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I n t r o d u c t i o n

The p r e s e n t  s t u d y  i s  c o n c e rn e d  w i t h  t h e  i n t e r m i t t e n t  

h i g h  r e s i s t a n c e  t o  i o n i z i n g  r a d i a t i o n  o c c u r r i n g  in  b u d d in g  

y e a s t s  and  w i t h  i t s  g e n e t i c  c o n t r o l .  B udd ing  y e a s t  c e l l s  

a r e  more r e s i s t a n t  t h a n  nonbudded  c e l l s  t o  i n a c t i v a t i o n  by 

x - r a y s  an d  a lp h a  p a r t i c l e s ,  and  t o  a  much l e s s e r  e x t e n t  t o  

i n a c t i v a t i o n  by u l t r a v i o l e t  l i g h t  (2 1 ,  2 2 ) .  I n  a d d i t i o n  t o  

i n a c t i v a t i o n ,  b u d d in g  c e l l s  h av e  b e e n  shown t o  be r e s i s t a n t  

t o  i n d u c t i o n  by  i o n i z i n g  r a d i a t i o n  o f  r e c e s s i v e  l e t h a l s  ( 5 ) ,  

p e t i t e s  ( 6 8 , 6 9 ) m i t o t i c  c r o s s i n g  o v e r  ( 6 8 , 6 9 ) and h e r i t a b l e  

a l t e r a t i o n s  i n  c o lo n y  form  and  c o l o r  ( 6 8 , 6 9 ) .

E v id e n c e  w i t h  r e s p e c t  t o  t h e  t i m i n g  o f  e v e n t s  i n  t h e  

c e l l  c y c l e  a s s o c i a t e d  w i t h  b u d d in g  c e l l  r e s i s t a n c e  i s  some­

w h a t  c o n f l i c t i n g .  W il l ia m s o n  ( 8 5 ) and H a r tw e l l  (3 1 )  have 

shown t h a t  i n  t h e i r  y e a s t  s t r a i n s  DNA s y n t h e s i s  i s  i n i t i a t e d  

w i t h  t h e  o n s e t  o f  b u d d in g  a n d  i s  c o m p le te d  by  t h e  f i r s t  

q u a r t e r  o f  t h e  c e l l  c y c l e ,  w h i l e  t h e  bud  i s  s t i l l  q u i t e  s m a l l .  

I n  t h e  s t r a i n  em ployed  m ost e x t e n s i v e l y  i n  t h e  p r e s e n t  s t u d y  

(SC7K), r e p l i c a t i o n  o f  DNA, a s  f o l lo w e d  by f e u l g e n  s t a i n i n g ,  

i s  c o m p le te d  b e f o r e  b u d d in g  b e g i n s  and i n  t h e  a b s e n c e  o f  

o b s e r v a b l e  c h a n g e s  i n  r a d i a t i o n  s e n s i t i v i t y .  The i n i t i a t i o n  

o f  b u d d in g  i s ,  h o w e v e r ,  a c c o m p a n ie d  by t h e  a p p e a ra n c e  o f  

r a d i a t i o n  r e s i s t a n c e ,  b u t  i s  w i t h o u t  o b s e r v a b l e  n u c l e a r  

c y t o l o g i c a l  c h a n g e s  ( 6 ) .  A h i g h  l e v e l  o f  r e s i s t a n c e  i s  

r e s t r i c t e d  t o  a  b r i e f  p o r t i o n  o f  t h e  b u d d in g  c y c l e ,  d u r in g
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w h ic h  t h e  bud i s  a p p r o x i m a t e l y  one t h i r d  t o  one h a l f  t h e  

s i z e  o f  t h e  m o th e r  c e l l .  C e l l s  w i t h  s m a l l e r  b u d s  a r e  l e s s  

r e s i s t a n t ,  w h i l e  t h o s e  w i t h  l a r g e r  b u d s  ( w i t h  tw o n u c l e i )  

r e s p o n d  a s  two i n t e r d i v i s i o n a l  c e l l s .  I n  o u r  s t r a i n s  o f  

y e a s t ,  r e s i s t a n c e  a p p e a r s  a f t e r  DNA s y n t h e s i s  an d  d i s a p p e a r s  

a t  o r  b e f o r e  n u c l e a r  d i v i s i o n  ( 6 ) .  I t  se em s , t h e r e f o r e ,  

t h a t  r e s i s t a n c e  i s  n o t  a  d i r e c t  c o n s e q u e n c e  o f  DNA c o n t e n t  

o r  o f  i t s  s y n t h e s i s .

T h e re  i s  no r e a s o n  t o  b e l i e v e  t h a t  t h e  r e g u l a t i o n  o f  

t h e  r a d i a t i o n  r e s i s t a n c e  o f  t h e  b u d d in g  y e a s t  c e l l  i s  In d u c e d  

by  t h e  r a d i a t i o n  i t s e l f  o r  by  damaged DNA p ro d u c e d  by  i t .  

I n d u c t i o n  by u l t r a v i o l e t  l i g h t  o f  uv  r e s i s t a n c e  h a s  b e e n  o b ­

s e r v e d  i n  u v s  m u ta n t s  o f  y e a s t  ( 1 5 )  and  o f  Chlamydomonas 

r h e i n h a r d i i  ( 1 6 , 1 7 ) .  I f  r e s i s t a n c e  w ere  i n d u c i b l e ,  one 

w ou ld  e x p e c t  t h a t  b u d d in g  c e l l  r e s i s t a n c e  w ould  be  subm ax im al 

a t  low  d o s e s  ( l e s s  damage t o  DNA) and  w ou ld  m ax im ize  w i t h  

g r e a t e r  d o se  (m ore  damage t o  DNA). In  f a c t ,  b u d d in g  c e l l s  

a r e  f u l l y  r e s i s t a n t  t o  t h e  l o w e s t  d o s e s  a d m i n i s t e r e d  ( l ) .

T h u s ,  I t  w ou ld  a p p e a r  t h a t  b u d d in g  c e l l  r e s i s t a n c e  i s  a  n o rm a l  

c o n s e q u e n c e  o f  e v e n t s  i n  t h e  c e l l  c y c l e  a n d  i s  n o t  in d u c e d  by 

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

am ount o f  damage p r o d u c e d .  Nor h a v e  t h e  o b s e r v a t i o n s  o f  Cox 

and  P a r r y  ( 1 5 ) an d  D a v ie s  ( 1 6 , 1 7 ) o f  a p p a r e n t  uv  i n d u c t i o n  

o f  a  r e p a i r  p r o c e s s  I n  t h e  u v s  3 m u ta n t  o f  y e a s t  and  i n
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Chlamydomonas r h e i n h a r d i i , r e s p e c t i v e l y ,  b e e n  o b s e r v e d  In  

any  o f  o u r  m u ta n t s .  The m u ta n t s  i s o l a t e d  i n  t h i s  i n v e s t i g a ­

t i o n  show r e d u c e d  b u d d in g  c e l l  r e s i s t a n c e  o r  no r e s i s t a n c e  

a t  a l l .

The q u e s t i o n  a s  t o  w h e th e r  r e s i s t a n c e  a r i s e s  a s  a  r e s u l t  

o f  c h e m ic a l  p r o t e c t i o n  a g a i n s t  r a d i a t i o n  damage by  s u l f h y d r y l  

compounds o r  o t h e r  s c a v e n g e r s  o f  t h e  r a d i o  c h e m ic a l  p r o d u c t s  

( 2 ) o r  w h e th e r  r e s i s t a n c e  r e s u l t s  f rom  r e p a i r  o f  damage i n ­

f l i c t e d  by r a d i a t i o n  h a s  n o t  b e e n  c o n c l u s i v e l y  a n s w e re d .  I f  

r e s i s t a n c e  r e s u l t e d  f ro m  t h e  s y n t h e s i s  o r  r e l e a s e  o f  p r o t e c ­

t i v e  m e t a b o l i t e s  w i t h i n  t h e  c e l l  d u r i n g  t h e  b u d d in g  p h a s e  o f  

t h e  c e l l  c y c l e ,  one m ig h t  e x p e c t  t h a t  i r r a d i a t i o n  o f  budded 

c e l l s  i n  t h e  p r e s e n c e  o f  a d d e d  s u l f h y d r y l  compounds o r  a n o x ia  

w ould  p r o v i d e  l i t t l e  o r  no a d d i t i v e  p r o t e c t i o n .  I n s t e a d  one 

f i n d s  t h a t  t h e  d e g re e  o f  s u c h  p r o t e c t i o n  i s  e i t h e r  u n c h an g e d  

from  t h a t  o b s e rv e d  in  i n t e r d i v i s i o n a l  c e l l s  ( 4 )  o r  o n ly  

s l i g h t l y  d im in i s h e d  ( 2 ) .  T h e se  r e s u l t s  a r g u e  a g a i n s t  i n t r a ­

c e l l u l a r  c h e m ic a l  p r o t e c t i o n  and  f a v o r  t h e  r e p a i r  o f  damage 

p r o d u c e d  by r a d i a t i o n .  A r e p a i r  m od e l f o r  b u d d in g  c e l l  

r e s i s t a n c e  t o  b o t h  n u c l e a r  a n d  m i t o c h o n d r i a l  e f f e c t s  ( 5 8 ,

5 9 ) r e q u i r e s  a  r e p a i r  s y s te m  t h a t  i s  g e n e r a l l y  e f f e c t i v e  

t h r o u g h o u t  t h e  c e l l .

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

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



- 4 -

b u d d in g  c e l l s  c o u ld  be  due  e i t h e r  t o  t h e  i n d u c t i o n  o f  damage 

n o t  s u b j e c t  t o  t h i s  r e p a i r  o r  t o  i n a c t i v a t i o n  o f  t h e  r e p a i r  

m echan ism  i t s e l f .  T h ese  tw o p o s s i b i l i t i e s  h av e  b e e n  c o n ­

s i d e r e d  b e f o r e  ( 5 ) a n d  l e a d  t o  som ewhat d i f f e r e n t  p r e d i c t i o n s .

I n  t h e  f i r s t  c a s e ,  one may p r o p o s e  t h a t  t h e  "n o n  r e p a i r a b l e  

damage" o c c u r r i n g  i n  t h e  b u d d in g  c e l l  o c c u r r e d  i n  i n t e r d i v i ­

s i o n a l  c e l l s  a s  w e l l .  T hus one w ou ld  e x p e c t  t h a t  t h e  m u l t i h i t  

x - r a y  s u r v i v a l  c u r v e  s e e n  f o r  b u d d in g  c e l l s  w o u ld  be r e f l e c t e d  

i n  t h e  i n t e r d i v i s i o n a l  c e l l  s u r v i v a l  c u r v e  i n  a n  a d d i t i v e  

f a s h i o n  a lo n g  w i t h  a n y  o t h e r  i n a c t i v a t i o n s .  The r e s u l t  o f  

su c h  a d d i t i o n  o f  a  m u l t i h i t  com ponen t t o  p re su m ed  e x p o n e n ­

t i a l s  c o u ld  n e v e r  r e s u l t  i n  t h e  e x p o n e n t i a l  i n a c t i v a t i o n  

o b s e rv e d  i n  h a p l o i d  i n t e r d i v i s i o n a l  c e l l s .  T h u s ,  "no n  r e p a i r ­

a b l e  damage" i s  e i t h e r  an  a t t r i b u t e  o f  b u d d in g  c e l l s  o n ly ,  

o r  t h e  b u d d in g  c e l l  s u r v i v a l  c u r v e  r e q u i r e s  a n o t h e r  e x p l a n a t i o n .

I f ,  on t h e  o t h e r  h a n d ,  t h e  m u l t i h i t  i n a c t i v a t i o n  o f  t h e  

b u d d in g  c e l l  r e s u l t s  f ro m  i n a c t i v a t i o n  o f  t h e  r e p a i r  p r o c e s s ,  

one w o u ld  e x p e c t  t h e  l i m i t i n g  e x p o n e n t i a l  o f  t h i s  c u r v e  t o  

be  i d e n t i c a l  t o  t h e  i n t e r d i v i s i o n a l  c e l l  e x p o n e n t i a l  i n a c t i v a ­

t i o n ,  w h ic h  i t  n e v e r  i s  ( s e e  f i g u r e s  1 - 8 ) .  A n o th e r  i n t e r p r e ­

t a t i o n  s i m i l a r  t o  t h a t  p r o p o s e d  by  H aynes (33* 3 4 )  f o r  o t h e r  

m u l t i h i t  s u r v i v a l  c u r v e s ,  w ou ld  s t i p u l a t e  t h a t  t h e  l i m i t i n g  

e x p o n e n t i a l  a t  h i g h  d o s e s  r e p r e s e n t s  n o t  i n a c t i v a t i o n  o f  t h e  

r e p a i r  enzy m es , b u t  t h e i r  s a t u r a t i o n  by a c c u m u la te d  s u b s t r a t e
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( dam age) .  S in c e  t h e  k i n e t i c s  r e s u l t i n g  from  t h i s  s a t u r a t i o n  

b e a r s  no r e l a t i o n  t o  t h e  e x p o n e n t i a l  s u r v i v a l  o f  i n t e r d i v i ­

s i o n a l  c e l l s ,  t h e  o b s e r v e d  d i f f e r e n c e  i n  s u r v i v a l  k i n e t i c s  

w ould  be e x p e c t e d .  F o r  t h e  above r e a s o n s ,  th e  x - r a y  r e s i s ­

t a n c e  o f  t h e  b u d d in g  c e l l  w i l l  be v iew ed  f o r  p u r p o s e s  o f  th e  

p r e s e n t  i n v e s t i g a t i o n  a s  r e s u l t i n g  from  an  i n t e r n a l l y  r e g u l a t e d  

r e p a i r  p r o c e s s ,  t h e  enzym es o f  w h ich  may be s a t u r a t e d  a t  h i g h  

d o s e s .

The g e n e t i c  c o n t r o l  o f  r a d i a t i o n  r e s i s t a n c e  h a s  b e e n  

i n v e s t i g a t e d  i n  a  g e n e r a l  way, and  w i t h o u t  c o n s i d e r a t i o n  o f  

th e  c e l l  c y c l e  by Cox and  P a r r y  (1 5 )  and  o t h e r s  (6 0 ,  73* 79) 

in  y e a s t s  a n d  by  o t h e r s  i n  o t h e r  e u k a r y o t e s  (3* 12 , 16, 37*

5 2 , 75 , 8 8 ) ,  and  more e x t e n s i v e l y  i n  p r o k a r y o t e s  p a r t i c u l a r l y  

E s c h e r i c h i a  c o l i  ( l ,  13* 18 , 26, 29* 30 , 4 5 ,  4 8 ,  55 , 7 4 ) .  In  

p r o k a r y o t e s ,  an  i n t i m a t e  r e l a t i o n s h i p  h a s  been  d e m o n s t r a te d  

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

l e t h a l  r a d i a t i o n  damage in  n o n sy n c h ro n o u s  c u l t u r e s  and  in  

c u l t u r e s  w i t h o u t  r e g a r d  t o  t h e  s t a t e  i n  t h e  c e l l  c y c l e  ( l ) .

The i s o l a t i o n  and  c h a r a c t e r i z a t i o n  o f  s e n s i t i v e  m u ta n ts  h a s  

shown t h e s e  p r o c e s s e s  t o  be  g e n e t i c a l l y  c o n t r o l l e d  ( l ,  3 0 ,

4 8 ) .  T h ree  t y p e s  o f  su c h  r e p a i r  p r o c e s s e s  e f f e c t i v e  f o r  uv 

damage h ave  b e e n  s t u d i e d  i n  s e v e r a l  p r o k a r y o t e s ,  b u t  m o s t  

e s p e c i a l l y  i n  E^_ c o l l . T hese  a r e  p h o t o r e a c t i v a t i o n  and  two 

m echanism s o f  d a r k  r e p a i r .  The l i t e r a t u r e  on p h o t o r e a c t i v a t i o n
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i n  v a r i o u s  s y s te m s  h a s  b e e n  r e c e n t l y  r e v ie w e d  ( 7 6 ) .  In  

e s s e n c e ,  t h e  r e l e v a n t  f a c t s  a r e  a s  f o l l o w s :  low d o s e s  o f

u v  p ro d u c e  i n  v iv o  c y c l o b u t a n e  t y p e  p y r i m i d i n e  d i m e r s .  T hese  

l e s i o n s ,  when n o t  rem o v e d , c o n t r i b u t e  t o  c e l l  k i l l i n g  ( 7 6 ) .  

I l l u m i n a t i o n  o f  t h e  i r r a d i a t e d  c e l l s  by v i s i b l e  l i g h t  i n  t h e  

p r e s e n c e  o f  an  a p p r o p r i a t e  i n t r a c e l l u l a r  enzyme m o n o m erize s  

t h e  p y r i m i d i n e  d im e r s  i n  s i t u  ( 7 6 ) .  P h o t o r e a c t i v a t i o n l e s s  

m u ta n t s  o f  Ej_ c o l i  h a v e  b e e n  i s o l a t e d  an d  shown t o  l a c k  t h e  

a p p r o p r i a t e  enzyme a c t i v i t y  ( 3 0 ) i n d i c a t i n g  t h a t  t h i s  p r o c e s s  

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

Two m echan ism s o f  d a r k  r e p a i r  a l s o  e l i m i n a t e  u v  in d u c e d  

p y r i m i d i n e  d i m e r s .  They a r e  e x c i s i o n  r e p a i r  and  r e c o m b in a t io n  

r e p a i r  ( 3 8 , 7 0 ,  7 1 ) .  I n  e x c i s i o n  r e p a i r ,  s i n g l e  s t r a n d e d  

r e g i o n s  o f  DNA c o n t a i n i n g  p y r i m i d i n e  d im e r s  (7 0 )  and  o t h e r  

t y p e s  o f  s t r u c t u r a l  damage s u c h  a s  c r o s s l i n k i n g  ( 5 1 ) a r e  

e x c i s e d  e n z y m a t i c a l l y .  T h i s  i s  f o l lo w e d  by n o n - c o n s e r v a t i v e  

DNA r e p a i r  r e p l i c a t i o n  a n d  t h e  r e j o i n i n g  o f  t h e  n e w ly  s y n ­

t h e s i z e d  DNA t o  t h e  o r i g i n a l  s t r a n d s  ( 7 0 ) .  M u ta n ts  known a s  

u v r  a r e  d e f e c t i v e  i n  t h e  i n i t i a l  e x c i s i o n  s t e p ,  and  a r e  u n a b le  

t o  e x c i s e  p y r i m i d i n e  d im e r s  a f t e r  u l t r a v i o l e t  l i g h t  t r e a t m e n t .  

T h ese  u v r  m u ta n t s  a l s o  show a  d e c r e a s e  i n  t h e  num ber o f  p l a q u e s  

fo rm ed  f o l l o w i n g  i n f e c t i o n  by u v  i r r a d i a t e d  T1 b a c t e r i o p h a g e  a n d  

t h e r e f o r e  l a c k  t h e  n o rm a l  h o s t  c e l l  r e a c t i v a t i o n  o f  i r r a d i a t e d  

v i r u s  ( 3 9 t 4 0 ) .  E x c i s i o n  d e f e c t i v e  s t r a i n s  a l s o  show an
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i n c r e a s e d  f r e q u e n c y  o f  uv  in d u c e d  m u t a t i o n  (35> 8 6 )  and  a r e  

m ore s e n s i t i v e  t o  c h e m ic a l  m u ta g e n s  ( 4 0 ) ,  b u t  show n o rm al  

r e c o m b i n a t i o n  r e p a i r .

A n o th e r  c l a s s  o f  m u ta n t s ,  t h e  r e c  m u ta n t s  (3 9 )  o f  E^_ c o l l  

a r e  s e n s i t i v e  t o  b o t h  X - r a y s  and  u l t r a v i o l e t  l i g h t  and  a r e  

d e f e c t i v e  i n  r e c o m b i n a t i o n .  The r e c  A m u ta n t s  d e g ra d e  t h e i r  

DNA a f t e r  u l t r a v i o l e t  l i g h t  i r r a d i a t i o n  ( 3 8 ,  40) and  show 

co m p lex  s u r v i v a l  c u r v e s  ( 7 1 ) .  Rec A b a c t e r i a  a r e  v e ry  s e n s i ­

t i v e  t o  low  d o s e s  o f  uv  l i g h t ,  w h i l e  a f t e r  h i g h e r  d o s e s ,  t h e  

s l o p e  o f  t h e  s u r v i v a l  c u rv e  i s  s i m i l a r  t o  w i l d  t y p e ,  Radman 

e t  a l  ( 7 1 ) have  shown t h a t  r e c o m b in a t io n  r e p a i r  i s  t h e  p r i n c i ­

p a l  r e p a i r  m echan ism  a f t e r  low d o s e s  o f  u v ,  w h i l e  e x c i s i o n  r e p a i r  

p r e d o m i n a t e s  a f t e r  h i g h e r  d o s e s  w here  DNA s y n t h e s i s  i s  b l o c k e d .  

T h u s ,  t h e  r e c o m b in a t io n  d e f e c t i v e  r e c  A m u ta n t s  a p p e a r  t o  be  

d e f e c t i v e  i n  r e c o m b in a t io n  r e p a i r ,  b u t  show n o rm a l  e x c i s i o n  

r e p a i r .  T h ese  tw o t y p e s  o f  r e p a i r  seem  t o  o c c u r  a t  d i f f e r e n t  

t i m e s  i n  t h e  c e l l  c y c l e  ( 7 1 ) J r e c o m b i n a t i o n  r e p a i r  o c c u r s  a f t e r  

a n d / o r  d u r i n g  p o s t  r a d i a t i o n  r e p l i c a t i o n  w h i l e  e x c i s i o n  r e p a i r  

o c c u r s  p r i o r  t o  r e p l i c a t i o n .  E x c i s i o n  r e p a i r  w o u ld  be  t h e  

r e p a i r  p r o c e s s  a v a i l a b l e  f o l l o w i n g  h i g h  d o s e s  o f  uv  l i g h t  

w h e re  DNA s y n t h e s i s  i s  i n h i b i t e d  ( 7 1 ) .  T h e s e  r e s u l t s  a l s o  

s u g g e s t  t h a t  e x c i s i o n  and  r e c o m b in a t io n  r e p a i r  a r e  in d e p e n d e n t  

r e p a i r  m e c h a n ism s .  U s in g  r a d i a t i o n  s e n s i t i v e  m u ta n t s  d e f e c t i v e  

i n  e x c i s i o n  r e p a i r ,  Rupp and Howard F l a n d e r s  h av e  d e m o n s t r a t e d
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a  k i n d  o f  r e p a i r  i n v o l v i n g  r e c o m b i n a t i o n  w h ic h  t h e y  c a l l e d  

p o s t r e p l i c a t i o n  r e p a i r  (7^ )*  T hese  m u ta n t s  c a n  s y n t h e s i z e  

DNA a f t e r  uv  i r r a d i a t i o n ,  and  t h e  n e w ly  s y n t h e s i z e d  DNA c o n ­

t a i n s  s i n g l e  s t r a n d  b r e a k s  o p p o s i t e  e a c h  p y r i m i d i n e  d im e r  

p r e s e n t  i n  th e  p a r e n t a l  s t r a n d s .  P o s t r e p l i c a t i o n  i n c u b a t i o n  

o f  t h e  c e l l s  a f t e r  i r r a d i a t i o n  r e s u l t s  i n  c o n v e r s i o n  o f  t h e  

low m o l e c u l a r  w e ig h t  DNA f r a g m e n ts  i n t o  h i g h  m o l e c u l a r  w e ig h t  

DNA c h a r a c t e r i s t i c  o f  t h e  u n i r r a d i a t e d  c o n t r o l  by  m eans o f  

e x c h a n g e s  b e tw ee n  s i s t e r  DNA d u p l e x e s .  T h is  r e p a i r  p r o c e s s  

r e c o n s t r u c t s  a t  l e a s t  one  undam aged c o p y  o f  t h e  genom e. S m ith  

a n d  Meun ( 7 8 ) h a v e  shown t h a t  r e c  A m u t a n t s ,  i n c a p a b l e  o f  

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

Rec B and  Rec £  m u ta n t s  w h ich  r e t a i n  some c a p a c i t y  f o r  g e n e t i c  

r e c o m b i n a t i o n  show some p o s t r e p l i c a t i o n  r e p a i r .

P h o t o r e a c t i v a t i o n  o f  l e t h a l i t y  (2 2 )  and  o t h e r  uv e n d p o i n t s  

( 5 8 , 6 3 ) h av e  b e e n  d e m o n s t r a t e d  in  y e a s t .  E l k i n d  and  S u t t o n  

( 2 2 )  h ave  d e m o n s t r a te d  a  g r e a t e r  r a t e  o f  p h o t o r e a c t i v a t i o n  

f o r  b u d d in g  c e l l s  t h a n  f o r  n o n - b u d d in g  c e l l s  a f t e r  e x p o s u r e  

t o  u v  l i g h t .  L i t t l e ,  h o w e v e r ,  i s  known a b o u t  t h e  b a s i s  o f  

r e p a i r  a t  t h e  DNA l e v e l  i n  f u n g i  i n c l u d i n g  y e a s t  s i n c e  s p e c i f i c  

l a b e l l i n g  o f  t h e i r  DNA i s  d i f f i c u l t  ( 8 5 ) .  T h e re  i s  e v id e n c e  

( 6 6 ,  6 7 ) o f  d a rk  r e p a i r  o f  x - r a y  damage i n  i n t e r d i v i s i o n a l  

d i p l o i d  y e a s t  c e l l s .  P a r r y  a n d  P a r r y  ( 6 5 ) h a v e  d e m o n s t r a t e d  

t h a t  r e p r e s e n t a t i v e  h a p l o i d  m u ta n t s  f rom  21 o f  t h e  22
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c o m p le m e n ta t io n  g r o u p s  o f  t h e i r  u v  s e n s i t i v e  i n t e r d i v i s i o n a l  

c e l l  m u t a n t s ,  f a l l  i n t o  f o u r  c a t e g o r i e s  on t h e  b a s i s  o f  t h e i r  

r e s p o n s e  t o  d a r k  r e p a i r  c o n d i t i o n s  and  d a rk  r e p a i r  f o l lo w e d  

by p h o t o r e a c t i v a t i o n .  T h ese  f o u r  g r o u p s  a r e  b e l i e v e d  t o  

r e p r e s e n t  g en e  d e f e c t s  a t  d i f f e r e n t  p o i n t s  i n  a  r e p a i r  p a t h ­

w ay. I n d i r e c t  e v id e n c e  t h a t  t h i s  r e p a i r  i s  e x c i s i o n  r e p a i r  

i s  p r o v i d e d  by t h e  c r o s s  s e n s i t i v i t y  o f  t h e s e  uvs  m u ta n t s  t o  

n i t r o u s  a c i d  and  m e th y l  m e th an e  s u l f o n a t e  ( 8 9 ) .  B r e n d a l  e t  a l  

( 9 ) u s i n g  r a d i a t i o n  s e n s i t i v e  m u ta n t s  h a v e  r e p o r t e d  c o r r e l a ­

t i o n s  b e tw e e n  s e n s i t i v i t y  t o  uv  l i g h t  a n d  n i t r o g e n  m u s ta r d  

a s  w e l l  a s  b e tw ee n  s e n s i t i v i t y  t o  X - r a y s  and  m e th y l  m ethane  

s u l f o n a t e .  E x c i s i o n  r e p a i r  i s  a s s o c i a t e d  w i t h  damage by  t h e s e  

m u ta g e n ic  s u b s t a n c e s  b e c a u s e  e x c i s i o n  o f  c r o s s l i n k e d  b a s e s  o f  

DNA ( 5 1 ) a n d  r e p a i r  r e p l i c a t i o n  h av e  b e e n  shown t o  o c c u r  in

E . c o l l  w h ic h  h a d  b e e n  t r e a t e d  w i t h  m e t h y l a t i n g  a g e n t s  ( 1 4 ) .

The r e l e v a n c e  o f  t h e s e  v a r i o u s  r e p a i r  m ec h an ism s  t o  t h e  

b u d d in g  c e l l  r e s i s t a n c e  o f  y e a s t  i 3  u n c l e a r .  B u dd ing  y e a s t  

c e l l s  show b o t h  l i q u i d  h o l d i n g  r e c o v e r y  (5 3 )  a n d  a g a r  h o l d in g  

r e c o v e r y  ( 3 )  a f t e r  e x p o s u r e  t o  X - r a y s  a n d  uv l i g h t  r e s p e c t i v e l y .  

H a p lo id  X - i r r a d i a t e d  b u d d in g  y e a s t  c e l l s  h av e  b e en  shown by 

P e r p e r  ( 6 8 )  t o  show g r e a t e r  c o lo n y  f o r m a t io n  when p o s t t r e a t e d  

on g ro w th  m ed ia  d i f f e r e n t  f ro m  t h e  one u s e d  f o r  i r r a d i a t i o n .  

I n t e r d i v i s i o n a l  c e l l s  show l i t t l e  o r  no ne  o f  t h i s  r e c o v e r y  

( 6 8 ) .  Such  r e c o v e r y  p r o c e s s e s  w h ic h  a p p e a r  w i t h  t h e  o n s e t  o f
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b u d d in g  s u g g e s t  t h e  p r e s e n c e  o f  a  c e l l  c y c l e  d e p e n d e n t  

c o n t r o l  o f  a  r e s i s t a n c e  an d  r e p a i r  m ech an ism , an d  s u g g e s t  

t h a t  an  i n v e s t i g a t i o n  o f  t h e  g e n e t i c  b a s i s  o f  r e s i s t a n c e  o f  

t h e  b u d d in g  c e l l  t o  r a d i a t i o n  m ig h t  h e l p  t o  c l a r i f y  i t s  

n a t u r e .  The p r e s e n t  s t u d y  d e a l s  w i t h  t h e  i n d u c t i o n ,  i s o l a t i o n  

and  c h a r a c t e r i z a t i o n  o f  m u ta n t s  d e f i c i e n t  i n  o r  d e v o id  o f  b u d ­

d in g  c e l l  r e s i s t a n c e .  The m u ta n t s  o b t a i n e d  p e r m i t  a  f o r m a l  

g e n e t i c  d e s c r i p t i o n  o f  t h e  b u d d in g  c e l l  r e s i s t a n c e  p h e n o ty p e  

and  p r o v i d e  a  b a s i s  f o r  s p e c u l a t i o n  a s  t o  t h e  a c t u a l  m ech an ism s 

i n v o l v e d .
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M a t e r i a l s  a n d  M ethods

A. YEAST STRAINS

T a b le  I  l i s t s  s t r a i n s  u t i l i z e d  i n  t h e s e  s t u d i e s .  

G e n e t i c a l l y  m arked  s t r a i n s  o b t a i n e d  f ro m  D r. R o b e r t  K.

M o r t im e r  w e re  u s e d  d i r e c t l y  o r  w ere  em ployed  t o  c o n s t r u c t  

new s t r a i n s  f o r  u s e  i n  t h e s e  i n v e s t i g a t i o n s .  G e n e t i c  m a r k e r s  

a r e  d e s c r i b e d  by  c o n v e n t io n s  a d o p te d  a t  t h e  Y e a s t  G e n e t i c s  

C o n f e re n c e  1961  a t  C a rb o n d a le  e x c e p t  t h a t  lo c u s  a n d  a l l e l e  

num bers  a r e  p r i n t e d  on t h e  same l i n e  a s  t h e  gene d e s i g n a t i o n .  

Lower and  u p p e r  c a s e  l e t t e r s  f o r  a  g e n e  sym bol i n d i c a t e  t h e  

m u ta n t  a n d  w i l d  t y p e  g e n o ty p e s  r e s p e c t i v e l y .

B . MEDIA 

YEPD

D e x t r o s e ,  1 .0 $ ;  y e a s t  e x t r a c t ,  0 . 5 $ ;  p e p to n e ,  0 .35$>  

a g a r  2$  ( m o d i f i e d  f ro m  2 1 ) .

S y n t h e t i c  C om p le te  ( IS C )

D e x t r o s e  2 $ ,  D i f c o  y e a s t  n i t r o g e n  b a s e  w i t h o u t  am ino  

a c i d s ,  0 . 67$ ;  a n d  t h e  f o l l o w i n g  a d d i t i o n s :  a d e n i n e ,  20  m g/1 ; 

a r g i n i n e ,  20 m g / l ;  h i s t i d i n e ,  20 m g /1 ; m e th io n in e ,  20  m g/1; 

t r y p t o p h a n ,  20 m g / l ;  u r a c i l ,  2 0  m g / l ;  l e u c i n e ,  30 m g / l ;  l y s i n e ,  

3 0  m g / l ;  t h r e o n i n e ,  100 m g / l .  ( 7 2 ) .

O m is s io n s  (SC -)

S y n t h e t i c  c o m p le te  m inus one o f  t h e  above a d d i t i o n s :  (7 2 )  

M in im al Medium (M in . )
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D e x t ro s e  2 $ , D i f c o  y e a s t  n i t r o g e n  b a s e  w i t h o u t  am ino 

a c i d s ,  O .67# ,  a g a r  2$  ( 7 2 ) .

P e t i t e  Medium

G l y c e r o l  3$* d e x t r o s e  0 .0 2 5 $ ,  y e a s t  e x t r a c t  0 .5 $ j  B a c to  

p e p to n e  0 . 35$  and  a g a r  2$ ;  u s e d  f o r  s c o r i n g  t h e  p e t i t e  p h e n o ­

ty p e  ( i n a b i l i t y  t o  u t i l i z e  g l y c e r o l  a s  a  c a r b o n  s o u r c e  

( m o d i f i e d  f ro m  21  an d  7 2 ) .

P r e s p o r u l a t l o n  Medium (GNA)

D e x t r o s e ,  5 $ ;  y e a s t  e x t r a c t ,  1$; B a c to  n u t r i e n t  b r o t h ,

5$ ;  a g a r  2$  ( 7 2 ) .

S p o r u l a t l o n  Media

P o ta s s iu m  a c e t a t e ,  2 $ ;  y e a s t  e x t r a c t ,  0 . 25$ ;  d e x t r o s e ,  

0 . 1$ ;  a d e n i n e ,  20  m g / l ;  a g a r  2$  ( 2 7 ) .

B u f f e r

G. s o l u t i o n :  KH2P04 2 .6 5  m g s / l i t e r ;  K^HPO^, 5*32  g m s /

l i t e r ,  and  s t e r i l i z e d  s e p a r a t e l y  and  a d d e d  a f t e r  s t e r i l i z a t i o n  

10 c c .  o f  0.2M  MgS0 4  . 7H20 ( 2 1 ) .

S t a r v a t i o n  Medium

D e x t r o s e ,  5 $ ;  i n  0 .0 5  M KH2 PO4  w i t h  no f i x e d  n i t r o g e n  

s o u r c e  ( 2 1 ) .

C. R a d i a t i o n  S o u r c e s

C e l l s  w e re  i r r a d i a t e d  w i t h  X - r a y s  f ro m  a  b e r y l l i u m  window 

tu b e  ( M a c h l e t t  0EG-60) a t  a  d o se  r a t e  o f  56  KR/min (5 0  Kv, 40 

mA). The X - r a y  t u b e  was c a l i b r a t e d  w i t h  t h e  a i d  o f  an
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i o n i z a t i o n  e x t r a p o l a t i o n  cham ber c o n s t r u c t e d  a c c o r d i n g  t o  

t h e  d e s i g n  o f  M o r t im e r  by  P r o f .  Edward G reen  o f  t h e  D e p a r tm e n t  

o f  P h y s i c s  o f  B ro o k ly n  C o l l e g e  ( 2 8 ) .  The UV s o u r c e  was a  

G. E . G e r m i c id a l  lamp c a l i b r a t e d  w i t h  t h e  a i d  o f  a  L a t e r j e t  

d o s i m e t e r .  The d i s t a n c e  b e tw ee n  t h e  s o u r c e  a n d  t h e  a g a r  

s u r f a c e  o f  t h e  i r r a d i a t e d  p e t r i  p l a t e  was s u c h  t h a t  t h e  d o se  

r a t e  was 60  e rg s /m m 2/ s e c .

D. R a d i a t i o n  S t u d i e s

1 -  I n a c t i v a t i o n  by  X - r a y s

T h re e  w e l l  e s t a b l i s h e d  m e tho ds  ( 7 ,  6 8 ,  7 3 )  w ere  em p loy ed  

i n  t h e  e s t i m a t i o n  o f  s u r v i v a l .

a .  R e p l i c a  p l a t e  t e s t s  t o  s c o r e  f o r  r a d i a t i o n  s e n s i ­

t i v i t y .

b .  M a c ro s c o p ic  c o lo n y  p r o d u c t i o n  on t h e  a g a r  s u r f a c e  o f  

P e t r i  d i s h e s  and

c .  M ic r o c o lo n y  p r o d u c t i o n  f o l l o w i n g  t h e  m ic r o m a n ip u la -  

t i v e  i s o l a t i o n  o f  s u i t a b l y  t r e a t e d  y e a s t  c e l l .

M ethod a :

The r e p l i c a  p l a t i n g  t e s t  f o r  X - r a y  s e n s i t i v i t y  was u s e d  

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

a n a l y s i s  o f  r a d i a t i o n  s e n s i t i v i t y  i n  s p o r e  c u l t u r e s  d e r i v e d  

f ro m  d i s s e c t e d  a s c i ,  an d  f o r  s t u d i e s  o f  a l l e l i s m  o r  c o m p le m e n ta ­

t i o n  among m u t a n t s .

D e t a i l s  o f  t h e  p r o c e d u r e  em ploy ed  a r e  a s  f o l l o w s :  S i n g l e
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c o l o n i e s  f ro m  YEPD p l a t e s  o f  t h e  s t r a i n s  t o  be  s t u d i e d  w ere  

p i c k e d  and  t r a n s f e r r e d  w i t h  s t e r i l e  t o o t h p i c k s  t o  f r e s h  YEPD 

m a s t e r  p l a t e s  t o  g i v e  50 c o l o n i e s  p e r  p l a t e .  S t r e a k s  o f  

SC7K and  SC6 w ere  a l s o  i n c l u d e d  f o r  c o n t r o l s .  The YEPD p l a t e s  

w ere  i n c u b a te d  o v e r n i g h t  a t  30°C and  w ere  t h e n  r e p l i c a  p l a t e d  

t o  t h r e e  YEPD p l a t e s .  F o r  t h e  p r o d u c t i o n  o f  X - ra y  s e n s i t i v e  

m u ta n t s ,  a  g l y c e r o l  a g a r  r e p l i c a  p l a t e  f o r  p e t i t e  d e t e c t i o n  

was a l s o  i n c l u d e d ,  s i n c e  i t  was d e s i r a b l e  t o  s t u d y  X -ra y  

s e n s i t i v i t y  i n  t h e  a b s e n c e  o f  a  p e t i t e  p h e n o ty p e .  The y e a s t  

p o p u l a t i o n s  on t h e  m a s t e r  and  r e p l i c a  p l a t e s  a t  t h i s  t im e  c o n ­

t a i n e d  a p p r o x im a te ly  20# b u d d in g  c e l l s .  One YEPD r e p l i c a  was 

e x p o se d  t o  196 KR o f  X - r a y s ,  a  dose  s u f f i c i e n t  t o  i n a c t i v a t e  

e s s e n t i a l l y  a l l  i n t e r d i v i s i o n a l  c e l l s ,  b u t  l e a v e  a p p r o x im a te ly  

1# s u r v i v i n g  b u d d in g  c e l l s .  The o t h e r  r e p l i c a  was e x p o se d  t o  

56  KR, w h i l e  t h e  t h i r d  YEPD r e p l i c a  was r e t a i n e d  a s  a  c o n t r o l .  

A f t e r  48 h o u r s  o f  i n c u b a t i o n ,  t h e  r e p l i c a  i m p r i n t s  w ere  

exam ined  f o r  t h e  p r e s e n c e  o r  a b s e n c e  o f  g ro w th .

F o r  t h e  p r o d u c t i o n  o f  XS m u ta n t s ,  r e p l i c a  i m p r i n t s  o f  

c o l o n i e s  show ing  g ro w th  a f t e r  56  KR b u t  no g ro w th  a f t e r  196 

KR w ere  r e g a r d e d  a s  p r e s u m p t iv e  p a r t i a l l y  s e n s i t i v e  b u d d in g  

c e l l  m u ta n t s .  R e p l i c a  i m p r i n t s  o f  c o l o n i e s  show ing  no g ro w th  

a f t e r  b o th  56  KR and 196 KR w ere  r e g a r d e d  a s  m u ta n t s  l a c k i n g  

an y  b u d d in g  c e l l  r e s i s t a n c e .  Such  p r e s u m p t iv e  m u ta n ts  w ere  

r e i s o l a t e d  from  t h e  c o n t r o l  p l a t e  and  w ere  r e t e s t e d  f o r
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s e n s i t i v i t y  by t h e  r e p l i c a  p l a t i n g  p r o c e d u r e  and  by s u r v i v a l  

c u r v e s .

F o r  g e n e t i c  a n a l y s i s  o f  r a d i a t i o n  s e n s i t i v i t y  a s c o s p o r e  

c u l t u r e s  t o  be  t e s t e d  f o r  r a d i a t i o n  s e n s i t i v i t y  w ere  p i c k e d  

t o  YEPD m a s t e r  p l a t e s .  T h ese  i n c u b a t e d  s p o r e  c u l t u r e s  f ro m  

d i s s e c t e d  a s c i  w ere  i n c u b a t e d  o v e r n i g h t ,  and  t h e n  t r e a t e d  in  

t h e  m ann er  p r e v i o u s l y  d e s c r i b e d .  R o u t i n e l y  2 : 2  s e g r e g a t i o n  

w as fo u n d  f o r  r a d i a t i o n  s e n s i t i v i t y .  A l l  s t r e a k s  f rom  r a d i a ­

t i o n  s e n s i t i v e  s e g r e g a n t s  showed no g ro w th  a f t e r  196 KR.

T hose  s t r e a k s  f rom  s e g r e g a n t s  from  c r o s s e s  i n v o l v i n g  m u ta n t s  

l a c k i n g  a n y  b u d d in g  c e l l  r e s i s t a n c e  showed no g ro w th  a f t e r  

56  KR a s  w e l l .

F o r  a l l e l i s m  s t u d i e s ,  s i n g l e  d i p l o i d  c o l o n i e s  w ere  t r a n s ­

f e r r e d  f ro m  YEPD p l a t e s  t o  f r e s h  YEPD m a s t e r  p l a t e s  an d  

t r e a t e d  i n  t h e  m anner d e s c r i b e d  a b o v e .  A f t e r  48 h o u r s  o f  

i n c u b a t i o n ,  t h e  r e p l i c a s  w e re  s c o r e d  f o r  g ro w th  w h ic h  w o u ld  

i n d i c a t e  r e s i s t a n c e  an d  t h e r e f o r e  c o m p le m e n ta t io n  and  t h u s  

n o n a l l e l i s m .  F o r  t h e  s t u d i e s  o f  a l l e l i s m  o f  m u ta n t s ,  t h e  

r e p l i c a  p l a t i n g  t e s t  p r o c e d u r e  was em p loyed  a s  a  q u a l i t a t i v e  

s c r e e n i n g  m ethod  f o r  c o m p le m e n ta t io n ,  and  s u r v i v a l  c u r v e s  

w e re  r o u t i n e l y  c o m p le te d  t o  v e r i f y  t h e  r e s u l t s  o f  t h i s  t e s t .  

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

w h ic h  show 68#  o r  g r e a t e r  o f  n o rm a l r e s i s t a n c e  a t  50#  o r  1#  

s u r v i v a l  on YEPD, e x h i b i t e d  g ro w th  on r e p l i c a s  i r r a d i a t e d
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f o r  196  KR I n d i s t i n g u i s h a b l e  from  w l l d t y p e .  Such  s t r a i n s  

w e re  d e s i g n a t e d  a s  h a v in g  n o rm a l  r e s i s t a n c e ,  f u l l  co m p lem e n ta ­

t i o n  o r  n o n a l l e l i s m  o f  m u ta n t s  ( s e e  d i s c u s s i o n  s e c t i o n  I I ) .  

However, d i p l o i d  s t r a i n s  w h ic h  showed 55$  -  6C$ o f  n o rm al 

r e s i s t a n c e  a t  t h e s e  l e v e l s  o f  s u r v i v a l ,  r o u t i n e l y  e x h i b i t e d  

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

f o r  196  KR. ( s e e  d i s c u s s i o n  s e c t i o n  I I ) .  T hese  l a t t e r  d i p l o i d s  

showed g ro w th  i n d i s t i n g u i s h a b l e  from  w i ld  t y p e  a f t e r  56  KR.

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

show ing  o n ly  p a r t i a l  c o m p le m e n ta t io n .

Method b :

D e t a i l s  o f  t h e  p r o c e d u r e  e m p lo y in g  t h e  se co n d  m ethod  a r e  

a s  f o l lo w s :

A c o lo n y  from  a  t h r e e  day  o l d  YEPD s t r e a k  p l a t e  o f  t h e  

s t r a i n  t o  be s t u d i e d  was s u s p e n d e d  i n  10 m l.  o f  YEPD b r o t h  and 

a e r a t e d  o v e r n i g h t  a t  30°C on a  g y r a t o r y  s h a k e r .  T h is  g ro w th  

p r o c e d u r e  g av e  r i s e  t o  a  c u l t u r e  c o n t a i n i n g  b e tw een  10^ - 10® 

c e l l s  p e r  m l.  w i t h  a p p r o x i m a t e ly  30^  b u d d in g  c e l l s .  The c e l l s  

w ere  t h e n  p e l l e t e d  by  c e n t r i f u g a t i o n ,  washed tw ic e  w i t h  s t e r i l e  

c h i l l e d  0 .  s o l u t i o n ,  and  t h e n  s u s p e n d e d  in  5 ml* o f  G. s o l u t i o n .  

W henever c lum ps w ere  o b s e rv e d  i n  t h e  w ashed c e l l s ,  t h e y  w ere  

rem oved by low sp e e d  c e n t r i f u g a t i o n .  F o r  some i r r a d i a t i o n  

e x p e r im e n t s ,  homogenous p r e p a r a t i o n s  o f  i n t e r d i v i s i o n a l  c e l l s  

w ere  o b t a i n e d  by t h e  f o l l o w i n g  p r o c e d u r e s :  c e l l s  from  an
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o v e r  n i g h t  YEPD b r o t h  c u l t u r e  w ere  h a r v e s t e d ,  p e l l e t e d  by 

c e n t r i f u g a t i o n ,  w ashed  t h r e e  t i m e s ,  t h e n  r e s u s p e n d e d  i n  10 

m l.  o f  s t a r v a t i o n  medium an d  a e r a t e d  f o r  48 h o u r s  a t  30°C i n  

o r d e r  t o  r e d u c e  t h e  b u d d in g  c e l l  f r a c t i o n .  A f t e r  s t a r v a t i o n ,  

t h e  c e l l s  w e re  p e l l e t e d ,  w ash ed  t h r e e  t i m e s ,  r e s u s p e n d e d  i n  

5 m l .  o f  G. s o l u t i o n  i n  a  15 m l.  s t e r i l e  g l a s s  c e n t r i f u g e  

tu b e  an d  c e n t r i f u g e d  a t  7 0 0  RPM f o r  a p p r o x i m a t e l y  2 -3  m i n u t e s .  

The n e c e s s a r y  d u r a t i o n  o f  low s p e e d  c e n t r i f u g a t i o n  was fo u n d  

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

low s p e e d  c e n t r i f u g a t i o n ,  a  sam ple  o f  t h e  t u r b i d  s u p e r n a t e  

was m i c r o s c o p i c a l l y  e x am in e d  f o r  b u d d in g  c e l l s .  I f  n o n e  w ere  

v i s i b l e ,  t h e  t o p  t h r e e  m l .  o f  s u p e r n a t e  was c a r e f u l l y  p i p e t t e d  

i n t o  a  s t e r i l e  g l a s s  t e s t  t u b e .  T h is  s u s p e n s io n  o f  l n t e r d i v i -  

s i o n a l  c e l l s  was u s e d  f o r  e x p e r i m e n t s .  T h is  c e n t r i f u g a t i o n  

p r o c e d u r e  r o u t i n e l y  r e s u l t s  i n  a  c u l t u r e  c o n t a i n i n g  a p p r o x i ­

m a te ly  l 07 i n t e r d i v i s i o n a l  c e l l s / m l .  w i t h  l e s s  t h a n  0 . 5#  b u d d in g  

c e l l s .

A r e l a t i v e l y  p u r e  p o p u l a t i o n  o f  b u d d in g  c e l l s  was o b t a i n e d  

i n  t h e  f o l l o w i n g  m an n e r :  an  i n t e r d i v i s i o n a l  c e l l  s u s p e n s io n  

p r e p a r e d  a s  d e s c r i b e d  ab o v e  was p e l l e t e d  a n d  s u s p e n d e d  i n  10  

m l.  o f  YEPD b r o t h  an d  p l a c e d  on a  g y r a t o r y  s h a k e r  a t  30°G . 

A l i q u o t s  w e re  rem oved  a f t e r  two h o u r s ,  a n d  a t  one  h a l f - h o u r  

i n t e r v a l s  t h e r e a f t e r ,  and  m i c r o s c o p i c a l l y  ex am in ed  f o r  t h e  

p r e s e n c e  o f  b u d d in g  c e l l s .  No c e l l s  h a v in g  more t h a n  one bud
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w ere  o b s e r v e d .  Thus a l l  budded c e l l s  i n  t h e s e  p r e p a r a t i o n s  

a r o s e  f ro m  th e  f o r m a t io n  by i n t e r d i v i s i o n a l  c e l l s  o f  th e  f i r s t  

b u d d in g  c e l l s  i n  7 0 -7 5 $  s y n c h ro n y .  At t h i s  t im e  i n c u b a t i o n  was 

e n d e d .  The c e l l s  w ere  p e l l e t e d  by c e n t r i f u g a t i o n ,  w ashed  once  

i n  c h i l l e d  G. s o l u t i o n  an d  r e s u s p e n d e d  i n  5 m l.  o f  c h i l l e d  G. 

s o l u t i o n .  C e l l  d e n s i t y  was i n  a l l  c a s e s  d e te r m in e d  w i t h  a  

h e m o c y to ra e te r ;  e s t i m a t i o n  o f  t h e  p e r c e n t a g e  o f  b u d d in g  c e l l s  

was a l s o  r o u t i n e l y  m ade. R o u t in e l y  2 0 -3 0 $  b u d d in g  c e l l s  f o r  

a l l  s t r a i n s  from  lo g  p h a s e  c u l t u r e s  ( o v e r n i g h t  c u l t u r e s )  s t u d i e d  

was o b s e r v e d .  S y n c h ro n o u s  c u l t u r e s  showed 75$  b u d d in g  c e l l s .

One t e n t h  m l. a l i q u o t s  o f  a p p r o p r i a t e  d i l u t i o n s  o f  t h e  c e l l s  

w e re  t h e n  s p r e a d  on a g a r  i n  p e t r i  d i s h e s  and  t h e  d i s h e s  i r r a ­

d i a t e d  w i t h  t h e  c o v e r s  rem oved . A f t e r  i n c u b a t i o n  a t  30°C f o r  

5 d a y s  t o  p e r m i t  c o lo n y  f o r m a t io n  by  a l l  s u r v i v o r s ,  s u r v i v a l  

r a t i o s  w ere  d e te r m in e d  by  co m parin g  t h e  num ber o f  c o l o n i e s  on 

i r r a d i a t e d  and u n i r r a d i a t e d  p l a t e s .

The c o n c e p t  o f  t h e  d o se  m o d ify in g  f a c t o r  (DMF), common 

t o  r a d i o b i o l o g y ,  was em ployed  i n  t h i s  s t u d y  t o  a i d  i n t e r p r e ­

t a t i o n  o f  a l t e r a t i o n  o f  b u d d in g  c e l l  r e s i s t a n c e  i n  s u r v i v a l  

c u r v e s  o f  s e n s i t i v e  m u ta n t s  and  m u ta n t  c o m b in a t io n s  i n  h a p l o i d  

and  d i p l o i d  s t a t e  when com pared  t o  w i l d  t y p e .  E x p e r im e n ta l  

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

r a d i a t i o n .  A IMP i s  a  number w h ic h  e q u a t e s  e x p e r i m e n t a l  and  

c o n t r o l  d o s e s  o f  e q u a l  e f f e c t i v e n e s s .  In  t h e  c a s e  o f  X -ra y
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s e n s i t i v e  m u ta n t s  and  m u ta n t  c o m b i n a t i o n s ,  t h e  DMF may be 

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

f u n c t i o n  when com p ared  t o  w i l d  t y p e .  F o r  e x a m p le ,  t h e  LD1 

(d o se  p r o d u c in g  1#  s u r v i v a l )  f o r  SC7K i s  187  KR and  t h a t  f o r  

t h e  m u ta n t  XS9 i s  131 KR. The DMF i s  1 3 1 /1 8 7  o r  0 . 7  ( s e e  

F i g u r e  1 ) .

M ethod c :

M i c r o m a n ip u l a t i v e  s t u d i e s  w ere  c a r r i e d  o u t  a s  f o l l o w s :

A l o o p f u l  o f  c e l l s  e i t h e r  f ro m  a  c u l t u r e ,  o r  f ro m  a 

s u s p e n s io n  i n  w h ic h  e x p e r i m e n t a l  t r e a t m e n t  h a d  b e e n  c o n d u c t e d ,  

was s t r e a k e d  on a  YEPD a g a r  s l a b  w h ic h  was p l a c e d  on a  d i s s e c ­

t i o n  c h a m b e r .  I f  t h e  c e l l s  w ere  t o  be  i r r a d i a t e d ,  t h e  ch am b er  

was l o c a t e d  u n d e r  th e  s o u r c e  w i t h  t h e  a g a r  s u r f a c e  f a c i n g  t h e  

r a d i a t i o n .  A f t e r  e x p o s u r e ,  t h e  c o v e r s l i p  was i n v e r t e d  on t h e  

cham ber an d  bud d ed  o r  n o n -b u d d e d  c e l l s  i s o l a t e d  w i t h  t h e  

m i c r o m a n i p u l a t o r .  The s t r e a k  was t h e n  c u t  o f f ,  d i s c a r d e d ,  

and  t h e  a g a r  s l a b  w i t h  50  t o  100 i s o l a t e d  c e l l 3 i n  row s was 

t h e n  t r a n s f e r r e d  t o  a  p l a t e  o f  YEPD a g a r ,  w h ic h  was t h e n  i n ­

c u b a t e d  f o r  48 h o u r s .  A c e l l  g i v i n g  r i s e  t o  a  c o lo n y  o f  a  

d i a m e t e r  o f  1 mm. o r  m ore was c o n s i d e r e d  a  s u r v i v o r .

2 .  N o n - L e th a l  E n d p o in t s

In  a d d i t i o n  t o  I n a c t i v a t i o n ,  a  n o n - l e t h a l  X - ra y  e f f e c t  

was a l s o  s t u d i e d .  T h is  was t h e  i n d u c t i o n  o f  r e c e s s i v e  hom ozy­

g o s i s  f o r  h e t e r o z y g o u s  i n p u t  m a r k e r s .
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R e c e s s i v e  h o m o z y g o s is  was s t u d i e d  i n  c l o n e s  a r i s i n g  f ro m  

d i p l o i d  c e l l s  i r r a d i a t e d  a s  h e t e r o z y g o t e s  a s  r e p o r t e d  by H u r s t  

an d  P o g e l  ( 2 3 ) .  R e p l i c a  p l a t i n g  o f  c o l o n i e s  f ro m  c o n t r o l  and  

i r r a d i a t e d  p l a t e s  on t o  m ed ia  d e f i c i e n t  f o r  a  s i n g l e  n u t r i l i t e  

w o u ld  i n d i c a t e  r e c e s s i v e  h o m o z y g o s is  by t h e  a b s e n c e  o f  g r o w th  

on t h i s  m e d ia .

3 .  P r o d u c t i o n  o f  XS M u ta n ts

C e l l s  o f  SC7K o r  c u l t u r e  SC7K-4D w ere  s t r e a k e d  on a  

f r e s h  YEPD p l a t e .  A f t e r  two d a y s  g ro w th ,  a  s i n g l e  c o lo n y  

was s u s p e n d e d  i n  10 m l .  o f  YEPD b r o t h  an d  a e r a t e d  o v e r n i g h t  

a t  30°C . The c e l l s  w e re  t h e n  h a r v e s t e d ,  w ashed  o n ce  by  c e n t r i ­

f u g a t i o n  an d  s u s p e n d e d  in  10 m l. o f  s t a r v a t i o n  medium an d  grown on 

a  s h a k e r  f o r  3 -5  d a y s .  The p r o c e d u r e  em p lo y ed  was a  m o d i f i c a ­

t i o n  o f  t h a t  u s e d  by E lk i n d  a n d  Beam ( 2 1 ) .  T h i s  t r e a t m e n t  

w as u n d e r t a k e n  t o  r e d u c e  t h e  b u d d in g  c e l l  f r a c t i o n  w h ic h  

m ig h t  be  e x p e c t e d  t o  b e  r e s i s t a n t  t o  m u ta g e n e s i s  and  t o  im pede 

d e t e c t i o n  o f  m u ta n t s  b y  a d d in g  u s e l e s s l y  t o  t h e  n o n -m u ta n t  

p o p u l a t i o n .  A f t e r  s t a r v a t i o n ,  c e l l s  w ere  p e l l e t e d  by  c e n t r i ­

f u g a t i o n ,  w ashed  t w i c e  i n  c h i l l e d  G. s o l u t i o n ,  d i l u t e d ,  

p l a t e d  on YEPD a n d  e x p o se d  t o  s u f f i c i e n t  UV t o  g i v e  50# 

s u r v i v o r s ,  a s  e s t i m a t e d  by t h e  m a c ro c o lo n y  p r o c e d u r e .  A f t e r  

f i v e  d a y s  i n c u b a t i o n  a t  30°C , c o l o n i e s  w e re  t r a n s f e r r e d  w i t h  

s t e r i l e  t o o t h p i c k s  t o  YEPD m a s te r  p l a t e s  t o  g i v e  50 c o l o n i e s  

p e r  p l a t e .  S t r e a k s  o f  SC7K an d  SC6  were i n c l u d e d  f o r  c o n t r o l s .
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The YEPD m a s t e r  p l a t e s  w e re  t h e n  t r e a t e d  In  t h e  m ann er  p r e ­

v i o u s l y  d e s c r i b e d  f o r  r e p l i c a  p l a t e  t e s t i n g  f o r  X - ra y  s e n s i ­

t i v i t y .  ( s e e  s e c t i o n  D - l ) .

E . G e n e t i c  A n a ly s i s

1 . G e n e t i c  P r o p e r t i e s  o f  M u ta n ts

M ethods o f  m a t i n g ,  s p o r u l a t i n g ,  and  g e n e t i c  a n a l y s i s  o f  

y e a s t  f o l lo w e d  s t a n d a r d  p r o c e d u r e s  w h ic h  h av e  b e e n  d e t a i l e d  

e l s e w h e r e  ( 7 3 ) .

M a t in g  o f  h a p l o i d  s t r a i n s  was a c c o m p l i s h e d  i n  e i t h e r  one 

o f  tw o f a s h i o n s .  I n  one c a s e ,  t h e  m u l t i p l y  m arked  p a r e n t  

h a p l o i d  s t r a i n s  w e re  m a s s -m a te d  on YEPD a g a r .  A f t e r  24 h o u r s  

i n c u b a t i o n ,  t h e  c r o s s  w as r e p l i c a  p l a t e d  t o  m in im a l  a g a r  t o  

s e l e c t  f o r  g ro w th  o f  p r o t o t r o p h i c  h e t e r o z y g o t e  d i p l o i d s .  The 

d i p l o i d  i s o l a t e  was s t r a k e d  on t o  m in im a l  a g a r  t o  i s o l a t e  

s i n g l e  c o l o n i e s .  A f t e r  72 h o u r s ,  s i n g l e  c o l o n i e s  w ere  p i c k e d  

and  s t r e a k e d  on t o  YEPD.

M a tin g  was a l s o  a c c o m p l i s h e d  by  m ix in g  f r e s h l y  grown c u l ­

t u r e s  o f  h a p l o i d s  o f  o p p o s i t e  m a t in g  t y p e  i n  YEPD b r o t h .  A f t e r  

a p p r o x i m a t e ly  f o u r  h o u r s ,  t h e  z y g o te s  w e re  i s o l a t e d  by m ic r o ­

m a n i p u l a t i o n  on YEPD. A f t e r  48  h o u r s ,  t h e  d i p l o i d  c o l o n i e s  

w ere  p i c k e d  and  s t r e a k e d  on t o  f r e s h  YEPD a g a r .

P r e s p o r u l a t i o n  was a c c o m p l i s h e d  by t r a n s f e r r i n g  d i p l o i d  

c o l o n i e s  a f t e r  48 h o u r s  g ro w th  on a  GNA p l a t e  t o  GNA m a s t e r  

p l a t e  f o r  o v e r n i g h t  i n c u b a t i o n .  T hese  w e re  t h e n  r e p l i c a
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p l a t  ed  t o  p e t r i  d i s h e s  o f  s p o r u l a t i o n  medium w h ic h  w ere  i n c u ­

b a t e d  f o r  t h r e e  d a y s ,  and  t h e n  e x am in e d  f o r  a s c i .  S p o r u l a t e d  

c u l t u r e s  w e re  s u s p e n d e d  i n  a  1 :6  d i l u t i o n  o f  s n a i l  enzyme ( 6 8 ) 

f o r  f i v e  m in u te s  and  t h e n  d i l u t e d  t e n f o l d  w i t h  s t e r i l e  d i s ­

t i l l e d  w a t e r .  A f t e r  enzyme d i g e s t i o n  o f  t h e  a s c u s  w a l l s ,  

t h e  s p o r e  t e t r a d s  w ere  d i s s e c t e d  b y  t h e  m i c r o d i s s e c t i o n  t e c h ­

n iq u e  o f  J o h n s t o n  and  M o rt im er  ( 4 4 ) .

G e n e t i c  a n a l y s i s  o f  t e t r a d s  f o r  g e n e - g e n e  l i n k a g e  and  

g e n e  c e n t r o m e r e  l i n k a g e  was a c c o m p l i s h e d  a s  f o l l o w s :  i n  a  

c r o s s  AB x  a  b t h e  f o l l o w i n g  a s c u s  t y p e s  c a n  be d i s t i n g u i s h e d :  

p a r e n t a l  d i t y p e  (PD) AB AB ab  a b , non p a r e n t a l  d i t y p e  (NFD)

Ab Ab aB aB and  t e t r a t y p e  (T) AB ab  aB a b .  G en e-g en e  l i n k a g e  

i s  i n d i c a t e d  by  a  PD: NPD r a t i o  s i g n i f i c a n t l y  g r e a t e r  t h a n  o n e .  

The s e c o n d  d i v i s i o n  s e g r e g a t i o n  i s  d e t e r m i n e d  r e l a t i v e  t o  known 

c e n t r o m e r e  l i n k e d  g e n e s .  C e n tro m e re  l i n k a g e  o f  a  g en e  i s  i n ­

d i c a t e d  by  a  s e c o n d  d i v i s i o n  s e g r e g a t i o n  f r e q u e n c y  s i g n i f i ­

c a n t l y  l e s s  t h a n  2 / 3 .  ( 3 2 , 5 6 ) .  G e n e t i c  a n a l y s i s  o f  r a d i a t i o n

s e n s i t i v i t y  was c o n d u c te d  a s  p r e v i o u s l y  d e s c r i b e d .  (See  

S e c t i o n  D - l ) .

2 .  A l l e l i s m  and  S p o r u l a t i o n  o f  M u ta n ts

F o r  a l l e l i s m  t e s t s ,  z y g o t e s  h e t e r o z y g o u s  in  r e p u l s i o n  f o r  

two s e n s i t i v i t y  g e n e s  w ere  c o n s t r u c t e d  a s  f o l l o w s :  t h e  m u l t i p l y  

m arked  s i n g l e  m u ta n t  h a p l o i d  p a r e n t  s t r a i n s  w ere  m ass m ated  

on YEPD a g a r .  A f t e r  24 h o u r s  i n c u b a t i o n ,  t h e  c r o s s  was r e p l i c a
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p l a t  ed t o  m in im a l  a g a r  t o  s e l e c t  f o r  g ro w th  o f  p r o t o t r o p h i c  

h e t e r o z y g o t e  d i p l o i d s .  The d i p l o i d  i s o l a t e  was s t r e a k e d  on 

t o  m in im a l  a g a r  t o  i s o l a t e  s i n g l e  c o l o n i e s .  A f t e r  72  h o u r s ,  

s i n g l e  c o l o n i e s  w ere  p i c k e d  and  s t r e a k e d  on t o  YEPD a g a r  f o r  

s i n g l e  c o lo n y  i s o l a t i o n .  S i n g l e  c o l o n i e s  w ere  t h e n  p i c k e d  

and  t r a n s f e r r e d  w i t h  a  s t e r i l e  t o o t h p i c k  t o  f r e s h  YEPD m a s t e r  

p l a t e s  w h ic h  w ere  t h e n  i n c u b a t e d  o v e r n i g h t  a t  30°C an d  t e s t e d  

i n  t h e  m anner p r e v i o u s l y  d e s c r i b e d .  (S e e  s e c t i o n  D - l ) .

As a  f u r t h e r  t e s t  o f  a l l e l i s m  t o  d e te r m in e  w h e th e r  

m u ta n t s  r e c o m b in e  w i t h  one a n o t h e r ,  d i p l o i d s  o f  a l l  m u ta n t  

p a i r s  w ere  s p o r u l a t e d ,  d i s s e c t e d  and  t h e  s e g r e g a n t s  o f  t h o s e  

a s c i  sh o w in g  s u r v i v a l  o f  a l l  4 s p o r e s  w ere  t e s t e d  f o r  r e s i s ­

t a n c e .  A s i n g l e  m e i o t i c  r e c o m b i n a t i o n a l  e v e n t  p l a c i n g  t h e  two 

d i f f e r e n t  m u ta n t  g e n e s  i n  one genome s h o u ld  g e n e r a t e  a  c o m p l i ­

m e n ta ry  w i l d  t y p e  genome i n  one s p o r e  o f  t h e  a s c u s .

3 .  M e io t i c  R e c o m b in a t io n  an d  L in k a g e  S t u d i e s

S p o r u l a t i o n  a n d  d i s s e c t i o n  o f  d i p l o i d s  m u l t i p l y  h e t e r o z y ­

g o u s  f o r  s t a n d a r d  n u t r i t i o n a l  m a r k e r s ,  b u t  i n  a d d i t i o n  hom ozy­

g o u s  o r  h e t e r o z y g o u s  f o r  s e n s i t i v i t y  m u ta n t s  w ere  a l s o  p e r f o r m e d  

t o  d e te r m in e  i f  XS g e n e s  i n f l u e n c e  m e i o s i s  an d  m e i o t i c  r e c o m b i ­

n a t i o n .

To t e s t  f o r  l i n k a g e  b e tw e e n  m u ta n t s ,  t h e  s e g r e g a n t s  o f  

s e v e r a l  a s c i  sh o w in g  s u r v i v a l  o f  a l l  4 s p o r e s  w ere  t e s t e d f b r  

r e s i s t a n c e  i n  t h e  m an n e r  p r e v i o u s l y  d e s c r i b e d .  A PD a s c u s
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w o u ld  be e x p e c t e d  t o  g e n e r a t e  4  s e n s i t i v e  a s c o s p o r e  c u l t u r e s .

An NPD a s c u s  w o u ld  g e n e r a t e  two r e s i s t a n t  a s c o s p o r e  c u l t u r e s  and  

tw o  d o u b ly  m u ta n t  s e n s i t i v e  s p o r e  c u l t u r e s .  A T c l a s s  a s c u s  

w o u ld  p r o d u c e  o n e  r e s i s t a n t  s p o r e  c u l t u r e  a n d  t h r e e  s e n s i t i v e  

c u l t u r e s ,  one o f  w h ic h  i s  a  d o u b le  m u ta n t .

An e x a m i n a t i o n  a f t e r  48 h o u r s  o f  t h e  i r r a d i a t e d  s p o r e  

c u l t u r e  r e p l i c a s  f ro m  t h e  m u ta n t  x  m u ta n t  i n t e r c r o s s e s  f o r  t h e  

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

num ber o f  PD, NPD, a n d  T a s c i .  A PD: NPD r a t i o  s i g n i f i c a n t l y  

g r e a t e r  t h a n  o n e  i n d i c a t e s  l i n k a g e ,  ( t a b l e  5 ) .

4 .  D o u b le  and  T r i p l e  M u ta n t  H p a lo id  a n d  Homozygous 
D i p l o i d  S t u d i e s

The NPD s p o r e  c u l t u r e s  w e re  u s e d  t o  d e t e r m i n e  t h e  s u r v i v a l  

t o  X - r a y s  o f  h a p l o i d  d o u b le  m u t a n t s .  I n  o r d e r  t o  s e l e c t  f o r  a  

t r i p l e  m u ta n t  com posed  o f  t h e  t h r e e  c l a s s  I I  m u t a n t s ,  t h e  

d o u b l e  m u ta n t  XS6 XS8  was c r o s s e d  t o  t h e  s i n g l e  m u ta n t  XS9.

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

c u l t u r e s  sh o w in g  s u r v i v a l  o f  a l l  f o u r  s p o r e s  w e re  e x p o s e d  t o  

2 24  KR t o  s e l e c t  f o r  t e t r a t y p e  a s c i  w h ic h  w o u ld  show one w i l d  

t y p e  s p o r e ,  2 p a r e n t a l  s p o r e s ,  an d  t h e  r e c o m b in a n t  t r i p l e  

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

w e re  t h e n  i r r a d i a t e d  a t  a  s e r i e s  o f  d o s e s  i n  o r d e r  t o  s e l e c t  

f o r  t h e  t r i p l e  m u ta n t  c l a s s .  E x p o su re  o f  a  r e p l i c a  t o  a  d o se  

o f  7 4  KR w as fo u n d  t o  b e  s u f f i c i e n t  t o  d i s t i n g u i s h  b e tw e e n
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g ro w th  f o r  p a r e n t a l  and  w i l d  t y p e  and  th e  a b s e n c e  o f  g ro w th  

f o r  t h e  t r i p l e  m u ta n t .  The t r i p l e  m u ta n t  was I s o l a t e d  and  

s t r e a k e d  o n to  YEPD a g a r  a n d  r e t a i n e d  f o r  f u t u r e  u s e .  A t r i p l e  

m u ta n t  d i p l o i d  hom ozygote  was I s o l a t e d  by  m ass m a t in g  o f  two 

t r i p l e  m u ta n t  h a p l o i d  s t r a i n s  on YEPD. The c r o s s  was r e p l i c a  

p l a t e d  t o  m in im a l  a g a r  t o  i s o l a t e  t h e  p r o t o t r o p h i c  h e t e r o z y g o t e  

d i p l o i d .  The d i p l o i d  was s t r e a k e d  t o  m in im a l  a g a r  t o  i s o l a t e  

s i n g l e  c o l o n i e s .  A f t e r  72  h o u r s ,  s i n g l e  c o l o n i e s  w ere  p i c k e d  

and  s t r e a k e d  t o  YEPD.
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Re s u i t s  

MUTANTS SENSITIVE TO X-RAYS

A. I s o l a t i o n  o f  M u ta n ts

F i v e  X - r a y  s e n s i t i v e  (XS) m u ta n t s  w e re  i s o l a t e d  fro m  

a p p r o x i m a t e l y  1 0 ,0 0 0  c o l o n i e s  t e s t e d  a f t e r  UV t r e a t m e n t  o f  

s t a r v e d  c e l l s  o f  SC7K (x )  o r  SC7K-4D t r y l  h i s 2 .  The s e n s i ­

t i v e  s t r a i n s  w ere  c a l l e d  XS5, XS6 , XS7, XS8 , an d  XS9 i n  a c ­

c o rd a n c e  w i t h  t h e  d e s i g n a t i o n  o f  r a d i a t i o n  s e n s i t i v e  m u ta n t  

s t r a i n s  u s e d  by  R e s n ic k  ( 7 2 ,  7 3 ) .  XS1 was g r a c i o u s l y  d o n a te d  

by N a k a i  ( 6 0 ) .  The X - r a y  s e n s i t i v e  s t r a i n s  o f  o t h e r  a u t h o r s  

( 8 , 7 2 ) w e re  n o t  s o u g h t  f o r  t h i s  s t u d y  s i n c e  t h e  e f f e c t s  o f  

t h e i r  m u t a t i o n a l  a l t e r a t i o n s  on b u d d in g  c e l l  s e n s i t i v i t y  i s  

u n c l e a r .  T h ese  m u ta n t s  f a l l  i n t o  two p h e n o ty p e  c l a s s e s :  

c l a s s  1 , i n  w h ic h  b u d d in g  c e l l s  l a c k  a n y  n o rm a l  r e s i s t a n c e  an d  

show e x p o n e n t i a l  s u r v i v a l  t o  i o n i z i n g  r a d i a t i o n  (Xs l  and  XS5 ) ,  

and  c l a s s  I I ,  i n  w h ic h  t h e  b u d d in g  c e l l  r e s i s t a n c e  i s  d e t e c t a b l e  

b u t  s u b n o rm a l  ( s e e  t a b l e  2 ) .  T hese  m u ta n t s  r e p r e s e n t  f i v e  

d i s t i n c t  g e n e t i c  l o c i  ( s e e  a l l e l i s m  o f  m u ta n t s  b e lo w ) .

B. G e n e t i c  A n a ly s i s

1 .  G e n e t i c  P r o p e r t i e s  o f  M u ta n ts

To d e t e r m i n e  t h e  g e n e t i c  n a t u r e  o f  t h e s e  m u t a n t s ,  t h e y  

w ere  c r o s s e d  w i t h  g e n e t i c a l l y  m arked r e s i s t a n t  s t r a i n s ,  t h e  

d i p l o i d s  s p o r u l a t e d ,  d i s s e c t e d  and  t h e  s p o r e  c l o n e s  w ere  a n a ­

ly z e d  f o r  s e g r e g a t i o n  o f  r a d i a t i o n  s e n s i t i v i t y  an d  n u t r i t i o n a l
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m a r k e r s  . I n  a l l  o f  t h e s e  c r o s s e s  2 : 2  s e g r e g a t i o n  f o r  a l l  

t r a i t s  w as o b s e r v e d .  The a n a l y s e s  o f  t h e  a s c i  from  t h e s e  

c r o s s e s  a r e  g i v e n  i n  t a b l e  3« None o f  t h e  m u ta n t s  w as c e n t r o ­

m ere  l i n k e d  in a sm u c h  a s  se c o n d  ^d iv is ion  s e g r e g a t i o n  f r e q u e n c i e s  

w e re  n o t  s i g n i f i c a n t l y  l e s s  t h a n  2 / 3  ( t a b l e  4 ) .  None o f  t h e  

XS m u ta n t s  w ere  fo u n d  t o  b e  l i n k e d  t o  a n y  o t h e r  m a rk e r  u s e d  

i n  t h e s e  s t u d i e s .

2 .  B e h a v io r  o f  H e t e r o z y g o t e s

D i p l o i d s  h e t e r o z y g o u s  f o r  two m u ta n t  a l l e l e s  w ere  c o n ­

s t r u c t e d  by  m eans o f  p a i r w i s e  c r o s s e s  i n  a l l  p o s s i b l e  c o m b in a ­

t i o n s  o f  a l l  c l a s s  I  and  c l a s s  I I  m u ta n t s  on YEPD a g a r  

f o l l o w e d  by  p r o t o t r o p h i c  d i p l o i d  i s o l a t i o n  on m in im a l  a g a r .  

T h e se  h e t e r o z y g o u s  d i p l o i d s  w ere  t h e n  t e s t e d  f o r  s p o r u l a t i o n  

on a c e t a t e  m edium . A l l  h e t e r o z y g o u s  m u ta n t  A x  m u ta n t  B 

c r o s s e s  e x c e p t  f o r  XS6/XS7 showed good  s p o r u l a t i o n .  No s p o r u ­

l a t i o n  was fo u n d  f o r  t h e  hom ozygous c r o s s e s  Xs l / X s l ,  XS6/X S6 , 

XS7/X S 7  a n d  XS9/XS9 ( t a b l e  5 ) .  L ack  o f  s p o r u l a t i o n  i n  homo­

z y g o u s  XS s t r a i n s  h a s  b e e n  r e p o r t e d  f o r  X3 1 b y  N a k a i  an d  

M atsum oto  ( 6 0 )  stnd f o r  t h e  XS3 m u ta n t s  i s o l a t e d  by  R e s n ic k  

( 7 2 ) .  The XS1 s t r a i n  o f  R e s n ic k  p r o d u c e s  i n v i a b l e  s p o r e s .

The o b s e r v e d  l a c k  o f  s p o r u l a t i o n  i n  t h e  d o u b ly  h e te r o z y g o u s  

d i p l o i d  XS6/X S 7  s u g g e s t s  t h a t  XS6 a n d  XS7 may r e p r e s e n t  e i t h e r  

i n d e p e n d e n t  o c c u r r e n c e s  o f  t h e  same m u t a t i o n ,  o r  may be  c l o s e l y  

l i n k e d  g e n e s  w h ic h  h a v e  t h e  same e f f e c t  on t h e  p h e n o ty p e s  o f
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b u d d in g  c e l l  r e s i s t a n c e  an d  s p o r u l a t i o n .  I t  i s  d i f f i c u l t  t o  

d i s t i n g u i s h  b e tw ee n  t h e s e  two a l t e r n a t i v e s .  The l a c k  o f  

s p o r u l a t i o n  o b s e r v e d  i n  hom ozygous m u ta n t s  s u g g e s t s  t h a t  some 

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

T h i s  e f f e c t  on m e i o s i s  l i k e  t h a t  upon  X - ra y  s e n s i t i v i t y  i s  

r e c e s s i v e ,  s i n c e  s p o r u l a t i o n  was fo u n d  i n  a l l  X S / - ^ - s t r a i n s .

3 .  L in k a g e  o f  M u ta n ts

A n a l y s i s  o f  t h e  f r e q u e n c y  o f  PD, NPD a n d  T a s c i ,  among 

t h e  s e g r e g a n t s  o f  d i p l o i d s  d e r i v e d  fro m  m u ta n t  x  m u ta n t  c r o s s e s  

t e s t e d  f o r  s e n s i t i v i t y  s u g g e s t  l i n k a g e  f o r  t h e  c l a s s  I  m u ta n t  

XS5 and  t h e  c l a s s  I I  m u ta n t  XS6  ( s e e  t a b l e  5 )*  A l l  o t h e r  

c l a s s  I  x  c l a s s  I ,  c l a s s  I  x  c l a s s  I I ,  an d  c l a s s  I I  x  c l a s s  I I  

m u ta n t s  when c r o s s e d  t o g e t h e r  s e g r e g a t e  I n d e p e n d e n t l y  ( t a b l e  5 ) .

4 .  M e io t i c  r e c o m b in a t io n  and  r a d i a t i o n  s e n s i t i v i t y

The p o s s i b l e  r e l a t i o n s h i p  b e tw ee n  r a d i a t i o n  s e n s i t i v i t y

and  d e f e c t s  i n  m e i o t i c  r e c o m b i n a t i o n  was ex am in ed  i n  w i l d t y p e  

an d  i n  t h e  r e s p e c t i v e  s p o r u l a t i n g  c l a s s  I / c l a s s  I  a n d  c l a s s  I I /  

c l a s s  I I  hom ozygous m u ta n t  d i p l o i d s  XS5/X S5 a n d  XS8 /X S 8 .

M e io t i c  r e c o m b in a t io n  f r e q u e n c y  w as s c o r e d  f o r  t h e  tw o l i n k e d  

m a r k e r s  l e u  1 a n d  t r y  5 .  Norm al l i n k a g e  f o r  t h e s e  g e n e s  was 

o b s e r v e d  I n  t h e  c l a s s  I  a n d  c l a s s  I I  hom ozygous s i n g l e  m u ta n t  

d i p l o i d  s t r a i n s  ( s e e  t a b l e  6 ) .  T h ese  d a t a  s u g g e s t  t h a t  g e n e s  

i n v o lv e d  I n  b u d d in g  c e l l  r e s i s t a n c e  a r e  n o t  i n v o l v e d  i n  

m e i o t i c  g e n e t i c  r e c o m b i n a t i o n .
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5 .  A l l e l i s m  o f  M u ta n ts

The r a d i a t i o n  s e n s i t i v i t y  o f  t h e  b u d d in g  c e l l s  o f  d i p ­

l o i d s  d e r i v e d  f ro m  t h e  abo ve  p a i r w i s e  c r o s s e s  was ex am ined  

t o  d e t e r m i n e  i f  an y  two m u ta n t s  w ere  a t  t h e  same l o c u s .  T h is  

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

s e n s i t i v i t y .  I n  t a b l e  7> i t  c a n  be  s e e n  t h a t  d i p l o i d s  homo­

z y g o u s  f o r  s e n s i t i v i t y  e x h i b i t  no g ro w th  48  h o u r s  a f t e r  

e x p o s u r e  t o  196 KR, a  d o s e  c h o s e n  b e c a u s e  i t  i s  s u f f i c i e n t  

t o  i n a c t i v a t e  t h e  b u d d in g  c e l l s  o f  a l l  m u t a n t s .  I n  c o n t r a s t ,  

h e a v y  g r o w th  was fo u n d  on s i m i l a r l y  e x p o s e d  r e p l i c a  i m p r i n t s  

o f  d i p l o i d s  com posed o f  w l l d t y p e  a n d  a n y  c l a s s  I I  m u ta n t ,  o r  

o f  w i l d t y p e  a n d  t h e  c l a s s  I  m u ta n t  XS5. The d i p l o i d  com posed 

o f  w i l d t y p e  and  t h e  c l a s s  I  m u ta n t  XS1 show ed d e t e c t a b l y  l e s s  

g r o w th  ( s e e  X - r a y  s u r v i v a l  r e s u l t s  S e c t i o n  C ) .  A l l e l i s m ,  

d e t e c t e d  b y  t h e  a b s e n c e  o f  g ro w th  on x - r a y e d  I m p r i n t s  o f  

m u ta n t  A x  m u ta n t  B d i p l o i d s  was o b s e r v e d  o n l y  f o r  XS6 and  

XS7. R e p l i c a  i m p r i n t s  o f  t h e  d i p l o i d  c o n t a i n i n g  t h e  two c l a s s
Q

I  m u ta n t s  X 1 an d  XS5, a f t e r  e x p o s u r e  t o  I 96KR show o n ly  

i s o l a t e d  c o l o n i e s  a f t e r  72  h o u r s  i n d i c a t i n g  o n ly  p a r t i a l  

c o m p le m e n ta t i o n .  C o n f l u e n t  g ro w th  i n d i s t i n g u i s h a b l e  f ro m  

t h a t  o b s e r v e d  on i m p r i n t s  o f  w i l d t y p e  c e l l s  was fo u n d  a f t e r  

e x p o s u r e  t o  56  KR, a  d o s e  f ro m  w h ic h  e a c h  o f  t h e  p a r e n t  h a p ­

l o i d  s t r a i n s  show l e s s  t h a n  1 0 -3  s u r v i v a l  ( s e e  t a b l e  7 ) .  A 

s i m i l a r  r e s p o n s e  i s  o b s e r v e d  a f t e r  e x p o s u r e  o f  r e p l i c a  i m p r i n t s
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o f  t h e  Xs l / w i l d t y p e  d i p l o i d  t o  56  KR. ( s e e  X - ra y  s u r v i v a l  

r e s u l t s  b e lo w  S e c t i o n  C ) .

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

sho w in g  g ro w th  o f  a l l  4 s p o r e s  w ere  t e s t e d  t o  d e te r m in e  w h e th e r  

t h e  m u ta n t s  w ere  s e p a r a b l e  by  r e c o m b i n a t i o n ,  t h a t  i s ,  f o r  t h e  

p r e s e n c e  o f  a t  l e a s t  one w i l d t y p e  r e s i s t a n t  s e g r e g a n t .  At 

l e a s t  one s u c h  s p o r e  c u l t u r e  was fo u n d  i n  t h e  a s c i  t e s t e d  

from  c r o s s e s  f rom  a l l  h e t e r o z y g o u s  d o u b le  m u ta n t  d i p l o i d s ,  

a g a i n  w i t h  t h e  e x c e p t i o n  o f  XS6/X S7  w h ic h  f a i l e d  t o  s p o r u l a t e  

( t a b l e  5 ) .

I n  a d d i t i o n ,  a s  a  t h i r d  t e s t  o f  a l l e l i s m ,  t h e  f r e q u e n c y  

o f  m ic r o c o lo n y  f o r m a t i o n  was d e te r m in e d  f o r  i r r a d i a t e d  m i c r o ­

m a n i p u l a t e d  b u d d in g  c e l l s  o f  w i l d t y p e  SC6 and  t h e  f o l l o w i n g  

f o u r  h e t e r o z y g o u s  d o u b le  m u ta n t  d i p l o i d s  e x p o s e d  t o  56  KR: 

Xs l /X S 5 ,  XS1/XS8, XS5/X S8  an d  XS6/XS9. The o b s e rv e d  m ic r o ­

c o lo n y  f r e q u e n c i e s  s u g g e s t  t h e  c o m p le m e n ta ry  r e s i s t a n t  b e h a v i o r  

o f  XS5/X S8 , an d  XS6/XS9 b u d d in g  c e l l s  an d  r e v e a l s  t h e  p a r t i a l

c o m p le m e n ta t io n  o c c u r r i n g  i n  b u d d in g  c e l l s  d e r i v e d  fro m  Xs l/X S5  

so r  X 1/XS8 h e te r o z y g o u s  d i p l o i d s  ( t a b l e  8 ) .  ( s e e  d i s c u s s i o n ) .  

T hese  a l l e l e  t e s t s  c o l l e c t i v e l y  i n d i c a t e  t h a t  a  minimum o f  

f i v e  g e n e t i c  l o c i  a r e  c o n c e rn e d  w i t h  b u d d in g  c e l l  r e s i s t a n c e  

( t a b l e s 5  and  7 ) .  A l l e l i s m  w i l l  a l s o  be  c o n s i d e r e d  b e lo w  when 

s u r v i v a l  c u r v e s  o f  v a r i o u s  c o m b i n a t i o n s  o f  m u ta n t s  a r e  c o m p a red .

C . I n a c t i v a t i o n  by  X - r a y s
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1 . S i n g l e  M utan t H a p lo id  an d  D i p l o i d  S t u d i e s

X - ra y  s u r v i v a l  c u r v e s  o f  t h e  m u ta n t s  and  o f  w i l d t y p e  a r e  

g i v e n  i n  F i g u r e  1 .  I t  c a n  be  s e e n  t h a t  a t  low d o s e s ,  s u r v i v a l  

o f  m u ta n t s  I s  s i m i l a r  t o  t h a t  o f  w i l d t y p e  i n d i c a t i n g  t h a t  t h e  

h a p l o i d  i n t e r d i v i s i o n a l  c e l l  s e n s i t i v i t y  i s  n o t  m a rk e d ly  

a f f e c t e d  by t h e  m u t a t i o n s .  (A ls o  s e e  t a b l e  2 ) .  The b u d d in g  

c e l l  co m ponen t o f  t h e  m u ta n t  s u r v i v a l  c u r v e  i s ,  h o w e v e r ,  

r e d u c e d  o r  a b s e n t .  S in c e  t h e  f r e q u e n c y  o f  b u d d in g  c e l l s  i n  

w i l d t y p e  and  a l l  m u ta n t  c u l t u r e s  was 20#  t o  30#> w h ic h  was 

s u f f i c i e n t  t o  p r o v i d e  a  c o n s p i c u o u s  r e s i s t a n t  com ponen t t o  

a  s u r v i v a l  c u r v e  o f  t h e  w i l d t y p e  SC7K ( f i g u r e  1 ) ,  t h e  m u ta n t  

p h e n o ty p e s  m u s t  r e s u l t  f rom  m o d i f i c a t i o n  o f  g e n e s  c o n t r o l l i n g  

t h e  X - r a y  r e s i s t a n c e  t h a t  a p p e a r s  d u r i n g  b u d d in g .  T h ese  r a d i ­

a t i o n  s u r v i v a l  d a t a  and  t h e  g e n e t i c  d a t a  g iv e n  a b o v e  show 

t h a t  a  s i n g l e  g e n e  m u ta t io n  c a n  a b o l i s h  b u d d in g  c e l l  r e s i s t a n c e  

r e n d e r i n g  t h e  b u d d in g  c e l l  a s  s e n s i t i v e  a s  an i n t e r d i v i s i o n a l  

one (X 1 ,  XS5, s e e  f i g .  1) o r  su b n o rm a l  i n  r e s i s t a n c e  (XS6 ,

XS8 , XS9 s e e  f i g .  1 -  s e e  a l s o  t a b l e  2 ) .

The c o n c e p t  o f  t h e  d o se  m o d i fy in g  f a c t o r  (DMF), h a s  b e en  

em ploy ed  i n  t h i s  s t u d y  t o  a i d  i n t e r p r e t a t i o n  o f  a l t e r a t i o n  o f  

b u d d in g  c e l l  r e s i s t a n c e  i n  s e n s i t i v e  m u t a n t s .  As d e s c r i b e d  

i n  M a t e r i a l s  and  M e th o d s ,  i n  t h e  c a s e  o f  X -ra y  s e n s i t i v e  

m u t a n t s ,  t h e  DMF c an  be  r e g a r d e d  a s  t h e  f r a c t i o n  r e m a in in g  

o f  n o rm a l  b u d d in g  c e l l  r e s i s t a n c e .  The t a b l e s  i n s e r t e d  i n
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f i g u r e  1 and  2 g i v e  DMFS o f  one o r  m ore i n d i c a t e d  s u r v i v a l  

r a t i o s  an d  t h e  X - r a y  e x p o s u r e s  r e q u i r e d  t o  p r o d u c e  th e m . F o r  

e x a m p le ,  t h e  LD1 ( d o s e  p r o d u c i n g  1# s u r v i v a l )  f o r  SC7K i s  

187 KR, and  t h a t  f o r  XS9 i s  131 KR. The DMF i s  1 3 1 /1 8 7  o r  

0 . 7 .  I n  t h e s e  s u r v i v a l  c u r v e s  DMF f l u c t u a t e s  som ewhat a s  a  

f u n c t i o n  o f  s u r v i v a l  and  d o s e ,  p r o b a b l y  d u e  t o  a l t e r a t e d  i n ­

a c t i v a t i o n  k i n e t i c s  i n  t h e  m u ta n t .  H ow ever, t h e  o r d e r  among 

t h e  m u ta n t s  r e m a in s  t h e  same r e g a r d l e s s  o f  d o se  a n d  s e r v e s  

a s  a  m eans t o  e x p r e s s  t h e  s e v e r i t y  o f  t h e  m u t a t i o n a l  l e s i o n s ,  

( s e e  f i g u r e  1 and  2 ) .  I n  t h e s e  t e r r a s ,  t h e  c l a s s  I I  m u ta n ts  

a p p e a r  t o  d i f f e r  i n  t h e  d e g re e  o f  r e m a in i n g  f u n c t i o n  c o n f e r r i n g  

b u d d in g  c e l l  r e s i s t a n c e .  F o r  e x a m p le ,  a t  LD1.0 t h e  DMF r a n g e s  

f ro m  0 .7 0  f o r  XS9 , t o  0 .4 8  f o r  XS8  t o  a b o u t  0 .3 9  f o r  XS6 . The 

c l a s s  I  m u ta n t  b u d d in g  c e l l s  p o s s e s s  a  m in im a l  0 . 1 0  o f  n o rm a l  

b u d d in g  c e l l  r e s i s t a n c e .  T h is  num ber i s  no  d i f f e r e n t  t h a n  t h e  

DMF f o r  w i l d t y p e  i n t e r d i v i s i o n a l  c e l l s ,  ( f i g .  12 and  t a b l e  2 ) ,  

and  means t h a t  c l a s s  I  m u ta n t s  show none  o f  t h e  r e s i s t a n c e  

c h a r a c t e r i s t i c  o f  n o rm a l b u d d in g  c e l l s .

The e f f e c t  o f  t h e  m u ta n t  g e n e s  upon  d i p l o i d  i n t e r d i v i s i o n a l  

c e l l  s e n s i t i v i t y  c a n  be  o b s e r v e d  by  c o m p a r in g  DMFs a t  50# 

s u r v i v a l  ( f i g .  2 ) .  T h ese  DMF v a l u e s  a r e  r e a s o n a b l y  r e p r e s e n t a ­

t i v e  o f  i n t e r d i v i s i o n a l  c e l l  s u r v i v a l ,  a l t h o u g h  b u d d in g  c e l l s  

w h ic h  c o m p r is e  2 0 - 30#  o f  t h e  p o p u l a t i o n  c o n t r i b u t e  somewhat t o  

o v e r a l l  s u r v i v a l ,  an d  t h e  c o n t r i b u t i o n  i s  g r e a t e r  i n  t h o s e
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p o p u l a t i o n s  i n  w h ic h  t h e y  a r e  m ore r e s i s t a n t .  As t h e  t a b l e  

i n  F i g .  2 sh o w s, t h e  s e n s i t i v i t y  o f  d i p l o i d  i n t e r d i v i s i o n a l  

c e l l s  o f  hom ozygous m u ta n t s  r e p r e s e n t a t i v e  o f  a l l  c l a s s e s  i s  

a f f e c t e d  by  t h e  m u ta n t  g e n e s .  When t h e  DMFs a r e  p r e s e n t e d  

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

v a l u e s  o f  80# ,  5Q#, 2 6 $ ,  0 . 08#  a n d  0 .1 0 #  a r e  fo u n d  f o r  XS6 , 

XS9, XS8 , XS5 , a n d  X31 ,  r e s p e c t i v e l y .  The hom ozygous c l a s s  I  

m u ta n t  p o s s e s s e s  a  s e n s i t i v i t y  c l o s e  t o  t h a t  o f  a  h a p l o i d  

i n t e r d i v i s i o n a l  c e l l .  Thus c l a s s  I  m u ta n t s  r e p r e s e n t  t o t a l  

b lo c k a g e  o f  b o t h  r e s i s t a n c e  c o n f e r r e d  by  t h e  b u d d in g  o f  a  

h a p l o i d  i n t e r d i v i s i o n a l  c e l l  and  t h a t  p r o v i d e d  n o r m a l ly  by  

t h e  d i p l o i d  c o n d i t i o n  ( f i g .  2 ) .  I t  s h o u l d  b e  n o t e d  t h a t  none  

o f  t h e  m u ta n t  g e n e s  s e n s i t i z e s  h a p l o i d  i n t e r d i v i s i o n a l  c e l l s .

A s i m i l a r  c o n s i d e r a t i o n  f o r  i n t e r d i v i s i o n a l  c e l l s  o f  

h e t e r o z y g o u s  s i n g l e  a n d  d o u b le  m u ta n t s  r e p r e s e n t i n g  a l l  c l a s s  

c o m b in a t io n s  i s  p r e s e n t e d  i n  t h e  t a b l e s  i n  f i g u r e s  3 » 4 ,  5 * 6 

and  7 .  I t  c a n  be  s e e n  t h a t  t h e  DMFs a t  50# s u r v i v a l  f o r  w i l d -  

t y p e / m u t a n t  d i p l o i d s  a n d  m u ta n t /m u t a n t  h e t e r o z y g o u s  d i p l o i d s  

d o e s  n o t  d i f f e r  s i g n i f i c a n t l y  f ro m  u n i t y .  T h e r e f o r e ,  t h e  

m u ta n t  g e n e s  a r e  r e c e s s i v e  i n  t h e i r  e x p r e s s i o n  i n  i n t e r d i v i ­

s i o n a l  c e l l s ,  an d  c o m p le m e n ta t io n  i n  i n t e r d i v i s i o n a l  c e l l s  

a p p e a r s  t o  be  c o m p le t e .

C o m p ariso n  o f  t h e  DMFs o f  b u d d in g  c e l l s  o f  hom ozygous 

d i p l o i d s  a n d  o f  h a p l o i d s  a t  1#  s u r v i v a l  ( f i g .  2 ) r e v e a l s  a
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d e g r e e ' o f  c o n s i s t e n c y  i n  t h e  f u n c t i o n a l  o r d e r i n g  o f  t h e  

m u t a n t s .  W ith  t h e  e x c e p t i o n  o f  c l o s e  s i m i l a r i t i e s  i n  DMF o f  

XS6 and  XS8  i n  e i t h e r  h a p l o i d  o r  d i p l o i d  s t a t e ,  t h e  o r d e r  o f  

e f f e c t i v e n e s s  (DMF) o f  m u ta n t  g e n e s  i n  b u d d in g  c e l l s  i s  e s ­

s e n t i a l l y  in d e p e n d e r t  o f  w h e th e r  h a p l o i d  o r  d i p l o i d .  More 

s i g n i f i c a n t  i s  t h e  s u b s t a n t i a l  l o w e r in g  o f  XS8 a n d  XS9 DMFs 

when t h e  l e s i o n s  a r e  i n  t h e  hom ozygous d i p l o i d  c o n d i t i o n .  F o r  

i n s t a n c e ,  XS9 h a s  70$  o f  w i l d  t y p e  r e s i s t a n c e  i n  t h e  h a p l o i d  

s t a t e ,  b u t  o n ly  42$ i n  t h e  hom ozygous d i p l o i d  c o n d i t i o n .  XS8 

i s  a b o u t  50$  a s  e f f e c t i v e  i n  t h e  hom ozygous d i p l o i d  a s  i n  

t h e  h a p l o i d .  The s i m i l a r  r e s p o n s e  o f  t h e  XS6 m u ta t io n  i n  t h e  

h a p l o i d  and  d i p l o i d  s t a t e s  i s  c o n s i d e r e d  i n  t h e  n e x t  s e c t i o n .

I n  b u d d in g  c e l l s ,  r e g a r d l e s s  o f  p l o l d y ,  XS9 a p p e a r s  t o  be  t h e  

l e a s t  damaged i n  a b i l i t y  t o  s u s t a i n  w i l d  t y p e  f u n c t i o n .  The 

c l a s s  I  m u ta n t s  X8 1 o r  XS5 , d e p l e t e  b u d d in g  c e l l  r e s i s t a n c e  

t o  a p p r o x i m a t e l y  t h e  h a p l o i d  i n t e r d i v i s i o n a l  c e l l  l e v e l .

( s e e  f i g u r e s  1 an d  1 2 . )

C o n s i d e r a t i o n  o f  t h e  r e l a t i o n s h i p ,  p r e v i o u s l y  r e p o r t e d  

by  R esn ick :, b e tw ee n  h a p l o i d  b u d d in g  c e l l  r e s i s t a n c e  and  t h e  

d i p l o i d  i n t e r d i v i s i o n a l  c e l l  s h o u l d e r  ( 7 2 , 7 3 ) show s t h a t  in  

hom ozygous d i p l o i d s ,  w i t h  t h e  e x c e p t i o n  o f  XS6 , t h e  s e n s i t i v i t y  

o f  h a p l o i d  b u d d in g  c e l l s  i s  p a r a l l e l e d  by t h e  s e n s i t i v i t y  o f  

t h e  d i p l o i d  i n t e r d i v i s i o n a l  c e l l s .  The d i p l o i d  i n t e r d i v i s i o n a l  

c e l l  s h o u l d e r  i s  u n a f f e c t e d  by  m u t a t i o n  o f  t h e  XS6  g e n e ,  b u t
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i s  r e d u c e d  when e i t h e r  XS8  o r  XS9 i s  p r e s e n t  i n  t h e  hom ozy­

g o u s  c o n d i t i o n .  The f u n c t i o n  o f  m u ta n t  XS6  g e n e s  i n  i n t e r d i ­

v i s i o n a l  d i p l o i d  c e l l  r e s i s t a n c e  may be  c o r r e l a t e d  w i t h  t h e  

s i m i l a r i t y  o f  DMF a t  1# s u r v i v a l  i n  t h e  b u d d in g  c e l l  r e g i o n  o f  

t h e  s u r v i v a l  c u r v e s  o f  a  h a p l o i d  an d  a  hom ozygous d i p l o i d .  

E v id e n c e  w i l l  b e  p r e s e n t e d  l a t e r  t o  show t h a t  a  n o rm a l  XS6 

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

The m u ta n t  g e n e s  h ave  a l s o  b e e n  s t u d i e d  i n  d i p l o i d s  i n  

w h ic h  t h e g e n e s  a r e  p r e s e n t  i n  s i n g l e  an d  d o u b le  h e t e r o z y g o t e s  

i n c l u d i n g  a l l  c l a s s  I  . c l a s s  I  c o m b i n a t i o n s .  T h ese  r e s u l t s  

a r e  p r e s e n t e d  i n  f i g u r e s  3 - 7  an d  t h e  a cc o m p a n y in g  t a b l e s .

I t  c a n  be  s e e n  t h a t  a  DMF o f  7 0 -9 0 #  i s  o b s e r v e d  f o r  a l l  d i p ­

l o i d s  e x c e p t  f o r  w i ld  ty p e  X3/ l ,  Xs l /X S 5  an d  a l l  Xs l / c l a s s  I I  

d i p l o i d s .  E x c e p t  f o r  d i p l o i d s  b e a r i n g  Xs l ,  c o m p le m e n ta t io n  

i s  a p p r o x i m a t e l y  c o m p le te .  The r e a s o n s  f o r  t h e  IMF o f  7 0 -9 0 #  

w i l l  be  c o n s i d e r e d  i n  t h e  d i s c u s s i o n  o f  r e s u l t s .  The b u d d in g  

c e l l s  o f  a l l  X3 1 h e t e r o z y g o t e s  i n c l u d i n g  Xs l /X S 5  show a b o u t  

5 5 -6 0 #  o f  n o rm a l  r e s i s t a n c e .  T h i s  in c o m p le t e  c o m p le m e n ta t io n  

an d  in c o m p le t e  dom inance  o f  t h e  XS1 l o c u s  may i n d i c a t e  e i t h e r  

a  g e n e  d o sa g e  e f f e c t  a t  t h e  Xs 1 l o c u s ,  o r  t h a t  t h e  a c t i v e  

p r o d u c t  o f  t h e  n o rm a l  XS1 g e n e  may be an  a g g r e g a t e  m o le c u le  

com posed  o f  two i d e n t i c a l  s u b u n i t s .  Two l i n e s  o f  e v id e n c e  

s u g g e s t  t h a t  t h e  two c l a s s  I  m u t a n t s ,  Xs 1 a n d  XS5 a r e  n o t  

e q u i v a l e n t ,  and  t h a t  a  g en e  d o s a g e  e f f e c t  may be  p r e s e n t  a t
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t h e  Xs 1 l o c u s .  F i r s t l y ,  t h e  XS5 h e t e r o z y g o t e  h a s  a  h i g h e r  

DMF t h a n  t h e  Xs 1 h e t e r o z y g o t e  (DMF o f  0 . 7 0 - 0 . 9 0  v e r s u s  IMF 

o f  0 . 5 0 ) .  S e c o n d ly ,  t h e  XS1 s i n g l e  m u ta n t  h e t e r o z y g o t e  

show s t h e  same DMF a s  t h e  XS1/XS5 d o u b le  m u ta n t  h e t e r o z y g o t e .

A X31 s i n g l e  m u ta n t  (Xs l / - h ) ,  o r  d o u b le  m u ta n t  h e t e r o z y g o u s  

d i p l o i d  (Xs l /X S 5 )  h a v in g  o n l y  one  o f  t h e  n o rm a l  c o m p le m e n ta ry  

g e n e s  f o r  t h i s  l o c u s  w ou ld  be  e x p e c t e d  t o  show o n ly  50#  o f  

r e m a in i n g  w i l d  t y p e  f u n c t i o n  (DMF o f  0 . 5 0 - 0 . 5 5 ) .  T h u s ,  n o rm al 

XS5 f u n c t i o n ,  i n  t h e  a b s e n c e  o f  t h e  o t h e r  c l a s s  I  m u ta n t  g en e  

Xs l ,  i s  d o se  d e p e n d e n t  i n  t h e  h e t e r o z y g o u s  o r  hom ozygous 

d i p l o i d  s t a t e .  H ow ever, n o rm a l  XS5 f u n c t i o n  i s  m asked  by 

t h e  p r e s e n c e  o f  a  d o s a g e  e f f e c t  a t  t h e  XS1 l o c u s  i n  t h e  s i n g l e  

m u ta n t  an d  d o u b le  m u ta n t  h e t e r o z y g o u s  d i p l o i d  Xs l /X S 5 .  T h e r e ­

f o r e ,  XS1 f u n c t i o n  i s  i n d e p e n d e n t  o f  t h e  num ber o f  XS5 g e n e s  

p r e s e n t ;  XS5 in  c o n t r a s t  i s  s t r o n g l y  a f f e c t e d  b y  t h e  s t a t e  

o f  Xs l .
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M u l t i p l e  M u ta n t  S t u d i e s

I n  o r d e r  t o  c l a r i f y  t h e  r o l e s  o f  t h e  v a r i o u s  l o c i  t o  t h e  

p h e n o ty p e  o f  b u d d in g  c e l l  r e s i s t a n c e ,  i t  seem ed e s s e n t i a l  t o  

o b s e r v e  t h e  e f f e c t s  o f  v a r i o u s  g e n e  c o m b in a t io n s  i n  a  s i n g l e  

h a p l o i d  genom e. Such s t r a i n s  w ere  c o n s t r u c t e d  a s  d e s c r i b e d  

i n  t h e  M a t e r i a l s  and  M ethods and  w ere  a n a l y z e d  i n  t h e  same 

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

f i g u r e s  8 , 9 an d  10, a n d  t h e  a s s o c i a t e d  t a b l e s .  F i r s t l y ,  in  

t h e  c a s e  o f  t h e  c l a s s  I  m u t a n t s ,  XS1 an d  XS5, n e i t h e r  t h e i r  

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

t o  a  s i n g l e  c l a s s  I  m u ta n t  o f  a  c l a s s  I I  m u t a t i o n  i n c r e a s e s  

r a d i a t i o n  s e n s i t i v i t y  b ey o n d  t h a t  o f  c l a s s  I  s i n g l e  m u ta n t .  

None o f  t h e s e  s t r a i n s  i s  s i g n i f i c a n t l y  more o r  l e s s  s e n s i t i v e  

t h a n  a  h a p l o i d  i n t e r d i v i s i o n a l  c e l l .  T h u s ,  a  c l a s s  I  m u ta n t  

w ou ld  a p p e a r ,  a t  l e a s t  i n  a  h a p l o i d  genom e, t o  r e p r e s e n t  a  

b l o c k  b e f o r e  o r  b e h in d  w h ic h  no a s s o c i a t e d  g e n e t i c  c o m p e ten ce  

o r  d e f i c i e n c y  h a s  a c c e s s  t o  t h e  p h e n o ty p e .

The c l a s s  I I  m u ta n t s  b e h a v e  i n  an  e n t i r e l y  d i f f e r e n t  

f a s h i o n .  To r e c a p i t u l a t e :  i n  hom ozygous c o n d i t i o n  t h e y  r e ­

p r e s e n t  d i f f e r e n t  d e g r e e s  o f  b u d d in g  and  i n t e r d i v i s i o n a l  c e l l  

r e s i s t a n c e ;  i n  h e t e r o z y g o u s  c o n d i t i o n ,  a l l  d i p l o i d s  show w i l d ­

ty p e  i n t e r d i v i s i o n a l  c e l l  r e s p o n s e s .  When c l a s s  I I  m u ta n ts  

a r e  p l a c e d  t o g e t h e r  i n  a  h a p l o i d  n u c l e u s ,  b u d d in g  c e l l  r e ­

s i s t a n c e  i s  a lw a y s  r e d u c e d ,  w h i l e  t h e  i n t e r d i v i s i o n a l  c e l l s
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show w i l d  ty p e  s e n s i t i v i t y  ( f i g .  1 0 ) .  B u d d in g  c e l l  s u r v i v a l s  

o f  t h e s e  c l a s s  I I  . c l a s s  I I  h a p l o i d  d o u b le  m u ta n t s  a r e  a s  

f o l l o w s :  Type A (XS8  XS9 ) shows a  s h o u l d e r  s i m i l a r  t o  w i l d

t y p e  b u d d in g  c e l l s  b u t  much r e d u c e d ,  w h ic h  i s  f o l lo w e d  q u i c k l y  

by  a  l i m i t i n g  e x p o n e n t i a l  a t  h i g h e r  d o s e s .  Type B (XS6 and  

XS6 XS8 ) l a c k s  a n y  b u d d in g  s h o u l d e r  and  i s  e x p o n e n t i a l  t h r o u g h ­

o u t .  The l i m i t i n g  e x p o n e n t i a l  s u r v i v a l  co m ponen t o f  XS8  XS9 

i s  p a r a l l e l  t o  t h e  s u r v i v a l  c u rv e  o f  XS6 XS9. T h ese  r e s u l t s  

s u g g e s t  t h a t  a  n o rm a l XS6 g e n e  i s  r e s p o n s i b l e  f o r  t h e  b u d d in g  

c e l l  s h o u l d e r .  The a v e r a g e  DMF o f  0 .2 3  f o r  t h e  t h r e e  c l a s s  I I  

d o u b le  m u ta n t  h a p l o i d s  i s  a b o u t  h a l f  o f  t h e  o b s e r v e d  a v e r a g e  

DMF f o r  t h e  t h r e e  s i n g l e  c l a s s  I I  m u ta n t s  a t  t h i s  s u r v i v a l .  

A d d i t io n  o f  t h e  se c o n d  c l a s s  I I  l e s i o n  r e s u l t s  i n  a  1©S3 in  

an  a d d i t i v e  f a s h i o n  o f  a p p r o x i m a t e ly  75#  o f  w i l d  t y p e  r e s i s t a n c e .

The g r e a t e s t  r e d u c t i o n  i n  b u d d in g  c e l l  r e s i s t a n c e  i s  fo u n d  

i n  t h e  t r i p l e  c l a s s  I I  m u ta n t  com posed o f  XS6 , XS8  and  XS9 i n  

a  s i n g l e  h a p l o i d  genom e. I n  f i g u r e  1 2 , i t  c a n  b e  s e e n  t h a t  

i t s  b u d d in g  c e l l  s u r v i v a l  i s  i n d i s t i n g u i s h a b l e  f ro m  t h a t  o f  

a  c l a s s  I  m u ta n t  b u d d in g  c e l l ,  o r  an  i n t e r d i v i s i o n a l  c e l l j  i . e .  

t h e r e  i s  no b u d d in g  c e l l  r e s i s t a n c e .  The f a c t  t h a t  t h e  p r e ­

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

c l a s s  I I  m u t a t i o n s  a b o l i s h e s  b u d d in g  c e l l  r e s i s t a n c e  s u g g e s t s  

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

t h e  p h e n o ty p e .  *
* We a r e  aw are  o f  t h e  i m p r o b a b i l i t y  o f  f i n d i n g  i n  s i x  m u ta n t s  
m o d i f i c a t i o n s  o f  t h e  f i v e  g e n e s  r e l e v a n t  t o  a  p h e n o ty p e .
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I n  o r d e r  t o  f u r t h e r  d e f i n e  t h e  r o l e s  o f  t h e  X 1 and  XS5 

g e n e s ,  a  m u ta n t  d i p l o i d  hom ozygous f o r  t h e  t h r e e  c l a s s  I I  

m u t a t i o n s  XS6 , XS8 and  XS9 was s y n t h e s i z e d  a n d  s t u d i e d  ( s e e  

f i g u r e  1 2 ) .  The DMF o f  t h i s  t r i p l e  m u ta n t  hom ozyg o te  i n  t h e  

i n t e r d i v i s i o n a l  c e l l  r e g i o n  i s  0 . 2 5 ,  w h i l e  t h e  DMF f o r  b u d d in g  

c e l l s  i s  0 . 1 8 .  T h u s ,  t h e  n o rm a l  XS1 a n d  XS5 g e n e s  t o g e t h e r  

a c c o u n t  f o r  a b o u t  25$  o f  n o rm a l  d i p l o i d  i n t e r d i v i s i o n a l  c e l l  

r e s i s t a n c e .  The r e m a in in g  75$ o f  t h i s  r e s i s t a n c e  may be 

a t t r i b u t a b l e  t o  t h e  com bined  a c t i o n  o f  t h e  n o rm a l  c l a s s  I I  

g e n e s .  As o b s e r v e d  w i th  t h e  t r i p l e  c l a s s  I I  h a p l o i d  m u ta n t ,  

no a d d i t i o n a l  r e s i s t a n c e  i s  c o n f e r r e d  by  b u d d in g .  T h u s ,  r e ­

g a r d l e s s  o f  p l o i d y ,  f u n c t i o n a l  c l a s s  I I  g e n e s  a r e  n e c e s s a r y  

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

The r e l a t i o n s h i p  b e tw e e n  m u ta n t  b u d d in g  c e l l  s e n s i t i v i t y ,

a n d  t h e  h a p l o i d  low dose  s h o u l d e r  h a s  b e en  m e n t io n e d .  W ith

t h e  e x c e p t i o n  o f  t h e  m u ta n t  hom ozygo te  XS6/X S 6 w h ic h  shows a

DMF o f  0 . 8 0 ,  t h e  more s e n s i t i v e  t h e  b u d d in g  c e l l s  a r e  t o  X - r a y s ,

t h e  lo w e r  i s  t h e  i n t e r d i v i s i o n a l  c e l l  r e s i s t a n c e  (DMF^q ) .

T h e r e f o r e ,  t h e  b u d d in g  c e l l  s e n s i t i v i t y  g e n e s  w h ic h  e x e r t  a

s  _
m a jo r  e f f e c t  on t h e  d i p l o i d  s h o u l d e r  i n c l u d e  X 1, XS5, XS8  and 

XS9. XS6  e x e r t s  o n l y  a  m in o r  i n f l u e n c e  on t h e  d i p l o i d  

s h o u l d e r .  I n  o r d e r  t o  m ore c l e a r l y  i l l u s t r a t e  t h e  r o l e  o f  

c l a s s  I I  g e n e s  on t h i s  r e l a t i o n s h i p ,  c l a s s  I I  d o u b le  m u ta n t  

d i p l o i d s  hom ozygous f o r  e i t h e r  XS6  and  XS8 , XS6 a n d  XS9, o r
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XS8 a n d  XS9 w ere  s y n t h e s i z e d ,  i r r a d i a t e d ,  and  t h e  DMFs a t  

50#  a n d  1#  s u r v i v a l  w ere  co m pu ted  an d  com pared  w i t h  t h o s e  o b ­

s e r v e d  f o r  t h e  s i n g l e  c l a s s  I I  m u ta n t  h o m o z y g o te s .  A 20# 

r e d u c t i o n  i n  i n t e r d i v i s i o n a l  d i p l o i d  s h o u l d e r  o c c u r s  when t h e  

XS9 g e n e  i s  a d d ed  i n  hom ozygous c o n d i t i o n  t o  t h e  XS6  homozy­

g o t e  ( s e e  f i g u r e  1 1 ) .  The f a c t  t h a t  t h e  XS6 XS9/XS6 XS9 

d o u b le  hom ozygote  i s  m ore s e n s i t i v e  t h a n  t h e  XS6  XS8 /X S 6 

XS8 a n d  XS8  XS9/X S 8 XS9 d i p l o i d s  s u g g e s t s  t h a t  t h e  n o rm a l  

XS8  g e n e  may be e p i s t a t i c  t o  t h e  n o rm a l  XS6 an d  XS9 g e n e s  

( s e e  f i g u r e s  2 a n d  1 1 ) .  The XS8  XS9/XS8 XS9 m u ta n t  d i p l o i d  

show s a  IMP a t  50#  s u r v i v a l  f o r  i n t e r d i v i s i o n a l  c e l l s  o f  1 .0 0  

and  a  DMF a t  1# s u r v i v a l  f o r  b u d d in g  c e l l s  o f  0 . 5 7 .  ( f i g .  H )  

The s h o u l d e r  o b s e r v e d  m ig h t  b e  e x p e c t e d  t o  r e p r e s e n t  m a in ly  

b u d d in g  c e l l  r e s i s t a n c e  s i n c e  t h e  o n l y  n o rm a l  c l a s s  I I  gene 

p r e s e n t  i s  XS6 w h ic h  i s  r e s p o n s i b l e  f o r  t h e  b u d d in g  s h o u l d e r .

To t e s t  t h i s  p o s s i b i l i t y  t h e  X - r a y  s u r v i v a l  o f  i n d i v i d u a l l y  

i s o l a t e d  b u d d in g  and  i n t e r d i v i s i o n a l  c e l l s  o f  t h e  XS8  XS9/XS8  

XS9 d i p l o i d  hom ozygote  was d e t e r m i n e d .  S u r v i v a l  o f  budded  

c e l l s  e x p o s e d  t o  9 . 3  Kr i s  4 7 /5 0  o r  0 .9 4  w h ic h  i s  c l o s e  t o  

w i l d  t y p e  b u d d in g  c e l l  s u r v i v a l  w h i l e  t h a t  o f  I n t e r d i v i s i o n a l  

c e l l s  i s  o n l y  1 6 /5 0  o r  0 . 3 2 .  A f t e r  56  K r ,  t h e  budd ed  c e l l  

s u r v i v a l  i s  1 6 /5 0  o r  0 . 3 2 , w h i l e  t h a t  o f  i n t e r d i v i s i o n a l  

c e l l s  i s  0 . 5 0 .  As a  c o n t r o l ,  w i l d t y p e  SC6 i n t e r d i v i s i o n a l  

c e l l s  s i m i l a r l y  t r e a t e d  show a  s u r v i v a l  a f t e r  56  Kr o f  0 . 3 0 - 0 . 5 0 .
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I t  s h o u l d  be  n o te d  t h a t  t h e  o b s e r v e d  b u d d in g  c e l l  s u r v i v a l s  

a f t e r  9 - 3  KR and  56  KR f o r  t h e  XS8  XS9/X S8  XS9 d i p l o i d  a r e  

i n  good  a g re e m e n t  w i t h  t h e  m a c ro c o lo n y  s u r v i v a l  f o r  t h i s  

s t r a i n  a f t e r  t h e s e  d o s e s  o f  r a d i a t i o n  ( s e e  f i g u r e  1 1 ) .  T hus , 

i t  w o u ld  a p p e a r  t h a t  t h e  i n t e r d i v i s i o n a l  c e l l s  o f  t h i s  m u ta n t  

a r e  t o o  s e n s i t i v e  t o  c o n t r i b u t e  t o  t h e  low d o s e  s h o u l d e r  o b ­

s e r v e d .  A d d i t i o n a l  c o n s i d e r a t i o n s  o f  t h e  s u r v i v a l  k i n e t i c s  

o f  t h e s e  s t r a i n s  may be  fo u n d  i n  t h e  s e c t i o n s  o f  t h e  D i s c u s s io n  

d e a l i n g  w i t h  o r g a n i z a t i o n  o f  p a th w a y s  o f  r a d i a t i o n  r e s i s t a n c e .
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Medium S t i m u l a t e d  R e p a i r  i n  W ild ty p e  and  M u ta n ts

Medium s t i m u l a t e d  r e p a i r ,  d e f i n e d  by  P e r p e r  and  Beam ( 6 9 ) 

a s  h i g h e r  s u r v i v a l  when c e l l s  a r e  p l a t e d  a n d  i r r a d i a t e d  on 

medium d i f f e r e n t  t h a n  u s e d  f o r  p r e i r r a d i a t i o n  g ro w th ,  w as 

s t u d i e d  b y  p l a t i n g  a p p r o p r i a t e  d i l u t i o n s  o f  a  w ashed  o v e r n i g h t  

YEPD b r o t h  c u l t u r e  o f  w i l d  t y p e ,  c l a s s  I  an d  c l a s s  I I  m u ta n t s  

on YEPD a g a r  a n d  on m in im a l  a g a r  f o l lo w e d  by  i r r a d i a t i o n  a t  

a  s e r i e s  o f  d o s e s .  Medium s t i m u l a t e d  r e p a i r  was s t u d i e d  by 

t a k i n g  t h e  DMF a t  1# s u r v i v a l  f rom  s u r v i v a l  c u r v e s  o f  c e l l 3 

i r r a d i a t e d  on YEPD and  on m in im a l  medium f o r  w i l d  t y p e  and  

a l l  m u t a n t s .  The c l a s s  I I  m u ta n t s  r e s p o n d  t o  a b o u t  t h e  same 

e x t e n t  a s  w i l d  t y p e ,  w h i l e  t h e  c l a s s  I  m u ta n t s  show no d e t e c ­

t a b l e  i n c r e a s e  i n  s u r v i v a l  ( s e e  f i g u r e s  13 and  1 4 ) .

I n t r o d u c t i o n  o f  Non L e t h a l  Damage i n  W ild ty p e  a n d  M u ta n t  S t r a i n s  

P e r p e r  ( 6 8 ) and  P e r p e r  a n d  Beam ( 6 9 ) u t i l i z i n g  t h e  d i p ­

l o i d  Z2367  w h ic h  i s  m u l t i p l y  m arked  on t h e  r i g h t  arm o f  ch ro m o ­

some V h a v e  shown t h a t  b u d d in g  c e l l  r e s i s t a n c e  t o  i n a c t i v a t i o n  

i s  a c c o m p a n ie d  by  a  r e s i s t a n c e  t o  s e v e r a l  non l e t h a l  e f f e c t s .

I t  was c o n s i d e r e d  p e r t i n e n t  t o  d e te r m in e  t h e  e f f e c t s  o f  t h e  

m u t a t i o n s  c o n f e r r i n g  s e n s i t i v i t y  t o  i n a c t i v a t i o n  on t h e  s u s ­

c e p t i b i l i t y  o f  b u d d in g  c e l l s  o f  t h e s e  s t r a i n s  t o  i n d u c t e d  

r e c e s s i v e  h o m o zy g o s is  a t  s e v e r a l  l o c i .  T h is  non l e t h a l  e n d ­

p o i n t  was s t u d i e d  w i t h  s y n c h ro n o u s  p r e p a r a t i o n s  o f  i n t e r d i v i ­

s i o n a l  a n d  s i n g l y  b u d d e d  c e l l s  o f  w i l d t y p e ,  t h e  c l a s s  I  m u ta n t
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ho m ozyg o te  XS5/X S5 , an d  t h e  c l a s s  I I  m u ta n t  hom ozygote  

XS8/X S 8 ,  e x p o s e d  t o  an  X - r a y  d o se  s u f f i c i e n t  t o  g iv e  a p p r o x i ­

m a t e l y  40#  s u r v i v a l .  The XS5  and  XS8  m u ta n t s  w e re  em p loy ed  

s i n c e  o n l y  t h e s e  two m u ta n t s  r e t a i n  a b i l i t y  t o  s p o r u l a t e  when 

hom ozyg ous , an d  w ould  m ost c l o s e l y  r e s e m b le  w i l d  t y p e  in  

g e n e t i c  b a c k g r o u n d .

The r e s u l t s  g iv e n  i n  t a b l e s  10 a n d  11 show t h a t  b u d d in g  

c e l l s  o f  t h e  XS5 and  XS8 h o m o zy g o tes  r e s p o n d  d i f f e r e n t l y  t o  

r a d i a t i o n  p ro d u c e d  h o m o z y g o s is .  In  t h e  XS5 d i p l o i d ,  i n  w h ic h  

b u d d in g  a n d  i n t e r d i v i s i o n a l  c e l l s  show t h e  same s e n s i t i v i t y  

t o  i n a c t i v a t i o n ,  h o m o z y g o s is  i s  i n d u c t e d  a t  t h e  same f r e q u e n c y  

i n  b o t h  t y p e s  o f  c e l l s .  T h e r e f o r e ,  b u d d in g  c o n f e r s  r e s i s t a n c e  

t o  n e i t h e r  i n a c t i v a t i o n  n o r  h o m o z y g o s is .  I n  t h e  c a s e  o f  XS8 , 

t h e  b u d d in g  c e l l s  o f  w h ic h  a r e  s u b s t a n t i a l l y  d e v o id  o f  r e s i s ­

t a n c e  t o  i n a c t i v a t i o n ,  t h e  i n c i d e n c e  o f  h o m o z y g o s i ty  i n  

b u d d in g  c e l l s  i s  t h a t  o b s e r v e d  in  w i l d  t y p e  b u d d in g  c e l l s .  

T h e r e f o r e ,  t h e  b u d d in g  c e l l s  i n  t h i s  s t r a i n  a r e  r e s i s t a n t  t o  

h o m o z y g o s is ,  b u t  n o t  t o  i n a c t i v a t i o n .

To su m m a r iz e ,  i n  t h e  c a s e  o f  XS5 , i n a c t i v a t i o n  a n d  

h o m o z y g o s is  a r e  b o t h  a f f e c t e d  by  t h e  m u t a t i o n .  XS8 a p p e a r s  

t o  a f f e c t  i n a c t i v a t i o n  o n l y .
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D la c u a s io n

1 . G e n e r a l  c o n s i d e r a t i o n  o f  r a d i a t i o n  r e s i s t a n c e

G e n e t i c  c o n t r o l  In  y e a s t  o f  i n t e r d i v i s i o n a l  c e l l  r e s i s ­

t a n c e  t o  UV h a s  b e e n  t h o r o u g h l y  e x p l o r e d  b y  Cox and  P a r r y  

(1 4 )  an d  o t h e r s  (3> 6 0 ,  7 1 ,  7 2 ) .  The i n v e s t i g a t i o n s  i n  t h e  

p r e s e n t  s t u d y  e s t a b l i s h  t h a t  X - r a y  r e s i s t a n c e  c o n f e r r e d  by 

b u d d in g  i s  a l s o  u n d e r  g e n e t i c  c o n t r o l ,  an d  h a s  t h e  f o l l o w i n g  

p r o p e r t i e s :  M u ta t io n s  c o n f e r r i n g  s e n s i t i v i t y  may r e d u c e

b u d d in g  c e l l  r e s i s t a n c e  t o  t h e  l e v e l  o f  an  i n t e r d i v i s i o n a l  

c e l l  ( c l a s s  I ) ,  o r  may p ro d u c e  su b n o rm a l  r e s i s t a n c e  ( c l a s s  

I I ) .  T h ese  m u t a t i o n s  may be  r e g a r d e d  a s  r e s u l t i n g  i n  a  l o s s  

o f  some f u n c t i o n s  r e s p o n s i b l e  f o r  n o rm a l  r e s i s t a n c e .  The 

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

c l a s s  I I  l e s i o n s  i n  a  s i n g l e  genome r e d u c e s  r e s i s t a n c e  t o  

t h e  l e v e l  o f  an  i n t e r d i v i s i o n a l  c e l l .  W ith  t h e  e x c e p t i o n  o f  

XS6 , t h e  more s e n s i t i v e  t h e  c l a s s  I I  h a p l o i d  b u d d in g  c e l l s  

a r e ,  t h e  more s e n s i t i v e  a r e  t h e  c o r r e s p o n d i n g  homozygous 

d i p l o i d  I n t e r d i v i s i o n a l  c e l l s .  T h u s ,  g e n e s  r e s p o n s i b l e  f o r  

s e n s i t i v i t y  In  b u d d in g  c e l l s  a r e  e f f e c t i v e  i n  d i p l o i d  I n t e r ­

d i v i s i o n a l  c e l l s .  P re s u m a b ly ,  t h e s e  g e n e t i c  l e s i o n s  a r e  

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

W ith  r e s p e c t  t o  s u r v i v a l  k i n e t i c s  a f t e r  r a d i a t i o n ,  a n d  t h e  

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

s i m i l a r i t i e s  i n  y e a s t  and  o t h e r  f u n g i  a r e  f o u n d .  W rig h t  an d
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Patem an  ( 8 8 ) fo re s h a d o w e d  o u r  f i n d i n g  o f  two p h e n o t y p i c a l l y  

d i f f e r e n t  c l a s s e s  o f  s e n s i t i v e  b u d d in g  c e l l  m u ta n t s  b y  t h e i r  

i s o l a t i o n  o f  two s u c h  p h e n o t y p i c a l l y  d i f f e r e n t  g r o u p s  o f  u v s  

m u ta n t s  i n  A s p e r g i l l u s  n i d u l a n s . One g ro u p  shows e x p o n e n t i a l  

s u r v i v a l  t o  u l t r a v i o l e t  l i g h t  a n d  n i t r o u s  a c i d ,  w h i l e  s u r v i v a l  

c u r v e s  o f  t h e  s e c o n d  g ro u p  show t h e  w i ld  t y p e  m u l t i h i t  c h a r a c ­

t e r ,  b u t  w i t h  s u b n o rm a l  r e s i s t a n c e  t o  t h e s e  two a g e n t s .  G ene­

t i c  c o n t r o l  o f  r a d i a t i o n  r e s i s t a n c e  In o t h e r  e u k a r y o t e s  i s  

e x e m p l i f i e d  by  t h e  i s o l a t i o n  o f  s e n s i t i v e  m u ta n t s  i n  N e u r o s p o r a  

( 7 5 ) ,  U s t l l a g o  ( 3 7 ) ,  an d  y e a s t  ( 3 ,  15 , 7 2 ,  7 9 ) .  G e n e r a l l y ,  

t h e s e  s t u d i e s  a r e  c o n s i s t e n t  w i t h  t h e  r e s u l t s  o f  t h e  p r e s e n t  

i n v e s t i g a t i o n .  A l l  show t h a t  t h e  p r o p e r t y  o f  r e s i s t a n c e  i s  

c o n t r o l l e d  by  g e n e  p r o d u c t s .  The m u ta n t  a l l e l e s  o f  t h e s e  g e n e s  

a r e  r e c e s s i v e ,  a n d  t h e s e  a l l e l e s  com plem ent when c r o s s e d  one 

w i t h  t h e  o t h e r  t o  g i v e  a  h e t e r o z y g o u s  d i p l o i d  w i t h  w i l d  ty p e  

r e s i s t a n c e .

R e g a r d in g  c l a s s  I  m u t a n t s ,  two l i n e s  o f  e v id e n c e  s u g g e s t  

t h a t  t h e  c l a s s  I  m u ta n t  XS5 i s  d i f f e r e n t  f ro m  t h e  p h e n o t y p i ­

c a l l y  s i m i l a r  X3 1 o f  N a k a i  and  M atsum oto ( 6 1 ) ,  a n d  XS1 o f  

R e s n i c k  ( 7 2 ) .  XS5 s e g r e g a t e s  i n d e p e n d e n t l y  f ro m  XS1 when 

c r o s s e d  w i t h  i t .  XS1 was n o t  a v a i l a b l e  f o r  s i m i l a r  t e s t i n g .

The XS5/X S5  d i p l o i d ,  h o w e v e r ,  p r o d u c e s  v i a b l e  a s c o s p o r e s  when 

s p o r u l a t e d ,  w h e re  XS1/XS1 shows no s p o r e  v i a b i l i t y .  T h u s ,  

t h e s e  two g e n e s  a r e  f u n c t i o n a l l y  s e p a r a b l e .  C o n s i d e r a t i o n  o f
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t h e  r o l e s  o f  m u ta n t s  and  t h e i r  f u n c t i o n a l  o r g a n i z a t i o n  w i l l  

be  p r e s e n t e d  i n  S e c t i o n  I I .

I t  w as a rg u e d  i n  t h e  I n t r o d u c t i o n ,  t h a t  r e p a i r  an d  i t s  

c o n t r o l  i s  t h e  m ost p l a u s i b l e  b a s i s  f o r  b u d d in g  c e l l  r e s i s t a n c e .  

One ty p e  o f  d a r k  r e p a i r  o f  X - ra y  dam age, c a l l e d  l i q u i d  h o l d i n g  

r e c o v e r y ,  i s  w e l l  e s t a b l i s h e d  i n  y e a s t .  P a t r i c k  and  H aynes 

( 6 6 , 6 7 ) h a v e  shown l i q u i d  h o l d i n g  r e c o v e r y  i n  d i p l o i d  b u t  

n o t  i n  h a p l o i d  i n t e r d i v i s i o n a l  c e l l s  a f t e r  e x p o s u r e  t o  X - r a y s .  

P a r r y  and  P a r r y  ( 6 5 ) h av e  d e m o n s t r a t e d  d i f f e r i n g  r e s p o n s e s  t o  

l i q u i d  h o l d i n g  r e c o v e r y  o f  t h e  u v s  m u ta n t s  o f  Cox and  P a r r y .

O th e r  t r e a t m e n t s ,  w h ic h  d e l a y  t h e  f i r s t  p o s t i r r a d i a t i o n  

d i v i s i o n ,  p r o d u c e  s i m i l a r  p e r h a p s  r e l a t e d  e f f e c t s .  Jam es  an d  

W ern e r  (4 3 )  h a v e  shown t h a t  p r o l o n g a t i o n  o f  t h e  i n t e r v a l  

b e tw e e n  X - i r r a d i a t i o n  and  t h e  f i r s t  d i v i s i o n  by t r e a t m e n t  o f  

X - i r r a d i a t e d  d i p l o i d  i n t e r d i v i s i o n a l  c e l l s  w i t h  b e t a - m e r c a p -  

t o e t h a n a l  r e s u l t e d  i n  r e d u c t i o n  o f  s e v e r a l  k i n d s  o f  damage 

( i n a c t i v a t i o n ,  d o u b le t  f o r m a t i o n ,  a b o r t i v e  c o lo n y  f o r m a t io n  

and  l e t h a l  s e c t o r i n g ) .  H a p lo id  I n t e r d i v i s i o n a l  c e l l s  when 

s i m i l a r l y  t r e a t e d  w ere  u n a f f e c t e d .  R e p a i r  b y  b u d d in g  c e l l s  

o f  l e t h a l  X - r a y  damage by  p l a t i n g  o f  i r r a d i a t e d  c e l l s  on a g a r  

medium o t h e r  t h a n  t h a t  u s e d  f o r  p r e i r r a d i a t i o n  g ro w th  h a s  b e en  

o b s e r v e d  b y  P e r p e r  ( 6 8 ) .  T h is  e f f e c t  was c a l l e d  medium s t i ­

m u la t e d  r e p a i r  a n d  was o b s e r v e d  f o r  d i p l o i d  and  h a p l o i d  b u d d in g  

c e l l s  and  t o  a  l e s s e r  e x t e n t  f o r  d i p l o i d ,  b u t  n o t  h a p l o i d
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i n t e r d i v i s l o n a l  c e l l s .  A verbeck  a t  al^ (3 )  h a v e  s i m i l a r l y  d e ­

m o n s t r a t e d  t h a t  w i ld  t y p e  y e a s t  and  t h e i r  h a p l o i d  r  m u ta n ts  

w h ic h  a r e  s e n s i t i v e  t o  uv  and X - r a y s  a r e  c a p a b le  o f  p o s t ­

i r r a d i a t i o n  r e c o v e r y  on a g a r  f rom  uv dam age. I t  s h o u ld  be  

n o te d  t h a t  t h i s  a g a r  h o l d i n g  r e c o v e r y  and  t h e  medium s t i m u l a t e d  

r e p a i r  r e p o r t e d  by P e r p e r  (6 8 )  a r e  r e s t r i c t e d  t o  t h e  h i g h  dose  

r a n g e  ( s u r v i v a l  1% o r  lo w e r )  w here  s u r v i v a l  o f  a  n o n - s y n c h r o -  

nou s  p o p u l a t i o n  i s  due m a in ly  t o  b u d d in g  c e l l s .  T hese  e f f e c t s  

a r e  n o t  fo u n d  a f t e r  low d o s e s  o f  r a d i a t i o n  w h ic h  p e r m i t  a  

h i g h e r  f r a c t i o n  o f  i n t e r d i v i s i o n a l  c e l l  s u r v i v a l .  T hese  

h a p l o i d  r  m u ta n t s  l i k e  o u r  c l a s s  I I  XS m u ta n t s ,  show t h e  same 

d e g re e  o f  r e p a i r  a s  w i l d  ty p e  c e l l s .  A d d i t i o n a l  e v id e n c e  o f  

r e p a i r  by b u d d in g  c e l l s  i s  t h e  f o l l o w i n g :  L an g g u th  (5 3 )  h a s

shown t h a t  sy n c h ro n o u s  p o p u l a t i o n s  o f  h a p l o i d  y e a s t  c e l l s  

show l i q u i d  h o l d in g  r e c o v e r y  a f t e r  X - i r r a d i a t i o n  d u r i n g  t h e  

b u d d in g  p o r t i o n  o f  t h e  c e l l  c y c l e .  I n t e r d i v i s i o n a l  c e l l s  l a c k  

s u c h  r e c o v e r y .  M o u s ta c c h i  and  E n t e r i c  ( 5 8 ) h a v e  d e m o n s t r a te d  

t h a t  i n  a  n o n s y n c h ro n iz e d  p o p u l a t i o n ,  b u d d in g  c e l l s  o f  h a p l o i d  

w i l d  t y p e  an d  t h e  u v s  1 -3  m u ta n t  w h ic h  a r e  more r e s i s t a n t  t o  

t h e  im m e d ia te  l e t h a l  e f f e c t  o f  u v  l i g h t  have  g r e a t e r  a b i l i t y  

t o  r e p a i r  l e t h a l  damage d u r i n g  d a r k  l i q u i d  h o l d in g  t h a n  n o n -  

budded  c e l l s .  The i n t e r d i v i s i o n a l  c e l l s  o f  t h e  u v s l - 3  m u ta n t  

show a  d e c r e a s e  i n  s u r v i v a l  a f t e r  d a r k  h o l d i n g ,  w h i l e  t h e  

b u d d in g  c e l l s  show r e p a i r .  The p r e s e n c e  o f  c a f f e i n e  d u r i n g
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d a r k  h o l d i n g  r e d u c e s  p r i m a r i l y  t h e  d a r k  r e c o v e r y  o f  h a p l o i d  

i n t e r d i v i s i o n a l  c e l l s .  C a f f e i n e  o n l y  s l i g h t l y  a f f e c t s  d a r k  

h o l d i n g  r e c o v e r y  o f  l e t h a l  uv  damage i n  b u d d in g  c e l l s ,  o r  i n  

d i p l o i d  i n t e r d i v i s i o n a l  c e l l s .  T h ese  d a t a  s t r o n g l y  s u g g e s t  

t h a t  b u d d in g  a n d  h a p l o i d  i n t e r d i v i s i o n a l  c e l l  r e s i s t a n c e  t o  

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

w i t h  r e p a i r  b e i n g  t h e  b a s i s  o f  b u d d in g  c e l l  r e s i s t a n c e .  T hese  

d a t a  a r e  a l s o  c o n s i s t e n t  w i t h  t h e  o b s e r v e d  r e l a t i o n s h i p  b e t ­

ween b u d d in g  c e l l  r e s i s t a n c e ,  an d  t h e  r e s i s t a n c e  o f  t h e  

d i p l o i d  low d o s e  s h o u l d e r  t o  X - r a y s .

I f  r e p a i r  i s  t h e  b a s i s  o f  b u d d in g  c e l l  r e s i s t a n c e ,  t h e  

q u e s t i o n  a r i s e s  a s  t o  t h e  n a t u r e  o f  t h e  r e p a i r ,  and  o f  t h e  

d e f e c t s  w h ic h  c o n f e r  s e n s i t i v i t y  t o  t h e  m u ta n t  s t r a i n s .  One 

c o u ld  s u p p o s e  t h a t  r e c o m b in a t io n  r e p a i r ,  e x c i s i o n  r e p a i r ,  o r  

b o t h  m ig h t  be  i n v o l v e d .  R e c o m b in a t io n  r e p a i r  may be  e x c lu d e d  

s i n c e  XS5/X S5  a n d  XS8/X S8 show n o rm a l  m e i o t i c  r e c o m b i n a t i o n  

f o r  t h e  l i n k e d  m a r k e r s  t r y  5 and  l e u  1 . A lso  XS5 / w i l d  ty p e  d i p ­

l o i d s  do n o t  show e n h a n c e d  r e c o m b in a t io n  a s  a  r e s u l t  o f  medium 

s t i m u l a t e d  r e p a i r  ( 6 8 ) .  I f  e x c i s i o n  r e p a i r  w e re  i m p o r t a n t ,  

t h e n  t h e  d e f e c t  c o n f e r r i n g  s e n s i t i v i t y  w ould  be  due t o  

d e f e c t i v e  e x c i s i o n  o f  damaged DNA, d e f e c t i v e  DNA r e p a i r  

s y n t h e s i s ,  o r  a  d e f e c t  i n  t h e  r e j o i n i n g  o f  n e w ly  s y n t h e s i z e d  

DNA t o  t h e  o l d  p a r e n t a l  s t r a n d .  A d e f e c t  i n  t h e  e x c i s i o n  

p r o c e s s ,  s u c h  t h a t  damaged r e g i o n s  o f  DNA a r e  n o t  e x c i s e d
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d o e s  seem  i m p l a u s i b l e  on t h e  b a s i s  o f  c o n s i d e r a b l e  work 

w i t h  b a c t e r i a .  M cGrath an d  W i l l ia m s  ( 5 4 )  h a v e  d e m o n s t r a t e d  

t h a t  X - r a y s  p ro d u c e  s i n g l e  s t r a n d  b r e a k s  i n  c o l i  DNA.

K a p la n  (4 6 )  h a s  shown a l s o  i n  c o l i  t h a t  i o n i z i n g  r a d i a t i o n  

p r o d u c e s  s i n g l e  a s  w e l l  a s  d o u b le  s t r a n d  s c i s s i o n s .  P resu m ­

a b l y ,  t h e n  a f t e r  i o n i z i n g  r a d i a t i o n  no  e n d o n u c l e a s e  a c t i v i t y  

i s  r e q u i r e d  t o  i n t r o d u c e  a  n i c k  i n t o  dam aged DNA. W ith  u v ,  

on t h e  o t h e r  h a n d ,  K ap lan  a t  a l  (47 )  a n d  G rossm an e t  a l  ( 2 9 ) 

h a v e  i s o l a t e d  from  M ic h ro c c o c u s  l y s o d e i k t i c u s ,  and  c h a r a c t e r i z e d  

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

s t r a n d  b r e a k s  i n t o  uv i r r a d i a t e d  DNA a s  w e l l  a s  an  e x o n u c le a s e  

w h ic h  e x c i s e s  p h o t o p r o d u c t s  f ro m  DNA. S e c o n d ly ,  w i t h  r e s p e c t  

t o  e x c i s i o n  o f  damaged DNA, Fangman a n d  R u s s l  (2 6 )  have  

i s o l a t e d  an  X - ra y  s e n s i t i v e  m u ta n t  o f  E^_ c o l i  w h ic h  shows 

e x c e s s i v e  DNA d e g r e d a t i o n  a f t e r  X - i r r a d i a t i o n ,  b u t  w h ic h  l a c k s  

r e p a i r  DNA s y n t h e s i s .  S i n g l e  s t r a n d  b r e a k s  i n t r o d u c e d  i n t o  

t h e  DNA o f  t h i s  s t r a i n  a r e  n o t  r e p a i r e d .  T r i g o c e r v i c  a n d  

Kucan ( 8 ) h a v e  d e m o n s t r a t e d  a  c o r r e l a t i o n  b e tw e e n  r a d i a t i o n  

s e n s i t i v i t y  o f  Ê _ c o l i  m u ta n t  s t r a i n s ,  a n d  DNA d e g r a d a t i o n  

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

was p o s i t i v e l y  c o r r e l a t e d  w i t h  a  h ig h  d e g r e e  o f  DNA b reakd ow n .

I f  t h e  u l t i m a t e  f a t e  o f  an  i r r a d i a t e d  c e l l  d e p e n d s  on w h e th e r  

t h e  i n d u c t i o n  o f  damage i s  f o l lo w e d  b y  e x c e s s i v e  DNA d e g r a d a ­

t i o n  o r  r e p a i r ,  t h e n  t h e  r e l a t i v e  a c t i v i t i e s  o f  t h e  enzym es
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r e  s p o n s i b l e  f o r  m e d i a t i n g  t h e s e  p r o c e s s e s  w ould  d e te r m in e  

t h e  s e n s i t i v i t y  t o  r a d i a t i o n .  DNA p o ly m e r a s e  h a s  been  p r o ­

p o se d  by a  num ber o f  i n v e s t i g a t o r s  a s  r e s p o n s i b l e  f o r  t h e  DNA 

r e p a i r  r e s y n t h e s i s  s t a g e s  i n  t h e  r e p a i r  p r o c e s s  (4 5 ,  4 8 ,  4 9 ,

5 5 ,  8 7 ) .  Monk e t  a J  ( 5 5 )  h av e  s t u d i e d  t h e  r e p a i r  o f  l e t h a l  

damage in d u c e d  by  uv  i n  p o l  Al m u ta n t s  o f  d o l i , w h ic h  l a c k  

DNA p o ly m e r a s e .  The u v  s e n s i t i v i t y  o f  t h e s e  s t r a i n s  i s  r e ­

g a r d e d  a s  due  t o  a  r e d u c t i o n  i n  e x c i s i o n  r e p a i r ,  s i n c e  t h e  

p o l  Al u v r  A6  d o u b le  m u ta n t  i s  o n ly  s l i g h t l y  more s e n s i t i v e  t h a n  

t h e  e x c i s i o n  d e f e c t i v e  u v r  A6  m u ta n t  i t s e l f .  R e p a i r  i n  t h e s e  

s t r a i n s  i s  m e d ia t e d  by t h e  r e c  r e p a i r  g e n e s .  K a to  and  Kondo 

(4 8 )  h a v e  shown t h a t  t h e i r  p o ly m e ra s e  d e f i c i e n t  s t r a i n s  o f  

E .  c o l i  d e s i g n a t e d  r e s -  a r e  a l s o  s e n s i t i v e  t o  X - r a y s .  A f t e r  

X - r a y s  t h e s e  s t r a i n s  show no r e p a i r  o f  s i n g l e  s t r a n d  b r e a k s  

an d  show e x t e n s i v e  DNA b re a k d o w n . The a u t h o r s  p r o p o s e d  t h a t  

t h e  r e s  g e n e s  w e re  n e c e s s a r y  f o r  DNA r e p a i r  r e s y n t h e s i s .  K e l l y  

e t  a l  (4 9 )  h av e  d e m o n s t r a t e d  t h a t  DNA p o ly m e ra s e  i s  r e s p o n s i b l e  

f o r  e x c i s i o n  a s  w e l l  a s  r e p a i r  s y n t h e s i s  i n  v i t r o  i n  u v  i r r a d i ­

a t e d  E ^  c o l i . O th e r  m o d e ls  f o r  t h e  d e f e c t  in  p o ly m e ra s e  

d e f i c i e n t  s t r a i n s  have  b e e n  p r o p o s e d .  K an n er  a n d  H an aw alt  

(4 5 ) h av e  o b s e r v e d  t h a t  t h e  p o ly m e ra s e  d e f i c i e n t  m u ta n t  o f  

E .  c o l i  e x c i s e s  d i m e r s ,  and  p r o d u c e s  a  DNA o f  lo w e r  m o l e c u l a r  

w e ig h t  t h a n  t h e  po l-f-  p a r e n t  d u r i n g  t h e  p e r i o d  o f  g ro w th  f o l ­

lo w in g  u v .  P r e s u m a b ly ,  a  s t e p  f o l l o w i n g  r e p a i r  s y n t h e s i s  i s
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l a c k i n g  i n  t h e s e  m u t a n t s .  I f  a  l a t e  s t e p  i n  e x c i s i o n  r e p a i r  

i n v o lv e d  t h e  d i s p l a c e m e n t  o f  t h e  r e p a i r  p o ly m e ru s e  from  t h e  

DNA by  t h e  l i g a s e  a f t e r  r e p o l y m e r i z a t i o n ,  t h e n " t h e  p o l  Al 

m u ta n t  c o u ld  be s e n s i t i v e  f o r  one o f  t h e  f o l l o w i n g  r e a s o n s :

The a l t e r e d  DNA p o ly m e r a s e  b i n d s  t o o  t i g h t l y  t o  t h e  DNA t o  

be  d i s p l a c e d ;  i t  h i n d e r s  r e c o g n i t i o n  o f  s i n g l e  s t r a n d  b r e a k s ,  

o r  p r e v e n t s  a c c e s s  o f  t h e  l i g a s e  enzyme t o  t h e  s i t e .  W itk in  

( 8 7 ) h a s  s u g g e s t e d  t h a t  t h e  n o rm a l  u v  in d u c e d  m u t a b i l i t y  o f  

p o l  Al m u ta n t s  d e s p i t e  t h e  e n h a n c e d  s e n s i t i v i t y  t o  th e  l e t h a l  

e f f e c t  o f  uv  may b e  due  t o  a  r e d u c e d  e f f i c i e n c y  i n  su c h  a  

l a t e  s t e p  i n  e x c i s i o n  r e p a i r .

I f  DNA p o ly m e ra s e  l e v e l s  and  r e s i s t a n c e  t o  X - ra y s  a r e  

r e l a t e d ,  one m ig h t  e x p e c t  y e a s t  c e l l s  t o  show h i g h  l e v e l s  o f  

p o ly m e r a s e  d u r i n g  t h e  b u d d in g  p e r i o d  o f  t h e  c e l l  c y c l e .  E c k ­

s t e i n  e t  a l  (2 0 )  h av e  d e m o n s t r a t e d  i n  t h e i r  y e a s t  s t r a i n s  t h a t  

e x t r a c t s  f ro m  s y n c h r o n i z e d  y e a s t  c e l l s  show o s c i l l a t i o n  o f  

DNA p o ly m e ra s e  a c t i v i t y  i n  t h e  c e l l  c y c l e  c o r r e l a t e d  w i t h  

r e s p e c t  t o  DNA d u p l i c a t i o n .  A c t i v i t y  i s  maximum a t  t h e  o n s e t  

o f  DNA s y n t h e s i s ,  and  d e c r e a s e s  t o  a  minimum d u r i n g  t h e  m ost 

a c t i v e  p e r i o d  o f  DNA r e p l i c a t i o n .  X - i r r a d i a t i o n  d i s s o c i a t e s  

DNA r e p l i c a t i o n  f ro m  t h e  o s c i l l a t i o n  o f  t h e  DNA p o ly m e r a s e .  

U nder t h e s e  c o n d i t i o n s ,  DNA r e p l i c a t i o n  i s  i n h i b i t e d ,  w h i l e  

t h e  DNA p o ly m e ra s e  a c t i v i t y  c o n t i n u e s  t o  o s c i l l a t e .  A p p a r e n t l y ,  

t h e  a p p e a ra n c e  o f  DNA p o ly m e r a s e  d o e s  n o t  t r i g g e r  DNA r e p l i c a ­

t i o n .  Nor i s  t h e  o s c i l l a t i o n  o f  p o ly m e r a s e  a c t i v i t y  c o n t r o l l e d



- 5 2 -

b y  p r o d u c t i o n  o f  r e p l i c a t e d  DNA. The q u e s t i o n  r e m a in s  

w h e th e r  t h i s  o s c i l l a t i o n  o f  a  DNA p o ly m e ra s e  a c t i v i t y  may 

be  c o r r e l a t e d  w i t h  b u d d in g  c e l l  r a d i a t i o n  r e s i s t a n c e  and  

i t s  o s c i l l a t i o n .

E c k s t e i n  ( 2 0 )  i n d i c a t e d  t h a t  i n  h i s  y e a s t ,  DNA c o n t e n t  

i s  d o u b le  d u r i n g  g ro w th  o f  t h e  b u d s .  Beam a n d  Himes ( 6 ) h av e  

shown i n  t h e  h a p l o i d  SC7K u s e d  in  o u r  s t u d i e s  t h a t  DNA s y n ­

t h e s i s  i s  c o m p le te  b e f o r e  t h e  o n s e t  o f  b u d d in g .  T h e r e f o r e ,  in  

SC7K, DNA s y n t h e s i s  m u s t  p r e c e d e  t h e  o n s e t  o f  r a d i a t i o n  r e ­

s i s t a n c e  i n  t h e  b u d d in g  y e a s t  c e l l .  W il l ia m s o n  ( 8 5 ) and  

H a r t w e l l  (3 1 )  on  t h e  o t h e r  h a n d ,  r e p o r t  t h a t  i n  t h e i r  s t r a i n s  

DNA s y n t h e s i s  comm ences w i t h  t h e  o n s e t  o f  b u d d in g  a n d  i s  com­

p l e t e d  d u r i n g  t h e  f i r s t  q u a r t e r  o f  t h e  b u d d in g  c y c l e  w h i l e  t h e  

b u d s  a r e  s t i l l  q u i t e  s m a l l .  I f  t h e  p e r i o d  o f  DNA s y n t h e s i s  

i n  t h e  y e a s t  c e l l s  u s e d  by  E c k s t e i n  e t  a l  ( 2 0 )  a l s o  o c c u p i e s  

o n l y  a  b r i e f  I n t e r v a l  o f  t h e  b u d d in g  c e l l  c y c l e  a s  o b s e r v e d  

b y  W il l ia m s o n  ( 8 5 ) an d  H a r t w e l l  ( 3 1 ) , th e n  t h e  i n t e r v a l  i n  

t h e  c e l l  c y c l e  w here  a  c o r r e l a t i o n  w as o b s e r v e d  b e tw e e n  m axim al 

p o ly m e r a s e  a c t i v i t y  a n d  m in im a l  DNA s y n t h e s i s  may a l s o  b e  

c o r r e l a t e d  w i t h  m ost o f  t h e  i n t e r v a l  I n v o lv e d  in  b u d  f o r m a t i o n .  

T h e re  i s  a g re e m e n t  n e v e r t h e l e s s  t h a t  DNA s y n t h e s i s  I s  c o m p le te  

w h i l e  t h e  b u d d in g  c e l l  i s  s t i l l  q u i t e  s m a l l .  One m ig h t  t h e r e ­

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

d u r i n g  b u d  f o r m a t io n  i s  c o r r e l a t e d  w i t h  t h e  i n c r e a s e d  l e v e l s
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o f  a  DNA p o ly m e r a s e  a c t i v i t y  a s  o b s e r v e d  by E c k s t e i n  et_ a l  

( 2 0 ) ,  t h a t  b u d d in g  c e l l  r e s i s t a n c e  i s  due t o  a  DNA p o ly m e r a s e ,  

a n d  t h a t  m u t a t i o n s  c o n f e r r i n g  b u d d in g  c e l l  X - r a y  s e n s i t i v i t y  

c a u s e  d e f i c i e n c i e s  i n  a  DNA p o l y m e r a s e .  The m u ta n t s  i s o l a t e d  

i n  t h e s e  s t u d i e s  w ould  t h e n  be s i m i l a r  t o  t h e  p o l  Al r a d i a t i o n  

s e n s i t i v e  m u ta n t  s t r a i n s  o f  E . c o l i  i s o l a t e d  by  s e v e r a l  i n ­

v e s t i g a t o r s  (1 9 ,  4 5 ,  48 , 49)  a s  d i s c u s s e d  a b o v e .

X - ra y  s e n s i t i v i t y  c o u ld  a l s o  r e s u l t  from  d e f e c t s  i n  t h e  

l i g a s e  r e s p o n s i b l e  f o r  j o i n i n g  t h e  n e w ly  s y n t h e s i z e d  DNA 

s t r a n d s  (O k a z a k i  p i e c e s )  t o  t h e  o l d  p a r e n t a l  s t r a n d .  Boyce 

a n d  T e p p e r  (8 )  h a v e  d e m o n s t r a te d  r e j o i n i n g  o f  s i n g l e  s t r a n d  

b r e a k s  in d u c e d  by  X - ra y s  i n  DNA o f  lam bd aph age  d u r i n g  p o s t -  

i r r a d i a t i o n  i n c u b a t i o n  o f  s u p e r i n f e c t e d  b a c t e r i a .  T s u b o i  and  

T e r a s im a  (8 2 )  h av e  d e m o n s t r a t e d  t h a t  r e j o i n i n g  o f  s i n g l e  

s t r a n d  b r e a k s  p ro d u c e d  by  X - ra y s  i s  a l s o  p o s s i b l e  i n  mammalian 

c e l l s .  W eiss  and  R ic h a r d s o n  (8 4 )  h a v e  i s o l a t e d  a  l i g a s e  w h ic h  

m e d i a t e s  t h i s  r e j o i n i n g  p r o c e s s .  I f  a  l i g a s e  i s  n e c e s s a r y  f o r  

t h e  r e p a i r  o f  s i n g l e  s t r a n d  b r e a k s  i n d u c e d  by  X - r a y s ,  t h e n  a  

l i g a s e  d e f i c i e n t  m u ta n t  s h o u ld  be  X - r a y  s e n s i t i v e .  Dean a n d  

P a u l i n g  ( 1 8 ) h a v e  shown t h a t  a  t e m p e r a t u r e  s e n s i t i v e  l i g a s e  

d e f i c i e n t  m u ta n t  o f  E . c o l i  TAU b a r  i s  s e n s i t i v e  t o  X - r a y s .  

R e v e r t a n t s  o f  t h i s  m u ta n t  a r e  i d e n t i c a l  t o  w i l d  ty p e  w i t h  

r e s p e c t  t o  r a d i a t i o n  s e n s i t i v i t y  a n d  t e m p e r a t u r e  s e n s i t i v i t y ,  

s u g g e s t i n g  c o n t r o l  by a  s i n g l e  r e v e r t i b l e  g e n e .  M cGrath an d
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W il l ia m s  (5 4 )  have  shown t h a t  s i n g l e  s t r a n d  b r e a k s  in d u c e d  

b y  X - r a y s  i n  t h e  DNA o f  t h e  h i g h l y  r e s i s t a n t  E . c o l i  B / r  

a n d  t h e  s e n s i t i v e  E . c o l i  B s-1  a r e  r e p a i r e d  p re s u m a b ly  by 

l i g a s e  o n ly  i n  B / r  d u r i n g  p o s t i r r a d i a t i o n  i n c u b a t i o n .  The 

l i g a s e  a c t i v i t y  r e s p o n s i b l e  f o r  r e j o i n i n g  o f  b ro k e n  p i e c e s  

o f  DNA i s  l a c k i n g  i n  E . c o l i  Bs-1 ; c e l l  d e a t h  i n  t h i s  s t r a i n  

a f t e r  X - r a y s  i s  due t o  t h e  f a i l u r e  t o  r e j o i n  b ro k e n  DNA.

The n a t u r e  o f  t h e  d e f e c t s  i n  t h e  m u ta n t s  c o n f e r r i n g  X -ra y  

s e n s i t i v i t y  t o  t h e  b u d d in g  c e l l  c an  now be c o n s i d e r e d  i n  te rm s  

o f  t h e  d e t a i l s  o f  e x c i s i o n  r e p a i r ,  d e f e c t s  i n  any  p a r t  o f  w h ich  

c o u ld  r e s u l t  in  s e n s i t i v i t y .  The p o s t t r e a t m e n t  r e s p o n s e s  t o  

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

t i v i t y  i n  XS m u ta n t  s t r a i n s .  P a r r y  an d  P a r r y  (6 5 ) have  i s o l a t e d  

f o u r  d i s t i n c t  c a t e g o r i e s  o f  r e s p o n s e  t o  p o s t t r e a t m e n t s  a f t e r  

u v  from  r e p r e s e n t a t i v e s  o f  e a c h  o f  21  o f  t h e  22 co m p lem en tin g  

u v s  m u ta n t s  o f  Cox and  P a r r y  ( 1 5 ) .  F o r  e x a m p le ,  t h e  t h i r d  

g ro u p  c o m p r i s in g  two m u ta n t s  w h ic h  a r e  a l s o  s e n s i t i v e  t o  gamma 

r a y s ,  a n d  w h ic h  l a c k  an y  r e p a i r  was i n t e r p r e t e d  i n  t e r m s  o f  

t h e  a c c u m u la t io n  o f  l e t h a l  damage r e s u l t i n g  from  e x c e s s i v e  

l o c a l  DNA d e g r a d a t i o n  a f t e r  e x c i s i o n .  I f  a n y  o f  o u r  m u ta n ts  

r e s e m b le d  t h e s e ,  one w ould  p r e d i c t  p o s t i r r a d i a t i o n  a c c u m u la t io n  

o f  low m o le c u l a r  w e ig h t  DNA. I f  a  r e p a i r  p o ly m e r a s e  i s  r e ­

s p o n s i b l e  f o r  r e p a i r  i n  t h e  b u d d in g  c e l l ,  t h e n  t h e  c l a s s  I  

m u ta n t s  s h o u ld  l a c k  a l l  r e p a i r  p o ly m e ra s e  a c t i v i t y ,  and c l a s s
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I I  m u ta n t s  s h o u ld  p o s s e s s  s u b n o rm a l  r e p a i r  p o ly m e ra s e  a c t i v i t y  

a n d  w ould  show l e s s  r e p a i r  o f  b r e a k s  t h a n  w i l d  t y p e .  A ls o ,  

s i n c e  i o n i z i n g  r a d i a t i o n  p r o d u c e s  s t r a n d  b r e a k s  in  DNA, th e n  

t h e  s e n s i t i v i t y  o f  o u r  m u ta n t s  m ig h t  r e f l e c t  an  a l t e r e d  a b i l i t y  

t o  r e j o i n  s i n g l e  s t r a n d  s c i s s i o n s  i n  DNA c o m p a ra b le  t o  t h e  

m u ta n t s  o f  Dean an d  P a u l i n g  ( 1 8 ) ,  a n d  M cG rath  and  W il l ia m s  

( 5 4 ) .  I f  f a i l u r e  t o  r e j o i n  b r o k e n  DNA s t r a n d s  i s  r e l a t e d  t o  

d e f e c t s  i n  t h e  r e p a i r  p r o c e s s  i n  t h e  b u d d in g  y e a s t  c e l l ,  t h e n  

t h e  c l a s s  I  m u ta n t s  c o u ld  l a c k  a l l  l i g a s e  a c t i v i t y ,  a n d  c l a s s  

I I  m u ta n t s  w ould  h av e  s u b n o rm a l  l i g a s e  a c t i v i t y .  A l t e r n a t i v e l y ,  

a  m u ta n t  g ene  c o u l d  p ro d u c e  a  p o ly m e ra s e  so  a l t e r e d  a s  t o  b i n d  

t i g h t l y  t o  t h e  DNA, a n d  h i n d e r  t h e  r e j o i n i n g  o f  new ly  s y n ­

t h e s i z e d  DNA t o  t h e  o l d  p a r e n t a l  DNA s t r a n d ,  w h ic h  w ou ld  a l s o  

r e s u l t  i n  a  lo w e r  l e v e l  o f  r e p a i r ,  t h u s  su b n o rm a l  b u d d in g  c e l l  

r e s i s t a n c e .

The o t h e r w i s e  p e c u l a r  b e h a v i o r  o f  t h e  c l a s s  I I  d o u b le  

hom ozygote  o f  XS6 and  XS9, i n  w h ic h  o n ly  XS8 o f  t h e  c l a s s  I I  

g e n e s  i s  r e p r e s e n t e d  b y  a  n o rm a l  a l l e l e ,  c a n  b e  i n t e r p r e t e d  

i n  t e rm s  o f  some known a s p e c t s  o f  e x c i s i o n  r e p a i r .  B u d d in g  

c e l l s  o f  t h i s  m u ta n t  a r e  o f  e s s e n t i a l l y  i n t e r d i v i s i o n a l  c e l l  

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

o b s e r v e d  i n  s t r a i n s  c o n t a i n i n g  t h e  com ponen t g e n e s  XS6 and  XS9 

s i n g l y  i n  t h e  h a p l o i d  s t a t e  o r  a s  t h e  hom ozygous d i p l o i d s .  I f  

t h e  n o rm a l  XS6 a n d  XS9 p e r t a i n e d  t o  r e p a i r  p o ly m e ra s e  a n d / o r
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l i g a s e  an d  t h e  XS8 g ene  s p e c i f i e d  an e x o n u c l e a s e ,  t h e n  i n  t h e  

a b s e n c e  o f  n o rm a l  XS6 and  XS9 g e n e s ,  e x t e n s i v e  e x c i s i o n  o f  

b a s e s  f rom  DNA, c o n v e r t i n g  s i n g l e  s t r a n d  b r e a k s  i n t o  d o u b le  

s t r a n d  b r e a k s  c o u ld  o c c u r ,  l e a d i n g  t o  e x t e n s i v e  u n r e p a i r e d  

dam age, a n d  e x tre m e  s e n s i t i v i t y .

I I .  G e n e t i c  c o n t r o l  o f  b u d d in g  c e l l  r e s i s t a n c e

The g e n e t i c  a n a l y s i s  d a t a  ( T a b le s  3» 4 ,  5 )  and  t h e  

r a d i a t i o n  s u r v i v a l  d a t a  c o l l e c t i v e l y  show t h a t  b u d d in g  c e l l  

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

f o r  b u d d in g  c e l l  r e s i s t a n c e  a p p a r e n t l y  a l s o  a c c o u n t  f o r  0 .7 5  

o f  t h e  d i f f e r e n c e  b e tw een  h a p l o i d  and d i p l o i d  i n t e r d i v i s i o n a l  

c e l l s  ( s e e  f i g u r e  12 f o r  s u r v i v a l  o f  XS6 XS8 XS9/XS6 XS8 XS9).

S e v e r a l  p o s s i b l e  r e s i s t a n c e  m echanism s w ere  c o n s i d e r e d  in  

t h e  i n t r o d u c t i o n ,  and  a l l  b u t  r e p a i r  and  i t s  p re s u m a b ly  r e g u ­

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

c o n s i d e r a t i o n  o f  a v a i l a b l e  e v id e n c e .  I f ,  a s  was a rg u e d  in  

s e c t i o n  I  o f  t h e  D i s c u s s i o n ,  t h e  e x o n u c l e a s e ,  p o ly m e r a s e ,  and 

l i g a s e  s y s te m  r e s p o n s i b l e  f o r  e x c i s i o n  r e p a i r  i s  t h e  b a s i s  f o r  

y e a s t  b u d d in g  c e l l  b e h a v i o r ,  o u r  m u ta n ts  m ust r e p r e s e n t  d e f e c t s  

i n  enzyme s y n t h e s i s  o r i g i n a t i n g  i n  a l t e r a t i o n s  o f  t h e  s t r u c t u r a l  

g e n e s  i n v o l v e d ,  o r  i n  g e n e s  r e s p o n s i b l e  f o r  t h e i r  r e g u l a t i o n .

The p r e s e n t  s t u d y  h a s  n o t  em braced  th e  c h e m ic a l  a n a l y s i s  o f  

" r e p a i r e d "  and  " u n r e p a i r e d "  y e a s t  DNA i n  m u ta n t  and w i ld  ty p e  

y e a s t .  S uch  s t u d i e s  m ig h t  be  e x p e c te d  t o  y i e l d  d i r e c t  e v id e n c e
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w i t h  r e s p e c t  t o  t h i s  h y p o t h e s i s .  T hese  p r e s e n t  i n v e s t i g a t i o n s  

a r e  r e s t r i c t e d  t o  an a n a l y s i s  o f  t h e  p h e n o ty p e s  (X - ra y  r e s p o n ­

s e s )  o f  t h e  m u t a n t s .  T h ese  p h e n o ty p e s  -  s i n g l y ,  h e t e r o z y g o u s l y  

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

f o r m a l  o r d e r i n g  o f  t h e  g e n e s  i n  a  p a th w ay  l e a d i n g  t o  t h e  f u l l  

e x p r e s s i o n  o f  b u d d in g  c e l l  r e s i s t a n c e ,  and  t o  some s p e c u l a t i o n  

a s  t o  t h e  r o l e s  o f  t h e  i n d i v i d u a l  g e n e s .

P u l l  r e p a i r  c a p a c i t y  i n  b u d d in g  c e l l s  c a n  be  r e g a r d e d  a s  

r e q u i r i n g  a  f u l l  com plem ent o f  c l a s s  I  an d  c l a s s  I I  g e n e s .  

M u ta t i o n s  a t  t h e  v a r i o u s  l o c i  r e s u l t  e i t h e r  i n  no e f f e c t i v e  

r e p a i r  enzym es ( c l a s s  I ) ,  o r  i n  d e f e c t i v e  enzym es ( c l a s s  I I ) .

No r e p a i r  -  e x p o n e n t i a l  i n a c t i v a t i o n  e q u i v a l e n t  t o  h a p l o i d  

i n t e r d i v i s i o n a l  c e l l s  -  I s  fo u n d  in  b u d d in g  c e l l s  o f  b o t h  

c l a s s  I  m u ta n t s  and i n  t h e  t r i p l e  c l a s s  I I  m u ta n t ,  w h e th e r  in  

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

h a p l o i d  o r  d i p l o i d  s i n g l e  and  d o u b le  c l a s s  I I  m u ta n t s  c a n  be  

r e g a r d e d  a s  i n d i c a t i n g  d e f e c t s  i n  d i f f e r e n t  s t a g e s  o f  r e p a i r .

T h e re  a r e  many a l t e r n a t i v e s  in  t h e  r a t i o n a l  o r d e r i n g  o f  

t h e  g e n e s  i n  a  p a th w a y .  The tw o c l a s s  I  g e n e s  th o u g h  e s s e n t i a l ,  

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

I f  t h e y  o p e r a t e  i n  " p a r a l l e l " ,  t h e y  m u s t  a c t  d e p e n d e n t l y ,  s u c h  

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

a c t i v e  p r o d u c t  a  d im e r  com posed o f  p r o d u c t s  o f  e a c h  g e n e .  T h is  

h y p o t h e s i s  e n t a i l s  p r e d i c t i o n s  o f  t h e  b e h a v i o r  o f  h e t e r o z y g o t e s
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t h a t  c a n  be  com pared  w i t h  o u r  r e s u l t s .  The XS5/ - 4- h e t e r o ­

z y g o te  show s a b o u t  0 .9 3  o f  w i l d  t y p e  f u n c t i o n  (IMP = 0 . 9 3 ) ;  

t h e  Xs l / 4 - i n  c o n t r a s t  p o s s e s s  O.5 8  o f  w i l d  t y p e  f u n c t i o n .

The d o u b le  h e t e r o z y g o t e  Xs l /X S 5  s h o u ld  show s i g n i f i c a n t  r e ­

d u c t i o n  o f  f u n c t i o n ,  b u t  i t s  DMF o f  0 .5 5  i n d i c a t e s  t h a t  i t  

d o e s  n o t .  T h i s  r e s u l t  r e s e m b l e s  much m ore t h e  c o n s e q u e n c e s  

o f  s im p le  g e n e  d o sa g e  ( w i t h  a  n o rm a l  XS5  g en e  a p p r o a c h i n g  f u l l  

d o m in a n c e )  i n  a  s e q u e n t i a l  p a th w a y  i n  w h ic h  t h e  two g e n e s  h ave  

d i s t i n c t  s t e p s ,  t h e n  i t  d o e s  t h e i r  c o n t r o l  o f  d i f f e r e n t  com­

p o n e n t s  o f  a  s i n g l e  a c t i v e  p r o d u c t .  Zimmermann e t  a l  (9 1 )  

a n d  Zimmermann and G u n d e la c h  ( 9 0 ) s t u d y i n g  t h e  i s - 1  l o c u s  o f  

S a c c h a ro m y c e s  c e r e v i s l a e  h ave  shown t h a t  s im p le  g en e  d o sa g e  

r e l a t i o n s  a r e  r e a l i z e d  i n  o n ly  a  few  c a s e s .  The w id e  v a r i a t i o n  

i n  o b se rv ed  enzyme a c t i v i t y  o f  t h r e o n i n e  d e h y d r a t a s e  ab o v e  and  

b e lo w  t h e  e x p e c t e d  r a n g e  o f  50#  i n  i s -1  m u ta n t s  x  w i l d - t y p e  

h e t e r o z y g o t e s  was a t t r i b u t e d  t o  t h e  f o r m a t i o n  o f  i n a c t i v e  o r  

a c t i v e  h y b r i d  enzym es com posed o f  monomers f ro m  w i l d t y p e  and  

m u ta n t  g e n e s  i n  d i f f e r e n t  c o m b i n a t i o n s ,  i n  a d d i t i o n  t o  t h e  

p u r e  w i l d t y p e  enzym e. The t h r e o n i n e  d e h y d r a t a s e  enzyme i s o l a t e d  

f ro m  a  num ber o f  s i n g l e  m u ta n t  h e t e r o z y g o t e s  w as i n s e n s i t i v e  

t o  t h e  n o rm a l  f e e d b a c k  i n h i b i t i o n  ( 9 0 ) ,  s i g n i f y i n g  a  d i f f e r e n c e  

f ro m  t h e  w i l d t y p e  g e n e  p r o d u c t .  Such  f i n d i n g s  e s t a b l i s h  a  

p r e c e d e n t  f o r  t h e  d i f f e r e n c e s  i n  dom inance  and  c o m p le m e n ta t io n  

o b s e r v e d  i n  o u r  c l a s s  I  m u t a n t s ,  b u t  p r o v i d e  no  b a s i s  upon
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w h ich  we c a n  r e g a r d  t h e s e  g e n e s  a s  c o n t r i b u t i n g  t o  a  s i n g l e  

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

d i s t i n c t  s t e p s  i n  a  s e q u e n t i a l  p a th w a y .  No a t t e m p t  i s  made 

t o  o r d e r  t h e s e  tw o g e n e s .  T h i s  s e q u e n t i a l  m odel a l s o  a l l o w s  

f o r  o t h e r  a s  y e t  u n d e t e c t e d  g e n e s  i n  t h e  s e q u e n c e  (XS1 o f  

R e s n ic k ,  f o r  e x a m p le ) .

The c l a s s  I I  m u ta n t s  p r e s e n t  a  more c o m p l i c a te d  p ro b le m , 

f i r s t l y  b e c a u s e  by  d e f i n i t i o n  some b u d d in g  c e l l  f u n c t i o n  r e ­

m ains  i n  e a c h  o f  th e m , s e c o n d l y  b e c a u s e  t h e i r  d y s f u n c t i o n  i s  

a d d i t i v e  i n  d o u b le  m u t a n t s ,  a n d  t h i r d l y  b e c a u s e  c o m p le m e n ta t io n  

i s  in c o m p le te  i n  d o u b le  h e t e r o z y g o t e s .  A d d i t i v i t y  o f  d y s f u n c ­

t i o n  h a s  b e en  u s e d  by  some a u t h o r s  ( 9 ,  11 , 1 6 , 2 5 , 37* 50) a s  

e v id e n c e  f o r  t h e  e x i s t e n c e  o f  more t h a n  one d a r k  r e p a i r  p a t h ­

way i n  y e a s t ,  and  o t h e r  o r g a n i s m s .  U n f o r t u n a t e l y ,  t h i s  

c r i t e r i o n  w ould be  v a l i d  o n ly  i f  a l l  m u t a t i o n a l  b lo c k s  w ere  

c o m p le te ,  i n  w h ic h  c a s e  a l l  b l o c k s  i n  a  g i v e n  p a thw ay  w ou ld  

be  e q u i v a l e n t  i n  p r e v e n t i n g  t h e  r e p a i r  f u n c t i o n s  d e te r m in e d  by 

t h e  p a th w a y .  R e s i d u a l  r e p a i r  i n  a  m u ta n t  s t r a i n  would r e s u l t  

o n ly  from  t h e  f u n c t i o n  o f  t h e  undamaged p a th w ay  ( s ) ,  and 

c o m p le m e n ta t io n  i n  m u l t i p l e  h e t e r o z y g o t e s  w ould  r e f l e c t  s o l e l y  

t h e  d e g re e  o f  c o m p e te n ce  o f  s i n g l y  r e p r e s e n t e d  f u n c t i o n a l  g e n e s  

(g en e  d o s a g e )  i n  t h e s e  p a th w a y s .  M u ta t io n  d o e s  n o t ,  h o w e v er ,  

n e c e s s a r i l y  im p a r t  t o t a l  d y s f u n c t i o n  t o  a  l o c u s ;  i t  can  be  

" l e a k y " ,  i . e . ,  i t  a p p a r e n t l y  p e r f o rm s  i t s  n o rm a l f u n c t i o n  b u t
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w i t h  r e d u c e d  e f f i c i e n c y  ( 1 5 ) .  A m u ta n t  s t r a i n  h a v in g  a n y  

s i n g l e  g e n e  i n  a  p a th w ay  a l t e r e d  i n  t h i s  way w ou ld  show r e ­

s i d u a l  f u n c t i o n ,  an d  a  s t r a i n  c o n t a i n i n g  more th a n  one s u c h  

a l t e r e d  g e n e  w ou ld  b e  e x p e c t e d  t o  show c u m u l a t i v e  d y s f u n c t i o n .  

A s e q u e n t i a l  p a th w ay  m odel i n c o r p o r a t i n g  t h e s e  f e a t u r e s  w i l l  

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

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

I I  g e n e s .

The c o n c e p t  o f  h y b r i d  enzyme f o r m a t io n  (9 0 ,  91 )  I s  some­

w h a t  more d i f f i c u l t  t o  a p p l y  t o  c l a s s  I I  m u ta n t s  t h a n  t o  t h o s e  

o f  c l a s s  I .  B e c a u se  o f  t h e  b u d d in g  c e l l  r e s i s t a n c e  t h a t  r e ­

m a in s  i n  e a c h  o f  t h e  m u ta n t  s t r a i n s ,  one m ust im a g in e  t h a t  i f  

t h e  g ene  i s  n o t  l e a k y  a s  d e s c r i b e d  a b o v e ,  t h i s  f u n c t i o n  m u st 

r e s u l t  e i t h e r  s o l e l y  f rom  t h e  a c t i o n  o f  t h e  o t h e r  g e n e s  o r  

f ro m  p a r t i a l  f u n c t i o n  o f  m u ta n t  g e n e  p r o d u c t s .  E i t h e r  c a s e  

c o u ld  i n v o l v e  c o m b in a t io n s  o f  two o r  m ore g ene  p r o d u c t s  t o  

fo rm  p o ly m e r ic  enzyme h o p e f u l l y  w i t h  p r e d i c t a b l e  c o n s e q u e n c e s .

F o r  i n s t a n c e ,  a  c l a s s  I I  m u ta n t  i n  t h e  h a p l o i d  c o n d i t i o n  

m ig h t  be  su p p o s e d  t o  p ro d u c e  a  p a r t i a l l y  e f f e c t i v e  p r o t e i n  

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

t a n c e  g e n e s  c o n f e r s  t h e  o b s e r v e d  r e s i s t a n c e .  I n  a  d i p l o i d  

h e t e r o z y g o u s  f o r  a  s i n g l e  c l a s s  I I  m u ta n t  g e n e ,  b u d d in g  c e l l  

r e s i s t a n c e  i s  s u b s t a n t i a l l y  a u g m e n te d ,  b u t  n o t  r e s t o r e d  t o  

n o rm a l  ( s e e  f i g u r e s  3 - 7 ) .  I f  e a c h  c l a s s  I I  g ene  co ded  f o r
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a n  enzyme w h ic h  was u l t i m a t e l y  d i m e r i z e d ,  t h e  h e t e r o z y g o t e  

m ig h t  be  e x p e c t e d  t o  p r o d u c e  d o u b le  w i ld  t y p e ,  h y b r i d  and  

d o u b le  m u ta n t  d im e r s  i n  a  r a t i o  o f  1 : 2 : 1 .  S in c e  t h e  p u r e  

m u ta n t  enzyme i s  i t s e l f  p a r t i a l l y  e f f e c t i v e  ( f i g u r e s  10 and  

1 1 ) ,  t h e  o b s e r v e d  DMFs o f  0 .7 0  -  0 .8 5  i n  b u d d in g  c e l l s  o f  

c l a s s  I I  h e t e r o z y g o t e s  d o e s  n o t  e x c lu d e  t h i s  i n t e r p r e t a t i o n .  

D oub le  h e t e r o z y g o t e s  among c l a s s  I I  m u ta n t s  a l l  show in co m ­

p l e t e  c o m p le m e n ta t io n  b u t  l i t t l e  ch an g e  in  l e v e l  o f  b u d d in g  

c e l l  r e s i s t a n c e  o v e r  s i n g l e  h e t e r o z y g o t e s ;  o n ly  when a l l  t h r e e  

c l a s s  I I  m u t a t i o n s  a r e  p r e s e n t  t o g e t h e r  i n  a  h a p l o i d ,  o r  i n  

a  hom ozygous d i p l o i d  i s  b u d d in g  c e l l  r e s i s t a n c e  f u n c t i o n  l o s t .

A s im p le  s e r i e s  i n  w h ic h  e a c h  g ene  ( o r  enzyme s p e c i f i e d  

by  i t )  p a s s e s  i t s  p r o d u c t  on t o  t h e  n e x t ,  and  i n  w h ic h  an y  

m u t a t i o n  r e p r e s e n t s  a  s e v e r i n g  o f  t h e  c h a i n ,  i s  o f  c o u r s e  im ­

p o s s i b l e  b e c a u s e  t h e  c l a s s  I I  m u t a t i o n s  a l l  show some d e g re e  

o f  b u d d in g  c e l l  r e s i s t a n c e .  The s e r i a l  o r d e r i n g  c a n  b e  r e ­

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

r e s u l t s  f ro m  r e d u c e d  b u t  n o t  d e s t r o y e d  a c t i v i t y  ( l e a k i n e s s )  a t  

t h e  l o c u s , .  I n  t h e s e  t e r m s ,  t h e  DMF o f  a  m u ta n t  s t r a i n ,  r e c o r d e d  

a s  a  d e c im a l  f r a c t i o n  o f  n o rm a l f u n c t i o n ,  r e p r e s e n t s  t h e  r e s i d u ­

a l  f u n c t i o n  o f  t h e  m u ta n t  g e n e .  D ouble  and  t r i p l e  m u ta n t  f u n c ­

t i o n  w ou ld  t h e n  r e p r e s e n t  p r o d u c t s  o f  t h e s e  d e c im a l  f r a c t i o n s  

f o r  two and  t h r e e  l e a k y  g e n e s  r e s p e c t i v e l y .  The o b s e r v e d  DMFs 

o f  t h e  v a r i o u s  s t r a i n s ,  and  t h e  DMF v a l u e s  p r e d i c e d  on t h i s
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b a s i s  a r e  t a b u l a t e d  b e lo w .  O b v io u s  d i s c r e p a n c i e s  a r e  i n d i ­

c a t e d  by  * .

MODEL A

XS M u tan t  N onm utated  L eaky  O b se rv e d  P r e d i c t e d
G enes G enes C h a r a c t e r  DMF DMF

6 89 0.40 0.40 -

8 69 0.48 0.48 -

9 68 0.70 0.70 -

68 9 0.2 ( 0 . 4 ) (o .48)=o.19

69 8 0 . 1 7 ( 0 .4 ) ( 0 .7 ) =0 . 28 *

89 6 0.33 (0 .48)(0 .7)=0.34

689 0 0.12 (0 .4 ) ( 0 .4 8 ) (0 .7 )=0 . 13

I t  c a n  be s e e n  t h a t  e x c e p t  f o r  t h e  somewhat p o o r  a g r e e ­

m en t b e tw e e n  o b s e r v e d  and  p r e d i c t e d  DMF f o r  t h e  69  d o u b le  

m u ta n t ,  t h e  m odel seem s a c c e p t a b l e ,  p a r t i c u l a r l y  i f  t h e  s e ­

q u e n c e  i s  XS8, XS9 and  XS6. T h i s  s e q u e n c e  i s  i n  a g re e m e n t  

w i t h  t h e  p r o p o s e d  e x o n u c l e a s e  f u n c t i o n  o f  XS8, a n d  t h e  p o l y ­

m e ra s e  an d  l i g a s e  f u n c t i o n s  o f  XS6 and  XS9, p ro p o s e d  e a r l i e r  

( D i s c u s s i o n  S e c t i o n  I ) .  T h i s  s e q u e n c e  i s  a l s o  c o m p a t ib l e  w i t h  

t h e  p r o p o s e d  b u d d in g  c e l l  s h o u l d e r  f u n c t i o n  o f  t h e  n o rm al XS6 

g e n e .  I n  a d d i t i o n ,  t h e  p r e d i c t e d  c o m p le te  l o s s  o f  r e s i s t a n c e  

i n  t h e  t r i p l e  m u ta n t  c l o s e l y  a g r e e s  w i t h  t h e  o b s e rv e d  DMF.

One may a l s o  c o n s i d e r  t h e  c o n s e q u e n c e s  o f  a  p a r a l l e l  

f u n c t i o n a l  o r d e r i n g  o f  c l a s s  I I  m u ta n t  g e n e s  i n  w h ic h  t h r e e  

in d e p e n d e n t  p a th w a y s  may be  r e g a r d e d  a s  r e s p o n s i b l e  f o r  t h e
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r e p a i r  o f  d i f f e r e n t  t y p e s  o f  X - ra y  in d u c e d  dam age. I n  t h i s  

c a s e ,  t h e  f a c t  t h a t  t h e  s i n g l e  m u ta n t s  show some b u d d in g  

c e l l  r e s i s t a n c e ,  d o e s  n o t  r e q u i r e  t h e  a s s u m p t io n  o f  l e a k i n e s s  

i n  any  o f  t h e  m u ta n t  a l l e l e s ,  th o u g h  i t  by no m eans e x c l u d e s  

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

m u ta n t  s t r a i n s  can  be  c o n s i d e r e d  t o  r e p r e s e n t  t h e  a c t i v i t i e s  

o f  t h e  u n m u ta te d  p a th w ay s  o n l y .  The f u n c t i o n  o f  e a c h  n o rm al 

c l a s s  I I  gene  I s  t h e n  i n f e r r e d  f ro m  t h e  DMF o f  t h e  c o m p le ­

m e n ta ry  h a p l o i d  d o u b le  m u ta n t ,  and  t h e  b e h a v i o r  o f  s i n g l e  

m u ta n ts  ( d o u b le  f u n c t i o n s )  may be  p r e d i c t e d  fro m  t h e i r  sum s, 

a s  shown b e lo w .

MODEL B

XS M utan t  N onm uta ted  O b served  P r e d i c t e d  
Gene Gene DMF DMF

6 89 0.40 0.17 + 0.20 = 0.37

8 69 0.48 0.33 + 0.20 = 0 . 5 2

9 68 0.70 0.33 4- 0.17 = 0.50

68 9 0.20

69 8 0.17

89 6 0.33

689 0 0.12 0.1 = 0.15

0 6, 8, 9 1.00 .33 +• .17 f  , 2 +

As c a n  be  s e e n ,  t h e  f i t  i s  n e i t h e r  v e ry  good n o r  v e ry  

b a d ,  and  c o n s i d e r i n g  th e  e r r o r s  i n h e r e n t  i n  t h e  p r o c e d u r e ,  i t  

c o u ld  n o t  be u s e d  e i t h e r  t o  a c c e p t  o r  r e j e c t  t h e  m o d e l.
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H ow ever, u s i n g  t h e  d e f i n i t i o n  o f  r e s i d u a l  f u n c t i o n  g iv e n  

a b o v e ,  an d  a s s u m in g  t h a t  b u d d in g  c e l l  r e s i s t a n c e  w o u ld  r e p r e ­

s e n t  t h e  sum o f  t h e  DMFs o f  a l l  c o m p le m e n ta ry  h a p l o i d  d o u b le  

m u t a n t s ,  a d d e d  t o  t h a t  o f  t h e  t r i p l e  m u ta n t ,  w h ic h  r e p r e s e n t s  

e x c l u s i v e  c l a s s  I  c o n t r i b u t i o n  t o  th e  p h e n o ty p e ;  t h e  sum o f  

0 .8 2  seem s c o n s i d e r a b l y  l e s s  t h a n  t o t a l  b u d d in g  c e l l  f u n c t i o n .  

T h i s  m odel h a s ,  h o w e v e r ,  t h e  a d v a n ta g e  t h a t  i t  a l l o w s  f o r  t h e  

s p e c i a l  s h o u l d e r  f u n c t i o n  o f  g e n e  6 .

A n o th e r  a r r a n g e m e n t  i s  shown be low  c o m b in in g  b o t h  s e ­

q u e n t i a l  and  p a r a l l e l  o r d e r i n g .

a  6 DMF1

 C______  DMF2

T h is  m ode l r e q u i r e s  l e a k i n e s s  f o r  t h e  g en e  i n  p o s i t i o n  

a .  T h i s  g en e  s h o u ld  h a v e  l i t t l e  o r  no e f f e c t  when f u n c t i o n a l  

a lo n e  (when b an d  c a r e  m u t a t e d ) .  The IMF o f  t h e  s e q u e n c e  

a  b (DMF1) an d  t h e  s i n g l e  3 te p  c (DMF2) e q u a l  t h e  DMFs f o r  

t h e  c o m p le m e n ta ry  s i n g l e  a n d  d o u b le  m u ta n t  h a p l o i d  r e s p e c t ­

i v e l y .  The l e a k i n e s s  o f  t h e  g en e  in  p o s i t i o n  a  i s  com p u ted  

a s  f o l l o w s :

L e a k i n e s s  o f  g e n e  a  e q u a l s  X. T h e r e f o r e  (DMFl) (X) =

DMF ( a  c )  d o u b le  m u ta n t .  F o u r  M odels A, B, C, D, an d  t h e i r  

c o n s e q u e n c e s  a r e  p r e s e n t e d  b e lo w .  O bvious d i s c r e p a n c i e s  

a r e  i n d i c a t e d  by  * .
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- 65 -

L eaky  Gene Gene P o s i t i o n

a b £

c 8 8 6 9

D 6 6 9 8

E 6 6 8 9

F 9 9 6 8
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Model C L e a k in e s s  f a c t o r  gene  8  = 0 .4 7

XS M u ta n t  N o n m uta ted  O b se rv e d  P r e d i c t e d  
Gene Gene DMF DMF

6 89 0 .4 0 0 .2 0  - f  0 = 0 .2 0  *

8 69 0 .4 8 0 .2 0  4-  0 . 4 7 ( 1 )  -  0 .6 7

9 68 0 .7 0 assum ed « 0 .7 0

68 9 0 .2 0 assum ed  = 0 .2 0

69 8 0 .1 7 assum ed  = 0 . 1 *

89 6 0 .3 3 ( 0 . 4 7 ) ( 1 )  « 0 .4 7  *

689 0 0 .1 2 0 .1

Model D L e a k in e s s  f a c t o r  gene  6  = 0 . 4

M utan t N o nm uta ted O b se rv e d P r e d i c t e d
Gene Gene DMP DMP

6 89 0 .4 0 0 .1 7  4  ( 0 . 4 ) ( l )  = 0 .5 ,

8 69 0 .4 8 0 .4 8

9 68 0 .7 0 0 .1 7  4  0 = 0 .1 7  *

68 9 0 .2 0 0 . 4

69 8 0 .1 7 0 .1 7

89 6 0 .3 3 0 . 1  *

689 0 0 .1 2 0 .1
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Model E L e a k in e s s  f a c t o r  g ene  6 = 0 .2 4

> M u tan t N onm uta ted O b se rv e d P r e d i c t e d
Gene Gene DMP DMP

6 89 0 .4 0 0 . 2  -4- ( 0 . 2 4 ) ( l )  = 0 .4 4

8 69 0 .4 8 0 . 2 + 0  = 0 . 2  *

9 68 0 .7 0 0 . 7

68 9 0 .2 0 0 . 2

69 8 0 .1 7 0 . +  ( 0 . 2 4 ) ( 1 )  = 0 .2 4  *

89 6 0 .3 3 0 . 1  *

689 0 0 .1 2 0 .1

Model P L e a k i n e s s  f a c t o r  g ene  9 = 0 . 7

I M u tan t 
Gene

N o nm uta ted
Gene

O b se rv ed
DMP

P r e d i c t e d
DMP

6 89 0 .4 0 0  -4- 0 . 1 7  = 0 . 1 7  *

8 69 0 .4 8 0 .4 8

9 68 0 .7 0 0 .1 7  +  ( 0 . 7 ) ( 1 ) = 0 .8 7

68 9 0 .2 0 0 .1

69 8 0 .1 7 0 .1 7

89 6 0 .3 3 0  +  ( 0 . 2 4 ) ( l )  = 0 . 2 4  *

689 0 0 .1 2 0 . 1

The p r e d i c t e d  DMP v a l u e s ,  com p u ted  f o r  m o d e ls  C, D, E , 

an d  P ,  show s u c h  l a r g e  d i s a g r e e m e n t s  w i t h  t h e  o b s e r v e d  

v a l u e s ,  t h a t  t h i s  c o m b in a t io n  o f  s e q u e n t i a l  an d  b r a n c h i n g  

p a th w a y s  i s  r e j e c t e d .
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A n o th e r  b r a n c h in g  p a th w ay  m o del i s  p o s s i b l e  i n  w h ic h  

one c l a s s  I I  g en e  i s  l o c a t e d  j u s t  b e f o r e  t h e  b r a n c h  p o i n t ,  

and  t h e  r e m a in i n g  two c l a s s  I I  g e n e s  o c cu p y  p o s i t i o n s  on 

e i t h e r  a rm s o f  t h e  f o r k .  I n  t h i s  m o d e l ,  t h e  g en e  a t  t h e  

b r a n c h  p o i n t  may be  r e g a r d e d  a s  c o n t r o l l i n g  an  i n t e r m e d i a t e  

s h a r e d  by t h e  r e m a in in g  g e n e s ,  o r  s p e c i f y i n g  a  f u n c t i o n  

( f o r  e x a m p le ,  an  e x o n u c l e a s e )  w h ic h  m ust  p r e c e d e  t h o s e  o f  

t h e  o t h e r  g e n e s .

T h re e  v a r i a n t s  a r e  p o s s i b l e  (M ode ls  G, H and  I ) .  Those  

m o d e ls  (G a n d  H ), i n  w h ic h  g e n e  6 ( t h e " s h o u l d e r "  g e n e )  i s  

d i s t a l ,  may be p r e f e r a b l e .

4- k
M odel G Model H Model I

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

g e n e  a t  t h e  b r a n c h  p o i n t .  The p re su m e d  l e a k i n e s s  o f  t h i s  g e n e  

c a n  b e  t a k e n  from  t h e  DMFs o f  t h e  s i n g l e  m u t a n t s ,  an d  a r e  

0 . 4 0 ,  0 .4 8  and  0 .7 0  f o r  XS6 , XS8  an d  XS9, r e s p e c t i v e l y .  The 

f r a c t i o n  o f  n o rm al f u n c t i o n  c h a r a c t e r i s t i c a l l y  p e r f o rm e d  by 

e a c h  u n m u ta te d  g ene  on an  arm  o f  t h e  f o r k ,  i s  t a k e n  fro m  t h e  

DMP o f  t h e  c o m p le m e n ta ry  m u ta n t  s t r a i n ,  a s  p r e v i o u s l y  d e s c r i b e d ,  

F o r  e x a m p le ,  u s i n g  Model G, t h e  f r a c t i o n  o f  f u n c t i o n  o f  t h e  

n o rm a l  6 , 8  s e q u e n c e ,  e q u a l s  0 .7 *  ( t h e  DMP o f  s t r a i n  XS9),
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w h i l e  t h a t  o f  t h e  n o rm a l  8 , 9 s e q u e n c e  e q u a l s  0 .4 0  ( t h e  DMP 

o f  s t r a i n  XS6 ) .  The p r e d i c t e d  c o n s e q u e n c e s  o f  t h e  t h r e e  

m o d e ls  a r e  p r e s e n t e d  b e lo w .  O bv ious  d i s c r e p a n c i e s  a r e  i n d i ­

c a t e d  by * .

Model G L e a k in e s s f a c t o r  g e n e  8 = 0 .4 8

M utan t N onm utan t O b se rv ed P r e d i c t e d
iene Gene DMP DMP

6 89 0 .4 0 0 . 4

8 69 0 .4 8 0 .4 8

9 68 0 .7 0 0 .7 0

68 9 0 .2 0 ( . 4 ) ( 0 . 4 8 )  = 0 .1 9

69 8 0 .1 7 0 . 1  *

89 6 0 .3 3 ( 0 . 4 8 ) ( 0 . 7 ) = 0 .3 4

689 0 0 .1 2 0 .1

Model H L e a k in e s s  f a c t o r  g e n e  9 = 0 .7 0

XS M u tan t N onm utan t O b se rv e d  P r e d i c t e d  
Gene Gene DMP DMP

6 89 0 .4 0 0 .4 0

8 69 0 .4 8 0 .4 8

9 68 0 .7 0 0 .7 0

68 9 0 .2 0 0 . 1  *

69 8 0 .1 7 ( 0 . 4 0 ) ( 0 . 7 0 ) = 0 .2 8  *

89 6 0 .3 3 ( 0 . 4 8 ) ( 0 . 7 0 ) = 0 .3 4

689 0 0 .1 2 0 .1
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M o d e l I  L e a k in e s s  f a c t o r  g ene  6  = 0 .4 0

1 M u ta n t  
Gene

N onm uta ted
Gene

O b se rv ed
DMF

P r e d i c t e d
DMF

6 89 0 .4 0 0 .4 0

8 69 0 .4 8 0 .4 8

9 68 0 .7 0 0 .7 0

68 9 0 .2 0 ( 0 . 4 0 ) ( 0 . 4 8 )  = 0 .1 9

69 8 0 .1 7 ( 0 . 4 ) ( 0 . 7 )  » 0 .2 8  *

89 6 0 .3 3 0 . 1  *

689 0 0 .1 2 0 . 1

C l e a r l y ,  t h e  b e s t  a g re e m e n t  b e tw e e n  o b s e r v e d  and  p r e ­

d i c t e d  DMFs I s  fo u n d  i n  Model G, w here  g e n e  8 i s  a t  t h e  b r a n c h  

p o i n t ,  a n d  f i n a l  f o r m a t i o n  o f  t h e  p h e n o ty p e  i s  s h a r e d  b y  g e n e s  

6 an d  9 i n  an  a p p r o x im a te  3 0 :7 0  r a t i o ,  r e s p e c t i v e l y .  T h i s  

r a t i o  i s  c l o s e  t o  t h e  o b s e r v e d  DMPs o f  s t r a i n s  XS6  and  XS9, 

o f  0 . 4  and  0 . 7  r e s p e c t i v e l y .  The a r r a n g e m e n t  i s  e v en  more 

p e r s u a s i v e  when one c o n s i d e r s  t h a t  t h e  XS6 , XS9 h a p l o i d  d o u b le  

m u ta n t  a s  w e l l  a s  t h e  XS6 XS9/XS6 XS9 d i p l o i d ,  i n  b o t h  o f  

w h ic h  o n l y  XS8  i s  n o rm a l ,  show s i m i l a r  DMFs a t  1% s u r v i v a l ,  

and  h av e  v i r t u a l l y  no b u d d in g  c e l l  r e s i s t a n c e .

The XS8 g en e  may be  r e g a r d e d  a s  r e s p o n s i b l e  f o r  t h e  

c o n t r o l  o f  an  i n t e r m e d i a t e  s t e p  i n  r e p a i r  o f  r a d i a t i o n  dam age, 

f u n c t i o n i n g  a s  a  b r i d g e  b e tw e e n  t h e  c l a s s  I  g e n e s  and  t h e  

o t h e r  c l a s s  I I  g e n e s .  XS8 a l s o  m ig h t  r e g u l a t e  DNA e x o n u c l e a s e  

a c t i v i t y ,  a s  d e s c r i b e d  i n  S e c t i o n  I  o f  t h e  D i s c u s s i o n ,  i n
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w h lch  c a s e  e i t h e r  norm al o r  l e a k y  m u ta n t  XS8 g en e  w ould  

p r o v i d e  e x t e n s i v e  DNA d e g r a d a t i o n ;  b u t  w i t h  o n ly  m u ta n t  XS6 

and  XS9 a l l e l e s ,  r e p a i r  s y n t h e s i s  c o u ld  n o t  f o l l o w .

I n  sum m ation , t h e  se q u e n c e  m odel (Model A) in  w h ich  

r e s i s t a n c e  i s  due t o  r e s i d u a l  l e a k y  f u n c t i o n  o f  t h e  m u ta n t s ,  

and  t h e  b r a n c h e d  m odel w i t h  XS8  b e f o r e  t h e  f o r k  (M odel G ), 

seem m o s t  c l e a r l y  t o  a c c o u n t  f o r  p o s s i b l e  g e n e t i c  o r g a n i z a ­

t i o n  f o r  c l a s s  I I  g e n e s .  I t  i s  d i f f i c u l t  a t  p r e s e n t  t o  

f i n d  a  b a s i s  f o r  c h o o s in g  b e tw ee n  th e m . The r e l a t i v e l y  p o o r  

a g re e m e n t  i n  Model A f o r  s t r a i n s  c o n t a i n i n g  m u ta te d  6  and  9 

g e n e s ,  t e n d s  t o  f a v o r  t h e  b r a n c h e d  m o d e l .

I I I .  R a d i a t i o n  R e s i s t a n c e  i n  R e l a t i o n  t o  M e i o s i s ,  M e io t i c  
R e c o m b in a t io n  and  S p o r u l a t i o n

The r e l a t i o n s h i p  b e tw een  r a d i a t i o n  r e s i s t a n c e  and  m e i o s i s ,  

m e i o t i c  r e c o m b in a t io n ,  and  s p o r u l a t i o n  i n  f u n g i  h a s  been  

ex am in ed  i n  a  number o f  o rg a n is m s  ( 5 2 , 7 2 , 75> 8 8 ) .  S c h r o e d e r  

( 7 5 ) o b s e r v e d  t h a t  n e i t h e r  t h e  u v s  3 n o r  u v s  5 m u ta n t s  o f  

N e u ro s p o ra  i s  f e r t i l e  i n  t h e  hom ozygous c o n d i t i o n .  A sc i  do 

n o t  d e v e lo p  beyond  t h e  m u l t i n u c l e a t e  a s c o g e n o u s  hypha  s t a g e .

The u v s 4 / u v s 4  hom ozygote  shows r e d u c e d  a s c o s p o r e  s u r v i v a l .

The u v s l  m u ta n t  i n  A s p e r g i l l u s  o f  L a n i e r  et_ al^ ( 5 2 ) ,  when 

hom ozygous, y i e l d s  d w a rf  s t e r i l e  c l e i s t o t h e c i a  c o n t a i n i n g  

a b o r t e d  a s c i .  W rig h t  and  Patem an ( 8 8 ) h ave  o b s e rv e d  p o o r  

v i a b i l i t y  o f  a s c o s p o r e s  i n  a  u v s S / u v s 8  A s p e r g i l l u s  n i d u l a n s
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r a d i a t i o n  s e n s i t i v e  m u ta n t .  I n  c o n t r a s t  t o  t h e s e  r e s u l t s ,  

t h e  u v s 4  m u ta n t  o f  A s p e r g i l l u s  r u g u l o s u s  h a s  no e f f e c t  on 

a s c u s  o r  a s c o s p o r e  d e v e lo p m e n t  ( 8 3 ) .  R a d i a t i o n  s e n s i t i v e  

m u ta n t s  o f  y e a s t  a l s o  do n o t  show a  c l o s e  r e l a t i o n s h i p  b e t ­

ween r a d i a t i o n  s e n s i t i v i t y  and  d e f e c t s  i n  m e i o s i s  and  s p o r u ­

l a t i o n .  I n  y e a s t ,  m e i o s i s  o c c u r s  when d i p l o i d  c e l l s  a r e  

i n d u c t e d  t o  s p o r u l a t e  an d  e n d s  w i t h  t h e  f o r m a t io n  o f  an  

a s c u s  c o n t a i n i n g  f o u r  h a p l o i d  a s c o s p o r e s  ( 2 4 ) .  Of t h e  96 

r a d i a t i o n  s e n s i t i v e  m u ta n t s  i s o l a t e d  by  Cox an d  P a r r y  ( 1 5 ) j  

o n ly  u v s 5 j u v s 6 ,  u v s 1 9 ,  u v s 20  and  u v s 21  when hom ozygous 

s i g n i f i c a n t l y  r e d u c e  s p o r u l a t i o n  i n  d i p l o i d  y e a s t .  W ith  

r e s p e c t  t o  t h e  r a d i a t i o n  s e n s i t i v e  m u ta n t s  o f  R e s n ic k  ( 7 2 ) ,  

o n ly  XS3/XS3 f a i l s  t o  s p o r u l a t e .  The p h e n o t y p i c a l l y  c l a s s  I  

m u ta n t  XS1/XS1 s p o r u l a t e s ,  b u t  p r o d u c e s  i n v i a b l e  s p o r e s ,  an d  

a l l  o t h e r  XS an d  u v s  m u ta n t s  show n o rm a l  s p o r u l a t i o n  a n d  

s p o r e  v i a b i l i t y  when hom ozygous. None o f  t h e  u v s  m u ta n t s  

o f  Snow i n t e r f e r e s  w i t h  t h e  m e i o t i c  d i v i s i o n s  ( 7 9 ) .  S p o ru ­

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

c e l l s  was a b o u t  t h e  same a s  o b s e r v e d  in  t h e  c o n t r o l s .  The 

i n v e s t i g a t i o n s  w i t h  o u r  m u ta n t s  s u g g e s t  t h a t  m u t a t i o n s  c o n ­

f e r r i n g  b u d d in g  c e l l  s e n s i t i v i t y  may i n  some c a s e s  a l s o  b l o c k  

m e io s o s  ( s e e  t a b l e  6 ) .  The Xs l / X s l ,  XS6/X S6 , XS7/X S 7 , and  

XS9/X S 9 d i p l o i d  h o m o zy g o te s  f a i l  t o  s p o r u l a t e .  H ow ever, t h e  

c l a s s  I  m u ta n t  XS5 and  t h e  c l a s s  I I  m u ta n t  XS8  show good
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s p o r u l a t i o n  when hom ozygous. E s p o s i t o  e t  a l  (24 )  h a v e  a t ­

te m p te d  t o  d e f i n e  t h e  f u n c t i o n s  u n iq u e  t o  m e i o s i s  i n  y e a s t ,  

and  t o  d e te r m in e  t h e i r  s e q u e n c e  o f  e x p r e s s i o n  d u r i n g  s p o r u ­

l a t i o n .  T h re e  t e m p e r a t u r e  s e n s i t i v e  m u ta n t s ,  Spo 1 - 1 ,  Spo 

2 - 1 ,  and  Spo 3 -1  w ere  c h a r a c t e r i z e d  w i t h  r e s p e c t  t o  m ac ro -  

m o le c u l a r  s y n t h e s i s  and  t h e  n u c l e a r  d i v i s i o n s  o f  m e i o s i s .

T hese  s p o r u l a t i o n  d e f i c i e n t  m u ta n t s  do n o t  fo rm  a s c i  d e t e c ­

t a b l e  on m ic r o s c o p ic  e x a m in a t io n ,  an d  t h e r e f o r e  may r e p r e s e n t  

l e s i o n s  t h r o u g h o u t  t h e  s p o r u l a t i o n  c y c l e .  The DNA s y n t h e s i s  

w h ich  p r e c e d e s  m e i o s i s  i s  no rm al i n  Spo 2 - 1 ,  b u t  i s  a b o u t  

h a l f  t h a t  o b s e r v e d  f o r  w i ld  ty p e  i n  Spo 1 -1  and  Spo 3 - 1 .

The m u ta n ts  show n o rm a l RNA and p r o t e i n  s y n t h e s i s ,  and  p r o ­

t e i n  t u r n o v e r .  C y t o l o g i c a l  e v id e n c e  p r e s e n t e d  shows t h a t  a l l  

m u ta n ts  i n i t i a t e  t h e  f i r s t  d i v i s i o n  o f  m e i o s i s .  How ever, o n ly  

t h r e e  t o  s i x  p e r c e n t  o f  t h e  Spo 2 - 1  and Spo 3 -1  c e l l s ,  r e s p e c ­

t i v e l y ,  and  none o f  t h e  Spo 1 -1  c e l l s  p r o c e e d  i n t o  t h e  se c o n d  

m e i o t i c  d i v i s i o n .

S p o r u l a t e d  c u l t u r e s  o f  m u ta n t s  d e f e c t i v e  i n  t h e  se c o n d  

m e i o t i c  d i v i s i o n  w ould  be e x p e c te d  t o  c o n t a i n  m a in ly  mononu­

c l e a t e  and  b i n u c l e a t e  c e l l s .  M u ta n ts  a f f e c t i n g  a s c o s p o r e  

f o r m a t io n  a f t e r  m e i o s i s  w ould  be e x p e c te d  t o  c o n t a i n  p r i m a r i l y  

t e t r a n u c l e a t e  c e l l s .  By t h i s  c r i t e r i o n  t h e  m u ta n t s  o f  

E s p o s i t o  e t  a l  (2 4 )  a s  w e l l  a s  m ost  o f  t h e  r a d i a t i o n  s e n s i t i v e  

m u ta n ts  o f  N e u ro sp o ra  (7 5 )  and  A s p e r g i l l u s  (8 8 )  r e p r e s e n t
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d e f e c t s  b e f o r e  th e  c o m p le t io n  o f  t h e  m e i o t i c  d i v i s i o n s .  I n  

c o n t r a s t ,  t h e  u v s  2 m u ta n t  o f  U s t l l a g e  (3 7 )  when homozygous 

u n d e rg o e s  an a b o r t i v e  m e i o s i s  i n  w h ic h  2 -4  n u c l e i  a r e  some­

t im e s  p ro d u c e d ,  b u t  n e v e r  b a s i d i o s p o r e s .  T h is  m u ta n t  may 

r e p r e s e n t  a  d e f e c t  i n  t h e  s p o r e  f o r m a t io n  a f t e r  t h e  m e i o t i c  

d i v i s i o n s .  S t u d i e s  by  B r e s c h  et_ a l  (1 0 )  u s i n g  S c h l z o s a c c h a r o -  

m yces pombe a l s o  i n d i c a t e  t h a t  s p o r u l a t i o n  d e p en d s  on t h e  

c o m p le t io n  o f  t h e  m e i o t i c  d i v i s i o n s ,  s i n c e  no e v id e n c e  o f  

s p o r e  d e v e lo p m e n t  a p p e a r s  i n  m u ta n t s  i n  w h ic h  m e i o s i s  i s  

a f f e c t e d .  N u c le i  from  s u c h  s p o r u l a t i o n  n e g a t i v e  m u ta n ts  

v a r y  i n  number and  s i z e ,  p r e s u m a b ly  r e s u l t i n g  from  d e f e c t s  

i n  t h e  m e i o t i c  p r o c e s s .

P re su m a b ly  o u r  s p o r u l a t i o n  d e f i c i e n t  m u ta n t s ,  a s  w e l l  

a s  t h o s e  o f  Cox and P a r r y  (1 3 )  and  o t h e r s  (5 2 ,  73* 88) r e p r e ­

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

p r o c e s s e s  l e a d i n g  t o  t h e  f o r m a t io n  o f  a s c o s p o r e s .  No a t t e m p t  

h a s  b e en  made a s  y e t  t o  e s t a b l i s h  t h e  n a t u r e  o f  t h e s e  d e f i ­

c i e n c i e s  .

No c l e a r  c o r r e l a t i o n  b e tw e e n  r a d i a t i o n  s e n s i t i v i t y  and  

d e f e c t s  i n  m e i o t i c  r e c o m b in a t io n  i n  r a d i a t i o n  s e n s i t i v e  m u ta n t s  

h a s  b e en  fo u n d  in  f u n g i .  W rig h t  and  Patem an (8 8 )  r e p o r t  no 

r e d u c t i o n  i n  m e i o t i c  r e c o m b in a t io n  f r e q u e n c y  f o r  t h e  homozygous 

d i p l o i d  u v s 8 / u v s 8 .  The u v s 4 /u v s 4  m u ta n t  o f  A s p e r g i l l u s  

r u g u l o s u s  shows no rm al m e i o t i c  r e c o m b in a t io n  f r e q u e n c y  f o r
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y - i s o l e u c l n e  ( 8 3 ) .  S h a n f i e l d  and  K a f e r  (7 7 )  a l s o  r e p o r t  

n o rm a l  r e c o m b i n a t i o n  f r e q u e n c i e s  f o r  t h e i r  uvsB2 hom ozygous d i p ­

l o i d  A s p e r g i l l u s  m u t a n t s .  I n  a d d i t i o n ,  Chang and  T uveson  (1 2 )  

r e p o r t  t h a t  t h e  u v s l  m u ta n t  o f  N e u ro s p o ra  w h ic h  r e d u c e s  a s c o -  

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

H o l l i d a y  (3 7 )  u s i n g  U s t i l a g e  m ay d ls  h a s  shown t h a t  t h e  u v s l /  

u v s l  a n d  u v s 3 / u v s 3  m u ta n t s  do n o t  a f f e c t  c r o s s i n g  o v e r  b e tw ee n  

a d l  a n d  m e-1 5 > o r  c o n v e r s i o n  a t  t h e  n a r  ( n i t r a t e  r e d u c t a s e )  

l o c u s .  Snow (8 8 )  h a s  a l s o  d e m o n s t r a t e d  t h a t  none o f  h i s  u v s  

a l l e l e s  when hom ozygous a f f e c t s  e i t h e r  m e i o t i c  i n t r a g e n i c  r e ­

c o m b in a t io n  a t  t h e  h i s l  l o c u s  o r  i n t e r g e n i c  r e c o m b in a t io n  

b e tw e e n  t h r 3  a n d  a r g 6 .  Our i n v e s t i g a t i o n s  w i t h  XS m u ta n t s  

a l s o  r e v e a l  no  c l e a r  c o r r e l a t i o n  o f  s e n s i t i v i t y  w i t h  m e i o t i c  

r e c o m b i n a t i o n  f r e q u e n c y  f o r  t h e  i n t e r v a l  b e tw e e n  l e u l  an d  

t r y 5  ( t a b l e  7 ) .  To su m m arize ,  a l l  t h e s e  f i n d i n g s  s u g g e s t  

t h a t  som e, b u t  by  no m eans a l l  m u t a t i o n s  c o n f e r r i n g  r a d i a t i o n  

s e n s i t i v i t y ,  a f f e c t  m e i o s i s  a n d  s p o r u l a t i o n .  H ow ever, t h e y  

do n o t  i n f l u e n c e  m e i o t i c  g e n e t i c  r e c o m b in a t io n  i n  t h o s e  s t r a i n s  

in  w h ic h  m e i o s i s  an d  s p o r u l a t i o n  o c c u r .

The r e l a t i o n s h i p  b e tw e e n  In d u c e d  m i t o t i c  r e c o m b in a t io n  

and  r a d i a t i o n  r e s i s t a n c e  w i l l  be  c o n s i d e r e d  i n  S e c t i o n  IV .

IV . N o n - l e t h a l  r a d i a t i o n  damage i n  w i l d  t y p e  and  m u ta n t s

One n o n - l e t h a l  e n d p o i n t  ex am in ed  i n  w i l d t y p e  a n d  m u ta n t  

s t r a i n s ,  w as r a d i a t i o n  in d u c e d  r e c e s s i v e  h o m o z y g o s is .  The
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i n d u c t i o n  o f  n o n l e t h a l  e n d p o i n t s  by X - ra y s  h a s  been  p r e v i o u s l y  

s t u d i e d  by P e r p e r  ( 6 8 ) ,  and  P e r p e r  and  Beam ( 6 9 ) .  Jam es and  

Lee W h it in g  ( 4 2 ) ,  and  H u r s t  and  P o g e l  ( 4 l )  h ave  shown t h a t  

u l t r a v i o l e t  l i g h t  i n d u c e s  r e c e s s i v e  ho m o zy g o s is  a t  one o r  more 

l o c i  i n  h e te r o z y g o u s  v e g e t a t i v e  c e l l s  o f  S a c ch a ro m y c es  c e r e v i -  

s i a e .  M i t o t i c  r e c o m b in a t io n  was c o n s i d e r e d  t o  be t h e  m echanism  

o f  h o m o z y g o s is .  T h is  m echan ism  f o r  ho m o zy g o s is  a f t e r  uv l i g h t  

and  i o n i z i n g  r a d i a t i o n  w as l a t e r  c o n f i r m e d  by N akai and  M o rt im e r  

( 6 l ) .  Hom ozygosis h a s  a l s o  b e e n  s t u d i e d  i n  sy n c h ro n o u s  c u l t u r e s  

o f  y e a s t  by P a r r y  and  Cox (6 4 )  a s  w e l l  a s  by E s p o s i t o  ( 2 3 ) .

P a r r y  ( 6 2 ) h a s  shown t h a t  m i t o t i c  r e c o m b in a n t s  a r e  in d u c e d  t o  

t h e  same e x t e n t  by b o t h  u l t r a v i o l e t  l i g h t  and  t h e  c h e m ic a l  

m u ta g en , EMS, when m e a su re d  a t  t h e  same s u r v i v a l .

S e n s i t i v i t y  t o  t h e s e  e n d p o i n t s  d e p en d s  upon t h e  s t a g e  in  

t h e  c e l l  c y c l e  o f  t h e  i r r a d i a t e d  c e l l s .  E s p o s i t o  ( 2 3 ) ,  u s i n g  

s y n c h ro n o u s  c u l t u r e s  o f  y e a s t  i r r a d i a t e d  a t  d i f f e r e n t  p o i n t s  

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

X - r a y s ,  h a s  fo u n d  t h a t  r e c o m b in a t io n  i n d u c t i o n  can  o c c u r  p r i o r  

t o  DNA s y n t h e s i s ,  and  r e a c h e s  a  maximum f r e q u e n c y  a t  t h e  s t a r t  

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

a  minimum j u s t  a f t e r  r e p l i c a t i o n  i s  c o m p le te d ;  c e l l s  u n d e rg o in g  

b u d d in g  a r e  m ost r e f r a c t o r y  t o  i n d u c t i o n  o f  m i t o t i c  r e c o m b in a ­

t i o n .  P e r p e r  (68 ) and  P e r p e r  and  Beam ( 6 9 ) h av e  a l s o  o b s e rv e d  

t h a t  b u d d in g  c e l l s  a r e  r e s i s t a n t  t o  h o m o zy g o s is ,  and  t h a t
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h ig h  r e c o m b in a t io n  i n d u c t i o n  c o i n c i d e s  w i t h  h ig h  s e n s i t i v i t y  

t o  i n a c t i v a t i o n  o f  i n t e r d i v i 3 i o n a l  c e l l s .

Our f i n d i n g  t h a t  m o d i f i c a t i o n  o f  t h e  g e n e t i c  c o n t r o l  o f  

b u d d in g  c e l l  r e s i s t a n c e  t o  i n a c t i v a t i o n  may o r  may n o t  be  

p a r a l l e l e d  by a l t e r e d  f r e q u e n c i e s  o f  n o n l e t h a l  e n d p o i n t s ,  

h a s  been  fo re s h a d o w e d  t o  some e x t e n t  i n  t h e  r e s u l t s  o f  o t h e r  

i n v e s t i g a t o r s .  M o u s ta c c h i  ( 5 7 ) h a s  s t u d i e d  uv in d u c e d  homo­

z y g o s i s  i n  h e r  u v s ,  m u ta n t  w h ic h  shows e x p o n e n t i a l  s u r v i v a l  

w i t h  u v ,  b u t  shows a  n o rm a l b u d d in g  c e l l  com ponent i n  gamma 

r a y  s u r v i v a l  c u r v e s .  B o th  i n t e r d i v i s i o n a l  and  b u d d in g  c e l l s  

show e n h a n c e d  s e n s i t i v i t y  t o  u v ,  b u t  a r e  o f  n o rm al s e n s i t i v i t y  

t o  gamma r a y s .  T h is  m u ta n t ,  when hom ozygous, c o n f e r s  a  h i g h e r  

s e n s i t i v i t y  t o  uv  in d u c e d  h o m o zy g o s is  i n  b o th  i n t e r d i v i s i o n a l  

and b u d d in g  c e l l s  t h a n  w i l d  t y p e ,  o r  t h e  4 */uvS 2 h e t e r o z y g o t e .  

M o u s ta c c h i  and E n t e r i c  (5 9 )  h av e  fo u n d  s e v e r a l  u v s  m u ta n ts  o f  

y e a s t  s e n s i t i v e  t o  uv  i n a c t i v a t i o n  w h ic h  a r e ,  h o w e v er ,  o f  w i l d  

ty p e  s e n s i t i v i t y  t o  p e t i t e  i n d u c t i o n .  S in c e  t h e  s t u d i e s  w ere  

done w i t h  u n s y n c h r o n iz e d  c u l t u r e s  an d  i n c l u d e  h igh  d o s e s ,  i t  

seem s f a i r  t o  c o n c lu d e  t h a t  t h e  b u d d in g  c e l l s  a r e  s e n s i t i v e  

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

e n d p o i n t .

Only two o f  o u r  m u ta n t s  w ould  s p o r u l a t e  when hom ozygous, 

b u t  f o r t u n a t e l y  t h e y  r e p r e s e n t e d  b o t h  c l a s s e s ,  I  and  I I .  T hese  

w ere  XS5 and  XS8 . XS5 whose b u d d in g  c e l l s  a r e  o f  i n t e r d i v i -
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s i o n a l  c e l l  s e n s i t i v i t y  t o  i n a c t i v a t i o n  (n a m e ly  no b u d d in g  

c e l l  r e s i s t a n c e )  a l s o  shows no r e s i s t a n c e  t o  h o m o z y g o s is .

XS8 w h ic h  when h o m o zy g o s is  shows v e r y  l i t t l e  r e m a in i n g  b u d d in g  

c e l l  r e s i s t a n c e  t o  i n a c t i v a t i o n ,  b u t  i s  f u l l y  n o rm a l  i n  r e ­

s i s t a n c e  t o  h o m o z y g o s is .  The f a c t ,  t h a t  XS5 a n d  XS8 d i f f e r  

i n  t h e i r  c o u p l i n g  o f  s e n s i t i v i t y  t o  i n a c t i v a t i o n  w i t h  s e n s i ­

t i v i t y  t o  h o m o z y g o s is  may be  i m p o r t a n t .  XS5, w h ic h  i n  m u ta n t  

fo rm  o b l i t e r a t e s  r e s i s t a n c e  t o  b o t h  i n a c t i v a t i o n  and  homozy­

g o s i s  may occu p y  a  v e ry  e a r l y  g e n e r a l  r o l e  i n  DNA b r e a k  

c l o s u r e .  The f a c t  t h a t  XS8, on t h e  o t h e r  h a n d ,  shows l i t t l e  

r e s i s t a n c e  t o  i n a c t i v a t i o n ,  b u t  f u l l  r e s i s t a n c e  t o  hom ozygo­

s i s ,  may r e f l e c t  a  d i v e r s i t y  o f  r e p a i r  p a th w a y s .  The m echanism  

s u f f i c i e n t  t o  p r e v e n t  m L to tic  r e c o m b i n a t i o n  d o e s  n o t  p r e v e n t  

a l l  l e t h a l  dam age. A s i m i l a r  n o n c o u p l in g  o f  l e t h a l  and  n o n ­

l e t h a l  e f f e c t s  i s  s e e n  i n  t h e  w ork  o f  P a r r y  and  Cox ( 6 3 ) i n  

w h ic h  d a r k  l i q u i d  h o l d i n g  o f  y e a s t  c e l l s  f o l l o w i n g  uv  i n c r e a s e s  

i n t r a g e n i c  r e c o m b i n a t i o n ,  b u t  d e c r e a s e s  i n a c t i v a t i o n ,  m u ta t io n  

a n d  i n t e r g e n i c  r e c o m b in a t io n .  C o l l e c t i v e l y ,  p r e s e n t  know ledge  

i n d i c a t e s  no s y s t e m a t i c  r e l a t i o n  b e tw e e n  l e t h a l  and  n o n l e t h a l  

damage an d  t h e i r  r e p a i r .
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A b s t r a c t

F iv e  X - ra y  s e n s i t i v e  m u ta n t s  w ere  s e l e c t e d  f ro m  1 0 ,0 0 0  

c o l o n i e s  s u r v i v i n g  t r e a t m e n t  w i t h  u l t r a v i o l e t  l i g h t .  T h ese  

m u ta n t s  w ere  named XS5, XS6, XS7, XS8 and XS9. XS1 was d o ­

n a t e d  by N a k a i .  T hese  m u ta n t s  f a l l  i n t o  tw o p h e n o ty p ic  

c l a s s e s :  c l a s s  I  i n  w h ic h  b u d d in g  c o n f e r s  no r e s i s t a n c e ,

an d  c l a s s  I I  In  w h ic h  r e s i s t a n c e  i s  d e t e c t a b l e  b u t  s u b n o rm a l .  

T h ese  m u ta n ts  when c r o s s e d  w i t h  one a n o t h e r  show a  co m plex  

c o m p le m e n ta t io n  p a t t e r n .  The h e t e r o z y g o u s  d i p l o i d s  com posed 

o f  XS1 and  an y  o t h e r  c l a s s  I  o r  c l a s s  I I  m u ta n t  show o n ly  50# 

r e m a in in g  w i l d  t y p e  b u d d in g  c e l l  r e s i s t a n c e  f u n c t i o n ,  w h i l e  

a l l  o t h e r  h e t e r o z y g o u s  d i p l o i d s  show a t  l e a s t  70# o f  n o rm a l  

f u n c t i o n .  The r e d u c e d  f u n c t i o n  o f  XS1 h e t e r o z y g o t e s  was a t ­

t r i b u t e d  t o  a  g e n e  d o s a g e  e f f e c t  a t  t h i s  l o c u s .  The su b n o rm a l 

f u n c t i o n  i n  a l l  o t h e r  h e t e r o z y g o t e s  was a t t r i b u t e d  t o  e i t h e r  

h y b r i d  enzyme f o r m a t i o n  w h ic h  w ould  l e a d  t o  p r o d u c t i o n  o f  

a c t i v e  a s  w e l l  a s  i n a c t i v e  enzyme a g g r e g a t e s ,  o r  t o  t h e  p r e ­

s e n c e  o f  a  l e a k y  m u ta n t .  I n c o m p le te  dom inance  a t  t h e  m u ta n t  

l o c i  was i n t e r p r e t e d  i n  t h e  same m an n e r .

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

lo w in g  c o n c l u s i o n s .  No d i r e c t  c o r r e l a t i o n  b e tw e e n  t h e  p r e s e n c e  

o r  a b s e n c e  o f  s p o r u l a t i o n  and  r a d i a t i o n  s e n s i t i v i t y  may be  

m ade. Genes w h ic h  i n f l u e n c e  b u d d in g  c e l l  r e s i s t a n c e  do n o t  

i n f l u e n c e  m e i o t i c  g e n e t i c  r e c o m b i n a t i o n .  S e n s i t i v i t y  t o  r a d i ­

a t i o n  i n d u c t i o n  o f  r e c e s s i v e  h o m o zy g o s is  i n  m u ta n t s  I s  co m p lex .
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B o th  c o u p l i n g  and  n o n c o u p l in g  o f  r e s i s t a n c e  t o  l e t h a l  and  

n o n l e t h a l  e f f e c t s  o f  r a d i a t i o n  w ere  o b s e r v e d .  One m u ta n t  

show ing  s u b n o rm a l  b u d d in g  c e l l  r e s i s t a n c e  i s  r e f r a c t o r y  t o  

I n d u c t i o n  o f  t h e  n o n l e t h a l  a l t e r a t i o n .  One m u ta n t  w h ic h  

l a c k s  any  b u d d in g  c e l l  r e s i s t a n c e  i s  s e n s i t i v e  t o  i n d u c t i o n  

o f  r e c e s s i v e  h o m o z y g o s is .  The b u d d in g  c e l l  s h o u l d e r  i s  

u n d e r  t h e  c o n t r o l  o f  a  s i n g l e  g e n e .  W ith  t h e  e x c e p t i o n  o f  

t h e  b u d d in g  c e l l  s h o u l d e r  g e n e ,  t h e r e  a p p e a r s  t o  be  a  d i r e c t  

c o r r e l a t i o n  b e tw e e n  t h e  IMP ( w i t h  r e f e r e n c e  t o  w i l d  t y p e  o f  

t h e  b u d d in g  c e l l  s u r v i v a l  a n d  t h a t  o f  t h e  d i p l o i d  i n t e r d i v i ­

s i o n a l  c e l l  s u r v i v a l .

E v id e n c e  was p r e s e n t e d  t o  show t h a t  t h e  c e l l u l a r  p r o c e s s e s  

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

i o n i z i n g  r a d i a t i o n  i n  y e a s t  o p e r a t e  by  m eans o f  r e p a i r  o f  

X - ra y  dam age. S p e c u l a t i o n  c o n c e r n i n g  t h e  g e n e t i c  b a s i s  o f  

t h e  m echan ism s i n v o lv e d  i n  b u d d in g  c e l l  r e s i s t a n c e  w ere  

o f f e r e d ,  i n  w h ic h  s e q u e n t i a l ,  p a r a l l e l ,  and  b r a n c h i n g  m o d e ls  

f o r  c l a s s  I  an d  c l a s s  I I  g e n e  o r g a n i z a t i o n  w ere  c o n s i d e r e d .

I t  I s  p r o p o s e d  t h a t  t h e  g e n e s  a r e  o r g a n i z e d  e i t h e r  i n  a 

s e q u e n t i a l  p a th w a y ,  o r  i n  a  c o m b in a t io n  o f  s e q u e n t i a l  and  

b r a n c h i n g  p a th w a y s .
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i n  DNA by  an enzyme s y s te m  f ro m  E s c h e r i c h i a  c o l i  i n f e c t e d  

w i t h  T4 b a c t e r i o p h a g e  P r o c .  N a t l .  A cad. S c i .  U. S . 5 7 : 

1 0 2 1 - 1 0 2 8 .

8 5 . W i l l i a m s e n ,  D. 1965  The t i m i n g  o f  d e o x y r i b e n u c l e i c  a c i d

s y n t h e s i s  i n  t h e  c e l l  c y c l e  o f  S a c ch a ro m y c es  c e r e v i s i a e  

J .  C o l i  B i o l .  25 :  5 1 7 -5 2 3 .

8 6 .  W i tk in ,  E . M. ( 1 9 6 6 ) M u ta t io n  and t h e  r e p a i r  o f  r a d i a t i o n  

damage i n  b a c t e r i a  R a d i a t i o n  R e s e a r c h  S u p p l .  6 :  3 0 - 5 3 .

8 7 . W itk in  1971 U l t r a v i o l e t  m u ta g e n e s i s  i n  s t r a i n s  o f

E s c h e r i c h i a  c o l i  d e f i c i e n t  i n  DNA p o ly m e ra s e  N a tu re  

2 2 9 :  8 1 - 8 2 .

8 8 .  W r ig h t ,  P . and  J .  P a tem an  1970 U l t r a v i o l e t  l i g h t  s e n s i ­

t i v e  m u ta n t s  o f  A s p e r g i l l u s  N i d u l a n s .  M u ta t io n  R e s e a r c h  

9 :  5 7 9 -5 8 7 .

8 9 . Zimmermann, P . K. ( 1 9 6 8 ) S e n s i t i v i t y  t o  m e th y lm e th a n e  

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

m u ta n t s  i n  S a c c h a ro m y c e s  c e r e v i s i a e  Mol. Gen. G e n e t i c s
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102: 2 4 7 -2 5 6 .

9 0 .  Zimmermann, F . K. and  E . G u n d e la c h  1969 I n t r a g e n i c  

c o m p le m e n ta t io n *  H y b r id  enzyme f o r m a t io n  and  dom in an ce  

i n  d i p l o i d  c e l l s  o f  S a c c h a ro m y c e s  c e r e v i s i a e  M olec .

G en. G e n e t i c s  103: 3 ^ 8 -3 6 2 .

9 1 .  Zimmermann, F . K. I .  S c h m ie d t  and  A. M. A. t e n  b e rg e  1969 

Dom inance a n d  r e c e s s i v e n e s s  a t t h e  p r o t e i n  l e v e l  i n  m u ta n t  

X w i l d t y p e  c r o s s e s  i n  S a c c h a ro m y c e s  c e r e v i s i a e .  M olec . 

Gen. G e n e t i c s  104: 3 2 1 -3 3 0 .
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T a b le  I  Y e a s t  s t r a i n s  em ployed  in  t h i s  s tu d y

S o u rc e  o f  XS m u ta n ts

Name

SC7K

SC7K -  4D t r y l  h i s 2

C e n tro m e rs  m arked  s t r a i n s  f o r  g e n e t i c  a n a l y s i s

Name

2181  a  a d e l  t r y l  h i s 2

M e io t i c  r e c o m b in a t io n  and X -ra y  in d u c e d  
 r e c e s s i v e  h o m o zy g o s is  s t u d i e s ______

x +  t r y 5  l e u l  ade6  m e t l  -t- 
W ild  ty p e  a  +- 4- ■+* +• ■+■ l y s l

c l a s s  I / c l a s s  I  x  XS5 t r y 5  l e i  ad e6  m e t l
a  XS5 +  +  + +  l y s l

c l a s s  l l / c l a s s  I I  x  XS8 t r y 5  l e u l  ad e6  m e t l  4-
a  XS8 4- +■ + +• l y s l
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T ab le  2

S e n s i t i v i t y  o f  s i n g l e  i s o l a t e d  i n t e r d i v i s i o n a l  and  budded

c e l l s  o f h a p l o i d  y e a s t t o  a  s i n g l e d o s e  o f  X - r a y s •

S t r a i n
I n t e r d i v i s i o n a l  
c e l l  s u r v i v a l

B u dd in g  
c e l l  s u r v i v a l

4.7KR 56 KR 4 . 7  KR 56 K1

SC7K 0 .1 2 - 0 .6 4 0 .5 0

XS1 0 .1 0 - 0 .2 0 0

XS5 0 .1 2 - 0 .2 0 0

XS6 0 .1 2 - 0 .5 6 0 .0 4

XS7 0 .1 2 - 0 .5 6 0 .0 6

XS8 0 .1 0 - 0 .5 0 0

XS9 0 .0 6 - 0 .4 6 0 .1 0

50  c e l l s  w ere  m ic r o m a n ip u la t e d  on

YEPD a g a r  a f t e r  e x p o s u r e t o  X - r a y s .

U n i r r a d i a t e d c o n t r o l  c e l l  g i v e

100$ s u r v i v a l .
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T ab le  3

Number o f  PD, NPD and. T A s c l  f o r  r a d i a t i o n  
s e n s i t i v e  g e n e s  v s .  C e n tro m e re  l i n k e d  g e n e s

M u tan t
S t r a i n

M u ta n t
C l a s s

Ad
PD

1
NTD T

h i s
PD

2
NPD T

t r
PD

1
NPD T

Xs 1 1 - - - - 6 - 3 2 8

XS5 1 2 1 6 3 0 6 1 2 6

XS6 I I 2 2 9 2 2 9 3 3 7

XS7 I I 3 2 6 3 3 5 4 2 5

XS8 I I 1 4 10 6 1 8 1 4  10

XS9 I I 2 3 5 4 1 5 3 3 4
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T ab le  4

S e co n d  d i v i s i o n  s e g r e g a t i o n  f r e q u e n c y  o f  
s e n s i t i v i t y  g ene  t o  c e n t r o m e r e  m a r k e r s  in  
m u ta n t :  w i l d  t y p e  c r o s s e s ____________________

Second  d i v i s i o n  
M u tan t  s e g r e g a t i o n  f r e q u e n c y

X3 1 0 .6 7  *

XS5 0 .6 7

XS6 0 .6 9

XS7 ______ **

XS8 0 .6 7

XS9 0 .5 0

* From N ak a i  and  M atsum oto

** A l l e l i c  t o  XS-6 ( s e e  t a b l e s  3 a n d  7)
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T ab le  5

M u ta n t  X m u ta n t  c r o s s e s

C r o s s C l a s s S p o r u l a t l o n  PD NPD

Xs 1 • Xs 1 1 .  1 0 - -

XS1 • XS5 1 . 1 SP 8 4

XS1 • XS9 1 . I I SP 2 1

Xs 1 • x s6 1 . I I SP 8 3

Xs 1 • XS8 1 . I I SP 9 2

XS5 • XS5 I . I SP 27 0

XS5 • XS6 I . I I SP 14 0

XS5 • XS8 I . I I SP 3 4

XS5 • XS9 I . I I SP 1 1

XS6 • XS6 I I . I I 0 - -

x s6 • X S J I I . I I 0 - -

x s  6 • XS8 I I . I I SP 2 2

x s6 • XS9 I I . I I SP 4 8

XS8 • XS9 I I . I I SP 3 4

x s8 • x s8 I I . I I SP 18 0

XS9 • XS9 I I . I I 0 - -

XS5 and  XS6 a r e l i n k e d

c h i  s q u a r e  f o r  in d e p e n d e n c e  PD = NPD 

a t  5$ l e v e l  o f  s i g n i f i c a n c e  

X2 = 14

24

2
21

10

0

4

9

3

6

12

4

0



T ab le 6

R e c o m b in a t io n  f r e q u e n c i e s  f o r  l i n k e d  
m a r k e r s  i n  a  s e n s i t i v e  d i p l o i d  s t r a i n

A 3 cal c l a s s e s  F r e q u e n c i e s  o f  
C ro s s  I n t e r v a l  PD NPD T r e c o m b in a t io n

W ild  ty p e t r y 5 l e u l 23 0 8 0 .1 3

XS5/XS5 t r y 5 l e u l 18 0 9 0 .1 7

XS8/XS8 t r y 5 l e u l 14 0 5 0 .1 3
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T ah le  7

X -ra y  r e s p o n s e s  o f  d i p l o i d s  made from  
p a i r w i s e  c r o s s e s  o f  r a d i a t i o n  s e n s i t i v e  
m u ta n t s

SC7K Xs ! XS5 XS6 XS7 XS8 XS9

SC7K 4 + / - 4 4 4 4 4

Xs  1 V- - V- + / - + / - + /- V-
XS5 4 + / - - 4 4 4 4

XS6 4 + / - 4 - - 4 4

XS7 4 + / - 4 - - 4 4

XS8 4 + / - 4 4 4 - 4

XS9 4 + / - 4 4 4 4 —

Key

i n d i c a t e s  g ro w th  an d  a p p r o x i m a t e l y  w i l d t y p e  
r e s i s t a n c e

i n d i c a t e s  no g ro w th  and  a  s e n s i t i v e  p h e n o ty p e

+■/- i n d i c a t e s  g ro w th  a f t e r  56  KR a n d  no g ro w th  
a f t e r  196 KR an d  in c o m p le t e  c o m p le m e n ta t io n  
o r  in c o m p le t e  d o m in a n ce .



-1 0 0 -

T a b le  8

X -ra y  r e s p o n s e  o f  s i n g l e  i s o l a t e d  bud ded  c e l l s  
o f  d i p l o i d s  h e t e r o z y g o u s  f o r  s e n s i t i v i t y _______

Number o f  C e l l s  M i c r o c o l o n i e s  
C l a s s  S o u rc e  Dose (KR) I s o l a t e d  a f t e r  48 h o u r s

SC -  6 C. A. Beam 0 100 100

5 6 100 30

1/-j- XSl / - i - 0 100 100

56 100 12

V-l- X S 5 /-f 0 100 100

56 100 28

1X1 x s i / x S 5 0 100 100

56 100 13

1X11 XS5/XS8 0 100 100

56 100 29

1X11 XS1/XS8 0 100 100

56 100 12

I I / I I XS6 /X S9 0 100 100

56 100 32

Xs 1 / 4 - ,  Xs l /X S 5  and Xs l/X S 8  a r e  s i g n i f i c a n t l y

more s e n s i t i v e  t h a n w i l d  t y p e SC6, C h i s q u a r e

a t  50$ l e v e l  o f  s i g n i f i c a n c e  f o r  one d e g r e e  o f  

f re e d o m  e q u a l s  8 .



T a b le  9

A.

B.

-1 0 1 -

F re q u e n c y  o f  In d u c e d  r e c e s s i v e  ho m ozygosis  
and  p e t i t e  i n  i n d u c t i o n  in  w i l d t y p e ,  c l a s s  
I  and  c l a s s  I I  d i p l o i d s _______________________

A. i n t e r d i v i s i o n a l  c e l l s
B. b u d d in g  c e l l s

P e r c e n t P e r c e n t

Number and  
f r e q u e n c y  o f  
a u x o tro p h y

S t r a i n Dose S u r v i v a l A uxo trophy l y  l e  t r  ad  me

W ild ty p e 0 KR 100 ( 0 /2 4 7 )  0

56  KR 32 ( 4 6 / 1 3 5 )34±8 5 0 4 18 19

XS5/XS5 0 KR 100 ( 8 / 1 2 1 6 ) 0 .6 6 + 0 .5 8

4 . 7  KR 44 ( 2 4 / 5 3 6 ) 4 .5 + 0 .0 4 8 4 12

XS8/XS8 0 KR 100 ( 0 / 4 7 6 ) 0

9 . 4  KR 40 ( 4 4 /1 8 7 )  24+6 16 8 20

W ild ty p e 0 KR 100 0

56 KR 42 ( 8 / 3 3 2 ) 2 .4 + 0 .5 4 4

XS5/XS5 0 KR 100 ( 4 / 7 5 9 ) 0 .5 3 + 0 .0 4 2 2

4 . 7  KR 38 ( 1 4 / 2 8 6 ) 4 .9 1 0 .5 2 5 7

XS8/XS8 0 KR 100 ( 0/ 5 1 2 ) 0

1 8 .6  KR 32 ( 3 4 /1 4 2 8 )  2 .4 + 0 .2 8 12 14

R e c e s s iv e  homozygosis i n d i c a t e d  a s  p e r c e n t  a u x o tro p h y  

p l u s  o r  m inus  2 s t a n d a r d  e r r o r  u n i t s .  R e c e s s iv e  homo­

z y g o s i s  i n d i c a t e d  a s ,  p e r c e n t  a u x o t ro p h y  p l u s  o r  m inus 

2 s t a n d a r d  e r r o r  u n i t s .
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Figure 1. X-ray survival of haplo ids :  SC 7K, c l a s s  I  and c la ss  H
mutan ts  on YEPD.
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Figure 2.  X-ray survival of diplo ids:  S C - 6  and homozygous XS/XS
m u ta n t s  on YEPD.
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Figure 3. X-ray survival of wild type  and c lass  I  heterozygous s ing le  
m u tan ts  on YEPD.
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Figure 4 .  X-ray survival of wild type and heterozygous c la ss  H sinqle 
m u ta n ts  on YEPD.
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class  H m utan t  diploids  on YEPD.
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F ig u re  14. X-ray survival  of wild type  and c l a s s  II m u ta n ts  on YEPD
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