms from  th e  m e te r  s u r f a c e ,  t h e  d i s ta n c e  a t  w hich  

m easurem ents had  b een  ta k e n  f o r  UV lam p 3 . 2 .1 8  s e c s

w ere e q u iv a le n t  t o  1 c o u n t. T h is  g iv e s  a  d ose  r a t e  o f

1 4 .8  e rg s  mm se c  w hich was s l i g h t l y  l e s s  th a n  tw ic e  

t h e  d o se  r a t e  o f  UV lamp 3 a t  t h i s  d i s t a n c e .  T h is  

r e d u c t io n  i n  o u tp u t  o f  UV lamp 3 was presum ed t o  b e  due 

m a in ly  t o  th e  v o l ta g e  c o n t r o l l e d  su p p ly  o f  t h i s  lam p,

i i .  UV lam p 3 , w hich  h a d  been  sw itc h e d  on f o r  more th a n  45 

m in u te s  b e fo r e  m easurem ents w ere t a k e n ,  a p p e a re d  t o  have  

re a c h e d  s t a b l e  e m is s io n . Then 4 .2  s e c s  w ere e q u iv a le n t  

t o  1 c o u n t ,  and  t h e r e f o r e  t o  3 2 .2 6  e rg s  mm . T h is  gave

a  d o se  r a t e  o f  7 .7  e rg s  mm se c  w hich  was i n  good
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TABLE 11 D o s e - ra te  d e te rm in a t io n s  f o r  UV lam ps 2 and  3 by- 
means o f  a  UV s e n s i t i v e  m e te r .

UV 
Lamp No,

D is ta n c e  from  In c re m en t ( s e c s )
lam p t o  m e te r  C ounts Seconds p e r  100 c o u n ts

(cm)

U7 .5  100  267 267

200 523 256

300 776 253

4oo 1020  250

500 1273  247

600  1518 245

700  1762 244

4 5 .5  100 224 224

200 444 220

300 663 219
4oo 881 218

4 5 .5  50 210 420

100 419 419

200 842 423

• z* "21 co u n t IS e q u iv a le n t  t o  3 2 .2 6  e rg s  mm .

UV d o s e - r a t e s  a r e  c a l c u l a t e d  from  th e s e  d a ta  i n  t h e  t e x t -
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ag reem en t w ith  t h e  v a lu e  o b ta in e d  d i r e c t l y  from  th e  T2
• * * "“2 ***!

b a c te r io p h a g e  s u r v i v a l  c u rv e ,  w hich  was T .2  e rg s  mm se c  •

“ 2 “ 1The a v e ra g e  v a lu e  o f  7 ,5  e rg s  mm se c  was ta k e n  a s  th e  

dose  r a t e  o f  t h e  lam p,

4 . E s t im a tio n  o f  t h e  d ose  r a t e  o f  UV lam p 1 .

An i n d i c a t i o n  o f  th e  d ose  r a t e  o f  t h i s  lamp was o b ta in e d  by th e  

fo l lo w in g  com parison  w ith  UV lam p 2 . B oth o f  th e s e  lam ps w ere u se d  

f o r  q u a l i t a t i v e  s tu d i e s  o f  th e  UV s e n s i t i v i t i e s  o f  5 . ooeViQoXoT s t r a i n s  

R e p lic a  p l a t e s  w ere i r r a d i a t e d  w ith  d o ses o f  UV from  t h e s e  lam ps w hich  

b a r e ly  v i s i b l y  a f f e c t e d  th e  g ro if th  o f  uvs^  s t r a i n s  on r e p l i c a s ,  b u t  

w hich  k i l l e d  p r a c t i c a l l y  a l l  o f  th e  r e p l i c a  p l a t e d  s p o re s  o f  m ost uvs  

s t r a i n s .  Two m in u te  e x p o su re s  w ere u se d  w ith  UV lam p 1 and  1 .5

m in u te  e x p o su re s  w ith  UV lam p 2 , S in c e  UV lam p 2 h a d  a  d ose  r a t e  o f

"*2 "1  •1 3 .2  e rg s  mm se c  a t  t h e  d i s t a n c e  n o rm a lly  u s e d , t h e  dose  r a t e  o f

1 5UV lamp 1 was c a l c u l a t e d  t o  be  /2  x  1 3 .2  o r  a p p ro x im a te ly  10 e rg s

"2 -1mm sec
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I I I .  ISOLATION AND CHARACTERISATION OF UVS MUTANTS

A. Method o f  i s o l a t i o n .

M utan ts w ere i s o l a t e d  am ongst th e  s u r v iv o r s  o f  s p o re s  

t r e a t e d  w ith  UV o r  NTG. The sp o re s  w ere p re p a re d  a s  a  p e l l e t  hy  

th e  m ethod d e s c r ib e d  i n  S e c tio n  I I  C 3 from  c o n f lu e n t  s l a n t  

c u l t u r e s ,  each  o f  w hich  was in o c u la te d  w ith  a  d i f f e r e n t  s in g le  

co lo n y  o f  one o f  t h e  fo l lo w in g  s t r a i n s  ; -

A 3(2)

916 h'ùsAl mthBB pheAl s t r A l  

749 proA l cægAl aysD18 uraAl 

The s i n g l e  co lo n y  inocu lum  e n su re d  t h a t  any m u tan t i s o l a t e d  

from  one sp o re  su s p e n s io n  was d i f f e r e n t  i n  o r i g i n  from  th o s e  

i s o l a t e d  from  o th e r  sp o re  s u s p e n s io n s .

1 . M u tag en esis  by  UV.

A sp o re  p e l l e t  was su sp en d ed  i n  10ml o f  s t e r i l e  d i s t i l l e d

w a te r  t o  a sp o re  d e n s i ty  o f  up t o  10^ p e r  m l. T h is  was p la c e d

i n  a  9cm g la s s  P e t r i  d i s h  and  exposed  t o  UV from  lamp 1 f o r

e ig h t  o r  t e n  m in u te s  (a p p ro x im a te ly  5000 o r  6OOO e rg s  mm

a t  a  d i s ta n c e  o f  a b o u t 50 cms. The d is h  was g e n tly  a g i t a t e d  a t

i n t e r v a l s  t o  e n su re  even  ex p o su re  o f  th e  w hole su s p e n s io n  to  th e

"5UV l i g h t .  The s u r v iv in g  f r a c t i o n  was o f  th e  o rd e r  o f  1 x  10 

when th e  s u s p e n s io n  was s p re a d  on s u i t a b l y  su p p lem en ted  MM.

2 . M u tag en esis  by  NTG.

The sp o re  p e l l e t  was re - s u s p e n d e d  i n  521I  o f  t r i s - m a l e i c  a c id  

b u f f e r  a t  pH 7*0 and  5 mg o f  NTG was added and  q u ic k ly  d is s o lv e d
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by a g i t a t i o n  on a  W h ir l im ix e r . The su s p e n s io n  was in c u b a te d  a t

3T^C f o r  30 m in u te s ,  and  th e n  c e n t r i f u g e d  a t  ab o u t 1500 g f o r  

t e n  m in u te s  t o  c o l l e c t  th e  s p o r e s .  The s u p e r n a ta n t  c o n ta in in g  

th e  b u lk  o f  t h e  u n u sed  NTG was d is c a rd e d  an d  t h e  p e l l e t  r e ­

su sp en d ed  i n  10ml o f  s t e r i l e  d i s t i l l e d  w a ter*  The f r a c t i o n

—2 “ 3s u r v iv in g  was i n  t h e  r e g io n  o f  1 x  10 to  1 x  10 , when th e

su s p e n s io n  was s p re a d  on e i t h e r  su p p lem en ted  MM o r  CM.

3 . S c re e n in g  th e  s u r v iv o r s  o f  m u ta g e n e s is  f o r  wos m u ta n ts ,

A t r i a l  p l a t i n g  o f  th e  m u ta g e n - tr e a te d  sp o re  su s p e n s io n  was 

made on s u i t a b l y  su p p lem en ted  p l a t e s  o f  I #  (o r  CM a f t e r  some o f  

th e  NTG t r e a tm e n ts  ) by  th e  m ethod w hich  y i e l d s  a c c u ra te  co lo n y  

c o u n ts  a f t e r  t h r e e  days (S e c t io n  I I  C 2 i v ) .  The re m a in in g  

sp o re  s u s p e n s io n  was m eanw hile  s to r e d  a t  4^C. The co lo n y  co u n t 

was u se d  t o  e s t im a te  a  d i l u t i o n  o f  th e  sp o re  su s p e n s io n  w hich 

w ould y i e l d  b e tw een  150 and  250 i s o l a t e d  c o lo n ie s  i n  a  su b se q u e n t 

m ain  p l a t i n g .  Betw een 12 and  24 p l a t e s  w ere u s u a l ly  in o c u la te d  

a t  t h i s  d i l u t i o n  and th e n  in c u b a te d  f o r  fo u r  t o  f i v e  d a y s , when 

th e  c o lo n ie s  w ere  w e l l  s p o r u l a t i n g .  Two r e p l i c a s  o f  each  p l a t e  

w ere made w ith  a  v e lv e t  p ad  t o  p l a t e s  o f  s i m i l a r  c o m p o s itio n .

The second  r e p l i c a  was a  c o n t r o l  o f  s a t i s f a c t o r y  r e p l i c a t i o n  o f  

each  c o lo n y , and  t h e  f i r s t  was exposed  t o  a  dose  o f  UV d e te rm in e d  

e m p i r ic a l ly  t o  have  l i t t l e  e f f e c t  on th e  r e p l i c a t i o n  o f  w i ld - ty p e  

c o lo n ie s  ( i t  k i l l e d  a p p ro x im a te ly  50^ o f  th e  s p o r e s ) .  I t  was 

e x p e c te d  t h a t  t h e  r e p l i c a t i o n  o f  any u vs  m u tan t w ould be  v i s i b l y  

a f f e c t e d .  The two r e p l i c a s  w ere com pared a f t e r  two days 

in c u b a t io n  an d  any c o lo n ie s  r e p l i c a t i n g  t o  t h e  c o n t r o l  b u t  n o t  

a t  a l l  ( o r  weaidLy) t o  t h e  i r r a d i a t e d  p l a t e  w ere p ic k e d  o f f  t o
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f r e s h  p l a t e s  and  r e - t e s t e d  by  th e  same te c h n iq u e *  T w e n ty - th re e  

uos m u ta n ts  w ere i s o l a t e d  i n  t h i s  way.

B. F re q u e n c ie s  o f  u vs  m u ta n ts  am ongst t h e  s u r v iv o r s

o f  m u ta g e n e s is .

T ab le  12 l i s t s  th e  u vs  m u ta n ts  i s o l a t e d  from  each  e x p e r im e n t, 

t h e  p a re n t  s t r a i n  from  w hich  th e y  w ere o b ta in e d ,  t h e  m u tag en , 

th e  number o f  c o lo n ie s  s c re e n e d  and th e  p l a t i n g  medium.

E lev en  u vs  m u ta n ts  w ere o b ta in e d  a f t e r  UV m u ta g e n e s is  

am ongst a b o u t 1 6 ,4 5 0  c o lo n ie s  on su p p lem en ted  MM; a p p ro x im a te ly  

1 p e r  1 ,5 0 0 . F o r NTG m u ta g e n e s is  th e  r e s u l t s  may be  d iv id e d  

a c c o rd in g  t o  t h e  p l a t i n g  medium. P l a t i n g s  on su p p lem en ted  MM 

y ie ld e d  5 m u ta n ts  am ongst ab o u t 30 ,350  c o lo n ie s ;  a p p ro x im a te ly  

1 p e r  6 ,6 0 0 . P l a t i n g  on CM y ie ld e d  6 m u ta n ts  am ongst 1 5 ,5 5 0  

c o lo n ie s ;  a p p ro x im a te ly  1 p e r  2 ,6 0 0 . From th e s e  f i g u r e s  UV 

w ould a p p e a r  t o  have  b een  th e  b e t t e r  m u tag en , when th e  p l a t i n g  

medium was MM (on  CM th e  v i a b i l i t y  o f  UV t r e a t e d  sp o re  s u s p e n s io n s  

was much r e d u c e d ) .  How ever, i t  i s  now known t h a t  th e  c o n d i t io n s  

u se d  f o r  t h e  NTG m u ta g e n e s is  w ere f a r  from  o p tim a l (B e lie f,

Hopwood and  F r ie n d ,  m a n u s c r ip t  i n  p r e p a r a t i o n ) .  T h e ir  r e s u l t s  

show t h a t  f o r  g e n e r a l  m u ta g e n e s is  ( to  a u x o tro p h y ) u n d e r o p tim a l 

c o n d i t io n s  NTG i s  a  v e ry  p o te n t  m u tagen , many t im e s  more 

e f f e c t i v e  th a n  UV, I n  my e x p e rim e n ts  NTG gave a  b e t t e r  y i e l d  

on CM th a n  on su p p lem en ted  # 4 . T here  was no o b v io u s  r e a s o n  f o r  

t h i s  d i f f e r e n c e ,  e x c e p t t h a t  i n  th e  f i v e  e x p e rim e n ts  i n  w hich 

p l a t i n g s  w ere made from  th e  same sp o re  su s p e n s io n  on b o th  IVM 

and CM, th e  fo l lo w in g  r e s u l t s ,  a v e ra g e d  f o r  th e  f i v e  su s p e n s io n s
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TABLE 12 The Origins o f  the Ws  Mutations,

M u ta tio n s

w us-J

u v s-2

UVS'^S uvs^û uvs^B

u v s -6  u vs ‘̂ 7 

UVS~8 UVS'-d UVS“ 1 0

UVS-^12 UVS'^IZ

u vs-1 4  

u vs“ l 5

UV3“ 1 6  u v s -^ l?  UVS'^IO

uvs'^18

ziUs-22 UVS'^23 

UVS'^20 i0s~'21

uvs-‘24

P a re n t M utagen P la t in g
medium

A pproxim ate  
number o f  

C o lo n ie s  S c ree n ed

lh 9 UV MM 1000
916 NTG MM 600
916 UV MM 2250
7U9 UV m 550
lh 9 UV MM 2250
749 UV MM 2550
916 UV MM 2300
916 UV MM 2300
916 UV MM 1250
916 UV m 2000

A 3(2) MTG MM 5400
A 3(2) ETG MM 2550
A 3(2) hTG MM i 4oo
A 3(2) WTG MM 1850
A 3(2) HTG ME4 2900
A 3(2) HTG MM 4100

A 3(2) NTG MM

CM

2150
2600

A 3(2) NTG MM

CM

3300
3600

A 3(2) NTG MM

CM

2850

3T50

A 3(2) NTG MM

CM

1500
2T50

A 3(2) NTG MM

CM

1550
2850

A 3(2) UV MM *

* O r ig in a l ly  p ic k e d  on th e  b a s i s  o f  m u tan t sp o re  c o lo u r ;  s u b s e q u e n tly  

found  t o  be  uvs^
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w ere o b ta in e d .

The co lo n y  c o u n ts  made from  t r i a l  p l a t i n g s  on MM w ere 93^ 

o f  th o s e  made from  s i m i l a r  p l a t i n g s  on CM. However, i n  t h e  

su b se q u e n t m ain  p l a t i n g ,  t h e  ap p ro x im a te  co lo n y  c o u n ts  fo u n d  on 

MM w ere o n ly  69^ o f  th o s e  on CM when 12 p l a t e s  o f  MD4 and 12 

p l a t e s  o f  CM w ere p l a t e d  a t  th e  same d i l u t i o n .  The CM c o u n ts  

a v e ra g e d  ab o u t 275 c o lo n ie s  p e r  p l a t e .  T h is  g r e a t e r  l o s s  o f  

v i a b i l i t y  on MM a f t e r  s to r a g e  o f  th e  su s p e n s io n s  may have 

p r e f e r e n t i a l l y  in c lu d e d  u vs  m u ta n ts .

Up t o  f o u r  m u ta n ts  w ere i s o l a t e d  from  th e  same sp o re  

s u s p e n s io n  and  th e s e  t h e r e f o r e  c o u ld  have  b een  members o f  a 

c lo n e  o f  sp o n ta n eo u s  m u ta n ts .  However, i n  e v e ry  c a se  w here 

m u ta n ts  c o u ld  have  b een  c l o n a l ,  a t  l e a s t  two in d e p e n d e n t 

m u ta t io n s  w ere  d e f in e d ,  by  d i f f e r e n t  m apping lo c a t i o n s  o r  

co m p lem en ta tio n  r e s u l t s .  T h is  le a v e s  u vs  m u ta n ts  D3 and  D5» 

C8 and  CIO, A15 and  A I9 » CI6 and  C17, and  A22 and  A23 as  

p o s s ib ly  h a v in g  o r i g i n a t e d  from  th e  same sp o n ta n eo u s  m u tan t 

c lo n e s .

C. UV s u r v i v a l  c u rv e s  o f  w i ld - ty p e  s t r a i n s  

and  t h e i r  uvs  m u ta n ts .

UV s u r v i v a l  c u rv e s  w ere d e te rm in e d  f o r  r e p r e s e n t a t i v e  

m u ta n ts  o f  e ach  o f  th e  g e n e s ,  uvsA^ uvsC  and uVsDj f o r  each  

m u tan t m apping i n  t h e  lo w er h a l f  o f  th e  map uVsBS^ u vs-lS ^  

uvs~‘21 and  f o r  t h e  t h r e e  u v s ’̂  s t r a i n s  from  w hich  th e  m u ta n ts  

w ere o b ta in e d .
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1 . E x p e rim e n ta l p ro c e d u re .

A sp o re  p e l l e t  was p re p a re d  a s  d e s c r ib e d  i n  S e c t io n  I I  C 3 from  a  

c o n f lu e n t  s l a n t  c u l t u r e  o f  IVIM su p p lem en ted  w ith  p r o l i n e ,  a r g in in e ,  

c y s t i n e ,  u r a c i l  ( th e  gro\rbh re q u ire m e n ts  o f  74-9 an d  i t s  uvs  d e r i v a t i v e s ) ,  

h i s t i d i n e ,  h o m oserine  and p h e n y la la n in e  ( th e  g row th  re q u ire m e n ts  o f  916 

and i t s  iw s  d e r i v a t i v e s ) ,  i n o c u la te d  w ith  a  s in g le  co lo n y  and in c u b a te d  

f o r  f i v e  d a y s . T h is  medium was chosen  b e c a u se  c e r t a i n  s t r a i n s  

s p o r u la te d  b e t t e r  on su p p lem en ted  MÎ4 th a n  on CM and i t  was alw ays 

su pp lem en ted  w ith  a l l  t h e  g row th  f a c t o r s  to  m axim ise u n ifo rm ity  o f  

g row th  c o n d i t io n s .  The sp o re  p e l l e t  was re - s u s p e n d e d  in  2 .5  ml o f  

s t e r i l e  d i s t i l l e d  w a te r ,  c e n t r i f u g e d  a g a in  and th e  s u p e rn a ta n t  d is c a r d e d .  

T h is  e n su re d  t h a t  th e  c o n c e n tr a t io n  o f  any UV a b s o rb in g  compounds 

d is s o lv e d  from  th e  s l a n t  was v e ry  low  in  th e  f i n a l  sp o re  s u s p e n s io n .

The sp o re  p e l l e t  was re - s u s p e n d e d  i n  a  f i n a l  volum e o f  10 ml o f  

s t e r i l e  d i s t i l l e d  w a te r  and  p la c e d  i n  a  g la s s  P e t r i  d is h  c o v e re d  by  

a  m e ta l  l i d .  The su s p e n s io n  form ed a  l a y e r  1 ,5  t o  2mm deep i n  th e  

b o tto m  o f  th e  d is h  w ith  a  c o n c e n tr a t io n  o f  v ia b le  p l a t i n g  u n i t s  on MM 

o f  betw een  ab o u t 10^ and  10^ u n i t s  p e r  m l. The i r r a d i a t i o n  and  

sam p lin g  was th e n  c a r r i e d  o u t i n  t h e  same way and u n d e r th e  same 

c o n d i t io n s  a s  have  a l r e a d y  b een  d e s c r ib e d  f o r  t h e  T2H^ b a c te r io p h a g e  

s u r v iv a l  c u rv e s ,  e x c e p t t h a t  0 .5  o r  1 .0  ml sam ples w ere ta k e n  a t  th e  

a p p ro p r ia te  i n t e r v a l s  and th e n  t r e a t e d  a s  fo l lo w s .  The sam ples w ere 

d i l u t e d  i n  t e n - f o l d  d i l u t i o n  s te p s  in  d i s t i l l e d  w a te r  and  p l a t e d  i n  

su p p lem en ted  MM ( a p p r o p r ia te  t o  t h e  s t r a i n )  by th e  te c h n iq u e  d e s c r ib e d  

i n  S e c tio n  I I  C 2 i v ,  w hich  y i e l d s  a c c u ra te  v i a b l e  c o u n ts .  The 

i r r a d i a t i o n  and p l a t i n g  was c a r r i e d  o u t a t  room te m p e ra tu re  (20 t o  

25^C) u n d e r l i g h t  from  a  P h i l i p s  35W SOX sodium  vap o u r lamp*
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P l a te s  w ere in c u b a te d  i n  th e  d a rk  and  c o lo n ie s  w ere c o u n te d  each  day 

from  th e  t h i r d  o r  f o u r th  up t o  t h e  s e v e n th  day i f  n e c e s s a r y ,  s in c e  

a t  t h e  lo w er s u r v iv a l  l e v e l s  many s u rv iv o r s  w ere l a t e  i n  y i e ld in g  

v i s i b l e  c o lo n i e s , p resu m ab ly  due t o  s lo w er grow th  r a t e s  o r  d e la y e d  

g e rm in a t io n . Normal u n i r r a d i a t e d  sp o re s  y ie ld e d  v i s i b l e  c o lo n ie s  

a f t e r  t h r e e  d a y s . C ounts w ere ta k e n  a s  f i n a l  when no f u r t h e r  c o lo n ie s  

a p p e a re d  a f t e r  an  a d d i t i o n a l  d a y 's  in c u b a t io n .  The UV dose was 

p l o t t e d  l i n e a l l y  on t h e  a b s c i s s a  and  th e  s u rv iv in g  f r a c t i o n  l o g a r i t h ­

m ic a l ly  on th e  o r d in a t e .

2 . UVb s u r v iv a l  c u rv e s .

The e x p e r im e n ta l  d a ta  a re  g iv e n  in  T ab le  13 and s u r v iv a l  c u rv e s  

p l o t t e d  from  them  in  F ig u re  6 , The th r e e  uve^  s u r v iv a l  c u rv e s  showed 

a  " s h o u ld e r"  o f  i n c r e a s in g  s lo p e  t o  s u r v iv a l  l e v e l s  o f  ab o u t 2 x  10 ,

w hich was fo llo w e d  by  n e a r ly  e x p o n e n t ia l  i n a c t i v a t i o n  o f  th e  sp o re s  

( i . e .  a  r e g io n  o f  th e  cu rv e  w ith  n e a r ly  c o n s ta n t  s lo p e )  t o  s u r v iv a l  

l e v e l s  o f  ab o u t 5 x  10 ^ and  f i n a l l y  " t a i l i n g " ;  t h a t  i s  th e  s lo p e  o f  

th e  c u rv e  d e c re a s e d , p resu m ab ly  due t o  a  more r e s i s t a n t  component o f  

th e  sp o re  p o p u la t io n  c o n s t i t u t i n g  an  in c r e a s in g  p r o p o r t io n  o f  th e  

s u r v iv o r s .

The fo u r  e x p e rim e n ts  on A 3(2) gave a  r e p ro d u c ib le  c u rv e . T h is  

was n o t so  f o r  916 o r  74-9♦ 9 1 6 , on w hich fo u r  e x p e rim e n ts  w ere p e r ­

fo rm ed , showed fo u r  c u r v e s , w i th in  w hich th e  m ain  d i f f e r e n c e  was th e  

e x te n t  o f  th e  s h o u ld e r , and th e  m ain s i m i l a r i t y  was t h e  s lo p e  o f  th e  

p a r t  o f  th e  c u rv e s  show ing e x p o n e n t ia l  i n a c t i v a t i o n .  74-9» on w hich 

t h r e e  e x p e rim e n ts  w ere p e rfo rm e d , showed a  more c o n s ta n t  s h o u ld e r ,  b u t  

a  v a r i a b le  e x p o n e n t ia l  s lo p e .

Some o f  th e s e  d i f f e r e n c e s  may have  r e s u l t e d  from  th e  f a c t  t h a t
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each  ex p e rim en t was p e rfo rm ed  on a  d i f f e r e n t  c lo n e  o f  sp o re s*  T h is  

h ad  a r i s e n  from  a  s in g l e  sp o re  o r  sm a ll  h y p h a l f ra g m e n t, w hich had  

grown f i r s t  t o  form  a  s in g l e  c o lo n y , w hich was th e n  in o c u la te d  t o  grow 

a  c o n f lu e n t  c u l t u r e  on a  s l a n t ,  w hich  y ie ld e d  th e  sp o re  s u s p e n s io n .

C lones o f  ’’m o d if ie r s "  a f f e c t i n g  UV s e n s i t i v i t y  may h av e  a r i s e n  a t  any 

s ta g e  d u r in g  t h i s  g ro w th , from  a  s in g le  sp o re  th ro u g h  t o  th e  c o n f lu e n t  

s l a n t  c u l t u r e . The s i z e  o f  any "m o d ified "  c lo n e  i n  t h e  f i n a l  sp o re  

s u s p e n s io n  w ould a f f e c t  i t s  s u r v iv a l  c u rv e . Such m o d if ie r s  w ould he  

p resum ed n o t t o  have  o c c u r re d  a p p re c ia b ly  In  A 3 (2 ).

A no ther so u rc e  o f  v a r i a b i l i t y  i n  t h e  s u r v iv a l  c u rv e s  may have  b e en  

t h e  d i f f e r e n t  d e g re e s  o f  s p o r u la t io n  a c h ie v e d  b e fo r e  a  sp o re  su s p e n s io n  

was p re p a re d .  A 3(2) s p o r u la te d  r e a d i l y  u n d e r a  v a r i e t y  o f  c o n d i t io n s ,  

and may have  a t t a i n e d  maximum s p o r u la t io n  f o r  each  e x p e r im e n t.

However, s t r a i n s  su ch  a s  916 and 7^9» w hich c o n ta in  a  number o f  auxo­

t r o p h ic  m a rk e rs , d id  n o t  s p o r u la te  so  r e a d i l y  and t h e  d i f f e r e n t  e x p e r i ­

m e n ta l su sp e n s io n s  c o u ld  have  c o n ta in e d  d i f f e r e n t  p r o p o r t io n s  o f  sp o re s  

and h y p h a l f ra g m e n ts . H yphal f ra g m e n ts  w ould have  c o n ta in e d  many 

n u c l e i ,  e ach  h a v in g  s i m i l a r  s e n s i t i v i t y  t o  t h e  s in g l e  n u c le i  o f  s p o r e s .

A number o f  l e t h a l  h i t s  w ould  have  b een  r e q u i r e d  t o  i n a c t i v a t e  a  g iv e n  

h y p h a l f ra g m e n t, d ep en d in g  upon t h e  number o f  n u c le i  i t  c o n ta in e d . 

T h e re fo re ,  th e  sp o re  su s p e n s io n  a s  a  w hole w ould have  a p p e a re d  more 

r e s i s t a n t  a t  low  d o se s  th a n  a t  h ig h e r  do ses when n e a r ly  a l l  t h e  s u r v iv ­

in g  members o f  th e  p o p u la t io n ,  b o th  sp o re  and h y p h a l, w ould have  c o n ta in e d  

o n ly  one v i a b l e  n u c le u s  each  and t h e r e f o r e  w ould have  h ad  th e  same e f f e c t ­

iv e  s e n s i t i v i t y .  Thus t h e  p r o p o r t io n  o f  h y p h a l f ra g m e n ts  w ould be  

e x p e c te d  t o  a f f e c t  t h e  e x te n t  o f  th e  s h o u ld e r  o f  t h e  c u rv e  (how ever, 

s e e  t h e  r e s u l t s  f o r  u u s - I 3 ) .
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W hatever th e  c a u se s  o f  th e s e  v a r i a t i o n s  be tw een  e x p e rim e n ts  in v o lv ­

in g  916 and  7 ^ 9 , th e y  w ere r e l a t i v e l y  s m a l l ,  and  a l l  o f  th e  s u r v iv a l  

c u rv e s  p e rfo rm ed  on s t r a i n s  showed g r e a t e r  r e s i s t a n c e  t o  UV th a n

th o s e  p e rfo rm ed  on t h e  l e a s t  s e n s i t i v e  m u ta n t.

3 . S u rv iv a l  c u rv e s  o f  s t r a i n s  m u tan t i n  uosA^ uvsC  o r  uVsD,

The d a ta  f o r  s t r a i n s  m u tan t i n  one o f  th e s e  t h r e e  c lo s e ly  l in k e d

g enes ( s e e  S e c tio n  IV C 3) a r e  p r e s e n te d  in  T a b le s  l 4 ,  1 5 9 I 6 , 

r e s p e c t i v e l y ,  and  t h e  s u r v i v a l  c u rv e s  p l o t t e d  from  them  i n  F ig u re s  

7 ,  8 , 9 r e s p e c t i v e l y .  They w i l l  b e  c o n s id e re d  t o g e t h e r .

The v a r i a t i o n s  i n  s e n s i t i v i t y  am ongst th e  s t r a i n s  so  f a r  s t u d i e d ,  

w hich  w ere m u tan t i n  gene A o r  gene  C, w ere w i th in  s i m i l a r  l i m i t s .

The two s t r a i n s  m u tan t in  gene 9 ,  w ere c lo s e ly  s i m i l a r  i n  s e n s i t i v i t y ,  

and  t h i s  was w i th in  t h e  ra n g e  d e f in e d  by  th e  m u ta n ts  i n  genes A o r  C.

A l l  t h e s e  m u ta n ts  h ad  s u r v i v a l  c u rv e s  w ith  c h a r a c t e r i s t i c s  l i k e  

th o s e  o f  th e  c u rv e s .  They r e t a in e d  a  s h o u ld e r ,  w h ich  was

fo llo w e d  by  a  r e g io n  show ing e x p o n e n t ia l  i n a c t i v a t i o n ,  fo llo w e d  by  

" t a i l i n g "  o f  t h e  c u rv e s  a t  s u r v i v a l  l e v e l s  be tw een  ab o u t 1 x  10 ^ 

and  1 X 10 , The f e a t u r e  i n  w hich  th e y  a l l  d i f f e r e d  from  th e  W s

c u rv e s  was i n  t h e  much s t e e p e r  s lo p e  i n  th e  e x p o n e n t ia l  p a r t s  o f  th e  

c u rv e s .

k . S u rv iv a l  c u rv e s  o f  m u ta n ts  uVsB6 and

The d a ta  f o r  t h e s e  m u ta n ts  a r e  p r e s e n te d  i n  T ab le  17 and t h e i r

s u r v iv a l  c u rv e s  i n  F ig u re  1 0 . T h e ir  s u r v iv a l  c u rv e s  w ere a lm o s t id e n -  

t i c a l ,  and  a l s o  had  t h e  g e n e r a l  f e a tu r e s  o f  th e  tcvs c u rv e s ,  r e t a i n i n g  

a  s h o u ld e r ,  an  e x p o n e n t ia l  r e g io n ,  and  a  " t a i l " .  They w ere l e s s

s e n s i t i v e  th a n  any  o f  th e  uvsA^ uvsC  o r  uvsD  m u ta n ts  and  th e  t a i l i n g

• “ 2a p p e a re d  t o  commence e a r l i e r ,  a t  s u r v iv a l  l e v e l s  o f  a b o u t 1 x  10  .

53



600 900300

FIGURE 7 .

UV s u r v iv a l  c u rv e s  o f  uvsA  m u ta n ts .
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FIGURE 8 .
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UvsB was defined by the mutation sin ce  the su rvival curve o f

uva-^21 was s im i l a r  t o  t h a t  o f  uvsB6 and t h e  two m u ta tio n s  w ere c lo s e ly  

l in k e d )  u vs“ 21 may l i e  i n  t h e  same g e n e , b u t  t h e r e  was no d e f i n i t i v e  

e v id e n ce  f o r  t h i s  p o s s i b i l i t y ,

5. Tiie s u r v iv a l  c u rv e  o f  u vs-lS *

The d a ta  a re  p r e s e n te d  i n  T ab le  l 8  and th e  s u r v iv a l  c u rv e  p l o t t e d  

i n  F ig u re  1 1 .

The s u r v iv a l  c u rv e  o f  u vs^ lS  was u n iq u e  in  t h a t  i t  c o m p le te ly  la c k e d  

a  s h o u ld e r ,  show ing e x p o n e n t ia l  s u r v iv a l  from  th e  o r ig in *  In  a d d i t io n  

th e  s lo p e  o f  i t s  e x p o n e n t ia l  cu rv e  was v e ry  c lo s e  t o  t h a t  o f  the : expon­

e n t i a l  p a r t  o f  th e  c u rv e  f o r  9 1 6 , s in c e  th e  D3T f o r  th e  c u rv e  o f  uvs-^lS

i n  F ig u re  11 = 315 e rg s  mm ^ and th e  a v e ra g e  v a lu e  f o r  th e  e x p o n e n t ia l

*"2p a r t s  o f  th e  c u rv e s  o f  916 i n  F ig u re  6 -  322 e rg s  mm • Thus i t  

d i f f e r e d  from  th e  cu rv e  o f  i t s  uvs"^ a n c e s to r  o n ly  i n  la c k in g  th e  s h o u ld e r .  

S in ce  UOS-IZ d i f f e r s  p h e n o ty p ic  a l l y  i n  t h i s  way from  a l l  th e  o th e r  

uvs m u ta n ts ,  i t  h a s  p r o v i s i o n a l l y  d e f in e d  gene uDsE*

The ab sen ce  o f  a d e f i n i t e  s h o u ld e r  a ls o  i n d i c a t e s  t h a t  th e  p re s e n c e  

o f  h y p h a l frag m e n ts  i n  a  sp o re  su s p e n s io n  does n o t  c o n fe r  an a p p re c ia b le  

sh o u ld e r  on a  s u r v iv a l  c u rv e  o b ta in e d  f o r  t h a t  s u s p e n s io n , S u sp en s io n s  

o f  t h i s  uVsElS s t r a i n  som etim es c o n ta in e d  an  a p p re c ia b le  p r o p o r t io n  o f  

h y p h a l f ra g m e n ts . T hese c o n s t i t u t e d  an in c r e a s in g  p r o p o r t io n ,  up t o  

an  e s t im a te d  90%, o f  th e  p l a t i n g  u n i t s  a s  th e  i n i t i a l  u n i r r a d i a t e d  v ia b le  

co u n t d e c re a s e d  from  ab o u t 10^ t o  10^ p e r  m l; t h a t  i s  when su s p e n s io n s  

w ere p re p a re d  from  p r o g r e s s iv e ly  l e s s  w e l l  s p o r u la t in g  s l a n t s .
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FIGURE 11.

UV s u r v iv a l  c u rv e  o f  uvsE lS ,

(D ata  o f  T ab le  1 8 ) .
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IV , THE GENETICS OF UVS MUTATIONS 

A, P rim ary  m apping o f  i 0 s  m u ta tio n s

The a p p ro x im a te  l o c a t i o n  o f  a  new g e n e t ic  m arker i n  S* Qoel/loo'lov  

may be  r e a d i l y  found  by t h e  a n a ly s i s  o f  50 t o  100 rec o m b in a n ts  s e l e c te d  

from  th e  p rogeny  o f  a  c ro s s  be tw een  two s t r a i n s ,  one o f  w hich  c a r r i e s  

t h e  new m u ta t io n  (Hopwood, 1 9 6 7 a)- 

1 . C h a r a c t e r i s t i c s  o f  th e  c r o s s .

T here  w ere t h r e e  m ain re q u ire m e n ts  o f  a  c ro s s  in te n d e d  t o  g iv e  an 

ap p ro x im ate  l o c a t i o n  t o  a  new g e n e t ic  m ark e r .

F i r s t l y ,  t h e  m ark e rs  o f  w hich  th e  l o c a t io n  was a l r e a d y  known 

w ere d i s t r i b u t e d  a s  e v e n ly  as p o s s ib le  a ro u n d  th e  c i r c u l a r  g e n e t ic  map 

o f  5 . Qoet'CcotoTm The " s i l e n t "  r e g io n s  im posed l i m i t a t i o n s  on t h i s  

d i s t r i b u t i o n ,  s e e  F ig u re  1 .  U s u a lly  a t  l e a s t  s i x  su ch  m ark e rs  w ere 

u se d .

S e c o n d ly , th e  p a r e n t  s t r a i n s  w ere chosen  t o  be  com plem entary  in  

g e n o ty p e , so t h a t  a l l  t h e  m ark e rs  i n  th e  c ro s s  w ere h e te ro z y g o u s  and 

t h e i r  a l l e l e s  c o u ld  s e g r e g a te  i n  t h e  reco m b in an t p ro g e n y .

T h ir d ly ,  tw o p o in t s  o f  s e l e c t i o n ,  one a g a in s t  each  p a r e n t ,  w ere 

a p p l ie d  t o  th e  p ro g en y  o f  th e  c r o s s .  T h is  was n e c e s s a ry  s in c e  in  

a lm o st a l l  c ro s s e s  be tw een  two s t r a i n s  o f  aoeZiQoZoTy reco m b in an t 

p rogeny  c o n s t i t u t e d  l e s s  th a n  1$  o f  th e  t o t a l  sp o re  and  h y p h a l u n i t s  

h a rv e s te d  from  th e  c r o s s .  To s e l e c t  th e s e  from  am ongst t h e  m a jo r i ty  

o f  p a r e n t a l  g e n o ty p e s , an  a l l e l e  o f  each  p a re n t  was s e l e c t e d  a g a i n s t ,  

e i t h e r  by o m it t in g  a  n u t r i e n t  r e q u i r e d  f o r  g row th  by one o f  th e  p a r e n ts  

from  th e  su p p lem en ted  MM on w hich  th e  c ro s s  was t o  b e  p l a t e d ,  o r  by
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a d d in g  an a n t i b i o t i c  ( d ih y d ro s tre p to m y c in  s u lp h a te )  t o  th e  p l a t i n g  

medium, a t  a  c o n c e n tr a t io n  p r e v e n t in g  grow th  o f  one o f  th e  p a r e n t s .

T h is  a l s o  s e l e c t e d  a g a in s t  th o s e  c l a s s e s  o f  re c o m b in a n ts  w hich  d id  

n o t  combine b o th  s e l e c te d  m a rk e rs . The rem a in in g  m ark e rs  i n  t h e  c ro s s  

w ere k e p t u n s e le c te d  by  a d d in g  th e  a p p ro p r ia te  n u t r i e n t s  t o  t h e  p l a t i n g  

medium, o r  o m it t in g  from  i t  an  a n t i b i o t i c .  T hese tw o p o in ts  o f  s e l ­

e c t io n  w ere chosen  t o  b e  d i a m e t r i c a l l y  s i t u a t e d ,  th u s  b i s e c t i n g  th e  

g e n e t ic  map.

F o r each  reco m b in an t v ia b l e  on th e  s e l e c t i v e  medium, a t  l e a s t  one 

c ro s s o v e r  (o r  a  h ig h e r  odd number ) m ust have o c c u r re d  i n  each  o f  th e  

two a r c s  d e f in e d  by  th e  s e l e c t e d  m a rk e rs . T h e re fo re ,  th e  d ia m e t r ic a l  

s e l e c t i o n s  r e s u l t e d  i n  a  d i s t r i b u t i o n  o f  c ro s s o v e r s  a s  even a s  p o s s ib l e  

a ro u n d  t h e  g e n e t ic  map. In c o m p le te n e ss  o f  th e  z y g o te s  and any  p o l a r i t y  

w i th in  th e  z y g o te  p o p u la t io n  te n d s  t o  d i s t o r t  t h i s  d i s t r i b u t i o n  

(Hopwood, 1967a.) t h e  f i r s t  o f  th e s e  f a c t o r s  w ould te n d  t o  c o n c e n tr a te  

th e  f re q u e n c y  o f  c r o s s in g - o v e r  i n  th e  r e g io n s  a d ja c e n t  t o  b o th  th e  

s e l e c t e d  m a rk e rs , and  t h e  l a t t e r  w ould p r e f e r e n t i a l l y  l i m i t  t h i s  

c o n c e n tr a t io n  t o  one o r  o th e r  o f  them .

2 , R a tio n a le  f o r  th e  l o c a t i o n  o f  th e  new m u ta t io n .

A h y p o th e t i c a l  c r o s s  i s  i l l u s t r a t e d  i n  F ig u re  1 2 . The two concen­

t r i c  c i r c l e s  r e p r e s e n t  t h e  genomes o f  th e  two p a r e n ts  c a r r y in g  th e  

a l l e l e s ,  a ,  and f  o r  Aj Cj D, g , and  F . The num bers

r e p r e s e n t  th e  p e rc e n ta g e  f r e q u e n c ie s  w ith  w hich th e y  a re  found  i n  th e  

p ro g e n y . The two s e l e c t e d  a l l e l e s  i n d ic a te d  by  t r i a n g l e s ,  o c c u r  w ith  

a  f re q u e n c y  o f  100% and  t h e  c o u n te r s e le c te d  a l l e l e s ,  0%. At any  p o in t  

on th e  map, th e  sum o f  th e  p e rc e n ta g e  f r e q u e n c ie s  m ust e q u a l  100%.

The a l l e l e s  o f  th e  new m ark e r a r e  in d ic a te d  by x  and  X* R ecom binants
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FIGURE 12 . H y p o th e tic a l  c ro s s  f o r  i l l u s t r a t i n g  th e  l o c a t i o n  

o f  a  new m u ta tio n  ajnongst known m a rk e rs .

100

or

d
100

See t e x t  f o r  e x p la n a t io n
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v ia b l e  on th e  s e l e c t i v e  p l a t i n g  mediuia ( s e l e c t i n g  A d  re c o m b in a n ts )  

a r i s e  by an odd number o f  c ro s s o v e r s  in  each  s e c t o r  o f  th e  map d e f in e d  

by  th e  s e l e c t e d  m a rk e rs . Most a r i s e  by  one i n  each  o f  th e s e  s e c t o r s ;  

two c ro s s o v e rs  i n  a l l .  T hese w i l l  be  r e f e r r e d  t o  a s  s im p le  c ro s s o v e r  

c l a s s e s .  Those a r i s i n g  by  some m u l t ip le  o f  two c ro s s o v e rs  w i l l  be  

c a l l e d  m u l t ip le  c ro s s o v e r  c l a s s e s .  As a c o n seq u e n ce , th e  a l l e l e  

f r e q u e n c ie s  o f  t h e  known m ark e rs  o f  each  p a re n t  form  two c o n tin u o u s  

s e r i e s ,  s t a r t i n g  w ith  a  f re q u e n c y  o f  100% f o r  t h e  s e l e c t e d  m arker o f  

each  p a r e n t ,  a t  A o r  d ,  and  d e sc e n d in g  a lo n g  each  a rc  o f  th e  genom e, t o  

m eet a t  0% f o r  t h e  c o u n te r  s e l e c t e d  m ark e rs  o f  each  p a r e n t  a t  a  o r  D.

The a l l e l e  f r e q u e n c ie s  o f  ^ /X  w i l l  f i t  i n to  th e  g r a d ie n t  o f  th e  

a l l e l e  f r e q u e n c ie s  o f  th e  known m ark e rs  i n  two a l t e r n a t i v e  p o s i t i o n s ,  

be tw een  ^/B  and  o r  be tw een  ^/E  and  *^/F. Tlie a c t u a l  l o c a t i o n  i s  

chosen  from  th e s e  two p o s s ib l e  l o c a t io n s  by t r y i n g  each  i n  t u r n ,  and 

a d o p tin g  th e  l o c a t i o n  w hich  m axim ises th e  number o f  re c o m b in a n ts  i n  

th e  s im p le  c ro s s o v e r  c l a s s e s .  C e r ta in  c r i t i c a l  c l a s s e s  o f  recom bin ­

a n ts  w i l l  be  s im p le  i n  t h e  r i g h t  l o c a t i o n  b u t  m u l t ip le  in  t h e  wrong 

lo c a t i o n .

3 . E x p e rim e n ta l p ro c e d u re .

A c ro s s  was made betw een  two s u i t a b l e  s t r a i n s  on a  CM s l a n t  

(S e c t io n  I I  C 2 a )  and in c u b a te d  f o r  t h r e e  o r  f o u r  d a y s . A su s p e n s io n  

was th e n  p re p a re d  from  i t  (S e c t io n  I I  C 3) and  re c o m b in a n ts  s e l e c t e d  by  

s p re a d in g  a l i q u o t s  o f  t h e  s u s p e n s io n  a t  1 0 ^ , 10 and  10 ^ d i l u t i o n s  

on s u i t a b l y  su p p lem en ted  MM p l a t e s  (S e c t io n  I I  C 2 a  i i ) .  A f te r  

t h r e e  days* in c u b a t io n  one o f  th e s e  p l a t e s  u s u a l ly  y ie ld e d  50 -  100 

s p o r u la t in g  reco m b in an t c o lo n ie s .  I n  o rd e r  t o  a n a ly s e  r e a d i l y  th e  

g en o ty p e  o f  a  random  sam ple  o f  th e s e  re c o m b in a n ts , 50 w ere i n d iv i d u a l l y
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p ic k e d  and in o c u la te d  t o  a  f r e s h  p l a t e  o f  th e  same s e l e c t i v e  M  i n  

an a s  s y m é tr ie  r e c t a n g u la r  g r i d  p a t t e r n .  T h is  " m a s te r  p l a t e "  was incuh"? 

a te d  f o r  tw o o r  t h r e e  days u n t i l  th e  rec o m b in a n t p a tc h e s  w ere s p o r u la t in g  

and  u se d  t o  make r e p l i c a s  w ith  a  v e lv e t  pad  (n o t  m ore th a n  t h r e e  r e p l i c a s  

from  one v e lv e t )  t o  a  s e r i e s  o f  p l a t e s ,  c o n s i s t in g  o f  th e  f o l lo w in g :  

two p l a t e s  w hich w ere  i d e n t i c a l  t o  th e  s e l e c t i v e  medium o f  t h e  m a s te r  

p l a t e ,  one o f  th e s e  b e in g  i r r a d i a t e d  w ith  ab o u t 1200 e rg s  mm t o  

d i f f e r e n t i a t e  u vs  from  uvs'^ re c o m b in a n ts  and a  s e t  i n  w hich  each  p l a t e  

la c k e d  a  d i f f e r e n t  one o f  t h e  g row th  f a c t o r s  p r e s e n t  i n  th e  m a s te r  

p l a t e .  I f  a n t i b i o t i c  r e s i s t a n c e  was a n o n - s e le c te d  m ark e r i n  t h e  

c ro s s  th e n  an  a d d i t i o n a l  p l a t e  c o n ta in in g  a l l  t h e  su p p lem en ts  o f  th e  

m a s te r  p l a t e  p lu s  th e  a n t i b i o t i c  a t  a  s u i t a b l e  c o n c e n t r a t io n  was 

in c lu d e d . The s e r i e s  o f  p l a t e s  was in c u b a te d  f o r  tw o d a y s , when th e  

gen o ty p e  o f  each  o f  th e  50 re co m b in an t p a tc h e s  was d e te rm in e d  from  i t s  

a b i l i t y  o r  i n a b i l i t y  t o  grow on each  p l a t e .  The w ild  ty p e  g e n o ty p e  

was i n d ic a te d  by g row th  on any p l a t e  la c k in g  a  supp lem en t o r  w hich 

had  b een  i r r a d i a t e d ,  and  la c k  o f  grow th  on a  p l a t e  c o n ta in in g  an  

a n t i b i o t i c .  The m u tan t g en o ty p e  was i n d ic a t e d  by  l a c k  o f  g row th  on 

p l a t e s  la c k in g  a  supp lem en t o r  w hich  had  b een  i r r a d i a t e d ,  and  g row th  i n  

th e  p re s e n c e  o f  th e  a n t i b i o t i c ,

4 . R e s u l t s .

G ro sses  w ere made a s  fo l lo w s :  uVs s t r a i n s  d e r iv e d  from  7^9 

proA l argA l oysD lS  uraA l w ere c ro s s e d  w ith  916 hCsAl mthB2 pheAl s tvA l^  

u vs  s t r a i n s  d e r iv e d  i n  916  w ere c ro s s e d  w ith  7 ^ 9 ; and  W s  s t r a i n s  

d e r iv e d  from  A 3(2) w ere  c ro s s e d  w ith  876 proA l hCsCQ cœgAl oysCS  

pheAl s t r A l t  The s e l e c t i o n  f o r  h is  s t r A l  re c o m b in a n ts  was s i m i l a r  

i n  each  c a se  s in c e  hisA  and  hieC  w ere c lo s e ly  l in k e d .  The t h r e e  ty p e s
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o f  c ro s s e s  s a t i s f i e d  t h e  re q u ire m e n ts  f o r  p r im a ry  m apping i n  t h e  even  

d i s t r i b u t i o n  o f  known m a rk e rs , t h e  c o m p le m e n ta rity  o f  p a r e n t a l  m ark e rs  

and th e  d i a m e t r i c a l l y  s i t u a t e d  p o in t s  o f  s e l e c t i o n .

A s e t  o f  r e p l i c a  p l a t e s  a f t e r  two days in c u b a t io n  i s  shown in  

F ig u re  13a f o r  th e  c ro s s  uosA24 x  876 . F ig u re  13b shows th e  g en o ty p es  

r e c o rd e d  from  t h e i r  g row th  re s p o n s e s  o f  each  o f  t h e  50 reco m b in an t 

p a tc h e s  r e p r e s e n te d  on th e  p l a t e s .  See a ls o  T ab le  22 and F ig u re  1 7 .

In  each  c r o s s ,  o n ly  4 l  t o  50 re c o m b in a n ts  w ere  a n a ly s e d .  T h is  

was i n s u f f i c i e n t  i n  many c a s e s  t o  a llo w  unam biguous l o c a t i o n  o f  t h e  

uvs m u ta t io n .  T h e re fo re  th e  d a ta  from  23 c ro s s e s  a r e  p o o le d  and  

a n a ly s e d  in  f i v e  g ro u p s c o n s t r u c te d  a s  fo l lo w s .

The s i m i l a r i t y  o f  p a r e n t a l  m arker a rra n g e m e n ts  p ro v id e d  t h r e e  

i n i t i a l  g ro u p in g s :  $XS/uvs c ro s s e d  w ith  7^9 ; 7^9 /wve c ro s s e d  w ith  916 ;

A3{2)/uV8 c ro s s e d  w ith  8 7 6 . T ie  f i r s t  and th e  t h i r d  o f  th e s e  w ere 

s u b d iv id e d ,  s in c e  in d iv id u a l  a n a ly s i s  o f  each  c ro s s  i n  th e s e  two g ro u p s 

showed th e  m u ta tio n s  t o  be  l o c a te d  i n  one o f  two r e g io n s  o f  th e  map.

On th e  a ssu m p tio n  t h a t  t h e  in d e p e n d e n t m u ta tio n s  w i th in  a  g roup  w ere 

i n  t h e  same gene o r  one o f  a  number o f  c lo s e ly  l in k e d  g en es  ( c l u s t e r i n g ,  

was a l r e a d y  knoim t o  o c c u r  i n  5 . c o e t io o lo r \  S e c t io n  I  A 1 ) ,  a n a ly s i s  

o f  t h e  p o o le d  d a ta  w ould  i n d i c a t e  i t s  l o c a t i o n .  T h is  a ssu m p tio n  was 

c o n firm e d  when co m p lem en ta tio n  t e s t s  and f i n e r  m apping w ere p e rfo rm e d .

The d a ta  f o r  t h e  f i v e  g ro u p s  a r e  p r e s e n te d  i n  T a b le s  19» 2 0 , 2 1 ,

2 2 , and  23 and a n a ly s e d  i n  F ig u re s  l 4 ,  1 5 , I 6 , 17» and  I 8 r e s p e c t i v e l y .  

T ab le  24 sum m arises th e  p ro b a b le  l o c a t i o n  o f  e ac h  g roup  o f  uvs 

m u ta t io n s ,  b a se d  upon th e  a n a ly s i s  o f  t h e  f i v e  g ro u p s o f  p o o le d  d a ta .  

T h u s, uvs-^l^ uVs^B^ uvs~3y uvs-^4^ uvs^S^ uvs-S^ uvs^lO^

uvs^’J l j  u v s ’'14 j WUS-I6, u v s ’-lB j uvs'^17^ uvs'^lS^ uvs'^ ld , uvq^20^ uvs'-BB̂
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FIGURE I k . A n a ly s is  o f  th e  p r in a r y  m apping c ro s s e s  betw een  

9 1 6 /uVs s t r a i n s  and  7^9: uvs lo c a te d  n e a r  h i s .  

(D a ta  o f  T ab le  1 9 ) .

273

284
244

argAl
249

proAl

hisAl

916/uvs

,167
284- 203

^ > ^ t r A l  mthB2

uraAl
162

147 cysDlâ

1

749

0 81

The two c o n c e n tr ic  c i r c l e s  r e p r e s e n t  th e  p a r e n t a l  genom es, w ith  
th e  m ark e r a rra n g e m e n ts  i n d ic a t e d .

Knmbers a d ja c e n t  t o  a l l e l e s  i n d i c a t e  t h e i r  f r e q u e n c ie s  am ongst th e  
sam ple o f  re c o m b in a n ts  a n a ly s e d .

Numbers be tw een  th e  c i r c l e s  i n d i c a t e  i n t e r v a l s  r e f e r r e d  t o  i n  th e  
r e l e v a n t  t a b l e .
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FIGURE 1 5 . A n a ly s is  o f  t h e  p r im a ry  mapping c r o s s e s  betw een 

916/uPS s t r a i n s  and 7^9 * uvs l o c a t e d  n e a r  s t r . 
(D a ta  o f  T ab le  20 ) .

argAlproAl

hi sAl

916/uvs

+49

29uraAl pheAl

cysD18

210

749

uvs

See le g e n d  t o  F ig u re  l 4
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FIGURE 16 . A n a ly s i s  o f  t h e  p r im a ry  mapping c r o s s e s  be tw een  

s t r a i n s  and  9 1 6 : UPs l o c a t e d  n e a r  hts ,

(D ata  o f  T ab le  21 ) .

186
U.VS

197
156

argAl
144

proAl

hisAl

916

129
heAl 177uraAl 197 183

GtrAl mthB2

cysD18

0 14

749/uvs

See le g e n d  t o  F ig u re  l 4
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FIGURE IT . A n a ly s is  o f  th e  p r im a ry  mapping c r o s s e s  betw een A3(.2 )/i£yj 
and 876: UV6 l o c a t e d  n e a r  h%s ,

(D ata  o f  T ab le  22 ) .

15

UVS
0 470

hisC9
proAl rgAl

485 464397

A3(2) /uvs

160
348

pheAl
325

cysC3
137strAl

485

876

See l e g e n d  t o  F ig u re  l 4 ,
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FIGURE 18 . A n a ly s is  o f  t h e  p r im a ry  mapping c r o s s  betw een  

an A3 ( 2 )/wi>.s s t r a i n  and 8 t6 :  avs l o c a t e d  n e a r  s t r

(D ata  o f  T ab le  23 ) .

8
0

hisC9
proAl rgAl

A 3(2) /uvs

pheAl

cysC3
stmT

o r

876

See le g e n d  t o  F ig u re  l A . 
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TABLE 1 9 , Primary mapping o f  9l6/wwa mutants in  crosses w ith 7^9: uvs
lo ca ted  near his,

(D a ta  a n a ly s e d  i n  F ig u re  l U ) .

G enotype (a )
c ro s s o v e r
i n t e r v a l s M u ta tio n s  ( b ) T o ta l
i n  F ig u re u v s-2 uVS-7 UVS^d UVS’̂ Q uVS-10 UVS^ l̂l (c )

horn phe 2 .9 5 0 0 3 2 2 12
p ro  horn phe 2 .8 3 2 0 2 1 1 9
p ro  horn phe ura 2 .7 2 0 0 0 0 1 3
p ro  horn ura 2 .6 1 1 0 1 0 0 3
a rg  horn phe 3 .9 k k 1 4 0 2 15
p ro  a rg  ham phe 3 .8 13 6 6 9 7 8 49
p ro  a rg  horn phe 

ura 3 .7 2 3 0 1 0 0 6

p ro  a rg  horn ura 3 .6 5 13 12 15 6 6 57
a rg  a y s  horn phe 4 .9 0 1 0 0 0 0 1
p ro  a rg  a y s  horn 

phe U,8 0 0 1 0 2 3 6

p ro  a rg  a ys horn 
phe ura 4 .7 0 1 0 0 1 0 2

p ro  a rg  a y s  horn 
i4ra 4 .6 0 1 9 2 10 5 27

a rg  a y s  phe 5 ,9 0 1 1 0 0 0 2
p ro  a rg  a y s  phe 5 .8 1 4 5 2 1 2 15
p ro  a rg  a y s  phe 

ura 5 ,7 0 0 1 0 3 1 5
p ro  a rg  a y s  ura 5 .6 0 9 11 6 14 l 4 54
a y s  horn phe 2 .3 ,4 ,9 1 0 0 0 0 0 1
p ro  a rg  phe 3 , 4 . 5 .8 0 1 0 1 0 0 2
p ro  a rg  horn 3 ,6 .7 ,8 0 0 0 1 0 0 1
p ro  a rg  ura 3 , 4 , 5 ,6 0 1 0 0 0 0 1
p ro  a rg  a y s  horn 4 , 6 , 7 ,8 0 0 0 0 1 0 1
p ro  a y s  ura 2 . 3 , 5 ,6 0 0 0 0 0 1 1
horn phe uvs 1 .9 2 0 0 1 0 0 3
p ro  horn phe uvs 1 ,8 1 0 0 1 0 1 3
p ro  horn phe ura  

uvs 1 ,7 1 0 0 0 0 0 1

p ro  horn ura u vs 1 .6 0 0 1 1 0 0 2
a y s  horn phe uvs 1 ,3 ,4 ,9 0 0 0 0 0 1 1
p ro  a y s  phe uvs 1 ,3 ,5 ,8 0 0 0 0 0 1 1

T o ta l  re c o m b in a n ts k l 48 48 50 48 49 284

(a )  W ild - ty p e  a l l e l e s  o m it te d ,

(h ) Numbers g iv e n  r e p r e s e n t  t h e  f r e q u e n c ie s  o f  th e  g en o ty p es  i n  Column 1 
am ongst th e  re c o m b in a n ts  re c o rd e d  in  in d iv id u a l  c ro s s e s  c o n ta in in g  
d i f f e r e n t  u vs  m u ta t io n s .

( c )  The a l l e l e  f r e q u e n c ie s  sho'vm i n  t h e  r e l e v a n t  f i g u r e  w ere c a l c u l a t e d  
from  th e  p o o le d  d a ta  o f  t h i s  colum n.
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TABLE 20 . P rim ary  m apping o f  916/ w e  m u ta n ts  i n  c ro s s e s  w ith  7^9; 

uvs  l o c a t e d  n e a r  s t r .

(D a ta  a n a ly s e d  i n  F ig u re  1 5 ) ,

G enotype (a )
C ro sso v e r
i n t e r v a l s

.M u ta tio n s (b )
T o ta l  (c )

i n  F i g u r e uvs^S u V s-13

horn phe UVS 1 . 9 1 3 4

p ro horn phe u vs 1 . 8 2 0 2

p ro horn ura uvs 1 , 6 1 0 1

a rg horn phe uvs 2 . 9 1 1 2

pro arg horn phe ui>s 2 , 8 9 1 5 2 4

p ro arg horn phe ura u vs 2 . 7 3 3 6

p ro a rg horn ura uvs 2 , 6 8 1 7 2 5

a rg a ys horn phe uvs 3 . 9 3 0 3

p ro a rg a ys horn phe uvs 3 , 8 2 1 3

p ro a rg ays horn phe
3 . 7 1 0 1ura uvs

p ro a rg a ys horn ura uvs 3 . 6 0 2 2

a rg o ys phe uvs 4 . 9 1 0 1

p ro arg ays phe uvs ■ 4 . 8 5 1 6

pro arg o y s phe ura u vs 4 . 7 1 0 1

pro a rg a ys ura u vs 4 , 6 4 2 6

a rg phe uvs 2 . 3 , 4 , 9 0 1 1

p ro arg horn phe 2 . 4 , 5 , 8 1 0 1

p ro a rg a ys phe 5 , 8 2 0 2

p ro a rg a ys phe ura 5 , 7 1 0 1

p ro arg ays ura 5 , 6 2 1 3

T o ta l  rec o m b in a n ts 48 47 95

See legend to  Table 19,
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T A B L E  2 1 c  P r i m a r y  m a p p i n g  o f  'jh^/uvs m u t a n t s  i n  c r o s s e s  w i t h  9 1 6 :  

uvs  l o c a t e d  n e a r  h i s ,

( D a t a  a n a l y s e d  i n  F i g u r e  l 6 ) .

G e n o t y p e  ( a )
C r o s s o v e r
i n t e r v a l s

M u t a t i o n s  ( h )
T o t a l  ( c )

i n  F i g u r e u v s-1 u v s-3 u v s“4 uvs^S

horn phe uvs 2 , 9 6 5 4 0 1 5

p ro horn phe uvs 2 , 8 4 6 0 0 1 0

p ro hom ■phe ura uvs 2 , 7 0 1 1 0 2

p ro horn tœa uvs 2 , 6 2 1 2 1 6

arg hom phe uvs 3 , 9 8 6 9 6 2 9

p ro a rg horn phe u vs 3 . 8 8 1 5 1 3 1 2 4 8

p ro a rg
ura

horn
u vs

phe
3 , 7 2 4 2 3 1 1

p ro a rg hom ura u vs 3 . 6 1 2 5 7 2 0 4 4

a rg o ys hom phe uvs ^ , 9 0 0 1 1 2

p ro arg
phe

o y s
u vs

hom
4 , 8 1 0 1 0 2

pro a rg
phe

o y s
ura

hom
uvs 0 0 1 0 1

p ro a rg
ura

o ys
u vs

hom
4 , 6 1 0 0 2 3

p ro a rg o y s phe u vs 5 . 8 0 0 1 0 1

pro arg
ura

o ys
uvs

phe
5 , 7 0 0 1 0 1

p ro a iy a y s ura uvs 5 , 6 3 0 4 2 9

p ro a rg phe u vs 3 , 4 , 5 . 8 0 2 0 0 2

horn phe 1 , 9 1 3 2 0 6

pro hom p7ie 1 , 8 0 1 0 0 1

pro arg hom ura 1 , 2 , 3 , 6 1 0 0 1 2

pro arg a y s u ra 1 , 2 , 5 , 6 0 0 0 1 1

horn ura 1 , 6 , 8 , 9 1 0 0 0 1

T o t a l  r e c o m b i n a n t s 5 0 4 9 4 9 4 9 1 9 7

See legend to  Table 19
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TABLE 23. Primary mapping o f  an A3(2)/wus mutation
crossed  w ith 8T6: uVs loca ted  near s t r .

( A n a l y s e d  i n  F i g u r e  l 8 ) .

G e n o t y p e  ( a )
C r o s s o v e r  i n t e r v a l s  

i n  F i g u r e
M u t a t i c

pro arg ays phe 1 ,  6 1

oys 2 ,  h 3

ays phe 2 .  5 T

pro oys phe 2 ,  6 2

-|. )  

) 3 .  4
1 5

uvs ) 5

phe 3 .  5 1 2

pro phe 3 .  6 4

pro 3 ,  4 ,  5 ,  6 1

T o t a l  r e c o m b i n a n t s  5 0

S e e  l e g e n d  t o  T a b l e  1 9
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uVS'^23 and  uvs^^24 w ere l o c a te d  n e a r  hisA/C^  p ro b a b ly  b e tw een  h isA /C  

and  orgA^ uOs^G and  uos'^ld n e a r  strA^  p ro b a b ly  be tw een  e tvA  and  mthB^ 

and  u os-21  a l s o  n e a r  s t r A ,

The c o n c lu s io n s  from  t h e s e  d a ta  f o r  in d iv id u a l  c r o s s e s  w ere necess" 

a r i l y  t e n t a t i v e  when i t  came t o  d e c id in g  be tw een  t h e  tw o p o s s ib le  

l o c a t i o n s  in d ic a t e d  by  th e  a l l e l e  f r e q u e n c ie s ,  t h a t  i s ,  t h e  o rd e r  o f  

t h e  u vs  m u ta t io n s  r e l a t i v e  t o  h isA /C  o r  strAj^ due t o  t h e  in f re q u e n c y  

o f  c r i t i c a l  g e n o ty p e s . The a l l e l e  f r e q u e n c ie s  o f  uvs/uvs"^  w hich  w ere 

c a l c u l a t e d  from  th e  p o o le d  d a ta  d id  how ever c l e a r l y  i n d i c a t e  t h a t  a l l  

t h e  u vs  m u ta t io n s  f e l l  i n t o  two g ro u p s , one c o n ta in in g  20 m u ta t io n s ,  

l o c a te d  be tw een  proA  and  argA , t h e  o th e r  c o n ta in in g  t h r e e  m u ta t io n s  

lo c a te d  be tw een  pheA and  mthB o r  oysC ,

I t  m ust be  s a i d  t h a t  when c o n s id e r in g  th e  c r o s s e s  i n d i v i d u a l l y ,  

i n  o n ly  one c ro s s  ( t h a t  in v o lv in g  th e  uvs^S  s t r a i n )  was t h e  c o n c lu s io n  

b a s e d  on th e  p o o le d  d a ta  p o s i t i v e l y  c o n t r a d ic t e d .  In  t h i s  c a s e ,  t h e  

a l l e l e  f r e q u e n c ie s  l o c a te d  w us-6 e i t h e r  be tw een  proA  and hisA  o r  

argA  and eysC  ( n e a r e r  argA ) w ith  two m u l t ip le  c ro s s o v e r  re c o m b in a n ts  

i n  e i t h e r  c a s e .

The n e x t s t e p s  w ere t o  a t te m p t  a  co m p lem en ta tio n  t e s t  w i th in  t h e  

two g ro u p s o f  m u ta t io n s ,  and  th e n  t o  l o c a t e  m ore p r e c i s e l y  one o r  a  

few r e p r e s e n ta t i v e  m u ta t io n s  o f  each  gene fo u n d  t o  e x i s t .
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B. G e n e tic  co m p lem en ta tio n  am ongst th e  m u ta tio n s  l o c a te d  n e a r  h isA , 

Twenty m u ta tio n s  w ere l o c a te d  n e a r  hisA   ̂ p ro b a b ly  be tw een  hisA  

and argA^ and  th e  q u e s t io n  t o  b e  a sk e d  was w h e th e r  t h e s e  m u ta tio n s  

w ere a l l  changes i n  t h e  same o r  i n  d i f f e r e n t  g e n e s ,

A t e s t  f o r  co m p lem en ta tio n  r e q u i r e s  t h a t  p a r t  o f  th e  l i f e  c y c le  

o f  th e  o rg an ism  in v o lv e s  a  d i p l o i d  (o r  p a r t i a l l y  d ip lo id )  s ta g e  d u r in g  

w hich th e  ph en o ty p e  o f  c e l l s  may be o b se rv e d . The d i p lo i d  i s  c o n s t r u c te d  

t o  be  h e te ro z y g o u s  ( in  t r a n s )  f o r  two in d e p e n d e n t m u ta t io n s ,  each  

e x h ib i t in g  a  s i m i l a r  p h en o ty p e  when m onosom ie. Such a  s i t u a t i o n  e x i s t s  

in  So QoeliooZoT^  i n  t h e  form  o f  h e te r o c lo n e  genom es, w hich  g iv e  r i s e  

t o  h e te ro c lo n e  c o lo n ie s  when groim  u n d er a p p r o p r ia te  s e l e c t i v e  con­

d i t i o n s  ,

1 .  R a tio n a le  f o r  t h e  co m p lem en ta tio n  t e s t .

Z ygo tes i n  S, o o e t i c o to r  a r e  p a r t i a l l y  d i p l o i d ,  c o n ta in in g  a  w hole 

ciiromosome d e r iv e d  from  one p a r e n t , and  a  p a r t i a l  chromosome d e r iv e d  

from  th e  o th e r  p a r e n t  (Hopwood, 1 9 6 7 a ) , The frag m en t i s  o f  random  

l e n g t h ,  a v e ra g in g  ab o u t ^ / 6 t h  o f  th e  genome, and w ith  ends a t  random  

p o s i t i o n s .  Such a  z y g o te  and  i t s  p rogeny  a r e  i l l u s t r a t e d  in  F ig u re  2 ,

The z y g o te  can  g iv e  r i s e  t o  h a p lo id s  by  an  even  number o f  c r o s s o v e r s ,  

u s u a l ly  tw o , anyifhere in  th e  h e te ro z y g o u s  r e g io n ,  and  a  reco m b in an t 

frag m en t w hich  i s  p resu m ab ly  l o s t ,  A s in g le  c r o s s o v e r ,  o r  any odd 

num ber o f  c r o s s o v e r s ,  y i e l d s  a  t e r m in a l ly  r e p e a te d  l i n e a r  h e te r o c lo n e  

genome w hich  i s  s t i l l  h e te ro z y g o u s  t o  th e  same e x te n t  a s  th e  z y g o te .

A f u r t h e r  c r o s s o v e r ,  o r  any o th e r  odd number o f  c r o s s o v e r s ,  i n  th e  

h e te r o c lo n e  genome w i l l  y i e l d  a  h a p lo id ,  and  t h i s  p ro c e s s  i s  th e  

norm al consequence  f o r  h e te r o c lo n e  genomes in  th e  p ro g en y  o f  any c r o s s ,  

u n le s s  a  s p e c i a l  s e l e c t i o n  w hich  s e l e c t s  a g a in s t  th e  h a p lo id s  i s
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a p p l ie d  t o  th e s e  p ro g e n y . I f  s e l e c t i o n  i s  made a g a in s t  tw o c lo s e ly  

l in k e d  m ark e rs  i n  d i f f e r e n t  g en es such  a s  h isA l  and  hisC 9  ( i . e .  th e  

p ro g en y  o f  a  c ro s s  be tw een  a  p a r e n t  h i s A l , and  a  p a re n t  hisCO a r e  p l a t e d  

on medium la c k in g  h i s t i d i n e ) ,  th e n  o n ly  p rogeny  p h e n o ty p ic  a l l y  H is*  

a r e  a b le  t o  grow (F ig u re  19)» T hese w i l l  c o n s i s t  o f  two t y p e s ,  b o th  

a r i s i n g  o n ly  from  z y g o te s  h e te ro g e n e o u s  f o r  hisA  and  hisC'^ t r u e  h is^  

h a p lo id  genomes w hich  a r i s e  by  an even number o f  c ro s s o v e r s  o f  w hich  

one m ust be i n  i n t e r v a l  2 (a s  i l l u s t r a t e d  in  F ig u re  19 th e  o th e r  i s  i n  

i n t e r v a l  3 ) ,  and  h e te r o c lo n e  genomes w hich a r i s e  by  an odd number o f  

c ro s s o v e r s  any \/here  i n  th e  h e te ro z y g o u s  r e g io n .  The l a t t e r  w i l l  be  

H is*  b e c a u se  o f  c o m p lem en ta tio n  betw een  hisA ^  and  h isC ^ , H ap lo id  

c e l l s  w i l l  grow i n t o  u n ifo rm , c i r c u l a r  c o lo n ie s  w hereas h e te ro c lo n e  

c e l l s , e x c e p t f o r  th o s e  w hich  s e g r e g a te  a  H is*  h a p lo id  c lo n e  e a r l y  

in  d ev e lo p m en t, by a  f u r t h e r  c ro s s o v e r  i n  2 ,  w i l l  grow in to  i r r e g u l a r  

h e te r o c lo n e  c o lo n ie s  o f  v a r i a b l e  s i z e .

H e te ro c lo n e  genomes can n o t be  d i r e c t l y  s e l e c t e d  f o r  h e te r o z y g o s i ty  

o f  u vs  m u ta t io n s  i n  t h e  way t h a t  a u x o tro p h ic  m u ta t io n s  may be  s e l e c t e d .  

However, s in c e  th e  tw e n ty  uvs  m u ta tio n s  t o  b e  t e s t e d  w ere l o c a te d  n e a r  

t o  t h e  hisA  h isC  r e g io n ,  h e te ro c lo n e  genomes s e l e c t e d  in  th e  way 

a l r e a d y  d e s c r ib e d  w ere a lm o st a lw ays h e te ro z y g o u s  f o r  t h e  r e g io n  

c o n t r o l l i n g  UV s e n s i t i v i t y .

C o n sid e r a  c ro s s  made be tw een  a  s t r a i n  h isA l uvs-'X  and  a  s t r a i n

hisCB u vs ’̂ y from  w hich  t h e  p ro g en y  w ere p l a t e d  on medium la c k in g

h i s t i d i n e  ( s e e  F ig u re  1 9 ) ,  Amongst th e s e  th e  v i a b l e  p ro g en y  w ere 

• #e i t h e r  H is h e te r o c lo n e s  o r  h a p lo id  c e l l s , w hich  h a d  a r i s e n  from  th e  

z y g o te s  a s  a l r e a d y  d e s c r ib e d .  S in c e  i n t e r v a l  4 i s  sm a ll  ( s e e  S e c tio n  

IV C) m ost h a p lo id s  c a r r i e d  e i t h e r  uvs'^y o r  u u a - r  and  w ere t h e r e f o r e
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FIGURE 1 9 . I l l u s t r a t i o n  o f  th e  r a t i o n a l e  f o r  th e  co m p lem en ta tio n  
t e s t s .

B ased on th e  m odel f o r  t h e  o r i g i n  o f  h a p lo id  and h e te ro c lo n e  genomes
from  m erozygo tes (Hopwood, 1967a ) .

hisAI uvs-x

C9 uvs

c r o sso v er  
in in t e r v a l  1

+ hisC9

uvs-y
hisAl +

uvs
“ X

Heteroclone
genome

2. c ro ss o v e r s
1 o b l i g a t o r y  in in t e r v a l  2 
the o th er  e . g .  in " 3

uvs-y

Haploid
genome

His’*' progeny

See t e x t  f o r  e x p la n a t io n
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Uvs ; h a p lo id s  h o th  h is ^  and  uos^  w ere r a r e .  C o lo n ie s  w ith  u n ifo rm  

c i r c u l a r  h a p lo id  a p p e a ra n c e  c o n s t i t u t e d  a p p ro x im a te ly  f i v e  p e r  c e n t  

o f  th e  t o t a l  c o lo n ie s  a p p e a r in g  in  a  c ro s s  w ith  s e l e c t i o n  a g a in s t  JvisAl 

and IrisCO (Hopwood, 1967a ) .  S in c e ,  how ever, h e te ro c lo n e  genomes w ere 

a lm o s t a lw ays h e te ro z y g o u s  a t  t h e  uos  r e g io n  a s  w e l l  a s  a t  t h e  hi^s
t

r e g io n ,  t h e i r  UV s e n s i t i v i t y  depended upon h o th  uvs^x  and  u v s^ y ,

I f  uvs~x  and u v s -y  w ere i n  d i f f e r e n t  g e n e s , co m p lem en ta tio n  c o u ld  o c c u r ,
•J* ■

and th e s e  c e l l s  w ere Uvs . I f  how ever uV s-x  and uV s-y  w ere i n  th e  

same g e n e , co m p lem en ta tio n  c o u ld  n o t o c cu r (assum ing  no i n t r a g e n ic  

c o m p le m e n ta tio n ) , and  t h e s e  c e l l s  w ere  Uvs .

Tito c l a s s e s  o f  r e s u l t s  w ere  t h e r e f o r e  e x p e c te d , depend ing  on th e  

UV s e n s i t i v i t y  o f  h e te r o c lo n e  p l a t i n g  u n i t s .  In  h o th  c l a s s e s ,  h a p lo id  

c e l l s  w ould h e  UV s e n s i t i v e .  How ever, in  t h e  c ro s s e s  in  w hich  co m p lé ­

m e n ta t io n  o c c u r re d ,  and  s in c e  h a p lo id s  w ere a  sm a ll  m in o r i ty ,  th e  t o t a l  

H is*  p ro g en y  o f  th e  c ro s s  sh o u ld  have  e x h ib i t e d  a p p ro x im a te ly  w i ld - ty p e  

s e n s i t i v i t y ,  w hereas i n  th e  c ro s s e s  in  w hich co m p lem en ta tio n  d id  n o t 

o c c u r ,  t h e  t o t a l  H is p ro g en y  w ould a lm o s t a l l  have  b een  o f  m u tan t 

s e n s i t i v i t y .

2 . E x p e rim e n ta l p ro c e d u re .

H a lf  t h e  tw e n ty  u vs  m u ta t io n s  w ere o b ta in e d  i n  hrisAl s t r a i n s  e i t h e r  

d i r e c t l y  o r  by re c o m b in a tio n  w ith  IrisAl s t r a i n s .  The re m a in in g  u vs  

m u ta n ts  w ere c ro s s e d  w ith  a  hisCQ s t r a i n  and uVs hisCS  s t r a i n s  i s o l a t e d .  

C ro sse s  w ere made in  a l l  p o s s ib l e  p a irw is e  c o m b in a tio n s  be tw een  

uvs h isA l  s t r a i n s  and u v s  h'isCQ s t r a i n s .  0 .1m l sam ples o f  th e  sp o re  

s u s p e n s io n s  from  th e  c r o s s e s  w ere s p re a d  in  d u p l i c a t e , u n d i lu te d  and  

a t  an ap p ro x im a te  t e n ^ f o ld  d i l u t i o n  (S e c t io n  I I  C 2 i i i ) ,  on a g a r  

p l a t e s  l a c k in g  h i s t i d i n e  b u t  c o n ta in in g  any o th e r  n u t r i e n t s  r e q u i r e d
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by  e i t h e r  p a r e n t .  One o f  each  s e t  o f  d u p l ic a te  p l a t e s  was exposed  t o  a  

dose o f  UV (a p p ro x im a te ly  1200 e rg s  mm s u f f i c i e n t  t o  k i l l  a p p ro x ­

im a te ly  50^ o f  c e l l s  w ith  w i ld - ty p e  s e n s i t i v i t y  b u t  k i l l i n g  m ore th a n  

99% o f  c e l l s  w ith  m u tan t s e n s i t i v i t y .  A l l  th e  p l a t e s  w ere in c u b a te d  

f o r  t h r e e  d a y s , when t o t a l  c o lo n y  c o u n ts  w ere m ade.

F or each  c r o s s , t h e  number o f  c o lo n ie s  c o u n te d  on th e  i r r a d i a t e d  

p l a t e  was e x p re s s e d  a s  a  p e rc e n ta g e  o f  th e  number o f  c o lo n ie s  c o u n te d  

on th e  u n i r r a d i a t e d  c o n t r o l  p l a t e .  C ounts o b ta in e d  a t  d i f f e r e n t  

d i l u t i o n s  f o r  t h e  same c ro s s  ^rere added  t o g e t h e r ,  p ro v id e d  t h a t  

c o u n ts  c o u ld  be  o b ta in e d  f o r  b o th  c o n t r o l  and  i r r a d i a t e d  p l a t e s  a t  

e ach  d i l u t i o n .

3 . R e s u l t s .

The r e s u l t s  o b ta in e d  from  up t o  t h r e e  c ro s s e s  b e tw een  each  p a i r  

o f  s t r a i n s  a r e  p r e s e n te d  i n  T ab le  25 h th e y  may b e  d iv id e d  unam biguously  

i n to  two c l a s s e s .  One c l a s s  c o n ta in s  th o s e  c ro s s e s  w here th e  s u r v iv a l  

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

n o n -c o m p le m e n ta tio n , t h e  h ig h e s t  s u r v iv a l  in  t h i s  c l a s s  b e in g  l e s s  th a n  

o r  e q u a l t o  3.2% . The seco n d  c l a s s  c o n ta in s  th o s e  c ro s s e s  i n  w hich  

th e  s u r v iv a l  a f t e r  i r r a d i a t i o n  was betw een  82,4% and  l4 .3%  in d ic a t i n g  

c o m p lem e n ta tio n , w i th  an  a v e ra g e  v a lu e  o f  48.6% in  t h i s  c l a s s .

T h is  was i n  good ag reem en t w ith  th e  v a lu e  e x p e c te d  in  f u l l y  com ple­

m en tin g  c o m b in a tio n s  d e r iv e d  a s  fo llo w s  : 5% o f  v i a b l e  p ro g en y  w ere

h a p lo id  and Uvs | th e  re m a in in g  95% w ere h e te ro c lo n e  c e l l s  a lm o s t a l l

•  *o f  w hich w ould have b een  Uvs , t h e r e f o r e  th e  o v e r a l l  s u r v iv a l  sh o u ld

a p p ro x im a te ly  e q u a l 100 -  5 % ^^/lOO = 47.5%-

On th e  b a s i s  o f  th e s e  r e s u l t s ,  th e  tw e n ty  u vs  m u ta t io n s  w ere 

d iv id e d  i n t o  t h r e e  c o m p lem en ta tio n  g ro u p s d e f in in g  genes uvsAj

64



d p , m e  r e s u l t s  o f  c o m p l e m e n t a t i o n  t e s t s  b e t w e e n

uvs m u t a t i o n s .

uvs
m u t a t i o n  
i n  h%sAl 
p a r e n t

uvs m u t a t i o n  i n  hisCd p a r e n t

uvs uvs uvs uvs uvs uvs uvs uvs uvs
Al 5 A19 A22 A23 A24 014 016 017 DIS

□ D □ o A □ □ a □

uvsA2 a 0 0 1 4 0 191 47 86 17
M b 224 499 342 1286 504 346 60 166 36

c < 0 .4 5 <0.21 0 .2 9 0.31 < 0 .2 5 5 ,2 7 8 .3 51 .8 4 7 .2

uvsAé a 0 0 0 0 0 50 16 39 96
A b 218 367 72 111 OC 178 43 137 264

c < 0 .4 6 < 0 ,2 8 < lo 4 <0.91 0 28,1 3 7 .2 2 8 ,5 36 .4

uvsAB a 0 0 1 0 0 187 18 134 15
m b 80 994 256 790 101 350 50 337 36

c < 1 .2 5 <0.11 0 .3 9 < 0 .1 3 < 1 .0 5 3 .4 36 59 .8 4 1 .7

uvsA20 a 0 0 0 0 0 116 1 17 61
▼ b 66 195 80 176 88 247 7 34 144

c < 1 .6 < 0 .5 2 < 1 .2 5 < 0 .5 7 < 1 .2 4 7 .2 14.3 50 4 2 .4

uvsC? a 18 74 50 34 101 1 0 0 12
m b 77 228 92 72 157 460 35 98 20

c 2 3 .4 3 2 .5 5 4 .3 4 7 .2 6 4 ,3 0 .2 2 < 2 .9 < 1 .1 60

uvsCd a 15 123 63 217 22 0 0 3 36m b 65 205 120 275 42 1247 32 1083 45
c 23. 1 60 5 2 .5 7 8 .9 52 .4 < 0 .0 8 < 3 .2 0 .2 8 80

uvs CIO a 118 799 51 82 79 0 1 0 59
m b 228 1278 136 247 173 400 51 301 109

c 5 1 ,8 6 2 .5 3 7 .5 3 3 .2 4 5 .7 < 0 .2 5 2 .0 < 0 .3 4 54. 1

uvsDl a 63 430 203 188 112 207 26 147 0
A b 189 1072 462 386 136 426 50 248 35

c 3 3 .3 40.1 4 3 .9 4 8 .7 8 2 .4 4 8 .6 52 5 9 .3 < 2 .9

uvsDS a 33 340 71 367 69 29 28 183 0
A b 1 12 716 156 563 108 106 49 310 95

c 2 9 .5 4 7 .5 4 5 .5 6 5 .2 6 3 .9 2 7 ,4 57.1 5 9 .0 <1.1

UV sD S a 196 318 148 131 72 495 21 74 0
A b 415 677 327 231 93 1400 39 160 85

c 4 7 .2 4 7 ,0 4 5 .3 56 .7 77 .4 35 .4 ' 5 3 .8 4 6 ,3 < 1 .2

u vsD ll a 209 500 88 96 57 253 24 1 19 0m b 663 759 213 240 68 443 47 235 93
c 31 .5 6 5 .9 41 .3 4 0 .0 54 .4 57.1 51.1 5 0 .6 <1.1
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TABLE 25 (continued).

NOTES.

a ) Number o f  c o lo n ie s  on i r r a d i a t e d  p l a t e ( s ) .

b ) Number o f  c o lo n ie s  on u n i r r a d i a t e d  p l a t e ( s ) .

c ) % s u r v iv a l  (“  x  100 . )

R e s u l ts  f o r  c ro s s e s  show ing no co m p lem en ta tio n  a r e  in  heavy type .

R e s u l ts  f o r  c ro s s e s  show ing co m p lem en ta tio n  a r e  i n  l i g h t  ty p e .

^  uvsAlB^ A19y A22j A23j C l4̂  C l6̂  C17j and  D18 s t r a i n s  a l s o  
c o n ta in e d  proA l s t r A l .

. uvsA24 s t r a i n  a l s o  c o n ta in e d  s tr A l  and a  sp o re  c o lo u r  m u ta tio n  
^ C 7 3 .

uvsA2^ A9  ̂ C7j C8j CIO and  D ll  s t r a i n s  a l s o  c o n ta in e d  mthB2 
pheAl s t r A l ,

▲ uvsA4j D lj D3 and  D5 s t r a i n s  a l s o  c o n ta in e d  pheA l,

▼ ux>sA20 s t r a i n  a l s o  c o n ta in e d  stvA l*
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uvsC . uVsD^ C ro sse s  in v o lv in g  uvs  m u ta tio n s  w i th in  a  gene showed non-* 

c o m p le m e n ta tio n 3 and  c ro s s e s  in v o lv in g  uvs  m u ta tio n s  a s s ig n e d  t o  d i f f e r e n t  

genes showed co m p lem en ta tio n  in  e v e ry  c a s e .  T here  was no in d ic a t i o n  

t h a t  th e  r e s u l t s  o b se rv e d  w ere due t o  th e  o c c u rre n c e  o f  i n t r a g e n ic  

c o m p lem e n ta tio n . I f  t h i s  had  b een  th e  case^  and a l l  t h e  m u ta tio n s  

w ere in  th e  same gene a a  f r e q u e n t  c la s s  o f  uVS m u ta n ts  w ould  have  

b een  e x p e c te d  t o  show n on^com plem en ta tion  w ith  a l l  o f  th e  o th e r  u vs  

m u ta n ts . T h is  g roup  w ould have  c o n ta in e d  th e  m u ta n ts  c o d in g  f o r  no 

p r o t e i n  a t  a l l s  o r  one so  g r o s s ly  a l t e r e d  t h a t  i t  was in c a p a b le  o f  

c o m p lem e n ta tio n . Thus t h e  r e s u l t s  o b ta in e d  w ere e n t i r e l y  c o n s i s t e n t  

w ith  th e  e x is te n c e  o f  t h r e e  genes c o n t r o l l i n g  UV s e n s i t i v i t y  i n  t h i s  

r e g i o n .

C. F in e  m apping o f  r e p r e s e n ta t i v e  m u ta t io n s  o f  uvsA^, uVsC 

and  uvsD^ and  uvsB 6j uvsE13  and w Ps-21.

1 .  R a t io n a l e .

O rd e rin g  o f  m u ta t io n s  r e l a t i v e  t o  o th e r  m ark e rs  w i th in  a  sm a ll  

r e g io n  o f  th e  map can  s e rv e  two p u rp o s e s . I f  two in d e p e n d e n t 

m u ta t io n s  w ith  s i m i l a r  p h e n o ty p e s  can b e  l o c a te d  on e i t h e r  s id e  o f  

a  knovm g e n e , w hich  h a s  an u n r e l a t e d  p h e n o ty p e , th e n  t h i s  i s  e v id e n c e  

f o r  tw o s e p a r a te  g en es w hich  sh o u ld  be s u p p o r te d  by any co m p lem en ta tio n  

d a ta  a v a i l a b l e .  A l t e r n a t i v e l y ,  i f  a  number o f  d i f f e r e n t  g e n e s , 

d e f in e d  by  co m p lem en ta tio n  d a t a ,  can n o t be  s e p a r a te d  by  any o f  th e  

known m ark e rs  l o c a te d  in  t h i s  r e g io n ,  th e n  t h i s  i s  a  p r e l im in a r y  

i n d ic a t i o n  o f  a  gene c l u s t e r ,  p e rh a p s  an o p e ro n , and  th e  p o s s i b i l i t y  

o f  c o - o r d in a te  gene c o n t r o l .

The c h a r a c t e r i s t i c s  o f  a  c ro s s  d e s ig n e d  t o  o rd e r  a  new m ark er
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r e u a u iv e  t o  o th e r  known, m a rk e r s , a l l  l o c a te d  w i th in  a  f a i r l y  s h o r t  r e g io n  

o f  t h e  map, d i f f e r  in  one r e s p e c t  from  th o s e  o f  a  c ro s s  d e s ig n e d  t o  g iv e  

a  f i r s t  a p p ro x im a te  l o c a t i o n  t o  th e  new m a rk e r , i n  t h a t  th e  two p o in ts  

o f  s e l e c t i o n  sh o u ld  h e  ch o sen  t o  d e f in e  t h e  s h o r t  s e c t i o n  o f  th e  map 

w i th in  w hich  th e  new m ark e r i s  known t o  l i e .  The g e n o ty p e s  o f  th e  two 

p a r e n ts  sh o u ld  a g a in  be  com plem entary  f o r  th e  knovm o rd e re d  m ark e rs  i n  

th e  s h o r t  r e g io n ,  and  i d e a l l y  t h e s e  sh o u ld  be  e v e n ly  d i s t r i b u t e d .  The 

r a t i o  o f  a l l e l e  f r e q u e n c ie s  f o r  t h e  new m arker w i l l  l o c a t e  i t  a s  b e fo r e  

w ith  r e s p e c t  t o  th e  knovm m ark e rs  i n  a  p o s i t i o n  w hich  sh o u ld  m in im ise  

th e  number o f  m u l t ip le  c ro s s o v e r  re c o m b in a n ts .

2 , E x p e rim e n ta l p ro c e d u re .

C ro sse s  w ere p e rfo rm ed , and  a n a ly s e d  a s  d e s c r ib e d  i n  S e c t io n  IV A 3.

3 . R e s u l ts  f o r  uvsA^ uvsC  and  uvsD,

The p r im a ry  m apping d e s c r ib e d  e a r l i e r  h ad  l o c a te d  th e  uvsA^ uvsC  

and  uvsD  g roup  o f  m u ta tio n s  be tw een  proA  and  argA^ p ro b a b ly  betw een  

hisA. and  argA» The fo llo v r in g  c ro s s e s  w ere p e rfo rm e d  and a n a ly s e d  i n

o rd e r  t o  c o n firm  th e  l o c a t i o n  w ith  r e s p e c t  t o  h'isA . ProAl u vsA 4 ,

proA l uvsC7 and  proA l uvsDS s t r a i n s  w ere o b ta in e d  by re c o m b in a t io n , and  

w ere each  c ro s s e d  w ith  s t r a i n  26 IrtsAl orgA l and  proA avgA  re c o m b in a n ts  

s e l e c t e d .

The c r o s s e s ,  t h e  r e s u l t s  and  t h e i r  a n a ly s i s  a r e  i l l u s t r a t e d  i n
*î* k

T ab le  26 . The a l l e l e  r a t i o  f o r  t h e  p o o le d  r e s u l t s ,  lu v s  -  /99»

c l e a r l y  l o c a te d  uos b e tw een  'hisA and  argA . T liis  l o c a t i o n  was su p p o r te d  

by  each  o f  t h e  i n d iv id u a l  c ro s s e s  a n a ly s e d  a lo n e .  I t  r e q u i r e d  fo u r  

o f  t h e  o b se rv e d  re c o m b in a n ts  t o  o c c u r  by m u l t ip le  c r o s s o v e r s , w hereas 

t h e  o th e r  p o s s ib l e  o r d e r ,  proA uvs h isA  r e q u i r e d  21 m u l t ip le

c ro s s o v e r  re c o m b in a n ts . T h e re fo re  t h e  o rd e r  was proA kCsA (uvsA uvsC  

uvqD) orgA,



TABLE 2 6 , The ordering o f uVsA^ uvsC  and uVsD r e la t iv e  to  h is A ,

0
proAl
— I—

82
+

—

99
uvs

—I—

223
+

-A r-

Cross:

---------A -----------
+

223

--------------- 1----------
hisAl

H I

--------------- 1------
+

124

-----------------1-----
argAl

0

Genotype C ro sso v e r
i n t e r v a l

M u ta tio n s  (a )  
uvsA4 u v s Cl 0 U V S Ü 3

T o ta l  ( b )

f  uvs 1 23 38 IT T8

h is  uvs 2 T 6 8 21

h is  f 3 59 43 18 120

1 ,2 ,3 2 0 2 4

T o ta l
R ecom binants 91 87 45 223

The s t r a i n s  u se d w ere VIT p^oAl mthB2 uraAl s t r A l  uvsA4y V4l proA l

aysDlB lœaAl uOsClOj and  V20 proA l mthB2 uraAl s tv A l  uvsD3^ e ach  

c ro s s e d  w ith  26 h isA l a r g A l ,

M arkers n o t in c lu d e d  in  th e  t a b l e  w ere l o c a te d  o u t s id e  t h e  r e g io n  

o f  i n t e r e s t ,  w ere u n s e le c te d  in  t h e  c ro s s e s  and  w ere ig n o re d .

F or s i m p l i c i t y  o n ly  t h e  r e g io n  o f  th e  p a r e n t a l  chromosomes in  

w hich th e  uvs  m u ta t io n s  w ere  a lr e a d y  lo c a te d  i s  r e p r e s e n te d  by 

th e  s t r a i g h t  l i n e s  and  th e  m ark e rs  p la c e d  e q u i d i s t a n t .  T h e ir  

a c t u a l  l o c a t i o n s  may be  se en  from  F ig u re  1*

(a )  Numbers g iv e n  r e p r e s e n t  th e  f r e q u e n c ie s  o f  th e  g en o ty p es  i n  

Column 1 am ongst t h e  re c o m b in a n ts  r e c o rd e d  in  c ro s s e s  c o n ta in in g  

th e  liVS m u ta t io n s  i n d ic a t e d ,

(b ) The a l l e l e  f r e q u e n c ie s  shown in  th e  f i g u r e  above th e  t a b l e  w ere 

c a l c u l a t e d  from  th e  d a ta  o f  t h i s  colum n,
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The fo l lo w in g  c ro s s e s  w ere  p e rfo rm ed  t o  o b ta in  a  m ore p r e c i s e  l o c ­

a t i o n  f o r  uvsA^ uosC ̂  and  uveD i n  th e  r e g io n  hisA  orgA , ArgAl uvs  

re c o m b in a n ts  w ere i s o l a t e d  f o r  t h e  m u ta n ts  uVsA4, u vsC 7 , u v sD l , uvsDS 

and  ut>sD5, T hese rec o m b in a n t s t r a i n s  w ere c ro s s e d  w ith  948 h isA l amnA5 

serA l*  The o rd e r  o f  t h e  m ark e rs  in v o lv e d  i n  t h e  c ro s s  was hisA  -  

omnA -  serA  -  orgA^ w ith  th e  gene f o r  UV s e n s i t i v i t y  e x p e c te d  t o  f a l l  

somewhere w i th in  t h i s  s e r i e s , The rec o m b in a n ts  w ere s e l e c t e d  t o  b e  

hisAu argJ^ ^

The c r o s s e s ,  t h e i r  r e s u l t s  and  t h e i r  a n a ly s i s  a r e  p r e s e n te d  i n  T ab le  

2 7 . The a l l e l e  f r e q u e n c ie s  o f  /u v s  = /296  f o r  t h e  p o o le d  r e s u l t s

c l e a r l y  lo c a te d  uVs b e tw een  comA and  se rA ,  The d a ta  f o r  th e  i n d iv id u a l  

c ro s s e s  a l l  s u p p o r te d  t h i s  l o c a t i o n ,  w hich  r e q u i r e d  o n ly  5 o b se rv e d  

re c o m b in a n ts  t o  a r i s e  by  m u l t ip le  c ro s s o v e r s  f o r  t h i s  a rc  o f  t h e  map.

Any o th e r  o rd e r  r e q u i r e d  many more m u l t ip le  c ro s s o v e r  re c o m b in a n ts ,

33 f o r  th e  o rd e r  htsA  uvs comA serA  orgA  and  51 f o r  t h e  o rd e r  hisA  

oimA serA  uvs avgA , The o rd e r  o f  t h e  genes was t h e r e f o r e  htsA  comA 

{uvsA uvsC uvsD) sevA  avgA ,

4 . R e s u l ts  f o r  uvsB6^ u vsE ld  and  uvs-^21,

A co m p lem en ta tio n  t e s t  o f  t h e  ty p e  u se d  t o  d i s c r im in a te  d i f f e r e n t  

gen es am ongst t h e  to p  g roup  o f  20 m u ta t io n s  h a s  n o t y e t  b een  s u c c e s s f u l ly  

a p p l ie d  t o  th e s e  t h r e e  m u ta t io n s ,  u vs-6^  uvs^lS^ u vs^ 21 , Uvs~-6 was 

u se d  t o  d e f in e  gene uvsB ,

S in c e  th e  p r im a ry  m apping h a d  n o t c o n c lu s iv e ly  o rd e re d  th e s e  

m u ta tio n s  w ith  r e s p e c t  t o  stvA ^  t h i s  was done f o r  each  m u ta t io n  a s  

f o l lo w s .  S t r a in s  o f .g e n o ty p e  mthB2 uvsBS^ oysDlB uvsE ld^  and

pheAl u vs-2 1  w ere  o b ta in e d  by  re c o m b in a t io n . The uVsB6 s t r a i n  was

« +  +  •c ro s s e d  w ith  s t r a i n  59 hisDS avgA l uvaAl and  mthB uvaA re c o m b in a n ts

67



TABLE 27 . The o r d e r in g  o f  uvsA^ uvsC  and  uvsD  r e l a t i v e  t o  
orrnnA and  serA ,

0
hisAl

7
ammAS

35
+

84
serAl

331
+

— 1-------------—----— ------------------- 1---------— ------- 1-------------- — A

Cross; 1 2 3 4

»Jkt .. ..........
+

331

I ■ |l 11 
+

324

" ' ....... V
uvs
296

1 ■ ■ ■ ' ------
+ I

247

1 ■
argAl

0

Genotype C ro sso v e r
i n t e r v a l uvsA4

M u ta tio n s  ( 
uVsC?

a)
uvsDSy 1 T o ta l  (b )

amm f  s e r 1 2 0 3 5

+ + s e r 2 2 13 13 28

uvs s e r 3 11 17 23 51

f  uvs  f 4 79 6 l 103 243

2 ,3 ,4 1 0 1 2

amm uvs  f 1 ,2 ,4 0 0 2 2

T o ta l
rec o m b in a n ts 95 91 145 331

The s t r a i n s  u se d w e re : V22 argA l mthB2 pheAl s t r A l  uvsA4 j

V145 argA l uvsC?^ V7 argA l mthBB pheAl s tr A l  uvsDl^  V19 argA l mthBB

pheAl s tr A l  uvsDS and  V23 (xrgAl a'ysDlS mthB2 pheAl s t r A l  uvsDS each  

c ro s s e d  w ith  948 h isA l ammAS s e r A l,

See a ls o  le g e n d  t o  T ab le  26 ,
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s e l e c t e d ;  th e  MUsffIS s t r a i n  was c ro s s e d  w ith  s t r a i n  36 hisD 3 pheA l 

and oysD^ pheA'^ re c o m b in a n ts  s e l e c t e d ;  and th e  u vs-2 1  s t r a i n  was c ro s s e d
.f. ^

w ith  59 hisD 3 argA l uraAl and  hisD  pheA re c o m b in a n ts  s e l e c t e d .

The p a r e n t a l  m ark e r a rra n g e m e n ts  o f  th e s e  c r o s s e s ,  th e  r e s u l t s  

and  t h e i r  a n a ly s i s  a r e  i l l u s t r a t e d  i n  T ab le s  2 8 , 29 and  30 f o r  uvsBBj 

uvsE lS  and uVS-21 r e s p e c t i v e l y .

The a l l e l e  f r e q u e n c ie s  = ^ ^ / 8 l ,  /u v s ^  “  ^ ^ /3 1

and /u v s ^  = ^ ^ / 5 2 , l o c a te d  e ac h  uos m u ta t io n  be tw een  s tr A  and

hisD , T h is  l o c a t i o n  r e q u i r e d  a  minimum number o f  m u l t ip le  c ro s s o v e r  

re c o m b in a n ts , one f o r  t h e  uvsB6 c r o s s ,  none f o r  t h e  uvsE lS  c r o s s ,  and  

one f o r  t h e  uvs'^21 c r o s s .

F i n a l l y  th e s e  m u ta t io n s  w ere o rd e re d  r e l a t i v e  t o  s trA  guoA hisD  

by  c r o s s in g  them  w ith  s t r a i n  255 argA l guaA l,

The r e s u l t s  f o r  uvsBS and  u v s^ l3  w i l l  b e  c o n s id e re d  to g e th e r  

s in c e  th e  c ro s s e s  w ere  s i m i l a r  w ith  s e l e c t i o n  f o r  s t r A l  mthB 

re c o m b in a n ts  and  th e y  had  a  s i m i l a r  l o c a t i o n .  The c ro s s  w ith  uvs-“21 

w i l l  be  c o n s id e re d  s e p a r a t e l y  s in c e  th e  w i ld - ty p e  a l l e l e  o f  a  d i f f e r e n t  

g e n e , oysC  was u se d  in s t e a d  o f  mthB a s  one o f  t h e  p o in t s  o f  s e l e c t i o n .

The r e s u l t s  f o r  uvsB6 and  u v s^ ld  a r e  p r e s e n te d  i n  T ab le  31 , and  

f o r  uvs-^Bl in  T ab le  32 . Tlie knovm o rd e r  o f  a l l  t h e  m ark e rs  be tw een  

s t r A .a n d  oysC  in v o lv e d  i n  t h e  c ro s s e s  d e s c r ib e d  was strA -guaA ^hisD ^  

m thB-oysC, R eg ion  3 was t h e r e f o r e  lo n g e r  i n  t h e  c ro s s  w ith  uV s-21,
-h , Q

For uVsBS and  u v s-1 3  t h e  a l l e l e  r a t i o s  o f  /u v s  = /225

lo c a te d  u vs  v e ry  c lo s e  t o  guoA be tw een  guoA and mthB, Amongst th e

rec o m b in a n ts  a n a ly s e d  i n  t h e s e  c ro s s e s  t h e r e  was o n ly  one o b se rv e d
■f , -f

reco m b in an t i n  each  c r o s s ,  o f  g en o ty p e  guoA h isD  j  w hich  gave

in fo rm a tio n  on t h e i r  o rd e r  w i th  r e s p e c t  t o  guoA am ongst l6 2  and  111
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TABLE 2 8 , The ordering o f  uVsB6  r e la t iv e  to  s tr A ,

0
uraAl

+

33 
+ 

—K

74
+

8 1 92 
hisD3  
  h -

97
+

Cross:
 1— _

StrAl
23

C ro sso v e r
i n t e r v a l

1

2

3

4

5

1 ,2 ,3

— 1—  
mthB2 

0
+

97
pheAl 

64
uvsB6

16

G enotype ( c ) 

h is

phe h is  

phe s t r  h is  

phe s t r  uvs h is  

phe s t r  uvs  

s t r  h is

T o ta l  rec o m b in a n ts

M u ta tio n  (a )  (b ) 
uVsBS

32

42

6

11
5
1

97
The s t r a i n s  u se d  w ere V30 proA l mthB2 pheAl s t r A l  uvsBS c ro s s e d  w ith  
59 hi&DS argA l uraA l,

TABLE 2 9 . . The o r d e r in g  o f  uVsElS r e l a t i v e  t o  s tr A ,

0
pheAl 
— 1_

29
+

31
■f

—K

35
hisD3

— I---------

48
+

' 'A-
Cross:

■f’

48

G enotype (c )  

h is

s t r  h is  

s t r  uvs h is  

s t r  uvs

T o ta l  rec o m b in a n ts

StrAl uvsElS
19 17

C ro sso v e r
i n t e r v a l

1

2

3

4

-4 -
+

13

 1---------
cysDlS  

0

M u ta tio n  (a )  (b ) 
uvsE lS

2 9

2

4

13

46

The s t r a i n s  u se d  w ere V47 proA l argA l aysDlB uraAl s t r A l  uvsE lS  
c ro s s e d  w ith  36 hisDS ph eA l,

(c )  W ild - ty p e  a l l e l e s  o m it te d .

See a l s o  le g e n d  t o  T ab le  26 .
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TABLE 30. The ordering o f UVS'~21 r e la t iv e  to  s t r A ,

88
4-

58
+

— I-

52 
+ 

— a -

0
hisD3 

— — .

Cross;

pheAl 
0

Genotype 

s t r  uvs  

+ uvs  

■f 4* 

s t r  +

T o ta l  rec o m b in a n ts

StrAl
30

uvs-21 
36

C ro sso v e r  i n t e r v a l  

1 

2 

3

1 ,2 ,3

4*

88
M u ta tio n  (a )  (b ) 

u vs-21  
29

7

51
1

88
The s t r a i n s  u se d  w ere V123 proA l aysCS pheAl s'trA l u vs-21  c ro s s e d  
w ith  59 hisDS argA l u raA l,

TABLE 31 . The o r d e r in g  o f  uvsBd and  uvsE lS  r e l a t i v e  t o  giùoA .

0
4*

4 -

46
guaAl

48 273
4-

Cross:

StrAl
273

- 4 —
4*

227

—4— 
UVS
225

— f—
nithB2

0

Genotype C ro sso v e r
i n t e r v a l uvsBS

M u ta tio n s  (a )
u v s-1 3 T o ta l

gua f 1 26 20 46

•f *f 2 1 1 2

f  uvs 3 135 90 225
T o ta l  rec o m b in a n ts 162 111 273

The s t r a i n s 1 u se d  w ere V9 h isA l mthB2 pheAl s t r A l  uvsB6^ V25 h isA l
mthB2 pheAl s t r A l  uvsE lS  c ro s s e d  w ith  255 argA l guoA l,

See legend to  Table 26.
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TABLE 32. The ordering o f uVs-21 r e la t iv e  to  guoA,

Cross:

0
+
4 -

3
guaAl

10
+

—4

StrAl
139

Genotype 

giux f

~h uvs  

T o ta l  rec o m b in a n ts

- 4—

136

—t—
uvs
129

C ro sso v e r  i n t e r v a l

139
+

cysC3
0

M u ta tio n  ( a ) ( b )  
uvs-21

1

129

139

The s t r a i n s  u se d  w ere V133 proA l aysCS pheAl s t r A l  u v s -2 1 . c ro s s e d  w ith  

255 argA l guaAl,

See le g e n d  t o  T ab le  26
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re c o m b in a n ts  o b s e rv e d , r e s p e c t i v e l y .  T h is  l o c a t i o n  r e q u i r e s  no m u l t ip le  

c ro s s o v e r  c l a s s e s  i n  th e  re c o m b in a n ts  o b se rv e d  f o r  t h e  r e g io n  strA^m thB, 

The e v id e n c e  f o r  u'Os-21 was s t r o n g e r ;  t h e  a l l e l e  r a t i o  f o r  fu v s  = 

^ ^ /1 2 9  c l e a r l y  l o c a te d  u vs-2 1  b e tw een  guoA and oysC , T h is  l o c a t i o n  

a g a in  r e q u i r e d  no  m u l t ip le  c ro s s o v e r  c l a s s e s  am ongst th e  rec o m b in a n ts  

o b se rv e d  f o r  th e  r e g io n  s tr A  -  eysC .

The o v e r a l l  o r d e r  f o r  a l l  t h r e e  u vs  m u ta tio n s  was c o n c lu d e d  t o  be  

strA -guaA -(uvsB 6^ uvsElZ^ u vs-2 1 )-h isD -m th B -o ysC ,

D. O rd e r in g  o f  t h e  g en es uvsA^ uvsC  and  uvsD ,

1 . E x p e r im e n ta l p ro c e d u re .

P a irw is e  c ro s s e s  w ere  made b e tw een  r e p r e s e n ta t i v e  m u ta t io n s  o f  

e ach  o f  th e  genes uvsA^ uvsC  and  uvsD^ i n  b o th  c o u p lin g  a rra n g e m e n ts

w ith  r e s p e c t  t o  t h e  o u t s id e  m ark e rs  h isA l  and  a r g A l , s e l e c t i n g

■ 4 4* 4*
h is  a rg  r e c o m b in a n ts . The p r o p o r t io n  o f  u vs  h a p lo id  re c o m b in a n ts

am ongst th e  p ro g en y  o f  each  c ro s s  was d e te rm in e d . F o r e ac h  p a i r  o f  

c r o s s e s ,  d ep en d in g  upon th e  o rd e r  o f  t h e  uV s  m ark e rs  i n  t h e  r e g io n  

be tw een  hisA  and  orgA^ one c ro s s  was e x p e c te d  t o  y i e l d  uVs  

re c o m b in a n ts  by  a  s i n g l e  c ro s s o v e r  i n  t h i s  r e g io n ,  and  w ith  h ig h e r  

f re q u e n c y  th a n  th e  o th e r  i n  w hich  t h r e e  c ro s s o v e r s  w ere r e q u i r e d .

ArgÂ^ hisA^  re c o m b in a n ts  w ere s e l e c t e d  from  0 .1 m l a l i q u o t s  p l a t e d

a t  a c c u r a te  d i l u t i o n s  (S e c t io n  I I  C 3) o f  10 , 1 0  and  10 , T hese

t r i a l  p l a t i n g s  w ere in c u b a te d  f o r  two d a y s , when rec o m b in a n t c o lo n ie s  

w ere c o u n te d , th e  sp o re  s u s p e n s io n s  h a v in g  b een  s to r e d  a t  4^0 m eanw hile . 

A s u i t a b l e  d i l u t i o n  was c a l c u l a t e d  from  th e  r e s u l t s  o f  th e s e  c o u n ts  

w hich  w ould y i e l d  a p p ro x im a te ly  200 rec o m b in a n t c o lo n ie s  p e r  p l a t e ,

12 such  p l a t e s  w ere p r e p a re d  f o r  each  c r o s s .  T hese p l a t e s  w ere
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in c u b a te d  f o r  f i v e  o r  s i x  d a y s , when w e l l - s p o r u l a t i n g  c o lo n ie s  had  

d e v e lo p e d . Two r e p l i c a s  o f  each  p l a t e  w ere made w ith  a  v e lv e t  p a d  t o  

p l a t e s  o f  th e  same medium. The f i r s t  o f  each  p a i r  o f  r e p l i c a s  was 

exposed  t o  a  dose o f  UV w hich  w ould  k i l l  a p p ro x im a te ly  90% o f  

s p o re s  t r a n s f e r r e d  t o  th e  r e p l i c a  h u t  more th a n  99% o f  u v s  s p o re s .

The second  r e p l i c a  was k e p t  a s  a  c o n t r o l  o f  s u c c e s s f u l  r e p l i c a t i o n  o f  

each  c o lo n y . The p a i r s  o f  r e p l i c a s  w ere in c u b a te d  t o g e th e r  f o r  two 

d a y s , when th e  c o n t r o l  r e p l i c a  was c o u n te d  t o  g iv e  th e  number o f  recom ­

b in a n t  c o lo n ie s  s u c c e s s f u l ly  s c re e n e d . Then a  com parison  o f  each  p a i r  

o f  p l a t e s  was m ade, and  any r e p l i c a  p a tc h e s  w hich  a p p e a re d  t o  r e p r e s e n t  

c o n f lu e n t  (Uvs** ) g row th  on t h e  i r r a d i a t e d  p l a t e  w ere  in o c u la te d  t o  a  

d e f in e d  p a tc h  o f  a  new p l a t e  o f  t h e  same medium (20  p a tc h e s  p e r  p l a t e ) .

These p u t a t i v e  u v s  re c o m b in a n ts  w ere a g a in  t e s t e d  f o r  Uvs p h en o ty p e  

«by  com parison  o f  th e  r e p l i c a  p l a t e s  and th e  number c o n firm ed  a s  u ve  

was r e c o rd e d ,

2 . R e s u l t s .

The c o u p lin g  r e l a t i o n s h i p s  o f  th e  p a r e n ts  i n  t h e  c r o s s e s ,  th e  

number o f  c o lo n ie s  s c r e e n e d ,  and  th e  num bers o f  uvs'^ re c o m b in a n ts  

am ongst th e s e  a r e  p r e s e n te d  i n  T ab le  33.

I t  can  be  se e n  from  th e  r e s u l t s  t h a t ,  f o r  each  p a i r  o f  r e c i p r o c a l

c r o s s e s , one y ie ld e d  e ig h t  t o  s e v e n te e n  t im e s  more wus*** re c o m b in a n ts  

th a n  th e  o t h e r .  T hese r e s u l t s  w ere c o n s i s t e n t  w ith  th e  o rd e r s  o f  genes 

i l l u s t r a t e d  i n  T ab le  33 f o r  each  c ro s s  and an  o v e r a l l  gene o rd e r  o f  

hisA -u vsC -u vsA -u vsD -argA .

One p o s s ib l e  s o u rc e  o f  e r r o r  i n  t h i s  e x p e rim e n t may l i e  in  th e  

f a c t  t h a t  n o t  a l l  th e  rec o m b in a n ts  w ere t e s t e d  f o r  t h e i r  UV s e n s i t i v i t y ^

o n ly  th o s e  t h a t  c o u ld  r e p l i c a t e  s u c c e s s f u l ly  w ere s c re e n e d , and  t h i s
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TABLE 33. The ordering o f the genes uVqÂ  uvsC and uVsD,

CROSS

h isA 1  u v s C 7  
H ------------- h -

h isA 1
‘ H ------

a . M. ••

+
+

+
+

+
-&

+
UVS A4 a r g A l

u v s C 7

u v sA 4  
— 4----- I 4-

a rg  A1

RECOMBINANTS
TESTED

1909

2285

%UVi

5 .6

0 .7

^  h isA 1  u v s A 4  +
-  w I ..................

— I—
u v sD I a r g A l

hisA1 
- -$

/
uvsD 1

— I—

"— I—
u v sA 4

/
-àr

h isA 1  u v s C 7
-  -  -  " > -  —— H

+
4 -

i—
a r g  A1

•f

f +
uvsD 'l a r g A l

h isA 1 
 1—

+
4-

UVSD1 +
4-

+
UVSC7 a r g  A1

4197

3809

1646

1643

0.24

< 0 .03

2.0

0.12

/  i n d i c a t e  th e  h a l f - c r o s s o v e r s  r e q u i r e d  to  g iv e  uVs rec o m b in a n ts

See t e x t  f o r  e x p la n a t io n .
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p r o p o r t io n  v a r i e d  a c c o rd in g  t o  t h e i r  d e n s i ty  on th e  p l a t e s .  A lthough  

t h i s  was a lw ays a  l a r g e  m a jo r i ty  o f  t h e  t o t a l  re c o m b in a n ts , th e  

p o s s i b i l i t y  rem a in s  t h a t  th o s e  n o t t e s t e d  b e c a u se  o f  t h e i r  f a i l u r e  t o  

r e p l i c a t e  d id  n o t r e p r e s e n t  a  random  sam ple w ith  r e s p e c t  t o  UV 

s e n s i t i v i t y ,  so  t h a t  t h e  r e s u l t s  m ig h t have b een  d i s t o r t e d .  T h is  gene 

o rd e r  i s  t h e r e f o r e  p r e s e n te d  w ith  t h i s  r e s e r v a t i o n .

Ec The a n a ly s i s  o f  s t r a i n  V6o a s  a  do u b le  m u ta n t.

1 .  The d e te c t io n  o f  two l e v e l s  o f  UV s e n s i t i v i t y  i n  rec o m b in a n ts  o f

V6 0 .

D uring  th e  c o u rs e  o f  s tu d y in g  s u r v iv a l  c u rv e s  o f  t h e  m u tan t 

s t r a i n s ,  some uVs re c o m b in a n t s t r a i n s  w ere a l s o  s tu d i e d .  One o f  t h e s e ,  

a  reco m b in an t from  a  c ro s s  in v o lv in g  s t r a i n  V60 uVs-18^  w hich  was th e  

m ost s e n s i t i v e  m u tan t s t r a i n  o b ta in e d ,  e x h ib i t e d  a  UV s e n s i t i v i t y  much 

lo w e r th a n  t h a t  o f  VoO, b u t  g r e a t e r  th a n  t h a t  o f  uVs s t r a i n s .  The 

d a ta  f o r  th e  s u r v i v a l  c u rv e s  o f  t h i s  reco m b in an t s t r a i n ,  w hich  was 

d e s ig n a te d  V115 proA l hisCO s t r A l  uVsDlS^ and V60 u v s-1 8  a r e  p r e s e n te d  

in  T ab le  34 and  th e  c u rv e s  p l o t t e d  i n  F ig u re  20 to g e th e r  w ith  a  

r e p r e s e n ta t i v e  c u rv e  o f  a  u vs  s t r a i n .  V115 was u se d  i n  th e  com ple­

m e n ta tio n  t e s t s  a l r e a d y  d e s c r ib e d ,  and  u v s - lS  was fo u n d  t o  b e  a  m u ta t io n  

i n  gene  D, How ever, t h i s  m u ta t io n ,  uvsD28  ̂ was c l e a r l y  n o t r e s p o n s ib le  

f o r  th e  w hole o f  th e  g r e a t e r  s e n s i t i v i t y  o f  s t r a i n  V60 when com pared 

w ith  u vs  s t r a i n s . I t  was p o s tu l a t e d  t h a t  V60 c o n ta in e d  a seco n d  

m u ta tio n  ( c o n f e r r in g  UV s e n s i t i v i t y )  w hich was d e s ig n a te d  u v s-2 6  and 

w hich  m ig h t be  s e p a r a b le  from  uvsD lS  by  re c o m b in a t io n . Tlie f a c t  t h a t  

V60 c o n ta in e d  two m u ta t io n s  w o u ld , i f  p ro v e n , e x p la in  why t h i s  p a r t i c u l a r  

a p p a r e n t ly  s in g l e  s te p  m u tan t s t r a i n  was a p p re c ia b ly  more s e n s i t i v e
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FIGURE 20.
Survival curves of strain V60 and 
a recombinant of V60.

(Data of Table 3^).

( recom b inan t o f  V60)
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than the r e s t .

In  o r d e r  t o  t e s t  w h e th e r  o r  n o t  th e  a p p ea ra n c e  o f  s t r a i n s  w ith  th e

s e n s i t i v i t y  o f  V115 was an u n u su a l  e v e n t , a  c ro s s  was made "between V60

W08D18 ux>S’~23 and  876  pi>oAl htsCQ avgA l oysCS pheA l s tv A l  and  a  sam ple 

«o f  t h e  re c o m b in a n ts  s e l e c t e d  t o  be  p ro  e tv A l  was a n a ly s e d  f o r  auxo«=

t r o p h ic  m ark e rs  a s  d e s c r ib e d  i n  S e c tio n  IV A 3 .

C l a s s i f i c a t i o n  o f  th e  UV s e n s i t i v i t y  o f  th e  re c o m b in a n ts  was done

u s in g  t h r e e  r e p l i c a  p l a t e s  w ith  t h e  same c o m p o s itio n  a s  t h e  m a s te r  p l a t e

The f i r s t  r e p l i c a  was ex p o sed  t o  a b o u t 15O e rg s  mm  ̂ th e  seco n d  t o

™2 »ab o u t 900 e rg s  mm and th e  t h i r d  k e p t  a s  an  u n i r r a d i a t e d  c o n t r o l  o f
K.O

s a t i s f a c t o r y  r e p l i c a t i o n .  The dose  o f  150 e rg s  mm sh o u ld  have 

k i l l e d  m ore th a n  99% o f  s p o re s  w hich  w ere uvsD lS uvs^~25  ̂ b u t  n o t  more 

th a n  705  ̂ o f  s p o re s  w hich  w ere  uvsD ld  o n ly 3 and  a  c o n s id e ra b ly  s m a lle r  

p r o p o r t io n  o f  s p o re s  w hich  w ere uvs"^ t h i s  dose  sh o u ld  t h e r e f o r e  h av e

d i s t in g u i s h e d  uvsD lS UV8"25 s t r a i n s  from  th e  o t h e r s .  The dose  o f  900

"*2 •  ̂
e rg s  mm sh o u ld  have  k i l l e d  more th a n  99% o f  s p o re s  w hich  w ere uOsDlB

and even  more o f  s p o re s  w h ich  w ere uVeDlS uvs-BS^  b u t  l e s s  th a n  0̂%

o f  sp o re s  w hich  w ere i t  s h o u ld  t h e r e f o r e  have  d i s t in g u i s h e d

u vs  re c o m b in a n ts  from  b o th  uvsD18 uvs-^BS and  uVsDlB uvs^25  recombin™

a n t s .  The c h a r a c t e r i s a t i o n  o f  th e  rec o m b in a n ts  3 by  t h e i r  grovrbh

re s p o n se  on th e  t h r e e  r e p l i c a s , i s  sum m arised b e lo w .

UV dose  e rg s  mm

Presum ed G enotype 0 15O 900

UVSD18 uvs^25  + -

uvsD lS UVO'^25  ̂ -

uVsD^ uvb-'BB^ + -Î- +

w here + in d i c a t e s  groi-rbh a p p a r e n t ly  u n a f f e c te d  by th e  i r r a d i a t i o n

72



. "*2 and -  i n d ic a t e s  a b s e n t  o r  p o o r g row th  com pared w ith  t h a t  a t  0 e rg s  mm

The c l a s s i f i c a t i o n  o f  UV s e n s i t i v i t y  was f i r s t  c a r r i e d  o u t on

r e p l i c a s  o f  th e  o r i g i n a l  m a s te r  p l a t e ,  th e n  r e p e a te d  on se c o n d a ry  m a s te r

p l a t e s  made by  s u b c u l tu r in g  reco m b in an t p a tc h e s  from  th e  o r i g i n a l  m a s te r

p l a t e  t o  l a r g e r  d e f in e d  a re a s  o f  a  f r e s h  p l a t e  o f  t h e  same c o m p o s itio n

(20 rec o m b in a n ts  p e r  p l a t e )  t o  c l a r i f y  th e  c l a s s i f i c a t i o n .  As a  f i n a l

t e s t  o f  t h i s  c l a s s i f i c a t i o n ,  two re c o m b in a n ts  o f  each  m u tan t UV

s e n s i t i v i t y  g roup  w ere i s o l a t e d  and p u r i f i e d  by  s t r e a k in g  and  th e

s u r v iv a l  o f  a  sp o re  s u s p e n s io n  m easu red  a t  tw o low  d o se s  o f  UV,

s u f f i c i e n t  t o  d i s t i n g u i s h  th e  l e v e l s  o f  s e n s i t i v i t y  o f  s t r a i n s  l i k e  V115

from  t h a t  o f  s t r a i n s  l i k e  V60. S pore  s u s p e n s io n s  w ere p r e p a re d  and

t r e a t e d  f o r  UV s u r v iv a l  m easurem ents by  th e  m ethods d e s c r ib e d  i n  S e c t io n

I I I  C l ,  e x c e p t t h a t  a  g e n e ra l  inocu lum  from  a  s to c k  s l a n t  was u se d  t o

i n o c u la te  th e  l a r g e  s l a n t  from  w hich  th e  sp o re  su s p e n s io n  was p re p a re d .

The r e s u l t s  f o r  t h e  fo u r  i s o l a t e d  re c o m b in a n ts , t h e i r  c l a s s i f i c a t i o n

from  r e p l i c a  p l a t e s  and s u r v iv a l  l e v e l s  o f  s t r a i n s  V60 and  V115 a t  th e

same UV d o se s  a r e  p r e s e n te d  i n  T ab le  3 5 a , and  c l e a r l y  c o n firm  th e

c l a s s i f i c a t i o n  made from  th e  i r r a d i a t e d  r e p l i c a  p l a t e s ,

2 . The lo c a t i o n  o f  uVs-26*

A n a ly s is  o f  th e  r e s u l t s  o b ta in e d  f o r  t h i s  c ro s s  w ere c o m p lic a te d ,

s in c e  a lth o u g h  fo u r  UV s e n s i t i v i t y  g e n o ty p e s  c o u ld  t h e o r e t i c a l l y  a p p e a r

in  th e  rec o m b in a n t p ro g e n y , o n ly  t h r e e  p h e n o ty p ic  c l a s s e s  c o u ld  be

d i s t in g u i s h e d ;  th o s e  due t o  th e  uvsD lS uvs~26:,uVsD18 and

*î* *f* H* . .
uVsD u v s-2 5  g e n o ty p e s , UvsD UVS'^28 re c o m b in a n ts  w ere e i t h e r  a b s e n t

from  th e  p ro g en y  o r  p r e s e n t  b u t  c l a s s i f i e d  as one o f  th e  t h r e e  o th e r  

g ro u p s . I f  th e y  w ere a b s e n t ,  th e n  a n a ly s i s  o f  th e  re c o m b in a n ts  

o b se rv e d  w ould g iv e  a  t r u e  l o c a t i o n  f o r  uvs-“2 5 . I f  th e y  w ere p r e s e n t ,
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TABLE 35. The classification of strains as uvs^^ uvsDld uVsF'^ or 
UVSD18 uvsF25^

(a) Strains1 from V6o UVSD18 uvsF25 X 876 uvs'*' cross.
Genotype from "2ergs mm Uvs genotype
replica plates from UV suT“

0 150 300 vival
■pheAl S trA l i 1065 X 10^ 71  ̂X 10 11 X 1
uvsDlS uvsF'25 ii 1 .0 5 ,5 X 10”^ 1.0 X 10 ^ uVsD18 uvsF2S

oysCZ pheAl i 363 X 10^ 55 X 10 3 x 1
s t r A l  UVSD18 
UVSF25 ii 1 .0 1 ,5 X 10”^ -66 .9 X 10 ^ uVsDlS uvsFBS

pheAl s t r A l^ i lh k 9 X 10^ t220 X 10^ 6980 X 10^ +uvsDlS uvsF ii 1 .0 2 ,9 X 10“^ 4.8 X 10"^ UVSD18 uVsF

aysCS pheAl i 860 X 10^ h20 X 10^ 716 X 10^ -f.
strAl^ uVsDld 
uvsF ii 1 .0 4 .7 X 10"̂ 8 .1 X 10”^ UVSD18 uvsF

Strain V60 ii 1 ,0 1 .5 X 10“^ 2.3 X 10"5
Strain V115 ii 1 .0 4.1 X 10"^ 1 .2  X 10”^
(b) Strains from v6o uvsD18 uvsF25 x V155 uVsDlB uVsF cross.
uvsDlS uvsF26 i ikh X 10 68 X 10^ 7 X 10

ii 1 .0 4,7 X 10“^ 4 .5 X 10"5 UVSD18 UVSF26

uvsDlS uvsF25 i 387 X 10^ 202 X 10^ 12 X 10
ii 1.0 5.2 X 10“^ 3.0 X 10"^ uvsDlS uvsF25

oysCZ uvsDlS i 195 X 10^ 11 X 10 2 x 1
uvsF25 ii 1.0 5 .7 X 10"^ 1.0 X 10“^ UVSD18 uVsF25

oysCZ UVSD18 i hk2 X 10^ 422 X 10^ 711 X 10
uvsF ii 1.0 1.4 X 10"^ 1.6 X lo”^ iWsDlS uvsF^

uvsDlS UVSF25 i 156 X 10^ 1030 X 10 138 X 1
ii 1.0 , . ‘”36.6 X 10 8.7 X 10”^ uVsDlB uvsF25

oysC^ uvsDlS i 306  X 1 0 ^ 370 X 10^ 261 X 10
•huvsF ii l.p 1.2 X 10“^ a .  5 X 10 “ ^

UVSÜ18 uvsF

(o) Strains from VI57 uvsD uvsF25 X VI55 uVsDlS uvsF cross.
pheAl s t r A l i t51 X  10^ 145 X  10 9.0 X 1
uvsDlS uvsF25 ii 1.0 3.2 X 10“^ 1 .9 X 10”^ UVSD18 uvsF25

pheAl s t r A l i 50 X  1 0 ^ 33 X 10 2 x 1
UVSD18 uosF25 ii 1.0 6.6 X  10 ^ 4,0 X  10“^ uvsDlS uvsF25

i. Average of the nimher of colonies counted per replicate sample x 
dilution factor. Two replicates were counted for all samples.

ii. Surviving fraction. See text for explanation.
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b u t  m i s c l a s s i f i e d  th e n  th e  fo l lo w in g  t a b l e  i n d i c a t e s  w h e th e r  o r  n o t  th e  

a l l e l e  r a t i o s  o f  /u o a lf '  and  luvs-B S^  w ould b e  c o r r e c t .

uVsD UVS’-BS c l a s s i f i e d  a s  :

A l l e l e  r a t i o s  uvsD lS  uvs^25 uvsD18 uvs-^BS uvsD uvs^25

i n c o r r e c t  i n c o r r e c t  c o r r e c t

UV8 c o r r e c t  i n c o r r e c t  i n c o r r e c t

The d a ta  f o r  th e  c ro s s  a r e  p r e s e n te d  in  T ab le  38 and  a n a ly s e d  i n  

F ig u re  2 1 . A n a ly s is  o f  t h e  re c o m b in a n ts  a s  a  w hole^ F ig u re  2 1 a , 

l o c a te d  / uvsD'̂  c o r r e c t l y  be tw een  hCsA and  argA'^ t h e r e f o r e  itOsD^

uvs~25  was e i t h e r  c l a s s i f i e d  a s  uvsD UVS'~2S o r  i t  was s u f f i c i e n t l y  

in f r e q u e n t  n o t  t o  cau se  m is lo e a t io n  o f  uvsD* In  th e  f i r s t  c a se  3 th e  

uvsDlB uvs-B S  and  uvsD lS uos-BB"̂  c la s s e s  w ould have  b een  c o r r e c t l y  

c l a s s i f i e d  and we c o u ld  l o c a t e  by  c o n s id e r in g  o n ly

uvsD ld  re c o m b in a n ts  ( e q u iv a le n t  t o  in t r o d u c in g  uvsD18 a s  an  a d d i t i o n a l  

p o in t  o f  s e l e c t i o n )  a s  i n  F ig u re  21b . in  t h e  l a t t e r  c a s e ,  a n a ly s i s  o f  

a l l  t h e  re c o m b in a n ts  w ould g iv e  a t  l e a s t  an a p p ro x im a te  l o c a t i o n  f o r  

w P s-25 , F ig u re  21a* I n  f a c t  b o th  a n a ly s e s  gave th e  same l o c a t i o n  

f o r  uvs~25^  b e tw een  oysC  eind avgA . T h is l o c a t i o n  was c o m p a tib le  w ith  

th e  reco m b in an t g en o ty p e  uVaD"̂  uvs^26  b e in g  a  r a r e  m u l t ip le  c ro s s o v e r  

c l a s s .

In  o rd e r  t o  o b se rv e  an  unam biguous s e g r e g a t io n  o f  uvs-B S  two 

s t r a i n s  b o th  c a r r y in g  uvsDlB  (v 6o uvsD lS uvs"25  and  V155 oysCB pheAl 

s tv A l UVSÜ18) w ere c r o s s e d ,  e n a b l in g  wue-25 t o  b e  mapped i n  th e  u s u a l  

way.

The two l e v e l s  o f  UV s e n s i t i v i t y  (due t o  uVsDlS u vsS S '^  o r  uvsD ld

UVS-26 re c o m b in a n ts )  w ere c l a s s i f i e d  on t h r e e  r e p l i c a  p l a t e s  exposed  t o

™*2 • • «0 , 150  and  900 e rg s  mm a s  b e f o r e .  T h is  c l a s s i f i c a t i o n  was r e p e a te d
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FIGURE 21. L o c a t io n  o f  uVsF25  i n  a  c r o s s  h e te ro z y g o u s  f o r  UVsD
and  u v s F ,  (D a ta  o f  T ah le  3 6 ) .

(a )  A n a ly s is  o f  pr>oA s tv A l
re c o m b in a n ts . q 8

P o s s ib le
lo c a t io n s  M u lt ip le  
o f  c ro s s o v e r
UVsF2S^ re c o m b in a n ts

oysC  orgA 

pheA proA

proAl  ̂^

pheA'l
59 cysC3

43

876

50
UVSF25 4

(b) A n a ly s is  o f  proA ^ trA l uvsD18 re c o m b in a n ts  o n ly

hisC9
proAl argAl

P o s s ib le
L o c a tio n s  M u lt ip le  
o f
UVSF26

c ro s s o v e r  
re c o m b in a n ts 69 V

018oysC  argA  

pheA proA
V60 876

pheAl
cysC3

StrAl

See t e x t  f o r  e x p la n a t i o n .

See a l s o  le g e n d  t o  F ig u r e  l 4 .
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TABLE 3 6 . The f r e q u e n c ie s  o f  rec o m b in a n ts  o b se rv e d  in  a  c ro s s  

h e te ro z y g o u s  f o r  uVsD and  uVsF, (D a ta  a n a ly s e d  in  

F ig u re  2 1 ) .

G e n o t y p e
i n t e r v a l s

N u m b e r

h is  a rg  a y s  phe 1 , 8 4

h is  a rg  o ys i . 7 3

a rg  o y s  phe 2 , 8 2

arg  o y s 2 , 7 1

uvsD lS a rg  o y s  phe 3 , 8 1

uvsD ld o y s  phe 4 . 8 1 2

uvsD lS o ys 4 , 7 4

uvsDlB UVSF26 o ys  phe 5 , 8 1 0

uvsD18 uvsF25 o ys 5 , 7 6

uvsDlS UVSF25 phe 65 8 25
uvsDlS UVSF25 7 7

h is  a rg  phe 1 , 5 . 69 8 1

a rg  phe 2 , 5 , 69 8 1

uvsD ld UVSF25 a rg  phe 4» 69 8 2

uvsD18 4 . 5 . 6 .  7 1

uvsDlS phe  

T o t a l  r e c o m b i n a n t s

4 . 69 8 1

81
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from  seco n d a ry  m a s te r  p l a t e s  s t r e a k e d  w ith  20 reco m b in an t p a tc h e s ,  and  

s i x  rec o m b in a n ts  w ere p u r i f i e d  and t h e i r  s e n s i t i v i t y  checked  by 

d e te rm in in g  th e  s u rv iv in g  f r a c t i o n  o f  a  sp o re  s u s p e n s io n  exposed  t o  0 ,  

150 and  300 e rg s  mm . The r e s u l t s  a re  p r e s e n te d  in  T ab le  35h to g e th e r  

w ith  t h e i r  c l a s s i f i c a t i o n  from  i r r a d i a t e d  r e p l i c a s ,  and  i t  can  be se e n  

t h a t  th e  two m ethods o f  a s s e s s in g  th e  s e n s i t i v i t y  w ere in  a g reem en t.

The d a ta  f o r  th e  c ro s s  a r e  p r e s e n te d  and  a n a ly s e d  i n  F ig u re  22 . The 

r a t i o  f o r  /uVS’̂ 25^ -  l o c a te d  uvs^25  i n  r e g io n s  1 o r  2 o f

F ig u re  22 , The l o c a t i o n  a s  i l l u s t r a t e d  n e a r  cysC  was c o m p a tib le  w ith  

th e  p o l a r i t y  o f  t h e  c ro s s  ( th e  c ro s s o v e r s  w ere c o n c e n tr a te d  on e i t h e r  

s id e  o f  s tr A )  and th e  l o c a t i o n  a l r e a d y  in d ic a te d  by  th e  p re v io u s  c r o s s .  

T h is  l o c a t io n  r e q u i r e d  none o f  th e  o b se rv ed  rec o m b in a n ts  t o  be  

m u l t ip le  c ro s s o v e r  c l a s s e s .  The lo c a t io n  o f  t h i s  m u ta t io n  i n  a  

p o s i t i o n  d i s t a n t  from  th e  g en es uvsA-^E d e f in e d  a n o th e r  gene a f f e c t i n g  

UV s e n s i t i v i t y ,  d e s ig n a te d  uosF^

3 . I s o l a t i o n  and c h a r a c t e r i s a t i o n  o f  a  s t r a i n  uOsD uvsF26,

A c ro s s  was made, be tw een  V60 uvsV lS  uvsF26 and 999 hCsAl argA l 

oysD ld  pheAl tp s~ 2 0  s t r A l , and s tr A l  oysD  re c o m b in a n ts  s e l e c t e d .

The c ro s s  i s  i l l u s t r a t e d  i n  F ig u re  23 . A sam ple o f  rec o m b in a n ts
• H « *

was a n a ly s e d ,  and  f o u r  h isA l argA l pheAl t p s  reco m b in an t s t r a i n s

w ere p u r i f i e d .  They sh o u ld  e il l  have  been  uvsD^^ on t h e  a ssu m p tio n

t h a t  th e y  w ere s im p le  c ro s s o v e r  re c o m b in a n ts , b u t  m igh t have  shown

■ *s e g r e g a t io n  f o r  uvsF  and  uvsF 25, None o f  th e s e  re c o m b in a n ts  was

a p p a re n t ly  s e n s i t i v e  on r e p l i c a  p l a t e s  exposed  t o  d o ses  o f  UV up t o  

1600  e rg s  mm

Tt7o o f  th e s e  s t r a i n s  w ere c ro s s e d  w ith  V155 oysCS pheAl s t r A l  

UVSD18 and s e l e c t i o n  made f o r  aysC ^  argÀ ^ rec o m b in a n ts  ( th e  c ro s s  i s

7 5



FIGURE 22. The l o c a t i o n  o f  uvsF25  i n  a  c ro s s  homozygous f o r  uvsD
and h e te ro z y g o u s  f o r  u vsF ,

uvsDIS

uvsDlS

VI55V60

pheAl

cysCS

strA

Genotype

f  uVsDIS UVSF‘25 

o y s  uvsD lS UVS“B5 

oys uosDlS +

T o ta l  rec o m b in a n ts

C ro sso v e r
i n t e r v a l s

4 .5

3 .5

1 o r  2 ,5

Number

87

5

7

99

See le g e n d  t o  F ig u re  l 4 .
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FIGURE 23. C ross f o r  o b t a i n i n g  a uvsF25 iWsD s t r a i n ,

hisAl t
argAl

uvs
D18

V60

tp s - 3 0pheAl

cysD18
strAl

999

I i n d ic a t e s  t h a t  uvsF25 h ad  n o t been  o rd e re d  w ith  r e s p e c t  t o  tp s -3 0 ,  

FIGURE 2k.

C ross f o r  d e te c t in g  uvsF2S in  
a  p a re n t  s t r a i n  by th e  p re s e n c e  
o f  h ig h ly  s e n s i t i v e  re c o m b in a n ts  
(uVsDlS uVsF25) i n  t h e  p ro g e n y .

00

Recombinant o f  
c r o s s  in F ig .  23

UVSF25

heAl 
StrAl

VI55

pheAl

StrAl

I i n d ic a t e  th e  i n t e r v a l s  in  w hich re c o m b in a tio n  w ould p ro d u ce  
th e  d e s i r e d  re c o m b in a n t.
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i l l u s t r a t e d  i n  F ig u re  2 4 ) ;  i t  was e x p e c te d  t h a t  i f  t h e  m u ta tio n  uvcF25 

h ad  b een  p r e s e n t  i n  e i t h e r  o f  th e  s t r a i n s  th e n  h ig h ly  s e n s i t i v e  

uosDlS uvsF26 re co m b in an t s t r a i n s  sh o u ld  have  a p p e a re d  i n  t h e  p ro g en y  

o f  th e  c ro s s  a s  s im p le  c ro s s o v e r  c la s s e s *  T h is  was so  f o r  one o f  

th e  c r o s s e s ;  two re c o m b in a n ts  c l a s s i f i e d  from  r e p l i c a s  o f  p r im a ry  and 

se co n d a ry  m a s te r  p l a t e s  a s  h a v in g  s e n s i t i v i t y  due t o  th e  g en o ty p e  

UV3D18 ui)sF25 w ere p u r i f i e d  and  showed th e  s u r v iv a l  l e v e l s  p r e s e n te d  

i n  T ab le  3 5 c , when sp o re  su s p e n s io n s  p re p a re d  f o r  UV s u r v iv a l  c u rv e s  

were exposed  t o  0 ,  1 5 0 , and  300 e rg s  mm These r e s u l t s  co n firm ed  

th e  p re s e n c e  o f  uvsF25 i n  t h i s  reco m b in an t d e r iv e d  from  th e  V60 by  

999 c ro s s  and t h i s  s t r a i n  was d e s ig n a te d  V15T hùsAl argA l pheAl s tv A l  

UVSF23• UV s u r v iv a l  c u rv e s  w ere o b ta in e d  f o r  t h i s  s t r a i n  as d e s c r ib e d  

i n  S e c tio n  I I I  C 1 , The r e s u l t s  a re  p r e s e n te d  i n  T ab le  37 and  p l o t t e d  

and  com pared w ith  th e  c u rv e  f o r  A3(2) i n  F ig u re  25 . C le a r ly  t h e  

UVSF25 m u ta tio n  by  i t s e l f  d id  n o t enhance th e  s e n s i t i v i t y  o f  a  s t r a i n  

o th e rw is e  tw s  .

4 . The e f f e c t  o f  uVsF25 on th e  s e n s i t i v i t y  o f  s t r a i n s  c o n ta in in g

uvsDS^ U V S Â 4  o r  uvsClO,

ÜVSF26 was r e c o g n is e d  by  i t s  enhancem ent o f  th e  s e n s i t i v i t y  o f  

s t r a i n s  b e a r in g  u vsD lS , C ro sse s  w ere p e rfo rm ed  t o  se e  i f  uvsF26 

s e n s i t i s e d  s t r a i n s  c a r r y in g  a n o th e r  m u ta tio n  in  uVsD^ uVsD3^ and  a l s o  

s t r a i n s  b e a r in g  m u ta tio n s  i n  t h e  o th e r  genes c lo s e ly  l in k e d  t o  uvsDo 

uvsA4 and uvsC lO >

The m arker a rra n g em e n ts  o f  th e  p a r e n ts  and  th e  p o in ts  o f  s e l e c t i o n  

a r e  i n d ic a te d  i n  F ig u re  26 , A sam ple o f  rec o m b in a n ts  from  each  

c ro s s  was c h a r a c t e r i s e d  and a p p a r e n t ly  h ig h ly  s e n s i t i v e  rec o m b in a n ts  

d e te c te d  a s  p r e v io u s ly  d e s c r ib e d  from  i r r a d i a t e d  r e p l i c a s  o f  p rim a ry
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FIGURE 25

The s u r v iv a l  c u rv e  o f  a  uosF26 

s t r a i n .  (D a ta  o f  T ab le  3 7 ) ,
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10

76a



COQ)

I•HÎH
- p

fdQ)
CVI -PI

•H

Q>
CO

â

O
iH

V

O
H
X fi
t -
OJ
rH

s
X
on

onoI—I
X
o\
onir\

3
X
un
OJ

on
3

Y
3
X

H

- o 'o
H  H

on

X
OJ

on OJ q  q
iH  rH

X

H

3
X

CO

q q
rH rH

X Î X X X X
00 OJ on ON
H  t“  OJ ^  VO
on H  LT\ H  o

OJ rH

OJ

to
0)

g
• H

rH Ü

i
fd
0)
to
o

rH rH rH OJ OJ on
1 1 1 1 I 1q o O o o oo rH rH rH H H H

rH X 1 X 1 X 1 X X X
on LT\ OJ t— un VO
LTV OJ OJ rH un

n on on on OJo q o o o O O
rH rH rH H rH H rH

X X 1 X 1 X 6 X X X
H -=J- o\ on un onvo on o on VO

VO on rH rH on ov on

OJ

on
rH
(U

i
0
•p

1
(D
rH

SCÛ

<g

on Y

ÜJ to
CO faû
o  uQ 0)

o 8
0 \  rH

O  u n  o
LTV C-- O
on  u n  CO
rH rH rH

OJ

8
8
OJ

R 8
01 'cn

QJ
to
â

I
0)

CO
(1)

CO

u
o



FIGURE 2 6 , C ro sses  f o r  o b ta in in g  uOsAé nvsF25^ uvsClO uvsF26 
and  uVsDS uvsF25  s t r a i n s .
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FIGUKE 26 (continued).

C ro sse s  f o r  o b ta in in g  uVsA4 uvsF 25, uVsClO uvsFBS and uVsDS uVsF2S 
s t r a i n s .
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th e  d e s i r e d  re c o m b in a n t.
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and se co n d a ry  m a s te r  p l a t e s  w ere p u r i f i e d .  T hese w ere  p re p a re d  a s  

sp o re  s u s p e n s io n s  f o r  UV s u r v iv a l  c u rv e s ,  and  t h e i r  s e n s i t i v i t y  m easu red  

f o r  tw o d o se s  o f  UV. The r e s u l t s  a r e  p r e s e n te d  in  T ab le  3 8 a , b , c ,  

t o g e th e r  w ith  t h e  s u r v iv a l  l e v e l s  o f  th e  p a re n t  s t r a i n s  a t  th e  same 

d o se s  o f  UV. H ig h ly  s e n s i t i v e  s t r a i n s  w ere o b ta in e d  from  th e  c ro s s e s  

in v o lv in g  uvsClO  and  uvsD 3, b u t  o f  s i x  re c o m b in a n ts  t e s t e d  from  two 

c ro s s e s  w ith  th e  uvsA4 s t r a i n  none w ere o f  s e n s i t i v i t y  s i m i l a r  t o  t h a t  

o f  s t r a i n  V60.

T hese r e s u l t s  showed t h a t  uvsF25  was n o t s p e c i f i c  i n  i t s  a c t io n  

on uvsD lS  b u t  was e f f e c t i v e  in  e n h an c in g  th e  UV s e n s i t i v i t y  c o n fe r r e d  

by a  m u ta tio n  in  uosC  and  a l s o  a  second  m u ta tio n  i n  uosD, T here  was 

no c o n c lu s iv e  e v id e n c e  o f  th e  e f f e c t  o f  uvsFBS on m u ta tio n s  i n  uvsA^ 

i n  th e  a b sen ce  o f  p ro o f  t h a t  re c o m b in a n ts  o f  th e  c r i t i c a l  g en o ty p e  

UDSÂ4 UVSF25 w ere o b ta in e d .
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V. FURTHER STUDIES ON UV SURVIVAL.

A. S u rv iv a l  c u rv e  s t u d i e s  on s t r a i n s  c o n ta in in g  two m u ta tio n s  

a f f e c t i n g  UV s e n s i t i v i t y .

1 .  R a t io n a l e .

I t  sh o u ld  he  p o s s i b l e ,  by  th e  u se  o f  doub le  m u tan t s t r a i n s ,  t o  

o b ta in  in fo rm a tio n  a s  t o  w h e th e r  two UV s e n s i t i v e  m u ta t io n s  a f f e c t  

r e l a t e d  o r  u n r e l a te d  f u n c t io n s .  I f  a  s t r a i n  c o n ta in e d  a  m u ta t io n  w hich 

e l im in a te d  one f u n c t io n  i n  a  pathw ay o f  g e n e t i c a l l y  d e te rm in e d  f u n c t io n s  

le a d in g  t o  r e p a i r  o f  p o t e n t i a l l y  l e t h a l  l e s io n s  i n  t h a t  s t r a i n ,  th e n  

a  f u r t h e r  m u ta t io n  e l im in a t in g  a n o th e r  o f  th e  f u n c t io n s  i n  th e  same 

pathw ay w ould n o t b e  e x p e c te d  t o  in c r e a s e  t h e  s e n s i t i v i t y  o f  th e  

s t r a i n .  I f ,  how ever, t h e  se co n d  m u ta tio n  e l im in a te d  a  f u n c t io n  in  

a n o th e r  p a th w ay , a b le  t o  r e p a i r  th e  same o r  d i f f e r e n t  p o t e n t i a l l y  

l e t h a l  dam age, th e n  th e  s t r a i n  c o n ta in in g  b o th  m u ta t io n s  w ould b e  

e x p e c te d  t o  b e  m ore s e n s i t i v e  th a n  two o th e r  s t r a i n s ,  each  c o n ta in in g  

o n ly  one o f  th e  m u ta t io n s .  How ever, i f  one o r  b o th  s in g ly  m u tan t 

s t r a i n s  c a r r i e d  a  m u ta t io n  o n ly  p a r t i a l l y  e l im in a t in g  a  f u n c t io n ,  

b o th  f u n c t io n s  a c t in g  in  t h e  same pa th w ay , th e n  th e  d o ub le  m u tan t m ig h t 

b e  e x p e c te d  t o  b e  more s e n s i t i v e  th a n  one o r  b o th  o f  th e  s t r a i n s  

c o n ta in in g  o n ly  one o f  th e  m u ta t io n s ,  b u t  i t s  s e n s i t i v i t y  sh o u ld  n o t  

ex ceed  t h a t  o f  a  s in g ly  m u tan t s t r a i n  w hich  c o m p le te ly  la c k e d  one o f  

th e  f u n c t io n s  o f  t h e  p a thw ay .

2 , P r e p a r a t io n  and  c o n f i rm a t io n  o f  do u b le  m u tan t s t r a i n s .

T liree d o u b le  m u tan t s t r a i n s  w ere p re p a re d  w ith  m u ta t io n s  i n

uVsA and  uvsC  and  uvsB^ uvsD  and  uvsB  r e s p e c t i v e l y .

S in c e  uVsA^ uvsC  and uPsZ? mapped d i s t a n t l y  from  uvsB^ th e s e

78



d o u b le  m u ta n ts  w ere r e a d i l y  o b ta in e d  by  re c o m b in a tio n  from  th e  t h r e e  

p r e p a r a t io n  c ro s s e s  i l l u s t r a t e d  i n  F ig u re  2T. The s t r a i n s  VlSU 

h tsA l mthBB pheAl s tv A l  uvsA4 uvsBS^ V121 h isA l argA l aysD ld  mthBB 

pheAl s t r A l  uvsB6 uvsClO  and  VISA argA l mthBB pheAl s t r A l  uvsB6 uvaVS 

w ere i s o l a t e d  from  th e s e  c ro s s e s  and p u r i f i e d  by  s t r e a k i n g .  I n  a l l  

t h r e e  c a s e s ,  th e  s t r a i n s  w ere d e te c te d  a s  UV s e n s i t i v e  from  r e p l i c a  

p l a t e s  exp o sed  t o  UV d o se s  o f  a b o u t 1200 e rg s  mm j s e n s i t i v i t y  to  

t h i s  dose c o u ld  have  b e e n  due t o  t h e  p re s e n c e  o f  o n ly  one u vs  m u ta t io n  

i n  t h e s e  s t r a i n s .  How ever, t h e  m ark e r c o m b in a tio n s  o f  p a r e n t a l  and  

reco m b in an t s t r a i n s  w ere chosen  i n  such  a  way t h a t  t h e  re c o m b in a n ts  w ould 

have b een  members o f  r a r e  m u l t ip le  c ro s s o v e r  c l a s s e s  i f  th e y  h ad  n o t 

c a r r i e d  b o th  u rs  m a rk e rs  ; a  m ark e r on e i t h e r  s id e  o f  each  u v s  m u ta t io n  

was p r e s e n t  in  t h e  c h o sen  re c o m b in a n ts . The t h r e e  reco m b in an t s t r a i n s  

w ere ch eck ed  f o r  t h e  p re s e n c e  o f  each  o f  th e  two uos m u ta t io n s  t h a t  

th e y  w ere presum ed t o  c o n ta in  by  th e  fo llo w in g  t e s t s  d e s ig n e d  t o  r e -  

i s o l a t e  and p ro v e  th e  i d e n t i t y  o f  each  s e p a r a te  u vs  m u ta t io n .

C ro sses  w ere made b e tw een  each  o f  th e  presum ed d o u b le  m u tan t s t r a i n s  

and a n o th e r  s u i t a b l y  m arked  uVa'  ̂ s t r a i n ,  re c o m b in a n ts  w ere s e l e c t e d  

from  th e  p ro g en y  i n  such  a  way t h a t  th e y  w ould EuLl be  l i k e l y  t o  be 

uva'^ f o r  one o f  t h e  u vs  m u tan t s i t e s  i n  each  d oub ly  m u tan t p a r e n t  

b u t  some a t  l e a s t  w ould c o n ta in  t h e  o th e r  W s  m u ta t io n .  A s e p a r a te  

c ro s s  was r e q u i r e d  f o r  each  com ponent o f  each  p resum ed  d o u b le  m u tan t 

m aking s i x  c ro s s e s  i n  a l l .

The s t r a i n s  and  t h e  s e l e c t i o n s  a p p l ie d  i n  t h i s  f i r s t  s t e p  o f  t h e  

a n a ly s i s  a re  i l l u s t r a t e d  in  F ig u re s  2 8 , 29 and  3 0 , to g e th e r  w ith  t h e  

f r e q u e n c ie s  o f  Uvs and  Uvs rec o m b in a n ts  o b se rv e d  in  t h e  p ro g en y  

a n a ly s e d .  I n  e v e ry  c a s e ,  t h e r e  was an  a p p re c ia b le  p r o p o r t io n  o f
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FIGUEE 27. C ro sse s  f o r  o b ta in in g  uVsA uvsB  
s t r a i n s .
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segregation  or uvs recombinants at two lo c i  in  d ifferen t
crosses from a presumed uvsA uvsB s tr a in .
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FIGURE 2 9 . Segregation o f ufs'recom binants at two lo c i  in  d ifferen t
crosses from a presumed uvsB uvsC s tr a in .
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FIGIÏHE 30. Segregation o f wos recombinants at tvo lo c i  in  d iffer en t
crosses from a presumed uvsB uvsD s tra in .
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Uvs recombinants 3 as was expected.

One o f  th e  fo l lo w in g  s t r a i n s  was i s o l a t e d  and  p u r i f i e d  from  each  

o f  th e  above c r o s s e s ,  V12T h isA l ui)qA4^ V128 h isA l uvsClO^ Vlkk lœaAl 

s t r A l  uvsD3^ V132 cœgAl aysD lS  -pheAl s t r A l  uvsBS ( rec o m b in a n t d e r i v a t i v e  

o f  V12H)s V131 adeAZ oyeD lS uraA l s t r A l  uvsBd (rec o m b in a n t d e r iv a t iv e  

o f  V 121), and  VlUs h'CsAl mthB2 uraAl s tr A l  uvsB6 ( rec o m b in a n t d e r i v a t i v e  

o f  V 134). The i d e n t i t y  o f  th e  u vs  m u ta tio n  in  each  s t r a i n  was t e n t a t i v e  

a t  t h i s  s t a g e ,  and  t h e  n e x t  s t e p  i n  th e  a n a ly s i s  was d e s ig n e d  t o  c o n firm  

i t .

V12T and  V128 w ere c ro s s e d  i n  t u r n  w ith  s t r a i n s  c a r r y in g  

r e p r e s e n ta t i v e  m u ta t io n s  i n  uvsA^ C and  D (VIOT proA l h%sC9 s tr A l  

uvsA22^ V104 proA l h isC 9 s t r A l  uvsC l?  and  V115 p roA l h isC 9 s t r A l  uosD ld) 

h e te r o c lo n e s  w ere s e l e c t e d  be tw een  htsA ^  and hisC ^  and  th e  p ro g en y  

t e s t e d  f o r  c o m p lem en ta tio n  by  th e  m ethod d e s c r ib e d  i n  S e c tio n  IV B.

Tlie r e s u l t s  a r e  p r e s e n te d  i n  T ab le  39 and  f u l l y  su p p o r t  th e  e x p e c ta t io n s  

t h a t  V12T c o n ta in e d  a  m u ta t io n  i n  uVsA and  V128 a  m u ta t io n  i n  uvsC ,

The fo u r  re m a in in g  s t r a i n s  (V l44 (uvsD3)^  V132, V131@ Ylh3  

(uusB d))w ere  t e s t e d  f o r  t h e  p re s e n c e  o f  t h e i r  p resum ed  uVs m u ta tio n  by  

m apping them  ip. an  a p p r o p r i a te  p o s i t i o n .  C ro sses  w ere made be tw een  

Y lkk  and 651 h isA l argA l aysDlB  ̂ V132 and 68I  h isA l mthB2 uraAl^

VI31 and 922 proA l argA l mthBB pheA l s t r A l , V14-3 and  7^9 proA l argA l 

cysD ld  u ra A l. The p a r e n t a l  m ark e r a rra n g em e n ts  and  th e  a n a ly s i s  o f  

t h e s e  c ro s s e s  a r e  p r e s e n te d  in  F ig u re  31. In  each  c a s e ,  one o f  th e  

two l o c a t i o n s  in d ic a t e d  by  th e  r a t i o  o f  /uvs'^ f r e q u e n c ie s  was t h a t  

e x p e c te d  from  th e  a n c e s t r y  o f  th e  uVS m u ta t io n , t h e  seco n d  p o s s ib le  

l o c a t i o n  was n e v e r  t h a t  o f  t h e  o th e r  uVs m u ta t io n  e x p e c te d  t o  be  

p r e s e n t  i n  th e  d o u b le  m u tan t s t r a i n  from  w hich th e  s t r a i n  u n d e r s tu d y
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T A B L E  3 9 *  I d e n t i f i c a t i o n  b y  c o m p l e m e n t a t i o n  t h a t  s t r a i n  V 1 2 T  
w a s  m u t a n t  i n  uvsA a n d  s t r a i n  V128  i n  uosC,

C o l o n y  C o u n t s  % C o m p l e -
C r o s s  U n i r r a d i a t e d  I r r a d i a t e d  s u r v i v a l  m e n t a t i o n

a t) -  X 100
a

V12T h isA l uvsA4
X 254 2 0 .8

VI07  proA l h tsC 9 s t r A l  uvsA22

VI27 h isA l uvsA4
X 342 53 1 5 .5  +

V lO U  proA l hCsCB s t r A l  u vsC l?

V127 h isA l uvqA4
X 82 16  1 9 .5  +

V II5 proA l k isC 9 a trA l uvsD18

V128 h isA l uvsClO
X 191  43  2 2 .5  +

VIOT proA l hisCO a tr A l uvsA22

VI28 H sA l uvsClO
X 510 0 < 0 .2

V104 pvoA l hisCO s t r A l  u vsC l?

VI28 hùsAl uvsClO
X  32 5 1 5 .5  +

V I I 5 proA l hisCB s t r A l  uvsD18

+  i n d i c a t e s  c o m p l e m e n t a t i o n .

-  i n d i c a t e s  n o n - c o m p l e m e n t a t i o n .  

S e e  t e x t  f o r  e x p l a n a t i o n .
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FIGURE 31. The location of m)s mutations carried "by recombinant
progeny of double uvs mutants.
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FIGURE 31 (continued). The lo ca tio n  o f uVs mutations carried  by
recombinant progeny o f double uOs mutants.
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S e e  t e x t  f o r  e x p l a n a t i o n .
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was derived.

S in c e  th e  r e s u l t s  h a d  a g re e d  w ith  t h e  e x p e c ta t io n s  th ro u g h o u t^  

th e  s t r a i n s  V12^g V121 and VI34 w ere c o n firm ed  as  d o u b le  WOQ s t r a i n s  

c a r r y in g  uvsB6 i n  c o m b in a tio n  w ith  m u ta tio n s  i n  uvbA^ uVs C and uvsD ,

3 . S u rv iv a l  c u rv e s  o f  th e  d o u b le  m u ta n ts ,

UV s u r v iv a l  c u rv e s  w ere o b ta in e d  f o r  each  o f  t h e s e  s t r a i n s  » th e  

d a ta  a r e  p r e s e n te d  in  T ab le  4 0 j and  th e  s u r v iv a l  c u rv e s  a r e  p l o t t e d  

i n  F ig u re  32  ̂ t o g e th e r  w ith  s u r v i v a l  c u rv e s  f o r  V2 proA l (Xï*gAl eysD lS  

uraAl uvsA4  ̂ V9 h isA l mtkB2 pheA l s t r A l  uvsBS V13 h isA l mthBB pheAl 

s t r A l  uvsClO  and  VI proA l argA l oysD lS  uraAl uvsDZ^ The s u r v iv a l  

c u rv e s  f o r  th e  t h r e e  d o u b le  m u ta n ts  a r e  c l e a r l y  v e ry  s i m i l a r  and  

fo llo w  c lo s e ly  t h a t  f o r  u vsA 4 , T h is  was t h e  m ost s e n s i t i v e  s t r a i n  

am ongst th o s e  s tu d ie d  by  s u r v iv a l  c u rv e s  w hich w ere m u tan t i n  any 

o f  th e  g en es uvsA^ uDsC o r  uvsD^ a p a r t  from  s t r a i n  V60 w hich  was 

sho’îm t o  b e  a  sp o n ta n eo u s  d o u b le  m u tan t (S e c t io n  IV E ) ,

4 , I n v e s t i g a t i o n  o f  t h e  number o f  u vs  m u ta t io n s  i n  t h e  o r i g i n a l  

uvsA4 m u ta n t .

To i n v e s t i g a t e  th e  p o s s i b i l i t y  t h a t  th e  UV&A4 s t r a i n  was i t s e l f  

a  d o u b le  m u tan t  ̂ a  c ro s s  was made b e tw een  s t r a i n  V2 proA l argA l oysD lS  

uraAl uvsA4  and  s t r a i n  921 h isA l oysA lS  mthBB pheAl s t r A l  and  a  sam ple 

o f  re c o m b in a n ts  a n a ly s e d  w hich  had  b een  s e l e c t e d  t o  be  mthB pheA 

argA^ ̂  The p a r e n t a l  m ark e r a rra n g em e n ts  and th e  g en o ty p es  o f  45 

re c o m b in a n ts  a r e  i l l u s t r a t e d  i n  F ig u re  33o

The g en o ty p e  cysA  aysD lS  was d i s t in g u i s h e d  from  aysA lS  aysD

and eysA lS  oysDlB  re c o m b in a n ts  by  s u b s t i t u t i n g  sodium  t h io s u lp h a t e  f o r

c y s t in e  a s  a  supp lem en t in  an  a d d i t i o n a l  p l a t e  in  th e  s e r i e s  o f

r e p l i c a  p l a t e s  f o r  a n a ly s in g  th e  rec o m b in a n ts  & oysA'^ eysD lS  s t r a i n s
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FIGURE 33. C r o s s  d e s i g n e d  t o  d e t e c t  s e g r e g a t i o n  o f  t w o  uvs  m u t a t i o n s  

i n  s t r a i n  V 2  i f  t h e y  w e r e  s e p a r a b l e  b y  r e c o m b i n a t i o n .

G e n o t y p e  ( a )
C r o s s o v e r
i n t e r v a l s

N u m b e r

(oysD) a y s  A h-is 1 o r  2 ,  5 4

(oysD) ura  cysA  h is 1 o r  2 ,  6 9

oysD ura h is 1 , 7 9
oysD ura pro  h is 1 , 8 8

oysD ura pro 1 , 9 2

aysD ura p ro  u vs 1 , 10 5

ura h is 2 , T 2

ura p ro  h is 2 , 8 1

eysD  ura 1 , 7 ,  8 ,  9 2

(aysD) s t r  cysA  h is 1 o r  2 )  3 ,  4 ,  5 3

s t r  u ra  p ro  h is 2 , 3 ,  it, 8 1

s t r  h is 2 , 3 ,  h, 5 ,  6 ,  T 1

T o t a l  r e c o m b i n a n t s 4 5

P a r e n t h e s e s  i n d i c a t e  t h a t  t h e  eysD  a l l e l e  i n  t h e s e  s t r a i n s  w a s  n o t  

d e t e r m i n e d  d u e  t o  t h e  p r e s e n c e  o f  oysAlS^

( a )  W i l d - t y p e  a l l e l e s  o m i t t e d .
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(en d  c f  c o u rs e  cysA ^ oysD^  s t r a i n s )  can  grow on t h i s  supp lem en t a s  a

so u rc e  o f  s u lp h u r ,  UV s e n s i t i v i t y  was d e te c te d  on t h r e e  r e p l i c a

p l a t e s  on th e  same medium a s  th e  m a s te r  p l a t e  3 one was k e p t a s  an
- 2

u n i r r a d i a t e d  c o n t r o l , one ex p o sed  t o  ab o u t 1200  e rg s  mm and  a n o th e r

*“2 •  »t o  a b o u t lOOO e rg s  mm , I t  was hoped t h a t  t h i s  s e l e c t i o n  w ould a llo w

any o th e r  p o s s ib l e  uos  m u ta t io n  lo c a te d  in  th e  lo n g  a rc  be tw een  ItisA^  

and  c lo s e  t o  argA l t o  e n t e r  re c o m b in a n ts  s e p a r a t e ly  from  uVsA4 , and  

t h a t  i f  th e  p o s s ib l e  se co n d  m u ta t io n  c o n fe r r e d  UV s e n s i t i v i t y  no g r e a t e r

th a n  t h a t  c o n fe r r e d  by  un)sE13  ̂ w hich  was t h e  l e a s t  s e n s i t i v e  m u ta t io n

•  ™2kno™  t o  c o n fe r  s e n s i t i v i t y  by  i t s e l f ?  th e  dose  o f  I 8OO e rg s  mm

w ould d e te c t  i t .  I n  f a c t  f i v e  u vs  re c o m b in a n ts  w ere fo u n d  am ongst

45 re c o m b in a n ts  a n a ly se d ?  w hich  w ere a l l  s e n s i t i v e  t o  t h e  dose o f  

“"21200 e rg s  mm , They w ere a l s o  proA l oysD lS  and t h e r e f o r e  a lm o s t 

c e r t a i n l y  uvsA û. T here  was no in d ic a t io n  t h a t  any o th e r  re c o m b in a n ts  

w ere UV s e n s i t i v e  a lth o u g h ?  be tw een  them? th e y  c o n ta in e d  r e g io n s  o f  

th e  V2 genome from  IrLsA"̂  ro u n d  t o  oysD ld   ̂ and  p resu m ab ly  beyond? w ith o u t  

in c lu d in g  uvsA 4. In  p a r t i c u l a r  tw o re c o m b in a n ts  w hich  w ere  eysD lS  

uraAl proA l w ere c l e a r l y  o f  w i ld - ty p e  s e n s i t i v i t y .  T h e re fo re  on  t h i s  

t e s t  s t r a i n  V2 d id  n o t  a p p e a r  t o  be  a  do u b le  m u ta n t.

5 . C o n c lu s io n s ,

S in c e  th e  c o n s t r u c te d  d o u b le  m u ta n ts  w ere no more s e n s i t i v e  th a n  

s t r a i n  V2 i t  may b e  c o n c lu d e d  t h a t  uvsA^ uVsB^ uvsC  and  uVsD p ro b a b ly  

a c t  i n  t h e  same pathw ay o f  r e p a i r  o f  l e t h a l  UV dam age. As a  r e s u l t  

we m ig h t e x p e c t some f u r t h e r  m u ta t io n s  o f  a l l  f o u r  genes t o  b e  as 

s e n s i t i v e  a s  u vsA 4» I n  p a r t i c u l a r  we m igh t e x p e c t f u r t h e r  m u ta t io n s  

i n  uVsB t o  r e s u l t  i n  g r e a t e r  s e n s i t i v i t y  th a n  t h a t  o f  uvsB6^ w hich  

c o n fe r r e d  th e  l e a s t  s e n s i t i v i t y  in  th e  uvsA^ B̂ , D g roup  o f  m u ta t io n s .
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Thus m ost o f  th e  m u ta t io n s  i n  uvsA^ C or D w hich have  b een  s tu d ie d  

by  s u r v iv a l  c u rv e s  a p p e a re d  t o  have  r e t a i n e d  r e s i d u a l  a c t i v i t y  i n  t h e  

UV r e p a i r  sy stem  a f f e c t e d ,  s in c e  th e y  showed l e s s  s e n s i t i v i t y  th a n  

u vsA4,

B, P h o to r e a c t iv a t io n  i n  S trep tom ijces c o e t io o lo r .

The f i r s t  d e m o n s tra tio n  o f  p h o t o r  e a c t  i v a t  io n  in  any O rganism  was 

by  K e ln e r {194-9) who d is c o v e re d  t h a t  when v i s i b l e  l i g h t  was a d m in is te r e d  

t o  a  sp o re  su s p e n s io n  o f  S trep to m y a es  g r is e u s  a f t e r  i t  h ad  b een  

i r r a d i a t e d  w ith  UV? t h e r e  was an  in c r e a s e  i n  t h e  s u r v iv a l  o f  th e  

i r r a d i a t e d  sp o re s  ; a  l a r g e  f r a c t i o n  o f  th e  l e t h a l  e f f e c t  o f  th e  UV 

h ad  b e e n  r e v e r s e d .  The a c t io n  sp ec tru m  f o r  p h o to r e a c t iv a t io n  i n  

S, g v is e u s  was d e te rm in e d  by  K e ln e r (1951)» Below a  w av e le n g th  o f  

360 nm? p o s t  “ i r r a d i a t i o n  l i g h t  t r e a tm e n t  had  l i t t l e  e f f e c t .  From 

360 nm th e  l i g h t  t r e a tm e n t  h ad  in c r e a s in g  e f f e c t  up t o  a  maximum a t  

4-50 nm, and th e n  f e l l  t o  z e ro  e f f e c t  above 525 nm. On th e  b a s i s  o f  

t h i s  in fo rm a tio n ?  i r r a d i a t i o n  and p l a t i n g  f o r  q u a n t i t a t i v e  s tu d i e s  

o f  t h e  e f f e c t  o f  UV on s t r a i n s  o f  S, c o e l iG o to r  A 3(2) w ere c a r r i e d  

o u t i n  l i g h t  from  a  sodium  v ap o u r lam p as d e s c r ib e d  i n  S e c t io n  I I I  C 1 . 

T h is  lamp e m its  a t  5^9 nm? w e l l  above th e  u p p e r l i m i t  f o r  p h o to r e a c t iv “ 

a t i o n  fo und  by  K e ln er?  and t h e r e f o r e  p h o to r e a c t iv a t io n  w ould have 

b een  a v o id e d .

L a te r  when p h o t o re  a c t  i v a b i l i t y  o f  A 3(2) was i n v e s t i g a t e d ,  t h i s  

s t r a i n  was found  t o  be  in c a p a b le  o f  c l a s s i c a l  p h o to r e a c t iv a t io n ,  

lo  E x p e rim e n ta l p r o c e d u r e -

The p ro c e d u re  f o r  d e te rm in in g  th e  p h o t o r e a c t i v a b i l i t y  o f  a  s t r a i n  

was a  m o d if ic a t io n  o f  t h e  p ro c e d u re  f o r  o b ta in in g  UV s u r v iv a l  c u rv e s
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(S e c t io n  I I I  C 1 a)«  The m o d if ic a t io n  was a s  f o l lo w s .  A f te r  t h e  

U V  i r r a d i a t i o n  and sam p lin g  a t  v a r io u s  d o s e s ,  t h e  v a r io u s  sam ples w ere 

d iv id e d ,  and  one o f  each  o f  t h e s e  was in c u b a te d  f o r  35 m in u te s  a t  BO^C 

in  th e  d a r k . The o th e r  was in c u b a te d  f o r  35 m in u te s  a t  BO^C i n  a  

t e m p e r a tu r e - c o n t r o l l e d  w a te r b a th ,  i l lu m in a te d  by two Osram S e r ie s  B , 

500W, UîiA9s p h o to g ra p h ic  b u lb s  22.6cm  a p a r t  when p la c e d  a g a in s t  th e  

s id e s  o f  th e  b a th .  T h is  t r e a tm e n t  was Imown from  a  t r i a l  ex p e rim en t 

t o  g iv e  m axim al p h o t o r e a c t iv a t io n  o f  k6T3« The d i f f e r e n t  sam ples 

w ere d i l u t e d  t o  t h e  f i r s t  d i l u t i o n  w hich was t o  be  p l a t e d ,  b e fo re  

b e in g  exp o sed  t o  one o f  t h e  t r e a tm e n ts  a t  30°C. T h is  d i l u t i o n  v a r i e d  

w ith  t h e  U V  dose  and t h e  p o s t “i r r a d i a t i o n  t r e a tm e n t  w hich  th e  sam ple 

r e c e iv e d .  A f te r  t h e  t r e a tm e n ts  a t  BO^C, t h e  sam ples w ere f u r t h e r  

d i l u t e d  a s  n e c e s s a ry  and 0 .1 m l a liq ^ u o ts  p l a t e d  in  d u p l ic a te  a t  room 

te m p e ra tu re  (a p p ro x im a te ly  20^0) in  i#I a g a r  h e ld  a t  50°C , su p p lem en ted  

w ith  g lu c o s e ,  and  w i th  a c t id io n e  a t  c o n c e n tr a t io n  o f  7 . 5ug/m l t o  

i n h i b i t  p o s s ib le  fu n g a l  c o n ta m in a tio n . Tlie p l a t i n g  was p e rfo rm ed  in  

l i g h t  from  th e  sodium  v ap o u r lam p , and su b seq u e n t in c u b a t io n  was i n  

t h e  d a rk . Tlius tw o s u r v iv a l  c u rv e s  f o r  each  sp o re  su s p e n s io n  w ere 

o b ta in e d  w ith  and w ith o u t  p o s t “ i r r a d i a t i o n  l i g h t  t r e a tm e n t .

2 . R e s u l t s .

The p h o t o r e a c t i v a b i l i t y  o f  two w ild - ty p e  s t r a i n s ,  AB(2) and 1(673 

was s tu d ie d .  The r e s u l t s  f o r  tw o e x p e rim e n ts  w ith  each  o f  th e s e  

s t r a i n s  a r e  p r e s e n te d  i n  T ab le  hx and t h e i r  s u r v iv a l  c u rv e s  in  F ig u re  

3^* I t  was c l e a r  t h a t  1(673 e x h ib i t e d  a  c l a s s i c a l  re s p o n s e  t o  p h o to -  

r e a c t i v a t i n g  l i g h t  w ith  a  c o n s ta n t  dose  r e d u c t io n  f a c t o r  (DBF) o f  

a b o u t 0 .5 ;  t h a t  i s ,  t h e  v i s i b l e  l i g h t  t r e a tm e n t  r e v e r s e d  th e  l e t h a l  

e f f e c t  o f  ab o u t h a l f  th e  UV d o se . T liis DBF was s i m i l a r  t o  t h a t  fo u n d
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FIGURE 34.

The s u r v iv a l  c u rv e s  o f  A 3(2) and  k6T3 
w ith  (L) and w ith o u t  ( d ) p h o to r e a c t -  

^  ^  i v a t i o n  t r e a tm e n t .
(D ata  o f  T ab le  4 l ) ,

K673(L)

A3(2) (L)

A3(2) (D)
• H ' H
i>

K673 (D)



I
ro

. -=t 
nd 00

Q)

I

ca p  
(U

I
A

to 

§

S
X

CO
o\

g

(M

CQ
0
H p
ma
CJ*

R  co
red
00OH cdo

V£)

3
03 X

Lf\
LTV
M

O
H

vp

p .
P CM

CM & )V— ' H
C O  R  
< g

00 • H • H
0 cd

• H T d ÎH
cd 0 4 ^
U ■P C Q

4 ^ P
CO

3
«H

O

0 p0

1ü cd
0

H

3
CM

S
CO
B

O
P

p -

‘o
p1 X X X X

b -

CM
LA
cô

cjn

CM

O
LA

LA
O
P H

CO

p

CM

3
1 X X X X

3:
J=t

co
co
LA

CM
OO
p *

OO
co
co

Y
3

CM

3
co
B

3 3
1 M X X X

p -

CM
00
CM

OO

rH
co
cô

LA
O
P 3

CO

3
CM

O
P

B X X X X

'8P*
CM
OO
CO

CM

S? VD
lA

's ■ s

CM

3
CO

■o
p

X X X X 1
pH
cô

<3
LA

H
P *

P
cô

rl
Ü

?H 0)O 0)
, O 

cd p

I t

CO v p  G O

R O

VO VD LT\ CO CM 
O  O  O  O  O
rd rH rH rH f—I

CO O  ^  CO
0\  O  VO

CM VD 0\  lf \
H  COr4

P VD VD LA CO CM
0 O o O O O
0
O

P p P P 1—1
d

Cd M X X X X
VD o v o\ VD -=r
CO CM LA CD
CO CM LA

P P -o\ covo

CM

CM

CM

CM

CM

CO
b -

a

I

00PttO!dcd•H Oh PP P
fïd0R P
U0 LA
fe O
d P

'H_ cd X
d0 coR coO p*
00Pbû
dtd•H oU p •
p p
rd
0R pd0 LA
> O
d P

•pj Xrd0 CM0 CMO R-PO
P0 10 OP P

tîÛ
d  p Xcd• H VD
d •
P o\R Pü LA0 Od P0 cd Xd0 00R CMO o\

Yo
H

X
CM

VO

■ o
H  H  rH
X X X
H  CO t -

CM VO CM

ir \  ^  ^  COO O O O
iH tH pH iH

8 X X X X
O  -=J- CO
VO t— VO t r \
CM CO CM H

pH

CM

O
pH

X
CO

pH

-=r 
o  ®o
H
X

0 -

pH

pH

X
OV

CO

^  CO CM 

H H H

ir\
■ o

pH
X

t—

O
pH

X X X X
pH CO ir \  CO
LT\ CO t ”  CM

CO CO

Y Y
3

Y
O
pH

CM
I
3

H M «  H
C7\  CM OO 

VD CM
O

A ir\q q
rH  p H

\S\ ^

3 3
X X X X B

ir \ 8
vo

lA LA 
VO t ~  
CM VO

0 p
0 1P o
ËP pd ocd p ■ X
•pL pd oP #

b-R Po0 LA LAd O o
0 p P
rd cd X X
0
0 0 0 o \o VD VD

p o\ VDo

Y
3

CM
I
OH O

pH

X X X I  
t>- ^  b—

b- CM pH LA

O CM 
O  O3

X X X :

CM

CM
I

o
co

fS
EH

O  co VD CM O
O  rH CO ^
t— CO CM

H  CM ^

CH CJ

LA ^  Cd

CO
pH

CJn

LA

CM

CM
I

(D
CO

R

CM

CM

CM

Q)
1d
R

P
-P

0

I
rH

!ho

1

•H
-R

O
0

k
»d
û>

.3
c3

1
<D

I
O
OLA
CM

O
CO • CO ?H 
Q) O 
Ü -P

y S
(p

s•H O
-pCQ cd•P "ri

OO

S

0 0  VD CM O
O  rH CO ^  VO
b -  ^  CO CM vo

pH CM -=r la

CO
<u

rH <D 
&  “ns
m
r*H ü  
O  (d 

0)

ê  1d

j
CÔ Q) 
H P 
(U ^

H bO 
•H

• g i0) p
SPY
pH ^ 

0) T)
0  d  

CQ cd

O
•p



in  a  v a r i e t y  o f  o th e r  m ic ro -o rg a n ism s  (R upert.. 1 9 6 4 ). A 3(2) d id  n o t 

e x h ib i t  such  p h o to r e a c t iv a t io n  r e s p o n s e ;  t h e r e  was a  s l i g h t  b u t  

c o n s i s t e n t  in c r e a s e  i n  s u r v iv a l  a f t e r  h ig h  UV doses^  due t o  th e  

ex p o su re  t o  v i s i b l e  l i g h t   ̂ w hich  was c l e a r l y  n o t  a  c l a s s i c a l  p h o to ­

r e a c t i v a t i o n  r e s p o n s e ;  i t  may have b een  due t o  some phenomenon such  a s

p h o to - p r o te c t io n  i n  w hich  exposure- t o  v i s i b l e  l i g h t  b e fo re  t h e  UV was as

e f f e c t i v e  a s  e x p o su re  a f t e r  t h e  UV. In  F . ooVi B th e  a c t io n  sp e c tru m  

f o r  t h i s  was t h e  same a s  t h a t  f o r  in d u c t io n  o f  d e la y e d  c e l l  d i v i s io n  

b u t  i t  was d i f f e r e n t  from  t h a t  f o r  p h o to r e a c t iv a t io n  (d ag g e r and 

S t a f f o r d ,  I 9 6 5 ) .

C. F a c to r s  in f lu e n c in g  UV s u r v i v a l .

1 .  E f f e c t  o f  g e n e t ic  b ack g ro u n d  on UV s e n s i t i v i t y .

* A 4*I t  was s h o w  i n  S e c t io n  I I I  t h a t  th e  t h r e e  uos  s t r a i n s , from  

w hich  uve  m u ta n ts  w ere o b ta in e d ,  w ere s i m i l a r  b u t  n o t  i d e n t i c a l  i n  

t h e i r  UV s e n s i t i v i t i e s ,  I'dien s u r v iv a l  c u rv e s  w ere o b ta in e d  f o r  some 

reco m b in an t u vs  s t r a i n s ,  VIT proA l mth32 uraA4 s t r A l  uvsA4^ V4l proA l 

aysD ld  lœaAl uvsClO  and  V20 proA l mthB2 uraAl s t r A l  uveD3^ i t  was

p o s s ib l e  t o  com pare them  w ith  th o s e  o f  t h e  o r i g i n a l  uVs s t r a i n s .

(T hese s u r v iv a l  c u rv e s  w ere a l s o  needed  f o r  co m parison  w ith  th e  

presum ed uvsA4 uvsF25yUVsC10 uVsF25 o r  uvsD3 uvsF26 re c o m b in a n ts  

from  c ro s s e s  o f  VIT, V4l o r  V20 w ith  V I57 (S e c t io n  IV E 4 ) ) .

The r e s u l t s  f o r  th e s e  t h r e e  s t r a i n s  a r e  p r e s e n te d  i n  T ab le  42 

and t h e i r  s u r v iv a l  c u rv e s  p l o t t e d  in  F ig u re  35 t o g e t h e r  w ith  th o s e  f o r  

th e  o r i g i n a l  uvsA4^ uvsClO  and uvsD3 m u tan t s t r a i n s .  The uvsA4 

and  uveD3 s u r v iv a l  c u rv e s  w ere s i m i l a r  ; th e  d i f f e r i n g  g e n e t ic  b a ck ­

g round  had  l i t t l e  e f f e c t .  How ever, th e  two s t r a i n s  c o n ta in in g  uVsClO
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FIGURE 35.

The s u r v iv a l  c u rv e s  o f  reco m b in an t 
s t r a i n s  o f  uvsA4^ uvsClO  and  uvsD3 
com pared w ith  th e  o r i g i n a l  m u ta n ts .

(D ata  o f  T ab le  4 2 ) .

CQ <H

V 2 0  UVSD3

VI UVSD3

V4I uvsCIO

VI3 uvsCIO

V2 uvsA4

VI7 uvsA4

The s u r v iv a l  c u rv e s  o f  s t r a i n s  V2j 
V13 and VI w ere ta k e n  from  F ig u re s  
7 ,  8 and 9 r e s p e c t i v e l y .
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showed q u i te  d i f f e r e n t  c u r v e s , t h e  reco m b in an t uVsClO s t r a i n  b e in g  more 

s e n s i t i v e  th a n  th e  o r i g i n a l  s t r a i n .  The c a u se  o f  t h i s  d i f f e r e n c e  

was n o t i n v e s t i g a t e d 3 b u t  i t  may have b een  due t o  one o f  th e  m o d if ie r s  

p o s t u l a t e d  e a r l i e r  t o  a c c o u n t f o r  th e  v a r i a t i o n s  i n  uvs"^ c u r v e s ,

The two uVsClO c u rv e s  s t i l l  f e l l  w i th in  th e  ra n g e  o f  s e n s i t i v i t i e s  

o f  a l l  t h e  o th e r  uvgA  ̂ u vsC and  uvsD  m u ta n ts  s tu d ie d .

2 . E f f e c t  o f  th e  gro%fth medium a f t e r  i r r a d i a t i o n  on UV 

s e n s i t i v i t y .

S u r v iv a l  c u rv e s  f o r  d i f f e r e n t  s t r a i n s  w ere p e rfo rm ed  u n d e r  i d e n t “

i c a l  c o n d i t io n s  on a l l  s t r a i n s  e x c e p t when g row ing  s u r v iv o r s  a f t e r

th e  i r r a d i a t i o n .  Each s t r a i n  was grown on MM su p p lem en ted  o n ly  w ith

i t s  o\m  g row th  r e q u ir e m e n ts .  D i f f e r e n t  su p p lem en ts  m igh t have  had

d i f f e r i n g  e f f e c t s  on t h e  v i a b i l i t y  o f  a  g iv e n  s t r a i n .  One e x p e rim e n t

on A 3(2) was p e rfo rm ed  t o  t e s t  t h e  l ik e l ih o o d  o f  t h i s ,  A sp o re

s u s p e n s io n  p re p a re d  i n  th e  u s u a l  way f o r  a  s u r v iv a l  c u rv e  was ex p o sed

™2t o  0 ) 2250 and  4-500 e rg s  mm and s u i t a b l e  s e r i a l  d i l u t i o n s  o f  each  

sam ple w ere p r e p a re d .  S ix  1 .0 m l sam ples o f  each  o f  th e  a p p r o p r ia te  

d i l u t i o n s  w ere p i p e t t e d  i n t o  empty P e t r i  d i s h e s .  P a i r s  o f  th e s e  

sam ples w ere su sp en d ed  i n  î«M, o r  MM + P ro  Arg Cys U ra , o r  Î#I + H is 

Horn Phe and in c u b a te d ,  (T hese  w ere th e  t h r e e  m ost commonly u se d  m edia  

i n  th e  e x p e rim e n ts  on s u r v iv a l  c u rv e s  in  e a r l i e r  s e c t i o n s ) .  Tlie 

r e s u l t s  a re  p r e s e n te d  i n  T ab le  43.

A lthough  from  th e s e  r e s u l t s  th e  s u r v iv a l  o f  A3(2) was h ig h e r  

on + H is Horn Phe th a n  on MM o r  on kM + P ro  Arg Cys Ur a ,  th e  in c r e a s e  

i n  s u r v iv a l  was p r o p o r t i o n a l l y  t h e  same i r r e s p e c t i v e  o f  th e  UV dose  g 

so  t h a t  th e  s u r v iv in g  f r a c t i o n s  c a l c u l a t e d  from  th e  c o u n ts  o b ta in e d  

on th e  t h r e e  m ed ia  w ere s i m i l a r  t o  one a n o th e r .  T h e r e fo r e ,  th e
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d i f f e r e n t  c o m p o s itio n s  o f  th e  p l a t i n g  m edia  w ould n o t a p p e a r t o  have  

b een  an im p o r ta n t c a u se  o f  v a r i a t i o n s  i n  t h e  UV s u r v iv a l  c u rv e s  o f  

th e  d i f f e r e n t  m u ta n ts .

TABLE 4-3 The s u r v iv a l  o f  i r r a d i a t e d  5 , coet'L oo tor  A3(2) when grown 

in  th e  p re s e n c e  o f  d i f f e r e n t  c o m b in a tio n s  o f  n u t r i e n t s .

C om position  o f  e rg s  mm ^
p l a t i n g  medium 0 2250 4500

205 X  10 iW X 133 X 10
1 .0 6 .8 X 10  2 6 .5 X 10 '

227 X  1 0 218 X 10^2 136 X 10 ;
1 .0 9 .6 X 10 6 .0 X 10’

185  X  10^ 112 X 10 ^ 108 X 10
1 .0 6 .1 X i o “2 5 .9 X 10 '

im  + H is Horn Phe ^  7 ^ -4

 ....................   .  ... _ . . 3
H* P ro  Arg Cys U ra
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VI.  DISCUSSION.

The r e s u l t s  p r e s e n te d  i n  t h i s  t h e s i s  have  e s t a b l i s h e d  t h a t  

Q o e tio o lo v  c o n ta in s  a  number o f  genes i n  w hich  m u ta tio n s  t o  g r e a t e r  

UV s e n s i t i v i t y  may b e  o b ta in e d .  T h is  im p lie s  t h a t  S . o o e H e o to v , l i k e  

many o th e r  p r o to k a r y o te s , h a s  m echanism s f o r  p r e v e n t in g  o r  r e p a i r i n g  

damage in d u c e d  by UV. M utan ts  o f  t h i s  ty p e  have  b e en  m ost e x te n s iv e ly  

c h a r a c t e r i s e d  i n  s t r a i n s  o f  E so h e r ie h ta  b u t  t h e  more l i m i t e d

s tu d ie s  t h a t  have b e en  r e p o r t e d  u s in g  o th e r  p r o to k a ry o te s  i n d ic a t e d  t h a t  

th e  genes sho^m t o  e x i s t  i n  E. c o U  a r e  p ro b a b ly  w id e sp re a d  am ongst th e  

p ro to k a ry o te s  ( s e e  S e c t io n  I , B and  C ), Thus 5 . Q o et'to o lo r  may w e l l  

have  genes w ith  s i m i l a r  f u n c t io n s  t o  th o s e  d is c o v e re d  i n  E,

S in c e  C la rk  and  M a rg u lie s  (1 9 6 5 ) had  shown t h a t  r e o  m u ta n ts  o f  E. o o t i

w ere a l s o  UV s e n s i t i v e ,  i t  was hoped  t h a t  some o f  t h e  UV s e n s i t i v e  

m u ta n ts  o b ta in e d  i n  S„ G oetiootor*  w ould a l s o  be  rgO j so  t h a t  th e y  c o u ld  

th e n  b e  u se d  t o  t e s t  a  l iy p o th e s is  f o r  th e  o r i g in  o f  h e te r o c lo n e  

genomes a s  d e s c r ib e d  i n  S e c t io n  I ,  A 3° However, d e s p i te  t h e  f a c t  t h a t  

none w ere a p p a r e n t ly  b o th  UV s e n s i t i v e  and  r e o ,  o th e r  com parisons w ith  

S'. Gol't and  o th e r  p r o to k a r y o te s  w ere a t te m p te d .

The g e n e t ic  map o f  5 . coet'ÙQotoT  i n  F ig u re  1 in c lu d e s  th e  l o c a t io n s  

o f  genes shown t o  a f f e c t  UV s e n s i t i v i t y .  T hree  g e n e s , uVsC

and  uvsD  a r e  l o c a te d  i n  t h e  s h o r t  r e g io n  b e tw een  conmA and  sorA j t h r e e  

m u ta tio n s  (p ro b a b ly  r e p r e s e n t in g  a t  l e a s t  two g e n e s , uvsB  and  uvsE)  ̂

b e tw een  guoA and  hisD^  and  one g e n e , uvsF^ b e tw een  oysC  and  argAo

The d a ta  f o r  th e  o r d e r  o f  th e  two genes uVsB and  uvsE  r e l a t i v e  t o  gnoA

a re  v e ry  l im i t e d  w hereas th o s e  f o r  UV8“21 a r e  more c o n c lu s iv e .

UvsA^ uOsC and  uOsD w ere  d e f in e d  by  a  co m p lem en ta tio n  t e s t
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d e s c r ib e d  i n  S e c t io n  IV B. A ttem p ts  w ere made t o  a p p ly  a  s i m i l a r  com­

p le m e n ta tio n  t e s t  t o  th e  g roup  o f  m u ta tio n s  uvs-d^ u v s-1 3  and uVs-21 

u s in g  p a i r s  o f  com plem enting  a u x o tro p h ic  m arkers  l o c a te d  n e a r  t o  t h i s  

r e g io n ,  b u t  so  f a r  w ith o u t  s u c c e s s  s in c e  t y p i c a l  h e te r o c lo n e  p ro g en y  

w ere n o t o b ta in e d .  F u r th e r  i n v e s t i g a t i o n s  a r e  n eed ed  t o  c l a r i f y  th e

re a s o n s  f o r  t h i s .  How ever, u v s -6  d e f in e d  uvsB  and  uVS“'13 d e f in e d  uOsE

on th e  b a s i s  o f  p h e n o ty p ic  d i f f e r e n c e s .

The g e n e t ic  s t u d i e s  o f  UV s e n s i t i v i t y  c o n t r ib u te  t o  two c h a r a c t e r ­

i s t i c s  o f  t h e  d i s t r i b u t i o n  o f  genes w ith  r e l a t e d  f u n c t io n s  a l r e a d y  shown 

t o  e x i s t  i n  S. c o e U o o lo T , The two g roups o f  g e n e s , wPsA, <7, D and  

uVsBj E a r e  exam ples o f  c l u s t e r i n g  o f  r e l a t e d  genes (Hopwood, 1965a ,  

1965c ) .  The two g ro u p s a re  a l s o  a p p ro x im a te ly  d i a m e t r i c a l l y  l o c a te d  

and a r e  members o f  t h e  two seq u en ces  o f  f u n c t i o n a l l y  r e l a t e d  genes o r  

gene c l u s t e r s  com posed o f  s e v e r a l  a p p ro x im a te ly  d i a m e t r i c a l l y  l o c a te d  

p a i r s  o f  r e l a t e d  genes o r  c l u s t e r s  (Hopwood, 196T b ). In  E so h e r ic h ia  

c o t i  t h e  members o f  two p a i r s  o f  l o c i ,  e x r  (Ê  oo l'i B) and  uvrA (E. 

c o U  10.2 ) ,  and tbqB and  vecC  have  n o t so f a r  b een  s e p a r a te d  by  o th e r  l o c i  

and  t h e r e f o r e  form  c l u s t e r s  o f  r e l a t e d  genes ( s e e  F ig u re  4 ) .  T here  

a r e ,  i n  a d d i t i o n ,  o th e r  r e g io n s  o f  th e  map w h e re , w ith  f i n e r  m app ing , 

o th e r  c l u s t e r s  o f  p h e n o ty p ic a l ly  d i s t i n c t  b u t  r e l a t e d  genes may be 

shown t o  e x i s t ,  f o r  ex am p le , uutD and  â^wA o r  wos-1^ p k r  and  /iZ -.

S in c e  p h o to r e a c t iv a t io n  t r e a tm e n t  h a s  b een  shown t o  remove 

p y r im id in e  d im ers from  th e  DM o f  p h o to r e a c t iv a b le  c e l l s  (S e tlo w , I 9 6 6 ) 

i t  w ould be  e x p e c te d  t h a t  p h o to r e a c t iv a b le  s t r a i n s  w hich  la c k e d  a  d a rk  

r e p a i r  m echanism  f o r  d e a l in g  w ith  p y r im id in e  d im ers w ould s t i l l  a p p ro ach  

th e  s e n s i t i v i t y  o f  w i ld - ty p e  s t r a i n s  u n d e r optimum c o n d i t io n s  f o r  

p h o to r e a c t iv a t io n .  I f  th e  m u tan t s t r a i n s  w ere UV s e n s i t i v e  b e c a u se
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o f  i n a b i l i t y  t o  d e a l  w ith  damage o th e r  th a n  p y r im id in e  d im ers th e n  

p h o to r e a c t iv a t io n  t r e a tm e n t  c o u ld  n o t  com pensate  f o r  t h i s  d e f i c i e n t  

m echanism , and  th e y  w ould s t i l l  b e  more UV s e n s i t i v e  th a n  w i ld - ty p e ,  

d e s p i te  p h o to r e a c t iv a t io n  t r e a tm e n t .  Thus t h e  p h o t o r e a c t i v a b i l i t y  o f  

W.PS m u ta n ts  com pared w ith  uos s t r a i n s  e n a b le s  d e d u c tio n s  t o  b e  made a s  

t o  w h e th e r th e  uvs  m u ta n ts  a r e  d e f i c i e n t  i n  a  sy s tem  in v o lv in g  e l im in a t io n  

o f  t h e  l e t h a l  e f f e c t  o f  p y r im id in e  d im ers o r  o f  some o th e r  k in d  o f  

l e s i o n .  T h is  i n d i r e c t  t e s t  o f  d im er e l im in a t in g  a b i l i t y  was n o t  

a p p l ic a b le  t o  s t r a i n s  o f  Qoe'l'iQoZoT A 3 (2 ) , s in c e  A 3(2) was n o t 

p h o to r e a c t iv a b le  ( s e e  S e c t io n  V b ) .  A lthough  a n o th e r  5 . qog'L'IQoZov 

s t r a i n ,  1(673, was p h o t o r e a c t iv a b le ,  c ro s s e s  a t te m p te d  betw een  th e  two 

s t r a i n s  so f a r  have  p ro v e d  i n f e r t i l e  (D.A. Hopwood, p e r s o n a l  communic­

a t i o n ) ,  so  t h a t  i t  was n o t  p o s s ib l e  t o  o b ta in  a  h y b r id  p h o to r e a c t iv a b le  

uvs  s t r a i n  by  re c o m b in a t io n .

U i tk in  (1 9 6 3 ) showed t h a t  th e  a d d i t io n  o f  a c r i f l a v i n e  a t  a  concen ­

t r a t i o n  o f  lu g /m l t o  t h e  p l a t i n g  medium o f  UV i r r a d i a t e d  27. qoZv B /r  

w ith  in c u b a t io n  i n  t h e  d a rk  g r e a t ly  in c r e a s e d  t h e  l e t h a l  e f f e c t  o f  th e  

UV, p resu m ab ly  by i n t e r f e r i n g  w i th  d a rk  r e p a i r .  How ever, t h e r e  was 

no e f f e c t  o f  a c r i  f l a v i n e  on th e  s e n s i t i v i t y  o f  S. ooeZ'tooZov A3(2) 

a f t e r  UV i r r a d i a t i o n ,  u s in g  a c r i f l a v i n e  a t  a  c o n c e n tr a t io n  o f  1 ug /m l 

w hich  d id  n o t  a f f e c t  t h e  u n i r r a d i a t e d  v ia b le  co u n t b u t  c a u se d  th e  co lo n y  

m orphology t o  be  more com pact.

M etzger (1964) showed t h a t  d a rk  r e p a i r  i n  E. coZi- B and  d a rk  r e p a i r  

and  Her o f  UV i r r a d i a t e d  b a c te r io p h a g e  gro'tm on E. ooZi. K12 was a l s o  

i n h i b i t e d  by  c a f f e in e  u s in g  c o n c e n tr a t io n s  up t o  1 m g/m l. C a f fe in e  

( a t  c o n c e n tr a t io n s  o f  0 .5  o r  1 .0  m g/m l) has a l s o  b een  shown to  in c r e a s e
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UV in d u ce d  l e t h a l i t y  i n  th e  e u k a ry o te  Schizosaocharom yQ es pombe ( C la rk e ,

1 9 6 8 ) .  However, i r r a d i a t i o n  o f  E. a o e t ïo o to r  A 3(2) su s p e n s io n s  and

p l a t i n g  i n  medium w ith  and w ith o u t  c a f f e in e  a t  1 .5  mg/ml (a  c o n c e n tr a t io n

w hich  d id  n o t  a f f e c t  t h e  v i a b i l i t y  o f  u n i r r a d i a t e d  c e l l s ) ,  showed no

e f f e c t  o f  th e  c a f f e i n e  i n  e n h an c in g  th e  UV e f f e c t .  T hus, i t  was n o t

p o s s ib l e  t o  im p l ic a te  a  d a rk  r e p a i r  sy s tem  s i m i l a r  t o  t h a t  o f  o th e r

o rg an ism s by  d e m o n s tra tin g  i t s  c a f f e in e  o r  a c r i f l a v i n e  s e n s i t i v i t y .

The a b sen ce  o f  a  s u i t a b l e  b a c te r io p h a g e  w ith  So aoel'ù oo lor  a s  t h e

h o s t  s t r a i n  elI s o  p re v e n te d  any a t te m p t t o  d e te c t  a  d i f f e r e n t i a l  Her e f f e c t

be tw een  th e  w i ld - ty p e  s t r a i n s  and  any o f  th e  uVs m u ta n ts .  S in c e  Her

a b i l i t y  h a s  b een  shoim  t o  be  c o r r e l a t e d  w ith  d a rk  r e p a i r  (u vr)  a b i l i t y

in  E. oot'ù (H o w a rd -P la n d e rs , Boyce and  T h e r io t ,  1 9 6 6 , f o r  exam ple)

and o th e r  p r o to k a r y o te s , th e  u vs  m u ta n ts  o f  E. coet'L oo tor  m igh t i n  f a c t
^

be  Her and th e  uVs s t r a i n s  Her . T h is  p o s s ib le  s i m i l a r i t y  w ith  an

E. oot'L m echanism  Imo^ra t o  e x c is e  d im ers w ould have  im p l ic a te d  a  d im er

e x c is in g  m echanism  i n  E. c o e t io o to r o  The o n ly  a l t e r n a t i v e  m ethod  w ould

have b een  t o  a t te m p t t h e  d e m o n s tra tio n  o f  thym ine  d im er e x c is io n  u s in g

3c e l l s  l a b e l l e d  w ith  H “ th y m id in e  by  m ethods much a s  th o s e  o f  S e tlo w  and  

C a r r i e r  (1964) and  Boyce and  H ow ard -F landers (1 9 6 4 ) .

Thus i n  com parison  w ith  E. c o tï^  a l l  t h a t  can  be  s a id  i s  t h a t  

E, c o t i  h a s  a t  l e a s t  fo u r  genes in v o lv e d  i n  d a rk  e x c is io n  r e p a i r  o f  UV 

in d u c e d  p y r im id in e  d im er damage and  t h a t  E. c o e t i c o t o r  a l s o  h as f o u r  

g en es h a v in g  s i m i l a r  p h e n o ty p e s  t h a t  a p p e a r  from  d o u b le  m u tan t s tu d i e s  

t o  have  r e l a t e d  f u n c t io n s .  These may be  in v o lv e d  in  th e  e x c is io n  

r e p a i r  o f  d im e rs , b u t  no r e a l  e v id e n c e  o f  t h i s  was o b ta in e d .

Most u vs  s t r a i n s  o f  E. c o e t i c o t o r  a p p e a re d  t o  r e t a i n  r e s i d u a l
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r e p a i r  a c t i v i t y  s in c e  th e y  w ere  n o t  a s  UV s e n s i t i v e  a s  th e  c o n s t r u c te d  

do u b le  m u ta n ts  n o r  t h e  m ost s e n s i t i v e  s in g l e  m u tan t i n  t h i s  g ro u p .

They a ls o  a p p e a re d  t o  r e t a i n  a n o th e r  m echanism  (o r  m echanism s) f o r  

overcom ing  UV in d u c e d  damage s in c e  th e y  w ere l e s s  s e n s i t i v e  th a n  

s t r a i n s  w hich  c o n ta in e d  some uvsA  o r  D m u ta tio n s  a s  w e l l  a s  t h e  UV 

s e n s i t i v i t y  e n h an c e r m u ta t io n  uVsF25o T h e ir  s u r v iv a l  c u rv e s  w ere 

s i m i l a r  in  shape  t o  t h e  uVs s u r v iv a l  c u r v e s , h a v in g  a   ̂s h o u ld e r  S  

an e x p o n e n t ia l  r e g io n  and  a  ' t a i l ' .  T h is was i n  c o n t r a s t  t o  th e  

m u ta t io n  uvsE lS  ( p r o v i s i o n a l ly  d e f in in g  gene uvsE) w hich  had  a  s u r ­

v i v a l  c u rv e  la c k in g  o n ly  th e  s h o u ld e r  o f  t h a t  o f  i t s  uvs~^ p r o g e n i to r ;  

i t s  s u r v iv a l  c u rv e  was e x p o n e n t ia l  from  th e  o r i g i n  w ith  t h e  same s lo p e

« 4
a s  t h e  e x p o n e n t ia l  r e g io n  o f  th e  uVS c u rv e . I t  w ould  a p p e a r  t o  have

l o s t  c o m p le te ly  a  r e p a i r  m echanism  w hich becom es s a t u r a t e d  above ab o u t 

“ 21500 e rg s  mm . The n a tu r e  o f  t h i s  m echanism  was n o t i n v e s t i g a t e d .

One o f  th e  o r i g i n a l  uvs  s t r a i n s ,  V6o,  was found  t o  be a  sp o n ta n eo u s

d o u b le  m u ta n t , c o n ta in in g  a  m u ta t io n  in  uvsD^ (uVsDlO) and  a n o th e r

m u ta t io n ,  wPS-25, w hich  was l o c a t e d  d i s t a n t  from  a l l  t h e  o th e r  m u ta tio n s

and d e f in e d  th e  gene uVsFo The m u ta tio n  uvsF25 h a d  no e f f e c t  in  a

•/*s t r a i n  w hich  was o th e rw is e  u vs  . However, i f  t h e  same s t r a i n  c o n ta in e d  

th e  uvsD  m u ta t io n s ,  uvsDS o r  uvsD lS  ̂ o r  th e  m u ta t io n  uVsClO^ th e  

s e n s i t i v i t y  o f  th e  d o u b le  m u ta n ts  was much g r e a t e r  th a n  t h a t  c o n fe r r e d  

by th e  s in g l e  uvsC  o r  uvsD  m u ta t io n .  UvsF25 was t h e r e f o r e  an en h an ce r 

o f  t h e  s e n s i t i v i t y  c o n fe r r e d  by  th e s e  uvsC  o r  uVsD m u ta t io n s . Thus i t  

w ould a p p e a r  t h a t  t h e  f u n c t io n  a f f e c t e d  by uVsF25 was o f  no im p o rtan c e  

t o  t h e  c e l l ,  p ro v id e d  uvsC  and  uvsD  w ere f u n c t io n in g  n o rm a lly , when 

th e y  c o u ld  p resu m ab ly  cope w i th  w h a tev e r was t h e  d e f ic ie n c y  due t o
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uvsF26o In  th e  p re s e n c e  o f  d e f e c t iv e  uvsC  and  uVsD g e n e s , w hich  

th e m se lv e s  c o n fe r r e d  UV s e n s i t i v i t y  upon a  s t r a i n  c o n ta in in g  them , th e  

s t a t e  o f  uvsF  was th e n  o f  im p o rtan c e  t o  th e  c e l l  f o r  overcom ing th e  

e f f e c t s  o f  UV. Tlius t h e r e  w ould seem t o  be  a t  l e a s t  two m echanism s 

a f f e c t i n g  UV s e n s i t i v i t y  i n  So a o e tio o to r o  S in c e  t h e  e f f e c t  o f  

uvsF2S on  uOsElZ was n o t  known, th e s e  genes may o r  may n o t have  r e ­

l a t e d  f u n c t io n s .  I f  we a c c e p t ,  a s  seems l i k e l y ,  t h a t  UV i n  E. 

G O eH ootov  a s  i n  o th e r  o rg an ism s in d u c e s  p y r im id in e  d im ers in  i t s  

DNA and  t h a t  t h e s e ,  u n le s s  d e a l t  w ith  by some m echanism , w i l l  b e  l e t h a l  

t o  c e l l s  t h a t  c o n ta in  them  ( i t  c an n o t b e  r u l e d  o u t ,  h o w ev er, t h a t  t h e r e  

a r e  o th e r  m inor p ro d u c ts  i n  DNA in d u ce d  by  UV), th e n  a l t e r n a t i v e  

m echanism s o f  r e p a i r  o f  th e  same l e s io n s  (p y r im id in e  d im e rs )  seem more 

l i k e l y  th a n  s e p a r a te  pa thw ays a c t in g  upon d i s t i n c t  l e s io n s  (u n le s s  

th e s e  w ere d i f f e r e n t  p y r im id in e  d im e rs , f o r  ex am p le , c y to s in e - c y to s in e  

a s  opposed  t o  c y to s in e - th y m in e  o r  th y m in e -th y m in e  d im e rs ) .  The uor 

and  ph r  m echanism s c e r t a i n l y  o p e r a te  on more th a n  one ty p e  o f  d im er 

(H o w ard -P la n d e rs3 Boyce and  T h e r io t ,  l p 6 6 , S e tlo w , I 9 6 6 ) .

(a )

P y r im id in e  ^  I n t a c t  DM c o n ta in in g
^  a d ja c e n t  thym ine

d im ers in  DM̂ ' " " —  ̂ —— monomer r e s i d u e s .

(b )

The two c a n d id a te s  f o r  ( a )  and  (b ) from  th e  s tu d i e s  o f  E. a o t i  w ould 

be d a rk  r e p a i r  and  re c o m b in a tio n a l  r e p a i r .  In  t h i s  o rg an ism  a  d e f e c t  

i n  e i t h e r  m echanism  c o n fe r s  an  in c r e a s e d  UV s e n s i t i v i t y  upon a  s t r a i n  

c o n ta in in g  th e  d e f e c t ,  b u t  t h i s  may n o t n e c e s s a r i l y  b e  th e  c a se  in  

o th e r  o rg a n ism s . For exam p le , we may p o s t u l a t e  t h a t  t h e  i n t a c t
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m echanism  in v o lv in g  t h e  g en es uvsC  and  uVsD (and  uOsA and  uVsB) h a s  

s u f f i c i e n t  c a p a c i ty  t o  r e p a i r  any UV damage n o t r e p a i r e d  hy  th e  

d e f e c t iv e  m echanism , e .g .  t h a t  c au se d  hy  uvsFBS^ o r  t h a t  i t  i s  so 

e f f i c i e n t  t h a t  th e  se co n d  m echanism  does n o t n o rm a lly  a c t  on UV in d u c e d  

d e f e c t s ,  h u t  t h a t  th e  r e v e r s e  was n o t  s o . When b o th  a r e  d e f e c t i v e ,  

how ever, much l e s s  ( i f  any) r e p a i r  o c c u rs  and  th e  c e l l  i s  more s e n s i t i v e  

even  th a n  a  c e l l  i n  w hich  th e  l e a s t  e f f i c i e n t  m echanism  i s  i n t a c t .

S in c e  c ro s s e s  i n  w hich b o th  p a r e n t s  c a r r i e d  t h e  same m u ta t io n ,  u s in g  

r e p r e s e n ta t i v e  m u ta t io n s  o f  a l l  t h e  l o c i  so f a r  d e f in e d ,  have y ie ld e d  

re c o m b in a n ts , none o f  th e s e  l o c i  w ere a p p a re n t ly  c o n ce rn e d  w ith  

r e c o m b in a tio n . How ever, t h i s  t e s t  f o r  re c o m b in a tio n  i n  E. o o e l io o lo r  

w ould n o t have d e te c te d  a  re d u c e d  l e v e l  o f  re c o m b in a tio n  b e c a u se  o f  th e  

d i f f i c u l t y  o f  m aking a b s o lu te  com parisons o f  reco m b in an t f r e q u e n c ie s  

be tw een  d i f f e r e n t  c r o s s e s .  How ever, i t  i s  p o s s ib le  i n  o rgan ism s 

o th e r  th a n  E. Q o ti  t h a t  t h e  r e c o m b in a t io n a l  m echanism  o f  r e p a i r i n g  UV 

damage may n o t be  in v o lv e d  i n  norm al r e c o m b in a t io n , b u t  t h a t  such  a  

m echanism  c o u ld  in v o lv e  s te p s  w hich  had  c o u n te r p a r t s  i n  re c o m b in a t io n ;  

p e rh a p s  th e y  c o u ld  have  h ad  a  common e v o lu t io n a r y  o r i g i n .

From th e  r e s u l t s  so  f a r  o b ta in e d  w ith  u vs  m u ta n ts  o th e r  a p p ro a ch e s  

f o r  t h e  i s o l a t i o n  o f  r e o  m u ta n ts  w ould p ro b a b ly  be  more p ro m is in g .

As an  i n d i r e c t  a p p ro a c h , i s o l a t i o n  o f  m u ta tio n s  c a u s in g  X -ray  s e n s i t i v i t y  

m igh t y i e l d  some m u ta n ts  w hich  w ere a ls o  r e o ,  s in c e  t h r e e  o u t o f  fo u r  

l o c i  in  E. o o t i  w h ich  c o n t r o l  X -ray  s e n s i t i v i t y  a l s o  c o n t r o l  re c o m b in a tio n ,

In  c o n c lu s io n ,  th e  d is c o v e ry  o f  UV s e n s i t i v e  m u ta n ts  i n  E.

Q o e lie o to v  h a s  p ro v id e d  th e  m a t e r i a l  f o r  f u r t h e r  c o m p a ra tiv e  s tu d i e s  

w ith  o th e r  p r o to k a r y o te s . Thus th e  m echanism s o f  UV r e p a i r  c o u ld  be
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f u r t h e r  i n v e s t i g a t e d ,  f o r  ex am p le , by  a  d i r e c t  a s s a y  f o r  th ym ine  d im er 

e x c i s io n ;  and th e  m echanism s o f  UV m u ta tio n  and t h e i r  r e l a t i o n  t o  

m u ta t io n  by o th e r  m utagens c o u ld  a l s o  b e  s tu d ie d .  Once a g a in ,  t h i s  

f i e l d  h a s  a l r e a d y  b e en  e x te n s iv e ly  i n v e s t i g a t e d  in  E. a o t i  u s in g  

UV s e n s i t i v e  m u ta n ts .
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