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A BSTRA CT

In th is  co m m u n ic a tio n  th e  is o la t io n  and c h a r a c te r iz a t io n  of s in g le  

n u c le a r  gene m u ta n ts  of S a c c h a ro m y c e s  c e r e v is ia e  co n d itio n a lly  d e ­

fic ie n t in  DNA m e ta b o lism  is  r e p o r te d .

T he f i r s t  m u tan t d e s c r ib e d  in  th is  co m m u n ica tio n  h a s  b een  found 

to  be  co n d itio n a lly  d e fic ie n t in  m ito c h o n d ria l DNA m e ta b o lism . G row th  

of th is  s t r a in  a t th e  r e s t r i c t i v e  te m p e ra tu re  of 36°C  in  d e x tro s e  o r  

g a la c to se  co n ta in in g  m e d ia  r e s u l t s  in  th e  in d u c tio n  of n e u tr a l  p e t i te s  

w hich  have b e e n  found to  be devo id  of m ito c h o n d ria l DNA. G row th  

of th is  s t r a in  a t  th e  r e s t r i c t i v e  te m p e ra tu re  in  g ly c e ro l co n ta in in g  

m ed ia  r e s u l t s  in  th e  in d u c tio n  of s u p p re s s iv e  p e ti te s  th a t c o n ta in  m ito ­

c h o n d ria l DNA. A n a ly s is  of th e  r a te  of in c o rp o ra t io n  of ra d io a c tiv e  

ad en in e  in to  th e  m ito c h o n d r ia l DNA of th is  s t r a in  a t the  r e s t r i c t iv e  

te m p e ra tu re  in  e i th e r  d e x tro s e ,  g a la c to s e , o r  g ly c e ro l co n ta in in g  

m ed ia  d e m o n s tra te s  th a t  th is  r a te  i s  g re a tly  re d u c e d . T h is  re d u c e d  

r a te  of in c o rp o ra tio n  a p p e a rs  to  invo lve  th e  sy n th e tic  a s p e c ts  of 

m ito c h o n d ria l DNA m e ta b o lism , a s  c e lls  p re la b e le d  w ith  ^ H -ad en in e  

show no lo s s  o r  d e g ra d a tio n  of m ito c h o n d ria l DNA a t th e  r e s t r i c t iv e  

t e m p e r a tu r e .

T he seco n d  m u tan t d e s c r ib e d  in  th is  c o m m u n ic a tio n  h a s  b e en  

found to  be c o n d itio n a lly  d e f ic ie n t in  n u c le a r  DNA m e ta b o lism .

G row th  of th is  m u tan t s t r a in  a t  th e  r e s t r i c t iv e  te m p e ra tu re  of 36°C  

r e s u l t s  in  a  r a p id  lo s s  of c e ll  v ia b il i ty  w hile  th e  o p tic a l d e n s ity  of th e



e x p e r im e n ta l  c u ltu re  co n tin u es  to  i n c r e a s e .  No a p p a re n t re d u c tio n  in  

th e  r a te  of iso to p e  in c o rp o ra t io n  in to  DNA w as d e te c te d  d u rin g  th is  

p e r io d . T he lo s s  of v ia b il i ty  e x p re s s e d  in  th is  s t r a in  a p p e a rs  to  

r e q u ir e  th e  co n tin u ed  g ro w th  of th e  m u tan t c e l l s ,  s in c e  c e l l s  th a t  

have  b een  s ta rv e d  p r io r  to  and d u rin g  e x p o su re  to  th e  r e s t r i c t iv e  te m p ­

e r a tu r e  fa il to  e x h ib it any lo s s  of c e l l  v ia b ility  even  a f te r  s e v e n  

h o u r s .  W hen h ap lo id  c e l l s  c a r ry in g  th is  te m p e r a tu r e  s e n s it iv e  le s io n  

w e re  ex p o sed  to  th e  r e s t r i c t iv e  te m p e r a tu r e  fo r v a ry in g  le n g th s  of 

t im e  , r e tu rn e d  to  th e  p e rm is s iv e  te m p e r a tu r e ,  m a te d  w ith  a  non­

te m p e ra tu re  s e n s it iv e  s t r a in  and th e n  the  r e s u l t in g  d ip lo id s  m ade  

to  u n d erg o  m e io s is ,  a  g re a t ly  re d u c e d  n u m b e r of v ia b le  s p o re s  w e re  

p ro d u c e d . G en etic  a n a ly s is  of th e  v ia b le  s p o re s  o b ta in ed  f ro m  

th e s e  d ip lo id s  h a s  r e v e a le d  a b e r r a n t  au x o tro p h ic  m a rk e r  s e g re g a tio n  

p a t te rn s  w hich  a p p e a r  to  b e  th e  r e s u l t  of aneup lo idy  in  th e s e  m e io tic  

p ro d u c ts .
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INTRODUCTION 

T he f i r s t  s tudy  r e p o r te d  in  th is  c o m m u n ic a tio n , in  w hich  a  te m p ­

e r a tu r e  s e n s i t iv e  m u tan t of S a c c h a ro m y c e s  c e r e v is ia e  d e fe c tiv e  in  

m ito c h o n d ria l DNA m e ta b o lism  is  d e s c r ib e d , w as u n d e rta k e n  to  d e ­

te rm in e  if  th e re  a r e  any  n u c le a r  g e n es  w hich  a r e  in v o lv ed  e x c lu s iv e ly  

in  th e  s y n th e s is  of m ito c h o n d r ia l DNA. O ur s e le c tio n  fo r  su ch  m u tan ts  

in v o lv ed  th e  is o la tio n  of s t r a in s  w h ich , a t th e  r e s t r i c t iv e  t e m p e r a tu r e ,  

in d u c e d ‘p e t i te s  th a t  w e re  n e u tr a l  and  w e re  unab le  to  sy n th e s iz e  m ito ­

c h o n d ria l DNA a t th e  p e r m is s iv e  t e m p e r a tu r e .  O ur re a so n in g  beh in d  

th is  m ode of s e le c tio n  w as th a t if  th e  p e ti te s  in d u ced  w e re  bo th  n e u tra l  

and  unab le  to  sy n th e s iz e  m ito c h o n d r ia l DNA, th e  co n d itio n a l m u ta tio n  

m u s t a ffe c t e i th e r  th e  s y n th e s is  o r  th e  m a in te n an c e  of th e  m ito c h o n d ria l 

DNA. The is o la tio n  and  c h a r a c te r iz a t io n  of su ch  a  m u tan t i s  d e s c r ib e d  

h e r e in .

F o llow ing  th e  d is c o v e ry  in  1963 of a  s p e c ie s  of m ito c h o n d ria l DNA 

in  m a m m a lia n  c e l ls  by m e an s  of c y to c h e m ic a l and  e le c tro n  m ic ro s c o p ic  

s tu d ie s  (N a ss  and  N a s s , 1963), th e r e  h a s  b e e n  a  g re a t  d e a l of in te r e s t  

in  th e  b io g e n e s is  of th is  c y to p la sm ic  o rg a n e lle .

M ito c h o n d ria l DNA 

In 1964 th e  u n eq u iv o ca l id e n tif ic a tio n  of m ito c h o n d ria l DNA fro m  

N e u ro s p o ra  by m e an s  of c e s iu m  c h lo r id e  d e n s ity  g ra d ie n t c e n tr ifu g a tio n  

w as  re p o r te d  by L u ck  and  R e ic h  (1964). In  th e i r  a n a ly s is  th ey  d em o n - 

s t r a te d  th a t  th e  DNA s p e c ie s  w ith  th e  bouyant d e n s ity  of 1 .701  g m /c m  , 

w h ich  w as o rd in a r i ly  s e e n  a s  a  sh o u ld e r  on th e  n u c le a r  DNA (1 .7 1 2  g m /c m



cou ld  be e n r ic h e d  fo r  by  e x tra c tin g  DNA fro m  is o la te d  D N ase t r e a te d  

m ito c h o n d ria . S u b seq u en tly  th e  m ito c h o n d ria l DNAs fro m  n u m e ro u s  

s o u rc e s  have  b e en  c h a r a c te r iz e d .  G e n e ra lly ,in  a n im a ls ,  th e  m o le ­

c u le  is  c i r c u la r  w ith  a  c irc u m fe re n c e  of abou t 5 to  6 jim  (c o r re s p o n d ­

ing  to  a  m o le c u la r  w eigh t of a p p ro x im a te ly  1 x 10^ d a lto n s ) , w h ile  in  

p r o t i s t s  and  p la n ts  th e  m ito c h o n d ria l DNA a p p e a rs  to  be  m uch  lo n g e r ,

15 to  30 pm  (c o rre s p o n d in g  to  a  m o le c u la r  w eigh t of 2 .9  to  6 x 10^ 

d a lto n s ) , and  is  g e n e ra l ly ,  but not a lw a y s , c i r c u la r  (B o r s t ,  1972).

T he c i r c u la r  DNAs is o la te d  f ro m  th e  m ito c h o n d ria  of a  v a r ie ty  of 

o rg a n is m s  have  b een  found to  ex h ib it s u p e rh e lic a l  tu r n s  o r  s u p e r ­

tw is ts  (H e lin sk i and  C le w e ll, 1971). In th e  y e a s t  S a c c h a ro m y c e s , 

in i t ia l  a t te m p s  to  d e m o n s tra te  th e  c i r c u la r i ty  of i t s  m ito c h o n d ria l 

DNA w e re  u n su c c e s s fu l  and only  y ie ld e d  h e te ro g e n e o u s  l in e a r  DNA 

m o le c u le s  w h ich  w e re  e i th e r  eq u a l to  o r  l e s s  th a n  26 u m  in  le n g th . 

C ir c u la r  25 « m  m ito c h o n d ria l DNA w as ev en tu a lly  is o la te d  by H o llen - 

b e rg  and  c o w o rk e rs  (1970) a f te r  o s m o tic a lly  ly s in g  th e  m ito ch o n d ria , 

of y e a s t .

T he  m ito c h o n d r ia l DNA of p r o t i s t s  such  a s  N e u ro sp o ra  (L u ck  and  

R e ic h , 1964) and  y e a s t  (M o u stacch i and  W illiam so n , 1966) h ave  b een  

found to  have  a  b a se  co m p o s itio n  th a t  is  d is t in c t  f ro m  th a t  of th e  n u c le a r  

DNA and  c an  th u s  be s e p a ra te d  f ro m  th e  n u c le a r  DNA by m e an s  of 

c e s iu m  c h lo r id e  d e n s ity  g ra d ie n t c e n tr ifu g a tio n , h y d ro x y a p a tite  c h ro m ­

a to g ra p h y  (B e rn a rd i  e t a l . , 1972) and  p o ly ly s in e  c h ro m a to g ra p h y  

(B la m ire  e t  a l . , 1972b). In  m any  of th e  o rg a n is m s  th a t  do no t p o s s e s s



a m ito c h o n d ria l DNA w h o se  buoyan t d e n s ity  is  d is t in c t  f ro m  th a t  of 

th e  n u c le a r  DNA, th e  p re s e n c e  of th e  m ito c h o n d ria l DNA in  a  c i r ­

c u la r  fo rm  can  be ta k e n  ad v an ta g e  o f. Such c i r c u la r  m o le c u le s  can  

be s e p a ra te d  fro m  th e  l in e a r  DNAs by th e  u se  of d y e s , su ch  a s  e th -  

id iu m  b ro m id e , w hich  a ffe c ts  th e  buoyant d e n s ity  of c i r c u la r  DNA 

d iffe re n tly  th a n  l in e a r  DNA (B a u e r  and  V in o g rad , 1970).

E a r ly  s tu d ie s  d i r e c te d  a t  d e te rm in in g  th e  m e c h a n ism  of m ito ­

c h o n d r ia l DNA re p lic a t io n  re v e a le d  th a t th is  DNA w as c o n se rv e d  

in  so m e  fa sh io n , h o w e v e r, s e m i-c o n s e rv a t iv e  r e p lic a t io n  cou ld  

not be  c le a r ly  e s ta b lis h e d  (R e ich  and L u ck , 1966). S u b sequen t 

a n a ly s is  h a s  d e m o n s tra te d  s e m i-c o n s e rv a t iv e  re p l ic a t io n  of m ito ­

c h o n d ria l DNA in  a  v a r ie ty  of o rg a n is m s  (G ro s s  and  R ab in o w itz ,

1969; C u m m in g s , 1977). T he m ode of m ito c h o n d ria l DNA r e p l i ­

c a tio n  is  s t i l l  a m a t te r  o f c o n tro v e rs y .  W illiam so n  and  F e n n e l in  

1974 and Sena and c o w o rk e rs  in  1975 p e r fo rm e d  dow nsh ift e x p e r i ­

m e n ts  w ith  *^N la b e le d  c e l l s  and  found th a t  th e  r e p l ic a t io n  o f m ito ­

c h o n d ria l DNA o c c u r s  d is p e r s iv e ly .  H o w ev e r, in  a  p a p e r  p re s e n te d  

re c e n t ly  (L e ff  and E c c le s h a l l ,  1977) i t  w as r e p o r te d  th a t  th e  m ito ­

c h o n d ria l DNA of y e a s t  r e p l ic a te s  *n a  s e m i-c o n s e rv a t iv e  m a n n e r .

In  th is  co m m u n ic a tio n  u s in g  d e o x y b ro m o u rid y la te  th e  r e p l ic a t io n  of 

th e  m ito c h o n d ria l DNA w as  m o n ito re d  fo r th r e e  g e n e ra tio n s  and  

found to  r e p l ic a te  in  a  s e m i-c o n s e rv a t iv e  n o n -d is p e r s iv e  m a n n e r .  

T h is  a p p a re n t d is c re p a n c y  m ay  b e  due to  th e  d if fe re n t r a t e s  of in c o rp ­

o ra t io n  of th e s e  tw o  d e n s ity  la b e ls  in to  th e  m ito c h o n d r ia l DNA o r  to
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th e  d if fe re n t d e g re e s  of re c o m b in a tio n  o c c u r r in g  to  th is  DNA in  

th e s e  e x p e r im e n ta l  s t r a in s .  In o rd e r  to  avo id  th e  p ro b le m s  e n c o u n te r­

ed w ith  an in  v ivo  s y s te m , M attick  and H a ll in  1977, developed  an  in  

v i t r o  s y s te m  fo r  m ito c h o n d ria l DNA sy n th e s is  using  is o la te d  m ito ­

c h o n d ria  f ro m  S a c c h a ro m y c e s  c e r e v is ia e  in  w hich  e x ten s iv e  sy n th e s is  

of m ito c h o n d ria l DNA w as o b s e rv e d . T h e se  in v e s t ig a to r s  o b se rv e d  

s e m i-c o n s e rv a t iv e  r e p lic a t io n  of th e  m ito c h o n d ria l DNA.

The t im e  in  th e  c e ll  c y c le  th a t m ito c h o n d ria l DNA sy n th e s is  ta k e s  

p lace  a p p e a rs  to  v a ry  depend ing  on th e  o rg a n is m  s tu d ie d . M ito ­

c h o n d ria l DNA h a s  b een  found to  be sy n th e s iz e d  a t a r e la t iv e ly  co n s ta n t 

r a te  d u rin g  th e  e n t i r e  c e l l  c y c le  in  P h y s a ru m  (B ra u n  and  E v a n , 1969) 

an d  T e tra h y m e n a  (C a m e ro n , 1966). M ouse f ib ro b la s t  m ito c h o n d ria l 

DNA r e p l ic a te s  th ro u g h o u t th e  c e l l  c y c le , a lth o u g h  m a x im a l r e p l i ­

c a tio n  a p p e a rs  to  o c c u r  in  e a r ly  S p h a se  (M a d re i te r  e t a l . , 1972). 

D epending  on th e  c e l l  sy n ch ro n y  p ro c e d u re ,  H eL a c e l ls  e i th e r  r e p lic a te  

th e i r  m ito c h o n d ria l DNA in  S p h a se  and  G2 o r  c o n s ta n tly  d u rin g  th e  

e n t i r e  c e ll  c y c le  (P ic a -M a tto c ia  and A tta rd i ,  1972). E u g len a  g r a c i l i s  

m ito c h o n d ria l DNA h as  b e en  found to  be  r e p l ic a te d  d u rin g  S p h a se  

of th e  c e ll  cy c le  (C a la v a y ra c  et a l . , 1972). C on flic tin g  c o n c lu s io n s  

re g a rd in g  th e  tim in g  of m ito c h o n d r ia l DNA sy n th e s is  in  S a c ch a ro m y c e s  

c e r e v is ia e  h av e  b een  p u b lish e d . In  1970, on th e  b a s is  of so m e  p r e ­

lim in a ry  d a ta , C o t tr e l l  an d  A v e rs  r e p o r te d  th a t  in  S a c c h a ro m y c e s  

c e r e v is ia e  m ito c h o n d ria l DNA s y n th e s is  o c c u rs  sy n ch ro n o u sly  b e ­

fo re  S p h a se . W illiam so n  and  M o u sta c ch i in  1971, h o w e v e r , r e p o r t ­



ed  con tinuous sy n th e s is  of m ito c h o n d ria l DNA d u rin g  m i to s is .  In  a  

r e c e n t  c o m m u n ica tio n  Sena and c o w o rk e rs  fu r th e r  s u b s ta n tia te d  th e  

co n tin u a l sy n th e s is  of m ito c h o n d ria l DNA d u rin g  th e  c e l l  c y c le .  In 

th is  w o rk  in  w hich  DNA re p lic a t io n  w as m o n ito re d  by *^N in c o rp o r ­

a tio n  in to  ^ N  la b e le d  DNA, i t  w as d e m o n s tra te d  th a t u n like  n u c le a r  

DNA w hich  is  sy n th e s iz e d  d isco n tin u o u sly  d u rin g  th e  c e l l  c y c le , m ito ­

c h o n d r ia l  DNA is  re p l ic a te d  c o n tin u o u s ly . T h is  in d ep en d en ce  of th e  

t im in g  of m ito c h o n d ria l DNA sy n th e s is  s u g g e s ts  th a t  th e r e  e x is ts  

un ique  re p lic a t io n  c o n tro l s y s te m s  fo r th e s e  tw o DNA s p e c ie s .  T h is  

su g g e s tio n  h a s  b e en  c o n firm e d  in  e x p e r im e n ts  in  w hich  i t  w as found 

th a t  t r e a tm e n t  of c e lls  w ith  cy c lo h ex im id e  (G ro s sm a n  e t _ a l., 1969)* 

an  in h ib ito r  of c y to p la sm ic  p ro te in  s y n th e s is ,  o r  ek fa c to r  (P e te s  and 

F a n g m a n , 1973), a  se x u a l p h e ro m o n e , in h ib its  th e  sy n th e s is  of 

n u c le a r  DNA b u t a llow s th e  m ito c h o n d ria l DNA to  co n tin u e  to  be sy n ­

th e s iz e d .  F u r th e r m o r e ,  w hen th e  s y n th e s is  of m ito c h o n d r ia l DNA 

in  s e v e ra l  c e l l  d iv is io n  c y c le  (cdc) m u tan ts  co n d itio n a lly  a ffec tin g  

e i th e r  th e  in it ia tio n  of n u c le a r  DNA s y n th e s is  o r  n u c le a r  d iv is io n  w as 

m o n ito re d  a t th e  r e s t r i c t iv e  t e m p e r a tu r e ,  i t  w as  found (N ew lon and  

F a n g m a n , 1975) th a t th e  m ito c h o n d ria l DNA co n tin u ed  to  b e  sy n ­

th e s iz e d  long a f te r  n u c le a r  DNA sy n th e s is  w as h a lte d . T he m ito ­

c h o n d ria l DNA s y n th e s is  s y s te m  i s ,  h o w e v e r, not e n tir e ly  in d ep en d ­

e n t of th e  n u c le a r  s y s te m  fo r  i t  h a s  b een  show n th a t  g e n es  a ffe c tin g  

th e  e lo n g a tio n  of n u c le a r  DNA do in  fa c t b lo ck  th e  s y n th e s is  o f th e  

m ito c h o n d ria l DNA s p e c ie s  a s  w e ll (N ew lon and  F a n g m a n , 1975).



In  1972, N agley  and  L in n an e  a d d re s s e d  th e m s e lv e s  to  th e  q u e s tio n  

a s  to  w h e th e r th e  m ito c h o n d ria l genom e p la y s  a  ro le  in  th e  c o n tro l 

of m ito c h o n d ria l DNA s y n th e s is .  T h e se  in v e s t ig a to r s  o b s e rv e d  th a t 

th e  c e l lu la r  le v e ls  of m ito c h o n d ria l DNA in  c e l l s  co n ta in in g  a l te r e d  

m ito c h o n d ria l DNA w as c lo se  to  m ito c h o n d ria l DNA le v e ls  in  th e i r  

n o rm a l w ild  ty p e  p a r e n ts .  T h is  o b se rv a tio n  s u g g e s ts  th a t  m ito ch o n d ­

r i a l  DNA sy n th e s is  is  in d ep en d en t of any  c o n tro l by th e  m ito c h o n d ria l 

g e n o m e . In  a  r e c e n t  c o m m u n ic a tio n , H a ll and  c o w o rk e rs  (1976) r e ­

p o r te d  a  g en e tic  a n a ly s is  of th e  c o n tro l of m ito c h o n d r ia l DNA le v e ls  

and  found th a t  th e  le v e l of th is  DNA in  a  c e l l  i s  u n d e r th e  c o n tro l of 

s e v e r a l  n u c le a r  g e n e s .

M ito ch o n d ria l RNA 

In 1968, W in te rs b e rg e r  and  V ie h a u se r  r e p o r te d  th e  c h a r a c te r iz a ­

tio n  of m ito c h o n d ria l RNA is o la te d  f ro m  h igh ly  p u r if ie d  m ito c h o n d r ia . 

T h is  m ito c h o n d ria l RN A, w hen su b je c te d  to  s u c r o s e  g ra d ie n t c e n t r i ­

fu g a tio n , w as found to  s e p a ra te  in to  th r e e  m a jo r  s p e c ie s  w ith  s e d ­

im e n ta tio n  v a lu e s  of 4S, 16S and  23S . T h e se  th r e e  RNA s p e c ie s  w e re  

a l l  found to  h y b rid iz e  p re fe re n t ia l ly  w ith  m ito c h o n d ria l DNA. T he 

4s RNA w as found to  be t r a n s f e r  RNA, w hile  th e  tw o f a s te r  s e d im e n t-  

ing  RN As h av e  su b se q u e n tly  b e en  found to  be r ib o s o m a l RNA (F au m a n  

e t  a l . , 1969). R e c e n t h y b r id iz a tio n  a n a ly s is  h a s  d e m o n s tra te d  th a t 

th e  m ito c h o n d ria l DNA of y e a s t  c o n ta in s  one c is t r o n  fo r  e a c h  of th e  

tw o m ito c h o n d ria l RNAs (B o rs t  and G r iv e ll ,  1971) a s  w e ll a s  th e  

in fo rm a tio n  cod ing  fo r  2 0 -2 5  t r a n s f e r  RN As (M a rtin  e t a l . , 1976).
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In  1975, u sing  poly U s e p h a ro s e  c h ro m a to g ra p h y , H e n d le r  

and  c o w o rk e rs  is o la te d  po ly  A co n ta in in g  RNA fro m  th e  m ito ­

c h o n d ria  of y e a s t  w hich  w as  l a t e r  show n to  be m e s s e n g e r  R N A .

T he is o la te d  m ito c h o n d ria l po ly  A co n ta in in g  R N A , w hose sy n ­

th e s i s  h a s  b e e n  found to  be b lo ck ed  w ith  th e  ad d itio n  of e th id iu m  

b ro m id e  (H en d le r e t a l . , 1 9 7 5 ),i s  of a  h igh  m o le c u la r  w eigh t and  

e x h ib its  a  s u c r o s e  g ra d ie n t p ro f ile  s im i la r  to  th a t o b ta in ed  f ro m  H eL a 

c e l l  pd ly  A RNA (H ir s c h  and P e n m a n , 1973). T he m e s s e n g e r  c h a r a c te r ­

i s t ic  of th is  poly  A co n ta in ing  RNA w as d e m o n s tra te d  in  an  e x p e r im e n t 

in  w hich  th is  RNA w as  found to  h av e  th e  a b ility  to  d i r e c t ,  in  an  E .  co li 

c e l l  f r e e  s y s te m , th e  t r a n s la t io n  of th e  th r e e  p e p tid e s  of th e  y e a s t  

c y to c h ro m e  o x id a se s  (P ad m a n a b an  e t a l . , 1975) th a t have  b e en  show n 

to  be sy n th e s iz e d  by th e  y e a s t  m ito c h o n d ria  in  v iv o  (M ason  and S c h a tz , 

1973).

M ito c h o n d ria l R ib o so m e s  

T he  is o la tio n  and  c h a r a c te r iz a t io n  of m ito c h o n d ria l r ib o s o m e s  h a s  

b e e n  d iff icu lt to  a c c o m p lis h . N e v e r th e le s s ,  in v e s t ig a to r s  have  p u rsu e d  

th e  m ito c h o n d r ia l r ib o s o m e , s p u r r e d  on by th e  p re s e n c e  of th e  t r a n s f e r  

and  r ib o s o m a l lik e  RN As is o la te d  f ro m  m ito c h o n d ria . In  1970,

M o rim o to  and  c o w o rk e rs  c h a r a c te r iz e d  th e  m ito c h o n d ria l r ib o so m e  

f ro m  y e a s t  and  d e m o n s tra te d  i t s  a c tiv ity  in  in  v i t r o  am in o  a c id  in c o rp ­

o ra t io n . T he m ito c h o n d ria l r ib o s o m e  of y e a s t  h av e  b e e n  found to  

s e d im e n t a t  abou t 73S and  to  b e  co m p o se d  of a  50S and  38S subun it 

(B o rs t  an d  G r iv e l l ,  1971). M ito c h o n d ria l r ib o s o m e s  have  b e en  found
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to  r e s e m b le  b a c te r ia l  r ib o s o m e s  in  th e i r  s e n s i t iv i ty  to  low m ag n es iu m  

io n s , c h lo ra m p h e n ic a l, e ry th ro m y c in , an d  to  m any  o th e r  in h ib ito r s  

of b a c te r ia l  p ro te in  s y n th e s is .  T he  m ito c h o n d r ia l r ib o s o m e  fu r th e r  

r e s e m b le s  th e  b a c te r ia l  r ib o s o m e  in  i t s  r e s i s ta n c e  to  c y c lo h e x im id e , 

a  c la s s ic a l  in h ib ito r  of p ro te in  s y n th e s is  on th e  c y to p la sm ic  r ib o so m e  

(L am b  e t a l . ,  19 6 8 ), and  in  i t s  re q u ire m e n t  fo r  N -fo rm y lm e th io n in e  

a t th e  in it ia tio n  of p ro te in  s y n th e s is  (S m ith  and  M a r c k e r ,  1968).

M ito ch o n d ria l P r o te in  S y n th e s is  

T he id e n tif ic a tio n  of th e  p ro d u c ts  of th e  m ito c h o n d r ia l p ro te in  

sy n th e s iz in g  s y s te m  i s  c u r r e n t ly  be ing  in v e s t ig a te d  by  m ean s  of b io ­

c h e m ic a l and g en e tic  a n a ly s is .  T he b io c h e m ic a l d e te rm in a tio n s  

u su a lly  in v o lv e  e i th e r  an  a n a ly s is  o f th e  p ro te in s  p re s e n t  in  th e  

m ito c h o n d ria  of c e l ls  w hose m ito c h o n d r ia l o r  c y to p la sm ic  p ro te in  

sy n th e s is  h a s  b een  b lo ck ed  by v a r io u s  a n tib io tic s  o r  a n  a n a ly s is  

of th e  p ro te in s  la b e le d  in  v ivo  w ith  r a d io a c tiv e  fo rm a te  ( s e e  S chatz  

and  M aso n , 1974). T he r e s u l t s  th u s  f a r  su g g e s t th a t  th r e e  of th e  

s ev e n  p o ly p ep tid e s  a s s o c ia te d  w ith  th e  c y to ch ro m e  o x id a se  (M ason 

and  S c h a tz , 1973), fo u r of th e  te n  p o ly p e p tid e s  of th e  oligom y.cin 

s e n s it iv e  A T P a se  (T zag o lo ff and  M e a g h e r , 1972), an d  th r e e .o f  th e  

sev e n  p o ly p ep tid e s  a s s o c ia te d  w ith  th e  c y to c h ro m e  b co m p lex  

(M a rja n e n  and  R y r ie ,  1976) a r e  m ade  on th e  m ito c h o n d ria l r ib o s o m e . 

T h e  g e n e tic  id e n tif ic a tio n  of th e  m ito c h o n d ria lly  co d ed  p ro d u c ts  h a s  

in v o lv ed  th e  is o la tio n  of m u ta n ts  of S a c c h a ro m y c e s  w hich  have  re ta in e d  

m ito c h o n d r ia l p ro te in  sy n th e s is  bu t a r e  u n ab le  to  g row  on g ly c e ro l



m e d ia . T h e se  m u ta n ts  w e re  a n a ly z e d  and  d e s ig n a te d  a s  b e in g  o f a  

c y to p la sm ic  n a tu re  i f  th e y  fu lf il le d  th e  fo llow ing  tw o c r i t e r i a :

( 1) fa il  to  be c o m p le m en te d  by a  P °  t e s t e r  d e r iv e d  f ro m  a r e s p i r a ­

to r y  co m p e ten t s t r a in  and (2) show  n o n -M e n d e lia n  s e g re g a tio n  p a t te rn s  

(4:0 and  0:4) of th e  m u ta tio n s  (T za g o lo ff  a l . , 1975a). A n u m b er 

of m u ta n ts  sa tis fy in g  th e s e  tw o c r i t e r i a  ( te rm e d  m it) have  b een  i s o ­

la te d  and  have  b e en  found to  ex h ib it d e fe c ts  in  th e  g en e tic  lo c i  coding  

fo r  c y to ch ro m e  o x id a se  (S lon im sky  and  T za g o lo ff , 1976) m ito c h o n d ria l 

A T P a se  (T zag o lo ff e t a l . , 1975c) and  th e  c y to c h ro m e  b co m p lex  

(T zag o lo ff e t a l j , 1976). In  th is  m u tan t is o la t io n ,n u c le a r  m u ta n ts  

d e fe c tiv e  in  th e  m ito c h o n d ria l A T P a se  and  r e s p i r a to r y  e n zy m e s  w e re  

is o la te d  a s  w e ll (T zag o lo ff e t a l . , 1975b).

A n tib io tic  R e s is ta n c e  

In  a d d itio n  to  th e  e x is te n c e  on th e  m ito c h o n d r ia l  DNA of in fo rm a ­

tio n  coding  fo r  co m p o n en ts  of v a r io u s  m ito c h o n d ria l e n z y m e s , 

n u m e ro u s  m ito c h o n d ria l m u ta n ts  h ave  b e e n  is o la te d  w h ich  ex h ib it 

in c r e a s e d  r e s is ta n c e  to  (1) in h ib ito r s  of m ito c h o n d r ia l p ro te in  sy n ­

th e s i s  su ch  a s  e ry th ro m y c in , p a ro m o m y c in , s p ira m y c in , c h lo r -  

a m p h en ica l and  m ik a m y c in , and  to  in h ib i to r s  of (2) o x id a tiv e  p h o s­

p h o ry la tio n  su ch  a s  o lig o m y c in , t r i e th y l t in  an d  v e n tu r ic id in . T he 

is o la t io n  of su ch  m u ta n ts  h a s  en ab led  a n  in  d ep th  g en e tic  a n a ly s is  of 

th e  y e a s t  m ito c h o n d ria l DNA ( s e e  L in n an e  A L » 1974) a s  w e ll a s  

a n  a n a ly s is  of th e  p a t te r n s  of m ito c h o n d ria l s e g re g a tio n  (W ilk ie  and  

T h o m a s , 1973). T h e  r e s i s ta n c e  e x p re s s e d  by  m any  of th e  m ito ch o n -



d r ia l  m u ta n ts  to  in h ib i to r s  of p ro te in  s y n th e s is  h a s  r e c e n tly  b een  

a t t r ib u te d  to  a l te r a t io n s  of th e  m ito c h o n d r ia l rR N A  (F av e  e t  a l , , 1974), 

w hile  th e  r e s i s ta n c e  to  in h ib i to r s  o f o x id a tiv e  p h o sp h o ry la tio n  can  

u su a lly  be a s s o c ia te d  w ith  a l te r a t io n s  of th e  m ito c h o n d ria lly  coded  

su b u n its  of th e  A T P a se  (T zag o lo ff e t a l , , 1976).

R e s tr ic t io n  E n d o n u c le a se  D ig e s tio n  

In th e  p a s t  few y e a r s ,  th e  u se  of r e s t r i c t i v e  e n d o n u c le a se s  to  

s p e c if ic a lly  c lea v e  DNA h a s  a id ed  in  th e  id e n tif ic a tio n  and lo c a l i ­

z a tio n  of v a r io u s  g e n e s . R e s t r ic t iv e  e n d o n u c le a se s  m ake  a  l im ite d  

n u m b e r of dup lex  c le a v a g e s  in  DNA by re c o g n iz in g  sp e c if ic  n u c leo ­

t id e  se q u e n c e s  and  th u s  p ro v id e  DNA fra g m e n ts  u se fu l in  p h y s ic a l 

m app ing  s tu d ie s . M o rim o to  and  c o w o rk e r s ,  1977, u s in g  th e  r e s t r i c t ­

io n  e n d o n u c le a se s  E co  R I, H pa I ,  B am  H I, H ind III , P s t  I an d  S al I 

w e re  ab le  to  c r e a te  a  p h y s ic a l m ap  of th e  r e s t r i c t io n  s i te s  on th e  

y e a s t  m ito c h o n d ria l DNA. In th is  a n a ly s is ,  a  c o m p a r iso n  of m ito ­

c h o n d r ia l  DNA fro m  fo u r g ra n d e  s t r a in s  re v e a le d  s im i la r ,  bu t 

s lig h tly  v a ry in g  r e s t r i c t io n  p a t te r n s ,  w ith  an  id e n tic a l  g enom e s iz e  

of a p p ro x im a te ly  5 x  10 d a lto n s  o r  75 k i lo b a s e s .  A n a ly s is  o f th e  

r e s t r i c t i v e  p a t te rn s  of a fif th  g ra n d e  s t r a in  re v e a le d  a  d if fe re n t p a t­

t e r n  f ro m  th e  above d e s c r ib e d  s t r a in s  and  a  gen o m e s iz e  o f 70 k ilo ­

b a s e s .  T he v a r ia b i l i ty  d e te c te d  am o n g s t th e s e  g ra n d e  s t r a in s  w as 

fu r th e r  s u b s ta n tia te d  in  a  s tudy  ( P ru n e l l  jet a l , , 1977) in  w h ich  a  

c o m p a r iso n  of v a r io u s  d if fe re n t s t r a in s  of S a c c h a ro m y c e s  c e r e v is ia e  

r e v e a le d  la rg e  d if fe re n c e s  in  e le c tro p h o re t ic  p a t te r n s  of r e s t r i c t io n



f ra g m e n ts  c r e a te d  by H ae III and  Hpa II d ig e s tio n . T h e se  r e s u l t s  

su g g e s t th a t  th e r e  e x is ts  in  th e  m ito c h o n d ria l DNA of v a r io u s  g ra n d e  

s t r a in s  a  c e r ta in  am ount of v a r ia b i l i ty .  I t h a s  b een  su g g es te d  

(S an d e rs  e t a l . , 1976) th a t so m e of th is  v a r ia b i l i ty  m ay be due to  

in s e r t io n s  o r  d e le tio n s  of v a r io u s  s e q u e n c e s .

T he P e t i te  M utan t

In 1953, E p h r u s s i  r e p o r te d  th a t  w hen a  p o p u la tion  of y e a s t  c e l ls  

w e re  p la te d  onto a  fe rm e n ta b le  m e d ia , co lo n ie s  of tw o d is tin c t s iz e s  

w e re  o b s e rv e d . The s m a l le r  c o lo n ie s , l a t e r  te rm e d  " p e t i te s " ,  

w e re  found to  be  unab le  to  u til iz e  n o n -fe rm e n ta b le  s u b s t r a te s ,  and  

to  la c k  d e te c ta b le  am o u n ts  of c y to c h ro m e  a , a 3 o r  b (S lo n im sk i, 1953). 

T he f i r s t  p a p e r  d e sc r ib in g  th e  o r ig in  of th e  p e tite  m u ta tio n  r e p o r te d  

th a t th e  in d u c tio n  of th is  m u ta tio n  by a c r if la v in e  w as u n a ffec ted  

by th e  p lo idy  of th e  y e a s t  s t r a in s  em p lo y ed  in  th is  s tudy  (E p h ru s s i  

e t a l . ,  1949). T he in d ep en d en ce  of any  n u c le a r  gene  d o sag e  e ffec t 

s tro n g ly  su g g e s te d  th a t  th is  m u ta tio n  i s  no t o c c u r r in g  to  th e  n u c le a r  

g e n o m e . S u b sequen t a n a ly s is  of p e ti te  m u ta n ts  h a s  d e m o n s tra te d  

th a t  m o s t t r a n s m i t  th e i r  d e fe c tiv e  genotype v ia  th e  c y to p la sm , 

p re s u m a b ly , th e  m ito c h o n d ria  (W righ t and  L e d e rb e rg ,  1957), w hile  

few c a r r y  th e i r  m u ta tio n  on th e  n u c le a r  genom e (C hen  e t a l . , 1950).

T he e x is te n c e  of tw o c la s s e s  of c y to p la sm ic  p e t i te s ,  te rm e d  

n e u tra l  and  s u p p re s s iv e  w e re  r e p o r te d  by E p h ru s s i  and  c o w o rk e rs  

in  1955. T he n e u tr a l  p e ti te  i s  one w hich  w hen c r o s s e d  to  a  w ild  

ty p e  g ra n d e  t e s t e r  s t r a in  p ro d u c e s  d ip lo id s  w hich  a r e  r e s p i r a to r y



c o m p e te n t. T he s u p p re s s iv e  p e t i te ,  on th e  o th e r  h an d , p ro d u c e s  so m e  

r e s p i r a to r y  in c o m p e te n t d ip lo id  c lo n e s  w hen m a te d  to  a  w ild  ty p e  

g ra n d e  t e s t e r  s t r a in .  T he c a u se  of th e  d if fe re n t pheno typ ic  e x p re s ­

s io n s  by th e s e  tw o ty p e s  of c y to p la sm ic  p e ti te s  is  s t i l l  no t c le a r ,  

h o w e v e r, r e c e n t  r e p o r t s  have  d e m o n s tra te d  th a t  w h ile  th e  s u p p re s ­

s iv e  p e t i te s  c o n ta in  m ito c h o n d ria l DNA m any of th e  n e u tra l  p e ti te s  

la c k  any d e te c ta b le  m ito c h o n d r ia l DNA (N agley  and L in n an e , 1970).

In a  r e c e n t  r e p o r t  (B la m ire  e t_ a l . , 1976) in  w hich  th e  fa te  of m ito ­

c h o n d ria l DNA, fo llow ing a  m a tin g  invo lv ing  a  s u p p re s s iv e  p e tite  

and  a  g ra n d e  s t r a in  w as a n a ly z e d , i t  w as  found th a t  th e  bouyan t 

d e n s ity  of th e  m ito c h o n d ria l DNA w as s e e n  to  change  in  a  m a n n e r 

w hich  a p p e a re d  to  be th e  r e s u l t  of a  re c o m b in a tio n  b e tw een  th e se  

tw o m ito c h o n d ria l DNAs fo llow ed by a  m o d if ica tio n  of th is  DNA.

T h e se  a u th o rs  su g g e s t th a t  th e  phenom enon  of s u p p re s s iv i ty  m ay 

be th e  r e s u l t  of th e  re c o m b in a tio n  of th e  a l te r e d  m ito c h o n d ria l 

DNA w ith  th e  w ild  ty p e  m ito c h o n d ria l DNA re s u l t in g  in  a  re c o m b in e d  

m o lecu le  co n ta in in g  a l te r e d  g e n e tic  m a te r ia l .

A n a ly s is  of th e  m ito c h o n d ria l DNA of c y to p la sm ic  p e ti te s  h a s  

d e m o n s tra te d  th a t th is  DNA o ften  e x h ib its  re m a rk a b le  ch an g es  in  

i t s  p h y s ic a l p r o p e r t i e s .  The follow ing ch an g es  have  b e en  o b se rv e d :

(1) b a se  seq u en ce  a l te r a t io n s  (M ounolou e t a l . ,  1966) in  w hich  in  

e x tre m e  c a s e s  th e  b a se  co m p o s itio n  m ay be chan g ed  f ro m  th e  

w ild  ty p e  17 m ole  % GC to  4-6%  GC (so  c a lle d  low d e n s ity  p e ti te s )  

(H o llen b e rg  e t a l . , 1972) (2) lo s s  of g e n e tic  c o m p lex ity  a s  m e a s u re d



by re n a tu ra t io n  k in e tic s  (M ichel e t a l . , 1974) (3) lo s s  of m ito ­

c h o n d ria l g en es  th a t c an  be  r e s c u e d  in  g en e tic  c r o s s e s  ( i . e .  a n t i­

b io tic  r e s is ta n c e  m a rk e r s )  (N agley  and  L in n an e , 1972) (4) lo s s  

o r  re p e ti t io n  of g en es  th a t can  be h y b r id iz e d  to  m ito c h o n d ria l r ib o -  

so m a l RNA (F u k u h a ra  e t  a l . , 1974) an d  t r a n s f e r  RNA (C ohen  and 

R ab in o w itz , 1972) (5) r e i te r a t io n  of p e ti te  m ito c h o n d ria l DNA 

seq u e n c e s  o ften  o c c u r r in g  in  e i th e r  ta n d e m  o r  in v e r te d  ta n d e m  a r r a n g e -  •

m en t (L o c k e r  e t_ a l . , 1974a) (6) p re s e n c e  o f c i r c u la r  m ito c h o n d ria l 

DNA m o le c u le s  w hose m o n o m e ric  c o n to u r len g th  c an  be  c o r r e la te d  

to  th e  k in e tic  c o m p lex ity  of th e  p e ti te  m ito c h o n d ria l DNA (L o c k e r  

_et_al., 1974b) and  (7) a l te r e d  e le c tro p h o re t ic  p a t te rn s  of th e  r e s t r i c ­

tio n  f ra g m e n ts  c re a te d  by e n d o n u c le a se  d ig e s tio n  (v a n  K re i j l  and 

B o s, 1977).

E a r ly  in v e s t ig a to r s  w o rk in g  w ith  p e ti te  m u ta n ts  su g g e s te d  th a t 

a l l  c y to p la sm ic  p e ti te s  p o s s e s s e d  a  b a s ic  m u ta tio n a l change of th e i r  

m ito c h o n d ria l DNA (o r P  fa c to r  a s  i t  w as th en  r e f e r r e d  to) w hich  

m ade  co m p le m en ta tio n  of p e tite  s t r a in s  to  y ie ld  a  g ra n d e  d ip lo id  

im p o ss ib le  (R oodyn and  W ilk ie , 1966). R ecen t w o rk  , h o w e v e r, h a s  

d e m o n s tra te d  th a t u n d e r co n d itio n s  in  w hich  " e a r ly "  c y to p la sm ic  

p e tite  s t r a in s  w e re  m a te d ,c o m p le m e n ta tio n  y ie ld in g  r e s p i r a to r y  co m ­

p e ten t d ip lo id  c e l l s  r e s u l te d  (C la rk  W alk e r and  M ik lo s , 1975). T h is  

r e s u l t  su g g e s ts  th a t  th e  p e ti te  pheno type  of th e  c y to p la sm ic  m u tan t 

n eed  no t be th e  r e s u l t  o f an  a l te r a t io n  o f a  sp e c if ic  p o r tio n  of th e  

m ito c h o n d ria l g en o m e. T h e se  o b s e rv a tio n s  w e re  fu r th e r  su b s ta n tia te d
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by th e  w o rk  of F u k u h a ra  an d  c o w o rk e rs  in  w hich  th e y  d e m o n s ta te d , 

by m ean s  of h y b r id iz a tio n  a n a ly s is ,  th a t  th e  r e s p i r a to r y  in c o m p e ten t 

phenotype of a  c y to p la sm ic  p e ti te  can  be  th e  r e s u l t  o f a  m u ta tio n  of 

any p o rtio n  of th e  m ito c h o n d ria l genom e (B o lo tin -F u k u h a ra  and  

F u k u h a ra , 1976).

In d u c tio n  of C y to p la sm ic  P e t i te s  

T he f i r s t  p a p e r  on th e  o r ig in  of th e  p e tite  m u ta tio n  d e m o n s tra te d  

th a t art e n tir e  p o p u la tio n  of y e a s t  c e l ls  cou ld  be t r a n s fo rm e d  fro m  

g ra n d e  to  p e tite  (a  p r o c e s s  th a t  o c c u rs  sp o n tan eo u sly  a t  a  freq u en cy  

c h a r a c te r i s t ic  of e ach  y e a s t  s tra in )  in  th e  p re s e n c e  of th e  a c r id in e  

d ye , a c r if la v in e  (E p h ru s s i  e t a l ,  1949). S u b seq u en tly , i t  w as d em o n ­

s t r a te d  th a t i t  i s  th e  eu flav in e  com ponen t of a c r if la v in e  th a t i s  r e s p o n ­

s ib le  fo r  th e  in d u c tio n  of th e  c y to p la sm ic  p e ti te s  (M a rc o v ic h , 1951).

In 1954, R au t d e m o n s tra te d  th a t  c y to p la sm ic  p e ti te s  cou ld  be  in d u ced  

by u l tr a v io le t  lig h t i r r a d ia t io n .  A m ong th e  o th e r m u tag en ic  a g en ts  

found to  h av e  th e  a b ility  to  in d u ce  th e  c y to p la sm ic  p e tite  m u ta tio n  a r e  

5 f lu r o r o u r a c i l  (M o u stacch i and  M a rc o v ic h , 1963), 2 , 3 , 5  t r ip h e n y l-  

te t r a z o lu in  (L a sk o w sk i, 1954), m a n g a n e se , c o p p e r , c o b a lt and  n ic k e l 

(L in d e g re n  e t a l „  1958) and  e th id iu m  b ro m id e  (S lo n im sk i e t a l . ,  1968). 

R ecen t a n a ly s is  h a s  d e m o n s tra te d  th a t th e  c y to p la sm ic  m u ta tio n  c an  

a lso  be in d u ced  by h y d ro s ta t ic  p r e s s u r e  (R o sin  and  Z im m e rm a n , 1977), 

fa tty  a c id  d e p le tio n  of an  u n s a tu ra te d  fa tty  a c id  r e q u ir in g  s t r a in  

(M arzu k i e t a l . , 1974) and  by th e  g row th  of s t r a in s  h a rb o r in g  th e  cdc 8 

and  21 le s io n s  a t th e  p e rm is s iv e  te m p e r a tu r e  (N ew lon and  F a n g m a n , 1975).
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In 1956, Y eas d e m o n s tra te d  th a t  g ro w th  of y e a s t  a t an  e le v a te d  

te m p e ra tu re  in d u ced  p e tite  m u ta tio n s . Y eas found th a t  a t  40°C  one 

cou ld  g e t th e  c o n v e rs io n  of 100% of a y e a s t  p o p u la tio n  to  p e t i te .  In 

1959, S h e rm a n  re p o r te d  th a t  w hen y e a s t  c e l ls  g row n a t 30°C  w e re  

sh if te d  fo r  a  s h o r t  t im e  to  54°C  p e ti te  in d u c tio n  o c c u r r e d .  In  th e  

p a s t  few y e a r s  c o n d itio n a l m u ta n ts  of y e a s t  have  b e en  is o la te d  w hich 

p ro d u ce  c y to p la sm ic  p e ti te s  a t th e  n o n -p e rm is s iv e  te m p e r a tu r e  a t 

h igh  f re q u e n c ie s  (W e is lo g e l and  B utow , 1970; H a n d w e rk e r e t a l . ,

1973; S ch w eizer_e t a l . , 1977 and  R ubin  and B la m ire ,  1977). One 

of th e s e  co m m u n ic a tio n s  r e p o r ts  a  tu rn o f f  of m ito c h o n d r ia l DNA 

sy n th e s is  a t  th e  n o n -p e rm is s iv e  te m p e r a tu r e  (R ubin  and  B la m ire ,  1977).

N u c le a r  and  M ito c h o n d ria l In te ra c t io n s  
in  th e  A sse m b ly  of th e  M ito ch o n d ria

T he b io g e n e s is  of th e  m ito c h o n d ria  a p p e a rs  to  be  th e  r e s u l t  of a  

jo in t  v e n tu re  of bo th  th e  n u c le a r  and m ito c h o n d ria l g e n e tic  s y s te m s .

T he c o n tr ib u tio n  of th e  n u c le a r  g e n e tic  s y s te m  in  th e  fo rm a tio n  and 

m a in te n an c e  of th e  m ito c h o n d ria  h a s  b e en  e x te n s iv e ly  s tu d ie d  w ith  

th e  u se  of c y to p la sm ic  p e ti te  m u ta n ts  of S a c c h a ro m y c e s  c e r e v is ia e . 

W hile d if fe re n t c y to p la sm ic  p e ti te  m u ta n ts  m ay  r e ta in  v a ry in g  am o u n ts  

of m ito c h o n d ria l DNA, a l l  s e e m  to  h av e  lo s t  a  fu n c tio n a l m ito c h o n d ria l 

p ro te in  sy n th e s iz in g  s y s te m  and th u s  a l l  p ro te in s  found in  th e  m ito ­

c h o n d ria  of a  c y to p la sm ic  p e ti te  m u s t have  b een  s y n th e s iz e d  by  th e  

c y to p la sm ic  r ib o s o m e s  (S chatz  and  M aso n , 1974). A n a ly s is  o f 

p e ti te  m ito c h o n d ria  h a s  d e m o n s tra te d  th a t  th ey  p o s s e s s  n o rm a l o u te r
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m e m b ra n e s  a s  w e ll a s  a  p o o rly  d ev e lo p ed  in n e r  m e m b ra n e  (Y o tsu y an ag i, 

1962b). A m ong th e  p ro te in s  p re s e n t  in  th e  p e tite  m ito c h o n d ria  a r e  a ll  

of th e  t r ic a rb o x y l ic  a c id  c y c le  e n z y m e s , p a r ts  of th e  r e s p i r a to r y  

c h a in , m ito c h o n d ria l DNA p o ly m e ra se  a s  w e ll a s  m any  o th e r  m ito ­

c h o n d ria l e n zy m e s  and  s t r u c tu r e s  (s e e  S a g e r , 1972). T he p re s e n c e  

of a  p ro te in  in  m ito c h o n d ria  of a  p e tite  c e ll  f i rm ly  e s ta b l is h e s  a 

n u c le a r  coded  o r ig in  of th is  p ro te in . H o w ev e r, th e  a b se n c e  of any 

p ro te in  n eed  no t m e an  th a t  th is  p ro te in  is  sy n th e s iz e d  by th e  m ito ­

c h o n d ria l g e n e tic  s y s te m  fo r  th e  p o s s ib il i ty  e x is ts  th a t  th is  p ro te in  

is  sy n th e s iz e d  in  th e  c y to p la sm  but r e q u i r e s  a  m ito c h o n d ria l sy n th e s iz e d  

com ponen t fo r  p ro p e r  a s s e m b ly  in to  th e  m ito c h o n d ria  (S chatz  and  

M aso n , 1974). B ec a u se  of th is  l im ita t io n  in  u sing  c y to p la sm ic  

p e t i te s  to  id en tify  th e  o r ig in  of sp e c if ic  m ito c h o n d ria l p ro te in s  a 

seco n d  m o re  f le x ib le  a p p ro a c h  w as u n d e rta k e n  by m any  in v e s t ig a to r s .  

T h is  a p p ro a c h  in v o lv e s  g row ing  c e l l s  in  th e  p re s e n c e  of in h ib i to r s  

of m ito c h o n d ria l and  c y to p la sm ic  p ro te in  sy n th e s is  an d  th e n  d e te r ­

m in ing  w hich  p ro te in s  a r e  a b s e n t .  In  m o s t of th e s e  a n a ly s e s ,  th e  

in h ib ito r  of c y to p la sm ic  p ro te in  s y n th e s is  em p lo y ed  w as cy c lo h ex im id e  

(So and  D av ie , 1968) w h ile  th e  in h ib i to r s  com m only  u se d  to  b lo ck  

m ito c h o n d ria l p ro te in  s y n th e s is  w e re  e ry th ro m y c in , c h lo ra m p h e n ic o l 

and  lin c o m y c in  (L am b_et a l . , 1968). By th e  a p p ro p r ia te  u se  of

in h ib ito r s  i t  h a s  b een  e s t im a te d  th a t  b e tw een  85 to  95% of th e  to ta l  

m ito c h o n d ria l p ro te in  i s  m ade  in  th e  c y to p la sm  w hile  th e  m ito c h o n d ria l 

t r a n s la t io n  p ro d u c ts  h ave  b een  e s t im a te d  to  acco u n t fo r  only  5-15%



of th e  m ito c h o n d ria l p ro te in  m a s s  (Schw eyen and  K au d ew itz , 1970). 

P r e s e n t  ev id en ce  su g g e s ts  th a t  a p p ro x im a te ly  te n  hyd ro p h o b ic  

p o ly p ep tid e s  a r e  sy n th e s iz e d  by th e  m ito c h o n d r ia . T h e se  in c lu d e  

th re e  p o ly p ep tid e s  of c y to ch ro m e  o x id ase  (M ason  and S c h a tz , 1977), 

fo u r of th e  o lig o m y c in  s e n s it iv e  A T P a se  (T zag o lo ff and  M e a g h e r ,

1972) and  th r e e  of th e  c y to ch ro m e  b co m p lex  (M a rja n en  and  R y r ie ,  

1976).

T he o b se rv a tio n  in  1969 th a t  m ito c h o n d ria l p ro te in  sy n th e s is  

s to p s  30 to  60 m in u te s  a f te r  e x p o su re  of th e  c e l ls  to  cy c lo h ex im id e  

(S ebald  e t a l . , 1969) w as one of th e  e a r l i e s t  in d ic a tio n s  of th e  i n te r ­

d ep en d en ce  b e tw een  c y to p la sm ic  and  m ito c h o n d ria l p ro te in  sy n th e s is  

in  th e  fo rm a tio n  of th e  m ito c h o n d ria . T h is  o b se rv a tio n  h a s  b een  

re c o m f irm e d  by m any e x p e r im e n ts  p e r fo rm e d  to  d a te  (s e e  S cha tz  

and  M aso n , 1974). T he c o o rd in a tio n  of th e  m ito c h o n d ria l and  cy to ­

p la sm ic  p ro te in  sy n th e s is  in  m ito c h o n d ria l a s s e m b ly  h a s  b een  th e  

su b je c t of n u m e ro u s  s tu d ie s . K im  and  B e a tt ie ,  in  1973, n o ted  th a t  

th e  in c r e a s e  in  a c tiv ity  of N A D H -cy to ch ro m e  c r e d u c ta s e  and  cy to ­

c h ro m e  o x id a se  upon d e re p re s s io n , (a p ro c e s s  th a t  in v o lv es  m e ta ­

b o lic  ch an g es  th a t  o c c u r  to  th e  m ito c h o n d ria  w hen c e l l s  g row ing  

a n a e ro b ic a l ly  a r e  ex p o sed  to  oxygen), w as c o m p le te ly  in h ib ite d  by 

c h lo ra m p h e n ic o l bu t w as no t a ffe c te d  fo r s e v e r a l  h o u rs  a f te r  th e  

ad d itio n  of c y c lo h e x im id e . T h e se  r e s u l t s  su g g e s te d  th a t  th e  sy n th e s is  

of m ito c h o n d ria l p ro te in s  on c y to p la sm ic  r ib o s o m e s  m ay  p re c e d e  th e  

sy n th e s is  on th e  m ito c h o n d ria l r ib o s o m e s  and  th a t th e s e  p ro te in s  m ay
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a c c u m u la te  in  th e  m ito c h o n d r ia .  T h is  su g g es t io n  w as  c o n f i rm e d  by 

M ason  and  Schatz  in  1973 in  an  e x p e r im e n t  in  w hich  y e a s t  c e l l s  

la b e le d  w ith  H - le u c in e  in  th e  p r e s e n c e  of c y c lo h ex im id e  w e r e  ly s e d  

and found to  co n ta in  c y to c h ro m e  o x id a se  w ith  ra d io a c t iv e ly  la b e le d  

m i to c h o n d r ia l  s u b u n i ts .  S ince  th e  c y to p la sm ic  su b u n its  cou ld  not 

have  b een  s y n th e s iz e d  a f t e r  th e  add ition  of c y c lo h e x im id e ,  th ey  m u s t  

have  b e en  p r e s e n t  in  th e  m ito c h o n d r ia  in  e x c e s s .  E x p e r im e n ts  w ith 

N eu ro S p o ra  c r a s s a  h av e  a l s o  d e m o n s t r a t e d  an  e x c e s s  pool of so m e  

c y to p la sm ic a l ly  m ad e  c y to c h ro m e  o x id ase  su b u n its  (Schwab e t  a l . ,

1972). S e v e ra l  g ro u p s  have  r e p o r t e d  th a t  t h e r e  o c c u r s  a  s t im u la t io n  

of m ito c h o n d r ia l  p ro te in  s y n th e s is  following a  b lo ck  of th i s  s y n th e s is  

w ith  c h lo ra m p h e n ic o l  (T zago lo ff ,  1971; I b r a h im  _et_al., 1973). T h is  

i n c r e a s e d  s y n th e s is  i s  b e l ie v e d  to  be  th e  r e s u l t  of an  a c c u m u la t io n  

of c y to p la sm ic a l ly  sy n th e s iz e d  p r o te in s  w hich  in  so m e  way s t im u la te s  

m i to c h o n d r ia l  p r o te in  s y n th e s i s .  I b r a h im  and B e a t t i e ,  in  1976, r e ­

p o r te d  a  p o s s ib le  m e c h a n is m  fo r  th i s  r e g u la t io n  of m i to c h o n d r ia l  

p ro te in  sy n th e s is  by th e  c y to p la s m .  T h e s e  in v e s t ig a to r s  found th a t  

w hen y e a s t  c e l l s  g row n  in  c h lo ra m p h e n ic o l  (to allow c y to p la sm ic a l ly  

m ade  p r o te in s  to  a c c u m u la te )  w e r e  w ash ed  f r e e  of th e  c h lo ra m p h e n ic o l  

and  a llo w ed  to  grow  fo r  one h o u r  in  f r e s h  m e d ia ,  a  tw ofold  

i n c r e a s e  in  th e  m ito c h o n d r ia l  p o ly so m e  to  m o n o so m e  r a t i o  w as  

o b s e r v e d .  F u r t h e r m o r e ,  th e s e  c e l l s  show ed an  in c r e a s e d  i n c o r p o r ­

a t io n  of r a d io a c t iv e  le u c in e  in to  th e  p o ly so m e  re g io n  of th e  m i to ­

c h o n d r ia .  In  c o n t r a s t ,  m i to c h o n d r ia  i s o la te d  f r o m  c e l l s  w h ich  had



b e en  p re g ro w n  in  c y c lo h ex im id e  fo r  t h r e e  h o u r s  show ed a  50% d e c r e a s e  

in  th e  p o ly so m e  m o n o so m e  r a t i o  a s  w e ll  a s  in  th e  am o u n t of r a d io ­

a c t iv e  le u c in e  in c o r p o r a te d  in to  th e  p o ly so m e  r e g io n .  T h e se  r e s u l t s  

su g g es t  th e  p o s s ib i l i ty  th a t  p r o te in s  sy n th e s iz e d  in  th e  c y to p la sm  

m ay  c o n tro l  m i to c h o n d r ia l  p ro te in  s y n th e s is  e i th e r  by s t im u la t in g  

ch a in  in i t ia t io n  o r  by cau s in g  in c r e a s e d  fo r m a t io n  o r  s ta b i l i ty  of 

s p ec if ic  m ito c h o n d r ia l  m e s s e n g e r  RNAs ( Ib ra h im  and B e a t t ie ,  1976).

T he d i s c u s s io n  th u s  f a r  h a s  d e a l t  w ith  th e  c o n tr ib u t io n  of th e  

n u c le a r  genom e in  th e  fo rm a t io n  of th e  m i to c h o n d r ia .  E v id en ce  p r e ­

s e n te d  in  th e  l a s t  few y e a r s  s u g g e s ts  th a t  th e  m ito c h o n d r ia  m ay 

p lay  a  ro le  in  th e  re g u la t io n  of p ro te in s  s y n th e s iz e d  u n d e r  th e  

c o n t ro l  of n u c le a r  g e n o m e . T r e a tm e n t  of T e t r a h y m e n a  w ith  e th id iu m  

b ro m id e  h a s  b e en  r e p o r t e d  to  in d u ce  th e  b io s y n th e s is  of m i to c h o n d r ia l  

DNA p o ly m e r a s e  by the  c y to p la sm  ( W e s te r g a a r d  and  L in d b e rg ,  1972).

In N e u r o s p o r a , both c h lo ra m p h e n ic o l  and  e th id iu m  b ro m id e  h av e  b een  

found to  s t im u la te  th e  p ro d u c t io n  by th e  c y to p la sm  of m ito c h o n d r ia l  

e lo n g a t io n  f a c t o r s ,  m e th io n y l- tR N A  t r a n s f o m y la s e  and  RNA p o ly m e r a s e  

(B a r a th  and  K u n tze l ,  1972),

In a  s tudy  by P u g l i s i  and  A lg e r i  in  1974 us ing  S a c c h a ro m y c e s

c e r e v i s i a e  , th e y  ex am in ed  th e  p o s s ib i l i ty  th a t  m i to c h o n d r ia l  p ro te in

s y n th e s is  m ay  p lay  a  r o le  in  n u c le a r  gene  a c t i v i t i e s .  In  t h e i r

s tudy  th e y  a n a ly z e d  s e v e r a l  c y to p la sm ic  r e s p i r a t o r y  d e f ic ien t  

m u ta n ts  fo r  t h e i r  a b i l i ty  to  induce  e n zy m e  p ro d u c t io n  in  r e s p o n s e  to

g a la c to s e ,  an  a b i l i ty  p r e s e n t  in  th e  p a r e n t  s t r a i n  of th e s e  m u ta n ts .

T h e s e  in v e s t ig a to r s  found th a t  a p p ro x im a te ly  50% of th e s e  c y to p la sm ic



m u ta n ts  g rew  on g a la c to s e  w ith  only  a  d e lay ed  a d ap ta t io n ,  w hile  the  

r e m a in d e r  w e re  unable  to  grow  on th i s  m ed ia  a t  a l l .  S ince i t  i s  known 

th a t  d if fe re n t  p e t i te s  can  d if f e r  in  t e r m s  of t h e i r  m i to c h o n d r ia l  DNA 

a l t e r a t i o n s ,  th e  e x p e r im e n t e r s  t r e a t e d  th e  p e t i te  m u ta n ts  w ith  e r y t h r o ­

m y c in  and o b se rv e d  a  c o m p le te  c e s s a t io n  of th e  g ro w th  of a l l  of 

th e  p e t i te  m u ta n ts  on th e  g a la c to s e  m e d ia .  T h e s e  r e s u l t s  le d  the  

a u th o rs  to  p ro p o s e  a  m o d e l  in  w hich  a  com ponen t of the  r e g u la to ry  

s y s te m  invo lved  in  g a la c to s e  u t i l iz a t io n  i s  coded  fo r  by th e  m i to ­

c h o n d r ia  and  th u s  su g g es te d  an  a c t iv e  ro le  of m i to c h o n d r ia l  p ro te in  

s y n th e s is  in  th e  u t i l iz a t io n  of g a la c to s e .  In o r d e r  to  d e te r m in e  th e  

e f fe c t  of th e  p e t i te  m u ta t io n  on th e  f e rm e n ta t io n  of o th e r  c a rb o n  s o u r c e s ,  

Khan and G r e e n e r  (1977) a n a ly z e d  th e  e ffec t  of th e  p e t i te  m u ta t io n  on 

m a l to s e  and  a lp h a -m e th y lg iu c o s id e  f e rm e n ta t io n  in  S a c c h a ro m y c e s  

c e r e v i s i a e .  T h e s e  in v e s t ig a to r s  r e p o r t  th a t  w hile  m o s t  of th e  

p e t i te  m u ta n ts  i s o la te d  in  th is  s tudy hav e  r e t a in e d  the  a b i l i ty  to  

f e rm e n t  m a l to se  and  a lp h a -m e th y lg lu c o s id e ,  th e  p e t i te s  i s o la te d  

f r o m  one s t r a i n  have  c o m p le te ly  lo s t  t h e i r  a b i l i ty  to  f e r m e n t  a lp h a -  

m e th y lg lu c o s id e ,  th u s  sug g es tin g  an  in v o lv e m e n t  of a m i to c h o n d r ia l  

f a c to r  in  th e  u t i l iz a t io n  of a lp h a -m e th y lg lu c o s id e  in  th i s  s t r a i n .

In 1951, d u r in g  a  s tudy on th e  p r o c e s s  of s p o ru la t io n ,  E p h r u s s i  

an d  H o tt in g u e r  no ted  th e  in a b il i ty  of p e t i te  d ip lo id s  to  u n d e rg o  s p o r u ­

la t io n  and  th u s  s u g g e s te d  a  p o s s ib le  in v o lv em en t of th e  m ito c h o n d r ia l  

gen o m e  in  th i s  d ev e lo p m en ta l  p r o c e s s .  In 1956, M il le r  and  H a lp e rn  

r e p o r t e d  th e  f a i lu re  of d ip lo id  c e l l s  to  und e rg o  s p o ru la t io n  in  th e
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p r e s e n c e  of r e s p i r a t o r y  in h ib i to r s .  P u g l i s i  and  Z e n n a ro ,  in  1971, 

s tu d ie d  th e  e ffec t  of e ry th ro m y c in  on th e  s p o ru la t io n  of e ry th r o m y c in  

s e n s i t iv e  and  e ry th ro m y c in  r e s i s t a n t  a/«c d ip lo id s  an d  found th a t  

e ry th ro m y c in  in h ib i ts  sp o ru la t io n  of e ry th ro m y c in  s e n s i t iv e  d ip lo id s  

bu t d o es  not b lo ck  s p o ru la t io n  in  i t s  e ry th ro m y c in  r e s i s t a n t  d e r iv a t iv e .  

T h e s e  r e s u l t s  su g g es te d  th a t  th e  in h ib it io n  of s p o ru la t io n  by e r y t h r o ­

m y c in  r e f l e c t s  th e  d ependence  of th i s  p r o c e s s  on m ito c h o n d r ia l  

p r o te in  s y n th e s i s .  In a  r e c e n t  c o m m u n ic a t io n  by K uenzi and  c o w o rk e r s  

(1974), th is  su g g es t io n  h a s  b e e n  q u e s t io n e d .  T h e s e  in v e s t ig a to r s  

r e p o r t  th a t  p e t i te  d ip lo id  c e l l s  c an ,  in  f a c t ,  be m ade  to  s p o ru la te  

i f  they  a r e  t r a n s f e r r e d  to  sp o ru la t io n  m e d ia  s h o r t ly  a f t e r  be ing  

m u ta te d  to  th e  p e t i te  s t a t e .  T h e s e  r e s u l t s  su g g e s t  th e  p o s s ib i l i ty  

th a t  i t  i s  not m i to c h o n d r ia l  p r o te in  s y n th e s is  w hich  i s  r e q u i r e d  fo r  

s p o ru la t io n  but th e  fu ll  r e s p i r a t o r y  a c t iv i ty  of th e  c e l l s .

The second  s tudy  r e p o r te d  in  th i s  c o m m u n ic a t io n ,  in  w hich  a  

t e m p e r a t u r e  s e n s i t iv e  m u tan t of S a c c h a ro m y c e s  c e r e v i s i a e  d e fe c t iv e  

in  n u c le a r  DNA m e ta b o l is m  i s  d e s c r ib e d ,  w as  u n d e r ta k e n  to  

d e te r m in e  i f  t h e r e  e x is t  g en e tic  lo c i  o th e r  th a n  th e  cdc lo c i  ( s e e  

H a r tw e l l ,  1974) w hich  a r e  r e q u i r e d  fo r  a c c u r a te  n u c le a r  DNA m e ta ­

b o l i s m .  O ur s e le c t io n  fo r  su ch  m u ta n ts  invo lved  th e  i s o la t io n  of 

s t r a i n s  w hich  a t  th e  n o n - p e r m is s iv e  t e m p e r a t u r e  in d u ced  le th a l i ty .

T he  i s o la t io n  and c h a r a c t e r i z a t i o n  of a  m u tan t  d e fe c t iv e  in  n u c le a r  

DNA m e ta b o l i s m  i s  d e s c r ib e d .
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T e m p e r a tu r e  S e n s it iv e  M utan ts  of N u c le a r  DNA 
M eta b o l is m  in  S a c c h a ro m y c e s  c e r e v i s i a e

In 1951, H orow itz  and  L eupo ld  , a t  a  s y m p o s iu m  a t  Cold S pring  

H a rb o r  L a b o r a to r y ,  s u g g e s te d  th a t  a  m e th o d  fo r  d e tec t in g  m u ta t io n s  

w hich  r e s u l t  in th e  lo s s  of an  in d is p e n s ib le  func tion  m igh t be  ob ta in ­

ab le  th ro u g h  so  c a l le d  " t e m p e r a tu r e  m u ta n ts "  in  w hich  th e  e x p r e s s io n  

of a  gene  i s  n o r m a l  a t one t e m p e r a t u r e  but a b n o rm a l  a t a n o th e r .

E d g a r  and  c o w o rk e r s  (1963, 1964), w o rk in g  w ith  th e  b a c te r io p h a g e  

T ^ , d e m o n s t r a t e d  th a t  su ch  t e m p e r a t u r e  s e n s i t iv e  m u ta t io n s  can  in  

fac t  o c c u r  in  th e  n o n d isp en s ib le  fu n c tio n s  and  can  th u s  be  u sed  to  g a in  

v a lu ab le  in fo rm a t io n  about th e s e  g e n e s .  H a r tw e l l ,  in  1967, fo llow ing 

a  r e p o r t  by N e id h a rd t  (1964) on th e  i s o la t io n ,  c h a r a c t e r i z a t i o n ,  and 

p a t te r n s  of m a c r o m o le c u la r  s y n th e s is  of t e m p e r a t u r e  s e n s i t iv e  m u tan ts  

of E s c h e r i c h ia  c o l i , d ec id ed  to  a n a ly z e  a  e u k a ry o t ic  s y s te m  to  s e e  

if  su ch  t e m p e r a t u r e  s e n s i t iv e  le s io n s  c a n  be  in d u ced  in  e u k a r y o te s .

F o r  h is  s tudy , H a r tw e l l  s e le c te d  S a c c h a ro m y c e s  c e r e v i s i a e , fo r  i t  is

-8one of th e  s im p le s t  e u k a ry o t ic  o r g a n is m s  hav ing  only 2 .2  x 10 >ig of 

DNA p e r  h ap lo id  n u c leu s  (O gur e t a l . , 1952) and  having a g en e tic  

s y s te m  a llow ing fo r  an  a n a ly s is  of th e  m e io t ic  p ro d u c ts ,  a  s tudy of 

c o m p le m e n ta t io n  p a t t e r n s ,  and  a  d e te r m in a t io n  of dom in an ce  and 

r e c e s s i v e n e s s  of v a r io u s  m u ta t io n s .  A f te r  m u tag en iz in g  a  c u l tu re  

of s t r a in  A364A w ith  N - m e th y l - N '- n i to s o - N - n i t r o s o g u a n id in e ,  the  

c u l tu re  w as  p la te d  out and  in cu b a ted  a t  2 3 °C . When c o lo n ie s  a p p e a re d  

on th e  p la tes*  they  w e re  re p l ic a p la te d  onto tw o new p la te s  w hich  w e re  

in c u b a ted  a t  23°C  o r  36 °C . C o lon ies  w h ich  g rew  on the  f o r m e r  but not
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on th e  l a t t e r  w e re  f u r th e r  s c r e e n e d  fo r  t h e i r  t e m p e r a t u r e  s e n s i t iv i ty .  

A p p ro x im a te ly  400 t e m p e r a t u r e  s e n s i t iv e  m u ta n ts  w e re  i s o la te d  in  th is  

fa sh io n .  T h is  s e t  of 400 m u ta n ts  u l t im a te ly  y ie ld e d  5 g en es  (cdc 4 , 7 , 8 ,  

21 ,2 8 )  w ith  le s io n s  in  g en es  a p p a re n t ly  invo lved  in  DNA r e p l ic a t io n  

o r  i t s  in i t ia t io n  (H a r tw e l l ,  1973). M uta tions  a ffec t in g  p ro te in  s y n th e s is  

and  RNA s y n th e s is  w e re  a lso  found. The 400 m u ta n ts  in  H a r tw e l l 's  

c o l le c t io n  w e re  a l s o  e x am in ed  m ic ro s c o p ic a l ly  to  d e te r m in e  c e l l  

m orpho logy  a f t e r  incu b a t io n  a t  th e  r e s t r i c t i v e  t e m p e r a t u r e .  T h is  

a n a ly s is  r e v e a le d  th e  e x is te n c e  of 14 g en es  (d e s ig n a te d  cly  1-14) in  

w hich  the  c e l l s  ly s e  s h o r t ly  a f t e r  th e  t r a n s f e r  to  th e  r e s t i c t i v e  t e m p e r ­

a tu r e  a s  w ell a s  th e  e x is te n c e  of m u ta n ts  d e fe c t iv e  in  s p ec if ic  s te p s  

in  th e  c e l l  c y c le .  At th e  p r e s e n t  t i m e ,  35 such  g en es  (cdc 1-35) have  

b een  id e n tif ied .

T he  p a t t e r n s  of DNA s y n th e s i s  of th e  c e l l  d iv is io n  c y c le  m u ta n ts  

d e fe c t iv e  in  DNA s y n th e s is  w e r e  e x a m in e d  in  sy n c h ro n o u s  and a sy n c h ro n o u s  

c u l tu r e s  to  t r y  and  c la s s i f y  th e  po in t a t  w h ich  t h e s e  g e n e s  hav e  th e i r  

ex ecu tio n  p o in ts .  T he  k in e t ic s  of DNA s y n th e s is  a f t e r  th e  sh if t  to  

th e  r e s t r i c t i v e  t e m p e r a t u r e  w as  c o m p a r e d  to  th a t  o b ta ined  a f t e r  

in h ib i t io n  of p r o te in  s y n th e s is  a t  th e  p e r m i s s i v e  t e m p e r a t u r e ,  a  

cond ition  th a t  s p e c if ic a l ly  b lo ck s  th e  in h ib i t io n  of new ro u n d s  of DNA 

re p l ic a t io n ,  bu t d o es  n o t b lo ck  th o s e  ro u n d s  of r e p l i c a t io n  th a t  a r e  in  

p r o g r e s s  ( H e r e f o r d  and H a r tw e l l ,  1973).

T h r e e  of th e  cdc  m u ta n ts  (cdc 4 , 7 ,  an d  28) a p p e a r  to  r e s u l t  in  a  

b lo ck  a t  th e  s t a r t  of new ro u n d s  of DNA s y n th e s i s ,  a f t e r  th e  sh if t  t o  th e  

r e s t r i c t i v e  t e m p e r a t u r e ,  w h ile  a llow ing  th e  c o m p le t io n  of th o s e  ro u n d s
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of r e p l ic a t io n  th a t  a r e  in  p r o g r e s s .  T h e s e  gene  p ro d u c ts  w e re  th u s  

c l a s s i f i e d  a s  be ing  e s s e n t i a l  fo r  th e  in i t ia t io n  of DNA s y n th e s i s .  

M u ta t ions  of tw o of th e  cdc g en es  (cdc 8 and  21) a p p e a r  to  b lo ck  the  

a c tu a l  s y n th e s is  of th e  DNA, fo r  i t  h a s  b e en  d e m o n s t r a t e d  th a t  t h e r e  

is  an  a b ru p t  h a l t  of DNA s y n th e s is  a f t e r  th e  sh if t  to  th e  r e s t r i c t i v e  

t e m p e r a t u r e .  T h e se  gene p ro d u c ts  w e re  c l a s s i f i e d  a s  be ing  e s s e n t i a l  

fo r  th e  s y n th e s is  of th e  DNA (se e  H a r tw e l l ,  1973).

DNA m o le c u le s  in  th e  p r o c e s s  of r e p l ic a t io n  co n ta in  " b u b b le s"  and  

" f o r k s "  th a t  c an  be  v is u a l iz e d  by e le c t r o n  m ic ro s c o p y  (Newlon e t  a l . , 

1974). P e te s  and  N ew lon, in  1974, s tu d ied  the  s t r u c tu r e  of th e  DNA 

of c e l l s  c a r r y in g  th e  cdc 7 and th e  cdc  8 l e s io n s  a f t e r  the  sh if t  to  the  

r e s t r i c t i v e  t e m p e r a t u r e .  They  found th a t  w h ile  th e  DNA of c e l l s  con­

ta in in g  th e  cdc  8 le s io n  c o n ta in ed  m u lt ip le  s m a l l  "b u b b le s" ,  th e  DNA 

of th e  c e l l s  con ta in ing  th e  cdc 7 le s io n  co n ta in ed  v e r y  few " b u b b le s" .  

T h e s e  r e s u l t s  a r e  i n t e r p r e t e d  to  m e an  th a t  th e  c e l l s  w ith  th e  cdc 7 

m u ta t io n  a r e  in  fac t  a r r e s t e d  p r i o r  to  the  a c tu a l  beg inn ing  of c h ro m o ­

so m e  re p l ic a t io n ,  w h ile  c e l l s  con ta in ing  th e  cdc  8 m u ta t io n  a r e  b locked  

d u r in g  r e p l ic a t io n .  B e c a u se  th e  cdc 4 and  cdc 8 m u ta t io n  have  b een  

found to  p re c e d e  the  cdc 7 m e d ia te d  s te p  of DNA s y n th e s i s ,  i t  a p p e a r s  

to  c o n f i rm  th e  su g g es tio n  th a t  th e s e  gene  p ro d u c ts  a r e  r e q u i r e d  fo r  

DNA in i t ia t io n  (H e re fo rd  and  H a r tw e l l ,  1974).



M ATERIALS AND METHODS

Y e a s t  S t r a in s

The s t r a i n s  of S a c c h a ro m y c e s  c e r e v i s i a e  u s e d  in  th i s  p a p e r  c o n s t i tu te  

p a r t  of o u r  l a b o r a to r y  s to c k  s t r a i n s  and  a r e  l i s t e d  w ith  t h e i r  g en o ty p es  

in  T a b le  1.

M edia

Y E P  m e d ia :  T h is  w as  u sed  a s  th e  b a s i s  of m o s t  m e d ia  in  th i s  w o rk .

It c o n s i s t s  of 1% D ifco  Y e a s t  E x t r a c t ,  2% Difco B ac to  P e p to n e ,  and  2% 

Difco B ac to  A g a r  w hen  so l id  m e d ia  w as  r e q u i r e d .

Y E P D  m e d ia :  c o n s i s t s  of Y E P  m e d ia  p lu s  2% B ac to  D e x t r o s e .

Y E P G  m ed ia :  c o n s i s t s  of Y E P  m e d ia  p lu s  3% B ac to  G ly c e r o l .

Y E P G al m ed ia :  c o n s i s t s  of Y E P  m e d ia  p lu s  2% B ac to  G a la c to s e .  

Y E P -D if  m ed ia :  c o n s i s t s  of Y E P  m e d ia  p lu s  3% B ac to  G ly c e ro l  and  

0 .1%  B ac to  D e x t r o s e .  T h is  m e d ia  w as  u sed  to  d i f f e r e n t ia te  c o lo n ie s  

a r i s i n g  f r o m  g ra n d e  c e l l s  f r o m  th o s e  a r i s i n g  f r o m  p e t i te  c e l l s  on 

th e  b a s i s  of t h e i r  co lony  s i z e .

YNB m ed ia :  T h is  w as  u sed  a s  th e  b a s i s  of a l l  m in im a l  m e d ia .  It 

c o n ta in s  0 .67%  D ifco  B ac to  Y e a s t  N it ro g e n  B a se  w ithou t a m in o  a c id s  

and  2% Difco B ac to  A g a r  w hen  s o l id  m e d ia  w a s  r e q u i r e d .

YNBD m ed ia :  c o n s i s t s  of YNB m e d ia  p lu s  2% B ac to  D e x t r o s e .

YNBG m ed ia :  c o n s i s t s  of YNB m e d ia  p lu s  3% B ac to  G ly c e r o l .

YNBGal m e d ia :  c o n s i s t s  of YNB m e d ia  p lu s  2% B ac to  G a la c to s e .  

Y N B D /G /G a l  -I- X m e d ia :  T h i s  w a s  u se d  fo r  r a d io a c t iv e  la b e l in g  in  

w h ich  the  YNB w as  s u p p le m e n te d  w ith  th e  a u x o tro p h ic  r e q u i r e m e n t s
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of th e  v a r io u s  s t r a i n s .  T he  s u p p le m e n ta t io n  w as  a c c o m p l i s h e d  w ith  

th e  ad d it io n  of any of th e  fo llowing: a d e n in e ,  3 0 m g /l ;  L - a r g i n i n e ,

3 0 m g / l ;  L - h i s t id in e ,  2 0 m g / l ;  L -  l e u c in e ,  40 m g/1 ; L - ly s i n e ,  40 m g / l ;

L - m e th io n in e ,  20 m g / l ;  D L - th r e o n in e ,  150 m g / l ;  L - t r y p to p h a n ,  30 m g / l ;  

L - t y r o s i n e ,  20 m g / l ;  u r a c i l ,  20 m g / l .

CS m ed ia :  C o n s is t s  of YNBD m e d ia  su p p le m e n te d  w ith  a l l  of th e  above  

m en tio n e d  s u p p le m e n ts .

D ro p  but m ed ia :  C o n s i s t s  of CS m e d ia  la c k in g  one o r  m o r e  s u p p le m e n ts .  

YNBDif + X: c o n s i s t s  of su p p le m e n te d  YNB m e d ia  p lu s  3 % B ac to  

G ly c e r o l  and 0 .1%  B ac to  D e x t r o s e .

KAc m e d ia :  C o n s is t s  of 0 .96%  P o ta s s iu m  a c e t a t e .  0 .1 %  B ac to  D e x t r o s e ,  

0 .2 5 %  D ifco  Y e as t  E x t r a c t  and  2% D ifco  B ac to  A g a r .  T h is  m e d ia  w as
\

u s e d  to  in d u ce  s p o ru la t io n  (M acK ay  and  M anney , 1974).

D is s e c t in g  A g a r :  C o n s is t s  of 0 .25%  D ifco  Y e a s t  E x t r a c t ,  0 .05%

B ac to  D e x tro s e  and  2% Difco B ac to  A g a r .

M u tag e n e s is

C u l tu re s  of s t r a in  123. 1C g row n a t  24°C  in  liqu id  Y EPD  m ed ia  to  

s ta t io n a ry  p h ase  w e r e  h a r v e s te d  by c e n tr i fu g a t io n  and  r e s u s p e n d e d  in to  

1 .9  m l  o f  0 .1 M  p h o sp h a te  b u ffe r  (pH 6 .8 )  to  w hich 50-100 u g /m l  of e th y l-  

m e th an e  su lphonate  (EMS) w as  ad d ed . A f te r  80-90 m in . of e x p o su re  

to  the  EM S,the  c e l l s  w e re  h a r v e s te d ,  r e s u s p e n d e d  in  8 m l of 5% 

sod ium  th io s u lfa te ,  v o r te x e d ,  and a llow ed  to  in cu b a te  fo r  10 m in .  a t  24°C . 

Fo llow ing  th is  in cu b a t io n  p e r io d  the  c e l l s  w e re  h a r v e s te d ,  w a sh e d  in  

5 m l of Y EPD  m e d ia ,  r e h a r v e s t e d  and re s u s p e n d e d  in  5 m l of f r e s h
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Y EPD  m e d ia .  P o te n t ia l  m u ta n ts  w e re  a llo w ed  to  grow fo r  two h o u rs  

a t  24°C  and  w e re  then  d ilu ted  and  t r a n s f e r r e d  onto so lid  Y EPD  p la te s .  

Surv iv ing  c lo n es  w e re  s c r e e n e d  a s  d e s c r ib e d  in the  r e s u l t s .

T e t r a d  A n a ly s is

D ip lo ids  i s o la te d  on s e le c t iv e  m ed ia  w e re  t r a n s f e r r e d  to KAc s p o ru la t io n  

m ed ia  and  in cu b a ted  a t  24°C  fo r  five d a y s .  The a s c u s  w a l ls  of th e  re s u l t in g

m e io tic  p ro d u c ts  w e r e  p a r t i a l ly  d ig e s te d  aw ay by th e  in cu b a t io n  of th e  a s c i

o
fo r  ten  to f if teen  m in u te s  a t  24 C in  the  p r e s e n c e  of 1% g lu s a la s e  (Endo 

L a b o r a to r i e s ) .  The a s c i  w e re  then  t r a n s f e r r e d  to  a s lab  of d is s e c t in g  a g a r  

and the ind iv idua l s p o r e s  m ic ro m a n ip u la te d  to  defined  p o s it io n s  on the  

s la b .  T he s lab  of d is s e c t in g  a g a r  w as  th en  p laced  onto a  Y EPD  p la te  an d  

a llow ed  to  in cu b a te  for s ev e n  to  n ine days  a t  2 4 °C . T he r e s u l t in g  c lo n es  w e re  

then  t r a n s f e r r e d  onto " m a s t e r  p la t e s "  of Y EPD  m ed ia  and  a llow ed  to  grow  

fo r  five days  a t  24°C  (se e  M o r t im e r  and  H aw tho rne  1969).

The au x o tro p h ic  r e q u i r e m e n t s  of e ach  s p o re  w as  d e te r m in e d  by r e p l i c a -  

p la ting  the  " m a s t e r  p la te s "  onto v a r io u s  d ropou t m ed ia  and  s c o r in g  fo r  

the  a b i l i ty  o r  in ab il i ty  of e a c h  c lone  to  grow a f t e r  five d ay s  of in cu b a t io n  

a t  24 °C .

T he m ating  type  of e ach  s p o re  w as  d e te r m in e d  a s  fo llow s: On day one , 

s e p a r a t e  Y EPD  p la te s  w e r e  p la ted  w ith  a p p ro x im a te ly  10^ c e l l s  of e i th e r  

a  o r  4  m a ting  type  t e s t e r  s t r a in s  and  a llow ed  to  incubate  a t  30°C fo r  

tw e n ty - fo u r  h o u r s .  On day tw o, th e  m ating  t e s t e r  " la w n s"  w e re  r e p l i c a -  

p la te d  onto  th e  s u r f a c e  of s e p a r a te d  Y E P D  p la te s  to g e th e r  w ith  a  r e p l i c a  

of th e  m a s t e r  p la te  and  a llow ed  to  in cu b a te  a t  24°C  for tw e n ty - fo u r  h o u r s .
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On day t h r e e ,  th e s e  p la te s  w e re  r e r e p l i c a p la te d  onto YNBD o r  YNBD + X 

m ed ia  so th a t  only the  re s u l t in g  d ip lo id s  w ould be ab le  to  g ro w . Confluent 

g row th  on th e  s e le c t iv e  m ed ia  a t  any in te r s e c t io n  a f te r  fo u r  days  of in cu b a t io n  

a t  24°C  w as  ta k en  a s  a  p o s i t iv e  r e s u l t  and  the  s p o r e s  a s s ig n e d  th e i r  

a p p r o p r ia te  m a ting  t y p e s .  S p o re s  not m a tin g  to  e i th e r  " a "  o r  "•A-" 

m a tin g  type  t e s t e r  s t r a i n s  o r  m a ting  to  both s t r a in s  a t v e r y  low 

f r e q u e n c ie s  w e re  c l a s s i f i e d  a s  be ing  s t e r i l e .

M on ito r ing  of C ell  G row th

C ell g row th  w as  m o n i to re d  by o p t ic a l  d e n s i ty  m e a s u r e m e n ts  and  

v iab le  count d e te r m in a t io n s .  O p tica l d e n s i ty  m e a s u r e m e n ts  w e r e  

o b ta ined  by m e a n s  of a  K le t t -S u m m e r  son  c o lo r im e te r  f i t ted  w ith  a 

660 n m  f i l t e r .  V iab le  count d e te r m in a t io n s  w e re  a c c o m p l is h e d  by 

d i lu t in g  and  t r a n s f e r r i n g  c e l l s  onto so lid  Y E PD  m ed ia  and  counting  

th e  n u m b e r  of co lo n ie s  fo rm e d  on th i s  m ed ia  a f t e r  a p p ro x im a te ly  s ix  

days  of g ro w th  a t  24°C .

D e te rm in a t io n  of S u p p re s s iv i ty  in P e t i t e  S t r a in s

P e t i t e s  g row n  to  la te  log p h a se  w e re  m ixed  w ith  a  g ra n d e  t e s t e r  s t r a in

in  liqu id  Y EPD  and p la te d  out on YNBDif + X p r i o r  to  th e  r e l e a s e  of

th e  f i r s t  bud f r o m  th e  d ip lo id  z y g o te s .  A f te r  a p p ro x im a te ly  n ine  days

th e  p e rc e n ta g e  of p e t i te  d ip lo id  co lo n ie s  w as  d e te r m in e d  on th e  b a s i s
X -Y

of th e  s iz e  of th e  c o lo n ie s .  T he  fo rm u la  w as  u sed  to  c a lc u la te

th e  s u p p r e s s iv i ty ,  w h e re  X eq u a ls  th e  p e rc e n ta g e  of p e t i te  d ip lo ids  

and  Y th e  p e rc e n ta g e  of p e t i te s  in  th e  t e s t e r  s t r a i n  (Ja k o b ,  1962).



R ad io ac tiv e  L ab e lin g  of C u l tu re s

The lab e l in g  of n u c le ic  a c id s  w as  a c c o m p lis h e d  w ith  e i th e r  2 -^ H -  

14aden ine  o r  C -ad en in e  (New E ng land  N u c le a r ) .  C o n ce n tra t io n  of

la b e l  u sed  ra n g e d  f r o m  15-20 juCi ^ H -a d en in e  p e r  m l  of c u l tu re  and 

140. 5 -  1 .5 ju C i of C -ad en in e  p e r  m l of c u l tu r e .  C u l tu re s  w e re  

g row n in  YNB D /G  + X and  la b e le d  in  m id  to  la te  log phase*

In e x p e r im e n ts  in  w hich p r e f e r e n t i a l  la b e l in g  of m ito c h o n d r ia l  

DNA w as  d e s i r e d ,200 ,n g /m l of cy c lo h ex im id e  w as  added  to  th e  c u l­

t u r e  c o n c u r re n t ly  w ith  ra d io iso to p e  in  o r d e r  to  in h ib it  n u c le a r  DNA 

sy n th e s is  and  allow fo r  in c r e a s e d  in c o rp o ra t io n  of the  iso to p e  in to  

th e  m i to c h o n d r ia l  DNA (G ro s s m a n  e t a l . , 1969)*

D e te rm in a t io n  of DNA S y n th es is

3
DNA s y n th e s is  w as  m o n i to re d  v ia  th e  in c o rp o ra t io n  of 2- H -a d en in e  

in to  hot a lk a l i  s tab le  co ld  a c id  p re c ip i ta b le  m a t e r i a l .  T r ip l ic a te

0 .5  m l s a m p le s  of a  r a d io a c t iv e ly  la b e le d  c u l tu r e ,  t r e a t e d  w ith  0 .5  

m l of a  0 .5 M  KOH an d  20% d im e th y lsu lfo x id e  so lu tio n ,  (B a r to lo m e  

and  O r r e g o ,  1970) w e re  h y d ro ly z e d  fo r  tw o h o u r s  a t  60 °C . T h e s e  

s a m p le s  w e re  then  p re c ip i ta te d  w ith  1 m l of 20% co ld  t r i c h l o r o ­

a c e t ic  a c id  (TCA), c h i l le d  to  4°C  fo r  30 m in u te s  and c o l le c te d  onto 

W h atm an  G F /A  g l a s s  f ib e r  f i l t e r s .  T h e s e  f i l t e r s  w e r e  th e n  w a sh e d

tw ic e  w ith  co ld  5% T C A , once  w ith  95% e th a n o l ,  d r i e d  and  p la c e d  in to  

v ia l s  to  w h ich  4 m l  of to lu e n e  b a s e s  s c in t i l l a n t  w as  ad d ed  (L iq u o r f lo u r ,  

New E n g lan d  N u c le a r ) .  S a m p le s  w e r e  c o u n ted  in  a  N u c le a r  C h icag o  

L iq u id  S c in t i l la t io n  S p e c t r o m e te r  (M ich e ls  e t_ a l . , 1973).



P r e p a r a t i o n  of S p h e ro p la s ts

P r e p a r a t io n  of s p h e r o p la s t s  f ro m  s m a l l  q u a n t i t ie s  of c e l l s  ( l e s s  th a n  

one g ra m )  w as a c c o m p lis h e d  a s  fo llow s: c e l l s  h a r v e s te d  by c e n t r i f u ­

g a tion  a t  5000 x g fo r  5 m in u te s  w e re  r e s u s p e n d e d  in  5 m l of th io -  

g ly co lla te  bu ffe r  (0 .5  M so d ium  th io g ly c o l la te  in  0 .1  M T r i s ,  pH 8 .8 )  

and  a llow ed  to  in c u b a te  fo r  an  h o u r  a t  30°C  w ith  co n tin u a l sh ak in g . 

Fo llow ing  th is  in cu b a t io n  p e r io d  the  c e l l s  w e re  h a r v e s te d ,  w ash ed  

in  2 m l of s o rb i to l  b u ffe r  (1 M s o rb i to l ,  0 .1  M d iso d iu m  e th y le n e -  

d ia m in e te t r a a c e t a te ) ,  r e h a r v e s t e d ,  and  r e s u s p e n d e d  in  1 m l of 

s o rb i to l  b u f f e r .  D ig es t io n  of the  c e l l  w a l ls  w as  th e n  a c c o m p l is h e d  

by th e  in cu b a t io n  of th e  c e l l s  fo r  30 m in u te s  a t  30°C  in  th e  p r e s e n c e  

of 1-2% G lu su la se  (Endo L a b o r a to r i e s ) .  The s p h e r o p la s t s  w e re  

th e n  gen tly  h a r v e s te d  a t  1000 x g fo r  5 m in u te s ,  r e s u s p e n d e d  in  1 .4  

m l s a l in e  ED TA  b u ffe r  (0 .1 5  M N aC l,  0 .1  M d iso d iu m  e th y le n e d ia m in e -  

t e t r a a c e t a t e ,  pH 8 .0 ) ,  and ly s e d  a t  60°C  w ith  a p p ro x im a te ly  3% 

S a rk o sy l  N L -97  (C ib a -G e ig y , C o . ) .  S am p le s  w e re  a llow ed  to  in c u ­

b a te  a t  60°C  fo r  20 m in u te s  a f t e r  w hich  they  w e re  s to r e d  a t  -2 0 ° C  

fo r  s u b se q u e n t  u se  (B la m ire  e t a l . , 1972a).

P r e p a r a t i v e  C sC l D ensity  G ra d ie n t  C en tr ifu g a tio n

L y s a te s  (1 .5  m l) w e re  t r a n s f e r r e d  to  c e l lu lo s e  n i t r a t e  u l t r a c e n t r i fu g e

tu b e s  (B eckm an) con ta in ing  4 .1  m l of s to ck  p r e p a r a t iv e  g ra d e  C sC l

(K aw ecki B e ry l  C o . I n d u s t r i e s ,  In c .)  so lu tion  (130 g of C sC l in  70 m l

14of 0 .0 1  M T r i s  b u f f e r ,  pH 6 .8 ) ,  and a p p ro x im a te ly  1000 c p m  of C 

m a r k e r  DNA f r o m  s t r a i n  123 .1C  w as  ad d ed .  T he d e n s i ty  w as  a d ju s te d



3to  1 .695  g / c m  w ith  the  u se  of a  r e f r a c t o m e t e r  and  m in e r a l  o il  w as

added  to  f i l l  the  tu b e .  S am p le s  w e re  c e n tr i fu g e d  a t  3 3 ,0 0  r p m  in  a

Spinco 50 T i r o to r  fo r  a t  l e a s t  42 h o u r s  a t  19°C . F r a c t io n s  of

0 .2  m l  w e re  c o l le c te d  f r o m  th e  b o tto m  of th e  g ra d ie n t  (a p p ro x im a te ly

25 f r a c t io n s  p e r  g ra d ie n t ) .  E a c h  f r a c t io n  w as  a d ju s te d  to  0 .5  M KOH

and h y d ro ly s is  of th e  RNA w as  a llo w ed  to  ta k e  p la ce  e i th e r  a t  60°C

o
fo r  2 h o u rs  o r  a t  30 C fo r  18 h o u r s .  F o llow ing  th is  in cu b a t io n

p e r io d  100 jug of B ovine  s e r u m  a lb u m in  (BSA) w as  added  to  each

f r a c t io n  and  th e  KOH w as  n e u t r a l iz e d  w ith  20% t r i c h lo r o a c e t i c  a c id

(T CA ). E x c e s s  TCA w as  added  to  a  f in a l  c o n c e n tra t io n  of 5% and

th e  s a m p le s  coo led  to  4°C  fo r  30 m in u te s .  T he  p r e c ip i t a t e s  w e re

then  c o l le c te d  on W hatm an G F /A  g la s s  f ib e r  f i l t e r s ,  w ash ed  tw ice

w ith  co ld  5% TC A , once  w ith  95% e th an o l ,  d r ie d  and p la ce d  in to  v ia ls

to  w hich 4 m l of to lu e n e  b a s e d  s c in t i l la n t  w as  added  (L iq u o r f lu o r ,  New

E ngland  N u c le a r ) .  S a m p le s  w e re  coun ted  in  a  N u c le a r  C hicago

L iqu id  S c in t i l la t io n  S p e c t ro m e te r  (M ich e ls  e t  a l . , 1973).

o
D e te r m in a t io n  of th e  M /T  R a t io  a s  a  P e r c e n t  of th e  24 C C o n tro l  

T he  s u m  of the  i n c o r p o r a t io n  in to  a lk a l i  s ta b le  co ld  a c id  p r e c ip i ta b le  

m a t e r i a l  banding  in  i s o p y c n ic  C sC l  d e n s i ty  g r a d ie n t s  a t  th e  p o s i t io n  

of th e  m ito c h o n d r ia l  DNA w as  d iv id ed  by th e  t o ta l  n u m b e r  of co u n ts  

i n c o r p o r a t e d  in to  a l l  s p e c ie s  of DNA ban d in g  in  th e  C sC l g r a d ie n t  ( M /T ) .  

T h is  r a t i o  w as  th e n  c o m p a r e d  to  th e  M /T  r a t i o  o b ta in e d  f r o m  th e  24°C  

c o n t ro l  an d  c a lc u la te d  a s  a  p e r c e n t  o f  th e  2 4°C  c o n t ro l  M /T  r a t i o  b y  

m e a n s  of th e  f o r m u la  M /T  r a t i o  o f  36°C  /  M /T  r a t i o  of 2 4 °C  x  100*



R ESU LTS
C h ap te r  1. I so la t io n  and C h a r a c te r iz a t io n  of a M utant C onditiona lly  

D efic ien t in M ito ch o n d ria l  DNA M eta b o l ism

Iso la t io n ,  Pheno type  and  G enetic  A n a ly s is

A s ta t io n a ry  c u l tu re  of s t r a in  123 .1C  w as  m u ta g e n ize d  fo r  90 

m in u te s  a t 24°C  w ith  50 > ig/m l of e th y lm e th an e  su lphonate  (EMS) in

0 .1  M ph o sp h a te  b u ffe r  (p H 6 .8 ) .  P o te n t ia l  m u ta n ts  w e re  d i lu ted ,  

t r a n s f e r r e d  onto so l id  Y EPD  p la te s  and  in cu b a ted  a t  24°C  fo r  a p p ro x i­

m a te ly  6 d a y s .  T he co lo n ie s  fo rm e d  w e re  th e n  re p l ic a p la te d  onto  4 

m o re  p la te s  a s  fo llow s: 1) Y EPD  p la te d  w hich  w as  th en  in cu b a ted  a t  

24°C ; 2) 1 Y EPD  p la te  w hich  w as  th e n  in cu b a ted  a t 36°C; 3) 1 Y EPG  

p la te  w hich w as  then  in cu b a ted  a t  24°C  and; 4) 1 Y EPG  p la te  w hich 

w as  th e n  incu b a ted  a t  36°C . N inety  s ix  c lo n es  unab le  to  grow  on p la te  

#4 but ab le  to  grow  on th e  t h r e e  r e m a in in g  p la te s  w e re  ta k e n  and t e s t e d  

fo r  p e t i te  induc tion  a t  the  r e s t r i c t i v e  t e m p e r a t u r e  of 36°C . T h is  w as  

a c c o m p lis h e d  by grow ing  the  c e l l s  a t  36°C  in  5 m l of liqu id  Y E PD  

m e d ia  fo r  24 h o u rs  and th en  a s s a y in g  th e  g row th  of th e  popula tion  

of c e l l s  on Y E P -D if  m e d ia  a t 24°C . M utant s t r a in  T S - lG -9 5 b  w as 

found to  induce  p e t i t e s  a t  a  h igh f req u en cy  u n d er  th e s e  cond itions  and  

w as  c h o sen  fo r  f u r th e r  a n a ly s i s .

D iplo ids f r o m  a c r o s s  be tw een  s t r a i n  T S - lG -9 5 b  andC R -9B »  

is o la te d  on s e le c t iv e  m e d ia ,  w e re  induced  to  u n d e rg o  m e io s is  on 

KAc m ed ia  a t  24°C  (s e e  M a te r ia l s  and  M eth o d s) .  T e t r a d  a n a ly s is  

p e r f o r m e d  on th e s e  d ip lo id s  p ro d u c e d  s p o r e s  w hich  showed th e  s a m e  

t e m p e r a t u r e  s e n s i t iv e  p e t i te  induc ing  phenotype a s  s t r a i n  T S - lG -9 5 b .  

One of th e s e  m u tan t  s p o re s  (144-2C ) w as  th e n  ch o sen  fo r  a l l  su b se q u e n t
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w o rk .  S t r a in  144-2C  w as  th e n  m a te d  to  s t r a i n  1 0 3 .1A and th e  d ip lo ids  

w hich  w e re  is o la te d  on se le c t iv e  m e d ia  a s  b e fo re  w e re  m ade  to  u n d e r  go 

m e io s i s .  A n a ly s is  of th e  94 a s c i  d i s s e c te d  show ed a  c l e a r  2:2 s e g re g a t io n  

fo r  th e  m utan t gene  a s  w e ll  a s  fo r  a l l  of the  o th e r  g ene tic  m a r k e r s ,  th u s  dem on­

s t r a t in g  th a t  the  m u tan t  phenotype  i s  the  r e s u l t  of a  s in g le  n u c le a r  m u ta t io n .

Two d ip lo id  s t r a i n s ,  x463 and x464, w e re  c r e a t e d  by m a tin g  the  

t e m p e r a t u r e  s e n s i t iv e  s t r a i n  144-2C  to  th e  n o n - te m p e r a tu r e  s e n s i t iv e  

l a b o r a to r y  s to ck  s t r a i n s  115. 8C and  103. ID  r e s p e c t iv e ly .  T h e s e  

d ip lo id s ,  i s o la te d  on s e le c t iv e  m e d ia ,  w e re  g row n in  liqu id  Y E P D  

m e d ia  to  m id  log p h a se  and th en  d i lu ted  in to  Y EPD  m e d ia  a t  a  c o n cen ­

t r a t io n  of 1 .57  x 10^ and  1 .4  x 10^ c e l l s  p e r  m l  r e s p e c t iv e ly .  E q u a l  

a l iq u o ts  of the  d ilu ted  c u l tu r e s  w e re  th en  in cu b a ted  a t  24°C  o r  36°C 

fo r  a p p ro x im a te ly  f if teen  g e n e r a t io n s .  D uring  th is  p e r io d ,  p e t i te  

induc tion  w as  m o n i to re d  a t bo th  the  p e r m is s i v e  and r e s t r i c t i v e  t e m p ­

e r a t u r e s  by d ilu ting  and  t r a n s f e r r i n g  th e  c e l l s  onto so l id  Y E P -D if  

m e d ia .  As can  be  s e e n  in  F ig u r e  1, t h e s e  d ip lo id  s t r a in s  h e te ro z y g o u s  

fo r  th e  p e t i te  inducing  m u ta t io n ,  fa i l  to  induce  a  s ig n if ic an t  n u m b e r  

of p e t i te s  a t th e  r e s t r i c t i v e  t e m p e r a t u r e ,  th u s  d e m o n s t ra t in g  th a t  th e  

m u ta t io n  h a r b o r e d  in  s t r a i n  144-2C  is  of a  r e c e s s i v e  n a tu r e .

G row th  of S t r a in  144-2C  in  M edia  C onta in ing  D e x tro s e  a s  i t s  Sole 

C arb o n  Source

A c u l tu re  of c e l l s  of s t r a in  144-2C  grow ing  in  l iq u id  Y EPD  a t  24°C

w as  d ilu ted  in  Y EPD  m e d ia  to  a  c o n c e n tra t io n  of 5 x 10^ c e l l s  p e r  m l .

o
E q u a l  a l iq u o ts  of th e  d ilu ted  c u l tu re  w e re  in c u b a ted  a t  e i th e r  24 C o r



36°C  and th e  c e l l s  w e re  a llo w ed  to  grow  and d iv ide  fo r  s ix  g e n e r a t io n s .  

P e t i t e  induc tion  w as  m o n i to re d  th ro u g h o u t th is  p e r io d  a t  bo th  th e  p e r ­

m is s iv e  and r e s t r i c t i v e  t e m p e r a t u r e s  by d ilu ting  and t r a n s f e r r i n g  

th e  c e l l s  onto so l id  Y E P -D if  m e d ia .  A s can  be s ee n  ( F ig u re  2), c e l l s  

g row n a t 36°C  p ro d u c e d  o v e r  95% p e t i te s  in  s ix  g e n e ra t io n s  w hile  

induc tion  of p e t i te s  a t  2 4 °C , though  p r e s e n t ,  o c c u r r e d  a t  a  m uch  lo w er  

f r e q u e n c y .  P e t i t e  c lo n es  i s o la te d  f r o m  s t r a i n  144-2C  a f t e r  e x p o su re  

to  36°C fo r  v a ry in g  len g th s  of t im e  w e re  th e n  te s t e d  fo r  the  following 

tw o p r o p e r t i e s :  1) th e  s u p p r e s s iv e  n a tu re  of th e s e  c e l l s ,  and  2) th e  

a b i l i ty  of the  p e t i te  c lo n es  to  s y n th e s iz e  m i to c h o n d r ia l  DNA a t  th e  

p e r m is s i v e  t e m p e r a t u r e .  S u p p re s s iv i ty  w as  d e te r m in e d  a s  d e s c r ib e d  

in th e  M a te r ia l s  and M eth o d s .  A c r o s s  b e tw een  the  p e t i te  c lo n e s  

and  a  g ra n d e  t e s t e r  s t r a i n (115. 8C) r e s u l t e d  in  0% s u p p r e s s iv e n e s s .  

T hus  the  p e t i te s  in d u ced  a t  36°C  a r e  of a  n e u t r a l  n a tu r e .  In te s t in g  fo r  

th e  ab il i ty  of th e  p e t i te  c lo n es  to  s y n th e s iz e  m i to c h o n d r ia l  DNA, 

s e v e r a l  of th e  p e t i te  c lo n es  in d u ced  a t 36°C w e re  a llow ed  to  grow  

fo r  4 h o u rs  a t  24°C  in  YNBD + X m ed ia  to  w hich  200 >xg/ml of cy c lo -  

h e x im id e  and  20 ja C i /m l  of H -a d en in e  w e re  added  ( s e e  M a te r i a l s  and 

M eth o d s) .  T h e s e  c e l l s  w e re  th e n  h a r v e s te d ,  ly s e d ,  and  t h e i r  DNA 

s y n th e s is  p ro f i l e s  m o n i to re d  by p r e p a r a t iv e  C sC l d e n s i ty  g ra d ie n t  

c e n t r i fu g a t io n .  A ll 10 c lo n es  te s t e d  in  th is  fa sh io n  gave  r a d io a c t iv e  

DNA banding  p ro f i le s  a s  shown in  F ig u r e  3. It can  be s e e n  th a t  t h e r e  

h a s  b e en  no in c o rp o ra t io n  of th e  iso to p e  in to  th e  m i to c h o n d r ia l  DNA 

ev en  in  th e  p r e s e n c e  of c y c lo h e x im id e .  The DNA banding  p ro f i le



p r e s e n te d  s u g g e s ts  th a t  t h e r e  i s  no m ito c h o n d r ia l  DNA in  th e  p e t i te s  

o
induced  a t  36 C, th u s  c o n f irm in g  th e  n e u t r a l  n a tu r e  of th e s e  p e t i t e s .

S y n th es is  of M ito c h o n d ria l  DNA in  S tr a in  144-2C  a t  24°C  and 36°C in

M edia  C on ta in ing  D e x tro s e  a s  i t s  Sole C arb o n  S o u rce

In o r d e r  to  d e te r m in e  th e  ex ten t  of m i to c h o n d r ia l  DNA s y n th e s is

of s t r a in  144-2C  a t  th e  p e r m is s i v e  and  r e s t r i c t i v e  t e m p e r a t u r e s ,  the

following e x p e r im e n t  w as  p e r f o r m e d .  A c u l tu re  of 1 4 4 -2C g row n fo r

15 h o u rs  in  liqu id  YNBD + X a t  24°C  w as  d iv ided  in to  tw o equal

a l iq u o ts .  T h e s e  c u l tu r e s  w e re  th e n  in cu b a ted  a t 24°C  o r  36°C  in  the

p r e s e n c e  of 20 *iCi of -^H-adenine p e r  m l .  A f te r  th e  4 h o u r  in cu b a t io n

p e r io d ,  l y s a t e s  w e re  p r e p a r e d  a s  b e fo re  and th e  r a d io a c t iv e  DNA

banding  p ro f i le s  of t h e s e  c u l tu r e s  m o n i to re d  by p r e p a r a t iv e  C sC l

d en s i ty  g ra d ie n t  c en tr i fu g a t io n  ( F ig u r e s  4a and 4b). A c o m p a r i s o n

be tw een  th e s e  two p ro f i le s  r e v e a l s  th a t  the  r e l a t iv e  in c o rp o ra t io n

of r a d io a c t iv e  aden in e  in to  th e  m ito c h o n d r ia l  DNA s p e c ie s  i s  r e d u c e d

a t  th e  n o n - p e r m is s iv e  t e m p e r a t u r e .  In o r d e r  to  fu r th e r  r e s o lv e  the

o
d i f f e r e n c e s  in  DNA s y n th e s is  p a t te r n s  be tw een  c e l l s  g row n a t 24 C 

o r 36°C , a  s im i l a r  e x p e r im e n t  to  th e  one d e s c r ib e d  above w a s  p e r ­

f o r m e d .  Two equal a l iq o ts  of s t r a in  144 -2C , t r e a t e d  c o n c u r re n t ly

w ith  200 M g/m l of cy c lo h ex im id e  and 20 j iC i /m l  of H -a d e n in e ,  w e re

ft oin cu b a ted  e i th e r  a t 24 C o r  36 C . An a n a ly s i s  of th e  DNA banding  

p r o f i l e s  of th e s e  two c u l tu r e s  (F ig u r e s  4c an d  4d) s u p p o r ts  th e  no tion  

th a t  th e  r e l a t iv e  in c o rp o ra t io n  of ra d io a c t iv e  ad en in e  in to  th e  m i to ­

c h o n d r ia l  DNA of s t r a i n  144-2C  i s  s ig n if ic a n t ly  re d u c e d  a t  36 °C . A s



a  c o n t ro l  to  th e  above d e s c r ib e d  e x p e r im e n t s  th e  DNA banding  p a t ­

t e r n s  of the  p a r e n ta l  s t r a in  (1 23 .1C ) of th e  o r ig in a l  m u tan t  w as  m o n ­

i to r e d  a t  24°C  and  36°C  in  the  a b se n c e  of c y c lo h e x im id e  ( F ig u r e s  

4e and 4f). A n a ly s is  of th is  p a i r  of p r o f i l e s  d e m o n s t r a t e s  th a t  

m i to c h o n d r ia l  DNA s y n th e s is  c o m p r i s e s  a  l a r g e r  p r o p o r t io n  of the  

to ta l  DNA s y n th e s iz e d  a t  36°C th a n  a t  24 °C . A r e l a t e d  phenom enon  

h a s  p re v io u s ly  b e en  r e p o r te d  fo r  s t r a i n  A364A (H a r tw e l l ,  1973), when 

it  w as  d e m o n s t r a t e d  th a t  th e  r a t e  of DNA s y n th e s is  in  th i s  s t r a i n ,  a s  

m e a s u r e d  by TCA p re c ip i ta b le  a lk a l i  r e s i s t a n t  c o u n ts ,  d e c r e a s e d  

t r a n s ie n t ly  a f t e r  the  t r a n s f e r  of the  c u l tu re  to  36°C . The d a ta  p r e ­

sen te d  h e r e  (F ig u r e s  4e and  4f) s u g g e s t  th a t  th e  t r a n s i e n t  in h ib it ion  

m ay  r e s u l t  f r o m  a  re d u c t io n  in  the  s y n th e s is  of th e  n u c le a r  DNA.

A c u l tu re  of s t r a i n  144-2C  g row n  in  th e  p r e s e n c e  of 20 jaC i/m l of

H -a d en in e  fo r  15 h o u rs  a t  24°C  w as  h a r v e s te d ,  r e s u s p e n d e d  in

f r e s h  n o n - ra d io a c t iv e  YNBD + X m e d ia  and  d iv ided  in to  tw o eq u a l

oa l iq u o ts .  T h e se  w e re  th en  in c u b a ted  fo r  4 h o u r s  a t  e i th e r  24 C o r  

36 °C . T he DNA of th e s e  tw o c u l tu r e s  w as  an a ly z e d  by  p r e p a r a t iv e  

C sC l d en s i ty  g ra d ie n t  c e n tr i fu g a t io n .  F ig u r e s  5a and  5b r e p r e s e n t  

th e  r e s u l t s  of th is  e x p e r im e n t  in  w hich  i t  can  be s e e n  th a t  t h e r e  i s  

l i t t l e  o r  no d e g ra d a t io n  of p re la b e le d  m ito c h o n d r ia l  DNA a t  3 6 °C .

T h is  r e s u l t  su g g e s ts  th a t  th e  n a tu re  of th e  t e m p e r a t u r e  s e n s i t iv e  

p e t i te  inducing  phenotype o b s e rv e d  in  th i s  s t r a i n  in  m e d ia  con ta in ing  

d e x t ro s e  a s  i t s  so le  c a rb o n  s o u r c e ,  i s  due to  th e  r e d u c t io n  o r  

a b se n c e  of m ito c h o n d r ia l  DNA s y n th e s is  a t  th e  r e s t r i c t i v e  t e m p e r a t u r e
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and  not due to  a  d e g ra d a t io n  of p re e x is t in g  m i to c h o n d r ia l  DNA.

G row th  of S t r a in  144-2C  in  M edia  C onta in ing  G ly c e ro l  a s  i t s  Sole 

C arb o n  S o u rce

A c u l tu re  of 144-2C  g row n  a t  24°C  in  l iq u id  Y E P G  w as  d ilu ted

and  t r a n s f e r r e d  in to  tw o tu b e s  of f r e s h  m e d ia  a t  a  c o n c e n t ra t io n  of 

4
2 .5  x 10 c e l l s  p e r  m i .  T h e s e  c u l tu r e s  w e r e  th e n  in cu b a ted  a t  24°C  

o r  36°C and p e t i te  induc tion  m o n i to re d  by d ilu ting  and t r a n s f e r r i n g  

th e  c e l l s  onto so lid  Y E P -D if  m e d ia  fo r  s ev e n  g e n e r a t io n s  ( F ig u r e  6).

A s can  be s e e n  in  F ig u r e  5, g row th  of s t r a i n  144-2C  in  l iq u id  Y E PG  

m e d ia  a t  th e  r e s t r i c t i v e  t e m p e r a t u r e  p ro d u c e d  o v e r  50% p e t i t e s  in  

s e v e n  g e n e ra t io n s  w hile  97% of th e  c e l l s  g row n  a t  24°C  r e m a in e d  

r e s p i r a t o r y  c o m p e te n t .  P e t i t e  c lo n es  i s o la te d  a f t e r  v a ry in g  len g th s  

of e x p o su re  to  36°C w e r e  te s t e d  fo r  t h e i r  s u p p re s s iv i ty  and  fo r  t h e i r  

a b i l i ty  to  sy n th e s iz e  m i to c h o n d r ia l  DNA a t  th e  p e r m is s i v e  t e m p ­

e r a t u r e .  The p e t i te  c lo n es  m a te d  to  s t r a i n  1 15 .8C  and t r a n s f e r r e d  

onto so lid  Y N B -D if + X w e re  found to  be 2-52% s u p p r e s s iv e  ( s e e  

M a te r i a l s  and  M eth o d s) .  T he a b i l i ty  of th e s e  p e t i te  c lo n es  to  

s y n th e s iz e  m i to c h o n d r ia l  DNA a t  th e  p e r m is s i v e  t e m p e r a t u r e  w as  

e x a m in e d  a s  fo llow s: 15 p e t i te  c lo n e s ,  g row n  a t  24°C  in  l iq u id  YNBD + X

m e d ia  fo r  15 h o u r s ,  w e re  t r e a t e d  s im u l ta n e o u s ly  w ith  200 j ig /m l
3

cy c lo h e x im id e  and  20 j iC i /m l  of H -a d en in e  and a l lo w ed  to  in cu b a te  

f o r  4 h o u r s .  The c e l l s  w e re  th e n  h a r v e s t e d ,  ly s e d ,  and  t h e i r  DNA 

s y n th e s is  p ro f i le  m o n i to re d  by p r e p a r a t iv e  C sC l d e n s i ty  g ra d ie n t  

c e n t r i fu g a t io n .  F ig u r e  7 r e p r e s e n t s  a  ty p ic a l  banding  p ro f i le  of



th e  p e t i te  c lo n es  d isp lay in g  s y n th e s is  of m i to c h o n d r ia l  DNA. The 

e x is te n c e  of m ito c h o n d ira l  DNA in  th e s e  p e t i t e s  c o r r o b o r a t e s  the  

s u p p r e s s iv e  n a tu re  of t h e s e  c e l l s .

S y n th es is  of M ito c h o n d ria l  DNA in  S tr a in  144-2C  a t  24°C  and 36°C

in  M edia  C onta in ing  G ly c e ro l  a s  i t s  Sole C arb o n  S o u rce

In o r d e r  to  d e te r m in e  i f  t h e r e  w as  any re d u c t io n  in  th e  s y n th e s is  of

m ito c h o n d r ia l  DNA a t  th e  r e s t r i c t i v e  t e m p e r a t u r e  in  m e d ia  con ta in ing

g ly c e r o l  a s  i ts  so le  c a rb o n  s o u r c e ,  a  c u l tu re  of s t r a i n  144-2C

g ro w n  in  YNBG + X fo r  14 h o u rs  a t  24°C  w as  d iv ided  in to  tw o equal

a l iq u o ts  and la b e le d  w ith  ^ H -a d en in e  fo r  4 h o u r s  a t  e i th e r  24°C  o r  36°C .

T h e s e  c e l l s  w e re  th e n  h a r v e s te d ,  ly s e d ,  and  th e i r  DNA s y n th e s is

p a t te r n s  ex am in ed  a s  b e fo re .  F ig u r e s  8a and  8b r e p r e s e n t  th e

banding  p ro f i le s  of t h e s e  DNAs in  w hich  i t  c an  be s e e n  th a t  th e

r e s t r i c t i v e  t e m p e r a t u r e  a p p e a r s  to  have  no a ffec t  on th e  r e l a t iv e  

3
in c o rp o ra t io n  of H -ad en in e  in to  th e  m i to c h o n d r ia l  DNA s p e c ie s .

When th e  DNA s y n th e s is  p a t t e r n  of th e  p a r e n ta l  s t r a i n  (1 2 3 .1 C ) of 

th e  o r ig in a l  m u tan t  w as  e x am in ed  a t  th e  p e r m is s i v e  and  r e s t r i c t i v e  

t e m p e r a t u r e s  in  th e  s a m e  m a n n e r  a s  ab o v e , i t  w as  found (F ig u r e s  

8c and  8d) th a t  th e  r e l a t iv e  in c o rp o ra t io n  of ra d io a c t iv e  ad en in e  in to  

th e  m i to c h o n d r ia l  g e n o m es  w as  id e n t ic a l .  T h e s e  r e s u l t s  su g g es t  

th a t  th e  s y n th e s is  of m ito c h o n d r ia l  DNA d u r in g  th i s  4 h o u r  lab e l in g  

p e r io d  by s t r a i n  144-2C  a t  th e  r e s t r i c t i v e  t e m p e r a t u r e  in  m e d ia  

con ta in ing  g ly c e r o l  a s  i t s  so le  c a rb o n  s o u rc e  o c c u r s  a t  n e a r  n o r m a l  

l e v e l s .
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P h eno typ ic  E x p r e s s io n  of th e  144-2C  M utan t G ene P r o d u c t  in  M edia  

C onta in ing  G a lac to se  a s  i t s  Sole C a rb o n  S o u rce

T he  d if fe ren t  phenotyp ic  e x p r e s s io n s  of th e  m u ta n t  s t r a i n  144-2C  

when g row n on d e x t ro s e  con ta in ing  m e d ia  v e r s u s  g ly c e ro l  co n ta in ing  

m e d ia  w as  though t to ,  p e r h a p s ,  be  due to  th e  r e p r e s s i n g  and  d e r e p r e s ­

s ing  n a tu re s  of th e s e  c a r b o n  s o u r c e s  on th e  m ito c h o n d r ia .  T h u s ,  

e x p e r im e n t s  w e re  p e r f o r m e d  to  d e te r m in e  th e  phenotyp ic  e x p r e s s io n  

of th i s  t e m p e r a t u r e  s e n s i t iv e  m u tan t  in  m e d ia  co n ta in ing  g a la c to s e ,  

a  fe rm e n ta b le  and  p ro b a b ly  n o n - r e p r e s s in g  c a rb o n  s o u rc e  (T u s tan o ff  

and  B a r t l e y ,  1964).

1. G row th  of S t r a in  144-2C  in  M edia  C on ta in ing  G a la c to s e  a s  i t s  Sole 

C a rb o n  S o u rce

An i s o la t e  of s t r a i n  144-2C  w hich  had  b e en  s e le c te d  fo r  i t s  a b i l i ty  to

u t i l iz e  g a la c to s e  a s  a c a r b o n  s o u r c e  (1 4 4 -2 C  G a l+) w as  g ro w n  a t  24°C

to  m id  log p h a s e  in  l iq u id  Y E P - G a l .  T h is  c u l tu r e  w as  th e n  d i lu te d  in to

4
f r e s h  Y E P -G a l  m e d ia  a t a  c o n c e n t r a t io n  of 3 .2  x 10 c e l l s  p e r  m l .  

E q u a l  a l iq u o ts  of th e  d i lu ted  c u l tu r e s  w e r e  th e n  in c u b a te d  a t  e i th e r  

24°C  o r  36°C  and  th e  c e l l s  a l lo w ed  to  g row  and  d iv ide  fo r  s e v e n  g e n e r ­

a t io n s .  P e t i t e  in d u c tio n  w as  m o n i to r e d  th ro u g h o u t  th i s  p e r io d  a t  th e  

p e r m i s s i v e  and r e s t r i c t i v e  t e m p e r a t u r e s  by d ilu t in g  and  t r a n s f e r r i n g  

a l iq u o ts  of th e  e x p e r im e n ta l  c u l tu r e s  onto  so l id  Y E P -D if  m e d ia .  A s 

c a n  b e  s e e n  in  F ig u r e  9 .  c e l l s  g row n a t  36°C p ro d u c e d  90% p e t i t e s  in  

s e v e n  g e n e r a t io n s  w hile  in d u c t io n  of p e t i t e s  a t  24°C  o c c u r r e d  a t  a  

m u c h  lo w e r  f r e q u e n c y .  P e t i t e  c lo n es  i s o la t e d  f r o m  s t r a i n  144-2C  G al*



40

a f t e r  e x p o s u r e  to  36°C  fo r  v a ry in g  le n g th s  of t im e  w e r e  th e n  t e s t e d  fo r  

th e  fo llow ing tw o p r o p e r t i e s :  1) th e  s u p p r e s s iv e  n a tu r e  of th e  c lo n e s ,  

and  2) th e  a b i l i ty  of t h e s e  c lo n e s  to  s y n th e s iz e  m i to c h o n d r ia l  DNA 

a t  th e  p e r m is s i v e  t e m p e r a t u r e .  S u p p re s s iv i ty  w as  d e te r m in e d  a s  d e s ­

c r ib e d  p re v io u s ly  ( s e e  a lso  R ubin  and  B l a m i r e ,  1977). A c r o s s  be tw een  

s e v e r a l  of the  p e t i te  c lo n es  is o la te d  a f t e r  2 .5  g e n e ra t io n s  of e x p o s u re  

to  36°C  and  a g ra n d e  t e s t e r  s t r a i n  (103 .1  A) r e s u l t e d  in  0% s u p p r e s s iv e n e s s .

T h is  s u g g e s te d  th a t  th e  p e t i t e s  in d u ced  a t  36°C  in  g a la c to s e  co n ta in in g  

m e d ia  w ould  not co n ta in  m ito c h o n d r ia l  DNA. In o r d e r  to  t e s t  th is

p o s s ib i l i ty ,  th e  c ap a c i ty  of th e  p e t i te  c lo n e s  to  s y n th e s iz e  m i to c h o n d r ia l

DNA w as  m e a s u r e d  a s  p re v io u s ly  d e s c r ib e d .  N ine p e t i te  c lo n es

in d u ced  following 2 .5  g e n e ra t io n s  of g row th  a t  36°C  w e re  a llo w ed

to  grow  fo r  fou r h o u rs  a t  24°C  in  YNBD + X m e d ia  to  w hich  200

^ ig /m l of c y c lo h ex im id e  and  2 0 > iC i/m l of H -a d en in e  w e re  ad d ed .

T h e s e  c e l l s  w e r e  th e n  h a r v e s t e d ,  ly s e d  a n d  t h e i r  DNA b and ing  p r o f i l e s

m o n i to r e d  by p r e p a r a t iv e  C sC l d e n s i ty  g r a d ie n t  c e n t r i fu g a t io n .  A ll

o f  th e  n ine  c lo n e s  t e s t e d  in  th is  fa sh io n  g av e  r a d io a c t iv e  DNA band ing

p r o f i le s  s im i l a r  to  th a t  shown in  F ig u r e  10. It can  b e  s e e n  th a t  t h e r e

i s  no in c o r p o r a t io n  of r a d io a c t iv e  a d en in e  in to  m i to c h o n d r ia l  DNA

e v en  in  th e  p r e s e n c e  of c y c lo h e x im id e .  T h e  ab o v e  r e s u l t s  s u g g e s t ,

a s  h a s  b e en  found to  b e  th e  c a s e  w ith  th e  p e t i t e  c e l l s  in d u c ed  a t  36d C

by s t r a i n  144-2C  g row n in  d e x t ro s e  co n ta in ing  m e d ia ,  th a t  t h e r e  i s

no m ito c h o n d r ia l  DNA in  th e  p e t i te s  in d u ced  a t  36°C  in  g a la c to s e

co n ta in in g  m e d ia  and  th a t  th e  p e t i te  c e l l s  in d u ced  a r e  of a  n e u t r a l  n a tu r e .



41

2 . S y n th e s is  of M ito c h o n d r ia l  DNA in  S t r a in  144-2C  a t 24°C  and 36°C

in  M edia  C onta in ing  G a la c to s e  a s  i t s  Sole C a rb o n  S o u rce

In  o r d e r  to  d e t e r m in e  th e  e x te n t  of m i to c h o n d r ia l  DNA s y n th e s is

of s t r a i n  144-2C  Gal+ a t  th e  p e r m i s s i v e  an d  r e s t r i c t i v e  t e m p e r a t u r e s ,

th e  fo llow ing e x p e r im e n t  w a s  p e r f o r m e d ,  A c u l tu re  of 144-2C  G a l*

g ro w n  in  YNBGal + X fo r  fo u r te e n  h o u r s  a t  24°C  w a s  d iv id ed  in to  tw o
3

eq u a l  a l iq u o ts  an d  t r e a t e d  w ith  20 t i C i / m l  H -a d e n in e  fo r  fou r  h o u rs  

a t  e i th e r  24°C  o r  3 6 °C . A f te r  th i s  fo u r  h o u r  in c u b a t io n  p e r io d ,  l y s a t e s  

w e re  p r e p a r e d  an d  th e  r a d io a c t iv e  DNA band ing  p r o f i l e s  o f  t h e s e  c u l tu r e s  

m o n i to re d  by p r e p a r a t i v e  C sC l  d e n s i ty  g r a d ie n t  c e n t r i fu g a t io n  ( F ig u r e s  

11a and  l i b ) .  A  c o m p a r i s o n  b e tw een  th e s e  two p ro f i le s  r e v e a l s  th a t  th e

r e la t iv e  in c o r p o r a t io n  of r a d io a c t iv e  a d en in e  in to  th e  m ito c h o n d r ia l

DNA i s  r e d u c e d  a t  th e  n o n - p e r  m i s s i v e  t e m p e r a t u r e .  In  o r d e r  to  f u r th e r

r e s o lv e  th e  d i f f e r e n c e  in  th e  r e l a t i v e  i n c o r p o r a t io n  o f  H -ad en in e

in to  th e  m i to c h o n d r ia l  DNA, an  e x p e r im e n t  s i m i l a r  to  th e  one  d e s c r ib e d

above  w as  p e r f o r m e d .  Two e q u a l  a l iq u o ts  o f  s t r a i n  144 -2C  w e r e  t r e a t e d

3c o n c u r r e n t ly  w ith  200 ) i g / m l  of c y c lo h e x im id e  an d  20 ju C i /m l  of H - 

a d en in e  and  th e n  a l lo w ed  to  in cubate , a t  e i th e r  2 4 °  o r  36°C  fo r  a  fo u r  

h o u r  p e r io d .  An a n a ly s i s  of t h e s e  DNA band ing  p r o f i l e s  ( F ig u r e s  11c and  

l i d )  d e m o n s t r a t e s  th a t  a  s ig n if ic a n t  r e d u c t io n  in  th e  r e l a t i v e  in c o rp o ra t io n  

of r a d io a c t iv e  a d en in e  in to  th e  m i to c h o n d r ia l  DNA a t  th e  e le v a te d  t e m p ­

e r a t u r e  h a s  t a k e n  p la c e .  T h e  ab o v e  r e s u l t s  s u g g e s t ,  a s  h a s  b e e n  found 

to  b e  th e  c a s e  w h en  s t r a i n  144-2C  i s  g ro w n  in  d e x t r o s e  co n ta in in g  m e d ia  

(R ub in  and  B l a m i r e ,  1977), th a t  th e  r e l a t i v e  i n c o r p o r a t io n  o f  r a d io ­
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a c t iv e  ad en in e  in to  th e  m i to c h o n d r ia l  DNA i s  s ig n i f ic a n t ly  r e d u c e d  a t  

th e  r e s t r i c t i v e  t e m p e r a t u r e .  An i s o l a t e  of th e  p a r e n t a l  s t r a i n  (1 2 3 .1 C ) ,  

f r o m  w h ich  th e  t e m p e r a t u r e  s t r a i n  w a s  d e r iv e d ,  w a s  s e l e c t e d  fox; 

w hich  had  th e  a b i l i ty  to  u t i l i z e  g a la c to s e  a s  a  c a r b o n  s o u r c e  (1 2 3 .1 C  Gal'*’) 

and  th e n  u sed  a s  a  c o n t r o l  fo r  th e  ab o v e  e x p e r i m e n t s .  T h e  DNA band ing  

p r o f i l e s  of th i s  s t r a i n  w e r e  m o n i to r e d  a f t e r  a  fo u r  h o u r  la b e l in g  p e r io d  

a t  24°C  and  36°C  in  g a la c to s e  co n ta in in g  m e d ia  ( F ig u r e s  l i e  and  I l f ) .  

A n a ly s is  of th i s  p a i r  of p r o f i l e s  d e m o n s t r a t e s  th a t  th e  r e l a t i v e  i n c o r p o r a ­

t io n  a t  th e  tw o t e m p e r a t u r e s  in to  th e  m i to c h o n d r ia l  DNAs i s  n e a r ly  

id e n t i c a l .

An A n a ly s is  of the  K in e t ic s  of M ito c h o n d r ia l  DNA S y n th e s is  a t  the  E le v a te d  

T e m p e r a t u r e  in  M edia  C on ta in ing  E i th e r  D e x t ro s e  o r  G ly c e r o l  a s  i t s  Sole 

C a rb o n  S o u rce

In  o r d e r  to  d e te r m in e  th e  r a t e  a t  w h ich  m i to c h o n d r ia l  DNA s y n th e s is  

o c c u r s  a f t e r  v a r io u s  le n g th s  of e x p o s u r e  to  th e  r e s t r i c t i v e  t e m p e r a t u r e ,  

th e  fo llow ing e x p e r im e n t  w a s  p e r f o r m e d .  T h i r ty  nil c u l t u r e s  of 

s t r a i n  144-2C  g row n  fo r  tw e lv e  h o u r s  in  l iq u id  YNBD + X m e d ia  o r  

fo u r te e n  h o u r s  in  YNBG + X m e d ia  a t  24°C  w e r e  d iv id e d ^ re s p e c t iv e ly j  

in to  fo u r  5 m l a l iq u o ts .  P r i o r  to  th e  ra d io a c t iv e  la b e l in g  o f th e s e  c e l l s  

the  s a m p le s  w e r e  in c u b a ted  a s  fo llow s: c u l tu r e  1; in c u b a te d  a t  36°C

fo r  fo u r  h o u r s ,  c u l tu r e  2; in c u b a te d  a t  24°C  fo r  tw o  h o u r s  an d  36 C 

fo r  th e  su b se q u e n t  tw o h o u r s ,  a n d  c u l tu r e s  3 and  4; a l lo w ed  to  co n tinue  

in cu b a t in g  a t  24°C  fo r  th i s  e n t i r e  fo u r  h o u r  p e r io d .  A f t e r  th e s e  p r e in -  

c u b a t io n  p e r io d s ,  c u l tu r e s  1, 2 ,  a n d  3 w e r e  t r e a t e d  w ith  H -a d e m n e
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fo r  an  a d d i t io n a l  tw o h o u r  p e r io d  a t  36°C  . w h ile  c u l tu r e  4 w a s  s i m i l a r l y  

la b e le d  a t  24°C  fo r  th e  s a m e  two h o u r  p e r io d .  T h e s e  c e i l s  w e re  th e n  

h a r v e s t e d ,  ly s e d  and  th e i r  DNA band ing  p a t t e r n s  e x a m in e d  a s  b e f o r e .  

The am o u n t of r a d io a c t iv e  in c o r p o r a t io n  in to  th e  m i to c h o n d r ia l  DNA 

is  e x p r e s s e d  a s  a  p e r c e n t  of th e  m i to c h o n d r i a l / t o t a l  r a t i o  of th e  24°C  

c o n t ro l  ( s e e  M a te r i a l s  and  M e th o d s) .  A s c a n  be  s e e n  in  F ig u r e  12a, th e  

r e l a t iv e  in c o r p o r a t io n  in to  th e  m i to c h o n d r ia l  DNA of c e l l s  g ro w n  on

YNBD + X m ed ia  is  r e d u c e d  to  a p p r o x im a te ly  28% of the  24°C  c o n t ro l  

a f t e r  two h o u r s  of p r e in c u b a t io n  a t  3 6 °C . T h e  i n c r e a s e d  in c o r p o r a t io n  

in to  the  m i to c h o n d r ia l  DNA d u r in g  th e  in i t i a l  tw o  h o u r s  fo llow ing  th e  

t r a n s f e r  to  the  e le v a te d  t e m p e r a t u r e  h a s  b e e n  d i s c u s s e d  p r e v io u s ly  

(R ubin  and  B l a m i r e ,  1977). T h e  r e l a t i v e  i n c o r p o r a t i o n  in to  th e  

m i to c h o n d r ia l  DNA o f c e l l s  g ro w n  on YNBG + X m e d ia  w as  found to  be  

r e d u c e d  to  a p p ro x im a te ly  30% of th e  2 4 °C  c o n t r o l  a f t e r  tw o  h o u r s  o f  

p re in c u b a t io n  a t  36°C  ( F ig u re  12b). A n a ly s is  of th e  r e l a t i v e  i n c o r ­

p o ra t io n  in to  th e  m ito c h o n d r ia l  DNA of th e  p a r e n t a l  s t r a i n  of th is  

m u tan t  (1 23 .1C ) g row n  a t 36°C  in  e i th e r  YNBD + X o r  YNBG + X

m e d ia  w as  found to  be  a p p ro x im a te ly  100% of i t s  24°C  c o n t ro l  even

o
a f t e r  s ix  h o u rs  p re in c u b a t io n  a t  36 C (d a ta  no t show n). T he  r e d u c ­

t io n  in  th e  r e l a t iv e  in c o rp o ra t io n  of r a d io a c t iv e  ad en in e  in to  th e  m i to ­

c h o n d r ia l  DNA of c e l l s  in cu b a ted  in  g ly c e r o l  m e d ia  fo r  v a ry in g  

le n g th s  of t im e  a t  th e  r e s t r i c t i v e  t e m p e r a t u r e  i s  d i f f e r e n t  th a n  th a t

o b s e r v e d  in  th e  e x p e r im e n t  in  w hich  r a d io a c t iv e  in c o r p o r a t io n  fo r  th e

o
in i t i a l  fo u r  h o u rs  following th e  t r a n s f e r  to  36 C w a s  found to  o c c u r
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a t  a  le v e l  c o m p a ra b le  to  th a t  of th e  24°C  c o n t ro l  ( s e e  D is c u s s io n ) .

P h e n o ty p ic  E x p r e s s io n  of th e  1 4 4 -2 C  M u tan t G ene P r o d u c t  in  a  R e s p i r a t o r y

In c o m p e te n t  C e l l

In  o r d e r  to  d e t e r m in e  i f  th e  e x p r e s s io n  o f th e  14 4 -2 C  m u ta n t  gene

p ro d u c t  i s  d ep en d en t  on th e  r e s p i r a t o r y  c o m p e te n c e  of th e  m u ta n t  c e l l , th e  

fo llow ing e x p e r im e n t  w a s  p e r f o r m e d .  A s p o n ta n e o u s  p e t i t e ,  co n ta in in g  

m i to c h o n d r ia l  DNA an d  e x p r e s s in g  30% s u p p r e s s i v i t y ,  w a s  i s o la t e d  f r o m  

s t r a i n  1 4 4 -2 C  a t  th e  p e r m i s s i v e  t e m p e r a t u r e  (1 4 4 -2 C  f  " - 3 ) .  A c u l tu r e  

o f  th is  p e t i t e  s t r a i n  g ro w n  a t  2 4 °C  to  m id  log p h a s e  in  l iq u id  Y E P D  m e d ia  

w a s  d i lu te d  in to  Y E P D  m e d ia  a t  a  c o n c e n t r a t io n  o f  5 .6  x 10^ c e l l s  p e r  m l .  

E q u a l  a l iq u o ts  of th e  d i lu te d  c u l tu r e  w e r e  in c u b a te d  a t  2 4 °C  o r  36°C  

fo r  a p p ro x im a te ly  32 h o u r s .  D u r in g  th i s  p e r io d ,  th e  g ro w th  o f th e  c e l l s  

w a s  m o n i to r e d  by d ilu t in g  and  t r a n s f e r r i n g  a l iq u o ts  of th e  e x p e r im e n t a l  

c u l tu r e s  onto s o l id  Y E P D , a n d  th e  n u m b e r  o f  c e l l s  a b le  to  f o r m  c o lo n ie s  

d e t e r m in e d  a f t e r  s e v e n  d a y s  of in c u b a t io n  a t  2 4 °C  ( F ig u r e  13). C lones  

i s o la t e d  f r o m  s t r a i n  14 4 -2 C  P ” -3  a f t e r  t e n  h o u r s  o r  m o r e  of e x p o s u r e  

to  2 4 °C  o r  36°C  w e r e  t e s t e d  f o r  t h e i r  s u p p r e s s iv i ty  a n d  fo r  t h e i r  

a b i l i ty  to  s y n th e s iz e  m i to c h o n d r ia l  DNA a t  th e  p e r m i s s i v e  t e m p e r a t u r e .

T h e  s ix  p e t i te  c lo n e s  i s o l a t e d  a f t e r  g ro w th  a t  2 4 °C  w e r e  m a te d  to  s t r a i n  

1 0 3 . 1A an d  found to  r a n g e  in  s u p p r e s s iv i ty  f r o m  32% to  46%, w h ile  a l l  

o f  th e  te n  c lo n e s  i s o la t e d  f r o m  th e  c u l tu r e  in c u b a te d  a t  36°C  e x h ib i te d  

0% s u p p r e s s iv i t y .  T h e  a b i l i ty  of t h e s e  p e t i te  c lo n e s  to  s y n th e s iz e  m i to ­

c h o n d r ia l  DNA a t  th e  p e r m i s s i v e  t e m p e r a t u r e  w a s  e x a m in e d  a s  fo llow s: 

s ix  p e t i te  c lo n e s  i s o la t e d  a f t e r  e ig h t  h o u r s  o r  m o r e  o f  g ro w th  a t  2 4 °C
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a n d  t e n  p e t i te  c lo n e s  i s o la t e d  a f t e r  t e n  h o u r s  o r  m o r e  of g ro w th  a t  36°C  

w e r e  g ro w n  fo r  f i f te e n  h o u r s  in  l iq u id  YNBD + X a n d  th e n  t r e a t e d  w ith  

2 0 0 ju g /m l  c y c lo h e x im id e  an d  lO ju C i /m l  of H -a d e n in e .  T h e s e  c u l tu r e s  

w e r e  a l lo w ed  to  in c u b a te  fo r  fo u r  h o u r s  a f t e r  w h ich  th e  c e l l s  w e r e  h a r v e s t e d ,  

ly s e d  and  t h e i r  DNA band ing  p r o f i l e s  m o n i to r e d  by p r e p a r a t i v e  C sC l 

d e n s i ty  g r a d ie n t  c e n t r i f u g a t io n .  A ll  of th e  s ix  c lo n e s  i s o la t e d  a f t e r  g ro w th  

a t  2 4°C  g av e  r a d io a c t iv e  DNA p r o f i l e s  s i m i l a r  to  th a t  show n in  F ig u r e  14a 

in  w h ich  i t  c a n  be  s e e n  th a t  t h e r e  h a s  b e e n  in c o r p o r a t io n  o f  i s o to p e  in to  

b o th  the  n u c l e a r  an d  th e  m i to c h o n d r ia l  DNA. H o w e v e r ,  a n a ly s i s  of th e  

c lo n e s  i s o l a t e d  a f t e r  g ro w th  a t  3 6°C  g av e  r a d io a c t iv e  DNA p r o f i l e s  in  

w h ich  th e r e  w as  no in c o r p o r a t io n  of r a d io a c t iv e  iso to p e  in to  th e  m i to c h o n d r ia l  

DNA e v en  in  th e  p r e s e n c e  of c y c lo h e x im id e  (F ig u re  14b), T h e s e  r e s u l t s  

s u g g e s t  th a t  th e  c e l l s  g ro w n  a t  36°C  no lo n g e r  c o n ta in  m i to c h o n d r ia l  

DNA w hile  th o s e  c e l l s  g ro w n  a t  24 C s t i l l  c o n ta in  m i to c h o n d r ia l  DNA* 

th u s  e s ta b l i s h in g  th a t  th e  e x p r e s s i o n  o f th e  p e t i te  ind u c in g  pheno type  

i s  not d e p en d e n t  on th e  r e s p i r a t o r y  c a p a c i ty  of th e  m u ta n t  c e l l .
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C h a p te r  2 . I s o la t io n  and C h a r a c te r i z a t io n  of a  M utant C ond itiona lly  
D efic ien t in  N u c le a r  DNA M eta b o l is m

Is o la t io n ,  P h en o ty p e  and  G en e tic  A n a ly s is

A s ta t io n a r y  p h a se  c u l tu r e  of s t r a i n  1 2 3 .1 C  w a s  m u ta g e n iz e d  a t  24°C  

w ith  75 j i g / m l  e th y lm e th a n e  su lp h o n a te  (EMS) in  0 . 1M p h o sp h a te  b u ffe r  

(pH 6 .8 )  fo r  80 m i n u t e s «

P o te n t ia l  m u ta n ts  w e r e  d i lu te d  in  s t e r i l e  d i s t i l l e d  w a te r ,  t r a n s f e r r e d  

to  so l id  Y E P D  p la te s  and  a l lo w ed  to  in c u b a te  a t  24°C  fo r  6 d a y s .  T h e  

r e s u l t in g  c o lo n ie s  w e r e  r e p l i c a p l a te d  onto  tw o id e n t ic a l  Y E P D  p l a t e s ,  

one of w h ich  w as  th e n  in c u b a te d  a t  24°C  an d  th e  o th e r  a t  3 6 °C . T h o se  

co lo n ie s  a b le  to  grow  a t  2 4 °C  bu t not a t  36°C  w e r e  th e n  s e le c te d  fo r  

f u r th e r  a n a l y s i s .  T h e s e  p o te n t ia l  m u ta n ts  w e r e  a n a ly z e d  by g ro w in g  

th e m  in  l iq u id  Y E P D  m e d ia  a t  2 4°C  to  m id  log p h a se  an d  th e n  t r a n s f e r r i n g  

th e m  t o  36°C  fo r  a  24 h o u r  p e r io d .  F o llo w in g  th i s  e x p o s u r e  to  th e  e l e ­

v a te d  t e m p e r a t u r e ,  th e  n u m b e r  of v ia b le  c e l l s  w as  d e te r m in e d  by  

d ilu ting  and  p la t in g  th e  e x p e r im e n ta l  c u l tu r e  onto s o l id  Y E P D  m e d ia  

and  m o n ito r in g  th e  a b i l i ty  of th e  c e l l s  to  f o r m  v ia b le  c o lo n ie s  a t  24°C  

( s e e  M a te r i a l s  and  M e th o d s ) .  M u tan t s t r a i n  T S 6 M 4 .6  w as  found to  

ex h ib it  a  v e r y  r a p id  l o s s  of v ia b i l i ty  fo llow ing e x p o s u re  to  th e  e le v a te d  

t e m p e r a t u r e  and  w as  th u s  c h o s e n  fo r  f u r t h e r  a n a l y s i s .

A d ip lo id  s t r a i n ,  x 403 , w as  p ro d u c e d  by m a tin g  t e m p e r a t u r e  s e n s i t iv e  

s t r a i n  T S 6 M 4 .6  to  th e  n o n - t e m p e r a t u r e  s e n s i t iv e  l a b o r a to r y  s to c k  

s t r a i n  1 0 2 .10A. T h is  d ip lo id  w as  in d u c ed  to  u n d e rg o  m e io s i s  by  t r a n s ­

f e r r i n g  to  KAc m e d ia  ( s e e  M a te r i a l s  and M eth o d s) .  T h i r ty  tw o of th e  

r e s u l t in g  a s c i  w e r e  a n a ly z e d  by t e t r a d  a n a ly s i s  and  w e re  found to  e x -
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h ib i t  a  c l e a r  2:2 s e g r e g a t io n  fo r  th e  m u tan t  gene a s  w ell a s  fo r  a l l  of 

th e  o th e r  gen e tic  m a r k e r s ,  th u s  d e m o n s t ra t in g  th a t  th e  m u ta n t  phenotype 

of th i s  s t r a in  is  th e  r e s u l t  of a  s in g le  n u c le a r  gene  m u ta t io n .

T h e  r e c e s s i v e n e s s  of th e  t e m p e r a t u r e  s e n s i t iv e  pheno type  w as  

d e te r m in e d  by su b je c t in g  e q u a l  a l iq u o ts  of a  c u l tu r e  of s t r a i n  x 4 0 3 ,  

p re v io u s ly  g ro w n  to  m id  log p h a se  in  l iq u id  Y E P D , to  in c u b a t io n  a t  

e i t h e r  2 4°C  o r  36°C  f o r  8 h o u r s .  D u rin g  th i s  p e r io d ,  th e  v ia b i l i ty  

of th e  c e l l s  w as  m o n i to r e d  by d ilu t in g  and  t r a n s f e r r i n g  th e  c e l l s  to  

so l id  Y E P D  m e d ia  and  a llow ing  th e  p la te s  to  in c u b a te  a t  24°C  fo r  6 

d a y s .  No lo s s  of v ia b i l i ty  w as  d e te c te d  in  th i s  d ip lo id  s t r a i n .

G ro w th  of S t r a in  T S 6 M 4 .6  in  Y E P D  M ed ia

A c u l tu r e  of T S 6 M 4 .6  g ro w n  a t  24°C  in  l iq u id  Y E P D  m e d ia  w as  

d i lu te d  in to  Y E P D  m e d ia  a t  a  c o n c e n t r a t io n  o f  1 .3  x 10^ c e l l s  p e r  m l .  

E q u a l  a l iq u o ts  of th e  d i lu te d  c u l tu r e  w e r e  th e n  in c u b a te d  a t  24°C  o r  

36°C  f o r  8 .5  h o u r s .  D u rin g  th i s  p e r io d ,  th e  g ro w th  of th e  c e l l s  w as  

m o n i to r e d  by 1) c h a n g e s  in  tu r b id i ty  o f  th e  c u l tu r e  a n d  by 2 ) d i lu ting
t

and  t r a n s f e r r i n g  a l iq u o ts  of th e  c u l tu r e  onto s o l id  Y E P D  m e d ia  ( s e e  

M a te r i a l s  and  M ethods) .  A s can  be s e e n  in  F ig u r e  15, c e l l s  incu b a ted  

a t  36°C  exh ib it  a  r a p id  r e d u c t io n  of v ia b i l i ty ,  w h ile  th e  c o r r e s p o n d in g  

g ro w th  an d  v ia b i l i ty  of th e  c e l l s  in c u b a te d  a t  24°C  a p p e a r s  n o r m a l .  

C o m p a r i s o n  of th i s  r e s u l t  to  th a t  o b ta in e d  w hen  g ro w th  w a s  m o n i to re d  

by  c h a n g e s  in  o p t ic a l  d e n s i ty ,  a s  m e a s u r e d  by a  K l e t t - S u m m e r s o n  c o lo r i ­

m e t e r ,  c an  be  s e e n  in  F ig u r e  16. H e r e  i t  c an  b e  no ted  th a t  d u r in g  th e
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in i t i a l  6 h o u r s  a f t e r  th e  s h if t  to  th e  e le v a te d  t e m p e r a t u r e ,  th e  r a t e  of 

o p t ic a l  d e n s i ty  i n c r e a s e  in  th e  c u l tu r e  in c u b a te d  a t  36°C  i s  id e n t ic a l  to  

th a t  of th e  p a r a l l e l  c u l tu r e  in c u b a te d  a t  2 4 ° C .  T h is  co n tin u ed  i n c r e a s e  

in  tu rb id i ty  w h ile  th e  c u l tu r e  i s  r a p id ly  lo s in g  v ia b i l i ty  i s  v e r y  s i m i l a r  to  

th a t  o b s e r v e d  w ith  s e v e r a l  of th e  c e l l  d iv is io n  c y c le  m u ta n ts  (cdc) i s o la t e d  

by  H a r tw e l l  (H a r tw e l l ,  1967). H o w e v e r ,  un like  th e  cdc  m u ta n ts  w h ich  

p ro d u c e  y e a s t  c e l l s  w ith  a b e r r a n t  m o rp h o lo g ie s ,  th e  T S 6 M 4 .6  c e l l s  

a p p e a r  s t r u c tu r a l l y  n o r m a l  e v en  a f t e r  10 h o u r s  of in c u b a t io n  a t  36 °C .

In  o r d e r  to  d e te r m in e  th e  d e g r e e  to  w h ich  th e  TS6M 4. 6 m u ta n t  gen e  

p ro d u c t  i s  s e n s i t iv e  to  i n c r e a s e d  t e m p e r a t u r e s ,  a  c u l tu r e  of th i s  s t r a i n

7
w as  d i lu te d  in to  12 m l  of f r e s h  Y E P D  m e d ia  a t  a  c o n c e n t r a t io n  of 2 .2 5  x  10 

c e l l s  p e r  m l and  th e n  d iv id ed  in to  t h r e e  eq u a l  a l iq u o t s .  T h e s e  c u l tu r e s  

w e r e  th e n  in c u b a ted  a t  e i t h e r  2 4 °C , 30°C  o r  36°C  fo r  3 h o u r s  an d  th e  

n u m b e r  of v ia b le  c e l l s  in  e a c h  d e te r m in e d  a t  h o u r ly  i n t e r v a l s  by d ilu ting  

an d  p la t in g  a l iq u o ts  of th e  e x p e r im e n ta l  c u l tu r e s  onto  Y E P D  m e d ia .  T h e s e  

p la te s  w e r e  th e n  in c u b a te d  fo r  6 d a y s  a t  24°C  an d  th e  n u m b e r  of c e l l s  

ab le  to  fo r m  co lo n ies  d e te r m in e d .  F ig u r e  17 s u m m a r i z e s  the  r e s u l t s  of 

th i s  e x p e r im e n t  in  w hich  i t  c an  be s e e n  th a t  th e  T S 6 M 4 .6  m u tan t  gene  

p ro d u c t  e x p r e s s e s  t e m p e r a t u r e  s e n s i t iv i ty  ev en -a t  th e  in te r m e d ia te  

t e m p e r a t u r e  of 30 °C .

P h e n o ty p ic  E x p r e s s io n  of th e  T S 6 M 4 .6  M u ta t io n  in  C e l l s  U nable  to  G row  

and  D iv ide

In F ig u r e s  15 and 16, i t  c an  be s e e n  th a t  d u rin g  th e  in i t ia l  2 h o u r s  

a f t e r  th e  t r a n s f e r  of s t r a i n  T S 6 M 4 .6  to  th e  r e s t r i c t i v e  t e m p e r a t u r e



t h e r e  e x i s t s  a  c o r r e s p o n d e n c e  b e tw e e n  th e  lag  in  g ro w th ,  a s  m e a s u r e d  

by o p t ic a l  d e n s i ty  d e t e r m in a t io n s ,  and  a  s lo w e r  r a t e  of c e l l  d ea th *

T h is  o b s e r v a t io n  s u g g e s te d  th a t  th e  e x p r e s s io n  of t e m p e r a t u r e  s e n s i t iv e  

le th a l i ty  in  th i s  m u tan t  m a y ,  p e r h a p s ,  be  d ep en d en t on th e  con tinu ing  

a b i l i ty  of th e  c e l l s  to  g ro w .  T h is  p ro m p te d  th e  fo llow ing  e x p e r im e n t  

in  w h ich  a  c u l tu r e  of T S 6 M 4 .6  g ro w n  to  m id  log  p h a se  a t  24°C  in  l iq u id  

Y E PD  m e d ia  w as  c e n tr i fu g e d  and r e s u s p e n d e d  in  YNBD m e d ia  lack in g  

th e  a u x o tro p h ic  s u p p le m e n ts  h is t id in e  and  u r a c i l  upon w h ich  th e  c e l l s  

a r e  dep en d en t  fo r  g ro w th  ( s e e  geno type  in  T a b le  1). T h is  c u l tu r e  w as  

th e n  a l lo w ed  to  in c u b a te  a t  24°C  fo r  a  p e r io d  of 6 h o u r s ,  a f t e r  w hich  

th e  s t a r v e d  c e l l s  w e r e  t r a n s f e r r e d  to  th e  r e s t r i c t i v e  t e m p e r a t u r e  and  

th e  n u m b e r  of v ia b le  c e l l s  d e te r m in e d  fo r  a  f u r t h e r  7 h o u r  p e r io d .

A s c an  be  s e e n  in  F ig u r e  18, th e  n u m b e r  of v iab le  c e l l s  r e m a in e d  c o n s ta n t  

d u r in g  th i s  e x p e r im e n ta l  7 h o u r  e x p o s u re  to  3 6 °C , th u s  su g g es t in g  

th a t  th e  e x p r e s s io n  of t h i s  m u ta t io n  w as  in d e e d  d ep en d e n t  on th e  c o n ­

t in u e d  g ro w th  of th e  c e l l s .

DNA M e ta b o l is m  in  S t r a in  T S 6 M 4 .6

S e v e r a l  of th e  cdc  l e s io n s  have  b e e n  shown to  ex h ib it  b lo c k a g e s  in  

one  o r  a n o th e r  of th e  DNA m e ta b o l i s m  p r o c e s s e s  ( H a r tw e l l ,  1973).

In  o r d e r  to  d e te r m in e  w h e th e r  th e  pheno type  of T S 6M 4. 6 i s  s i m i l a r l y  

due to  a b e r r a n t  DNA m e ta b o l i s m ,  a  s e r i e s  of e x p e r im e n t s  w e r e  p e r ­

f o r m e d .

1) I n c o r p o r a t io n  o f  a  DNA p r e c u r s o r  in to  hot a lk a l i  s ta b le  co ld
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a c id  p re c ip i t a b le  m a t e r i a l  a t  th e  p e r m i s s i v e  and  n o n - p e r m is s iv e  t e m p e r -  

a t u r e .

A 40 m l  c u l tu r e  of s t r a i n  T S 6 M 4 .6  g ro w n  a t  Z4°C to  m id  log p h a s e  

in  l iq u id  YNBD + X m e d ia  w as  d iv id e d  in to  tw o e q u a l  a l iq u o ts  w h ich  

w e r e  th e n  in c u b a te d  a t  e i t h e r  24°C  o r  36°C  in  th e  p r e s e n c e  of 9 jig 

p e r  m l c o ld  a d en in e  and  10 juCi p e r  m l 3H -a d e n in e .  At hou ly  in t e r v a l s ,  

fo r  a  p e r io d  of 5 h o u r s ,  t h r e e  0 .5  m l  s a m p le s  w e re  re m o v e d  f r o m  e a c h ,  

of th e  e x p e r im e n ta l  c u l tu r e s  and  th e  a m o u n t  o f  ^ H -a d e n in e  in c o r p o r a te d  

in to  th e  DNA a s  m e a s u r e d  by ho t a lk a l i  s ta b le  . co ld  a c id  p r e c ip i ta b le  

c o u n ts ,  a n a ly z e d  a s  d e s c r ib e d  in  th e  M a te r i a l s  an d  M e th o d s .  A s c an  

be s e e n  in  F ig u r e  19, th e  am oun t of in c o rp o ra t io n  of ra d io a c t iv e  aden ine
t

in to  th e  DNA a t  th e  r e s t r i c t i v e  t e m p e r a t u r e  of 36°C  i s  n e a r ly  id e n t ic a l  

w ith  th a t  of th e  24°C  c o n t r o l .  T h u s ,  th e  lo s s  of v ia b i l i ty  e x p r e s s e d  

in  th i s  s t r a i n  a t  th e  r e s t r i c i t v e  t e m p e r a t u r e  i s  no t th e  r e s u l t  o f  a  t e m p e r ­

a t u r e  s e n s i t iv e  b lo c k  in  th e  DNA sy n th e t ic  a p p a r a tu s .

2) T h e  f id e l i ty  of th e  DNA s y n th e s iz e d  a t  th e  p e r m i s s i v e  and  non - 

p e r m i s s i v e  t e m p e r a t u r e s  by s t r a i n  T S 6 M 4 .6 .

F o llow ing  th e  o b s e r v a t io n  th a t  th e  r a t e  of DNA s y n th e s is  a p p e a r s  to  

b e  ta k in g  p la c e  n o r m a l ly  a t  th e  r e s t r i c t i v e  t e m p e r a t u r e ,  th e  q u e s t io n  

a r o s e  a s  to  w h e th e r  th e  o b s e r v e d  s y n th e s is  ta k in g  p la c e  a t  th e  r e s t r i c t i v e  

t e m p e r a t u r e  i s  a c c u r a t e  w ith  r e g a r d s  to  g e n e t ic  f id e l i ty .  I t  w as  p o s tu la te d  

th a t  e r r o r s  cou ld  be  a c c u m u la t in g  d u r in g  DNA s y n th e s i s  a t  th e  no n -  

p e r m i s s i v e  t e m p e r a t u r e  and  th a t  t h e s e  e r r o r s  r e s u l t  in  th e  l o s s  of
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v ia b i l i ty  in  t h i s  m u ta n t .

a) S e a r c h  fo r  m u ta t io n a l  in d u c t io n  of a d d i t io n a l  a u x o tro p h ic  r e q u i r e ­

m e n ts  a t  th e  n o n - p e r m is s iv e  t e m p e r a t u r e .  A c u l tu r e  of T S 6 M 4 .6 ,  

p r e g r o w n  in  l iq u id  Y E P D  to  m id  log  p h a s e  a t  24 C , w as  sh i f te d  to  

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

fo r  a  p e r io d  of 6 h o u r s  to  s o l id  Y E P D  m e d ia .  T h e  su rv iv in g  c e l l s  w e r e  

a l lo w ed  to  grow  in to  c o lo n ie s  a t  24°C  an d  w e r e  th e n  a n a ly z e d  by r e p l i c a -  

p la t in g  onto  d ro p o u t  m e d ia  on w h ich  only th e  p a r e n ta l  geno type  cou ld  

s u rv iv e  (YNBD + UR + HIS). If  th e  t e m p e r a t u r e  s e n s i t iv e  m u ta t io n  

had  e x p r e s s e d  i t s e l f  in  t h e s e  s u r v iv o r s  by c r e a t in g  a d d i t io n a l  a u x o tro p h y ,  

th e n  s o m e  of th e s e  c o lo n ie s  w ould  not be  e x p e c te d  to  grow  on th e  YNBD + 

UR + HIS m e d ia .  T h is  w as  not found to  be  th e  c a s e  an d  a l l  758 s u r v iv o r s  

cou ld  g row  on bo th  ty p e s  of m e d ia .  T h is  a b s e n c e  of any a d d i t io n a l  

a u x o tro p h ic  r e q u i r e m e n t s  in  th e  s u rv iv in g  c o lo n ie s  c a n  be  i n t e r p r e t e d  

in  tw o w ay s;  e i th e r  th a t  th e  t e m p e r a t u r e  s e n s i t iv e  le th a l i ty  e x p r e s s e d  

in  th i s  s t r a i n  i s  no t th e  r e s u l t  of a  m u ta g e n ic  e v en t ,  o r  th a t  th e  m u ta g e n ic  

ev en t  p ro d u c e d  in  th e  a b s e n c e  of th e  T S 6 M 4 .6  gene  p ro d u c t  i s  too  

s e v e r e  to  a llow  c e l l s  w ith  only  one c o m p le m e n t  of th e  g en o m e  to  s u r v iv e .  

T h e r e f o r e ,  a  c o m p a r a b le  e x p e r im e n t  to  th e  one d e s c r ib e d  above  w as  

p e r f o r m e d  on a  p ro to t ro p h ic  d ip lo id  s t r a i n  ( x 4 5 9 ) , h o m o zy g o u s  fo r  th e  

t e m p e r a t u r e  s e n s i t iv e  le s io n  and  h e te ro z y g o u s  fo r  v a r io u s  a u x o tro p h ic  

m a r k e r s  ( s e e  T a b le  1). In s u ch  a  d ip lo id ,  a  m u ta g e n ic  ev en t  on th e  w ild  

ty p e  h om ologue  of any of th e  s e v e r a l  h e te r o z y g o u s  a u x o tro p h ic  lo c i
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co u ld  y ie ld  an  a u x o tro p h ic  d ip lo id ,  w h ile  i t  i s  p o s s ib le  th a t  a  r e c e s s i v e  

m u ta g e n ic  e v e n t ,  w h ich  w ould  n o r m a l ly  have  b e en  le th a l  in  th e  h ap lo id ,  

would  not be  le th a l  in  th i s  d ip lo id  b e c a u s e  of th e  c o m p le m e n ta r y  copy 

of th e  g e n o m e .  None of th e  219 c o lo n ie s  th a t  s u rv iv e d  v a ry in g  len g th s  

of e x p o su re  to  3 6 ° C ,  w hen  r e p l i c a p l a te d  onto  YNBD m e d ia ,  a  m e d ia  

w h ich  s u p p o r ts  the  g ro w th  of s t r a i n  x 4 59 , show ed  th e  n eed  fo r  any 

a d d i t io n a l  a u x o tro p h ic  s u p p le m e n ts .

b) R e s c u e  of p o te n t ia l ly  le th a l  e v e n ts  by m a t in g .  In th is  s eco n d  a p ­

p ro a c h  u n d e r ta k e n  to  d e te r m in e  if  th e  in v ia b i l i ty  e x p r e s s e d  by T S 6M 4.6  a t  

36°C  i s  due to  a  l e th a l  m u ta g e n ic  e v e n t ,  a  30 m l c u l tu r e  of T S 6 M 4 .6  

g row n  in  l iq u id  Y E P D  to  m id  log  p h a se  w as  d iv id ed  in to  s ix  5 m l  

a l iq u o ts  w h ich  w e r e  ex p o se d  to  th e  r e s t r i c t i v e  t e m p e r a t u r e  fo r  v a ry in g  

p e r io d s  of t im e  (0 to  5 h o u r s ) .  E a c h  e x p e r im e n ta l  c u l tu r e  w as  th e n
y

r e tu r n e d  to  th e  p e r m i s s i v e  t e m p e r a t u r e ,  m ix e d  w ith  5 m l  (^ 1 0  c e l l s / m l )

of a  n o n - t e m p e r a tu r e  s e n s i t iv e  " a "  m a tin g  ty p e  s t r a i n  (A364A: fo r

g en o ty p e , s e e  T a b le  1) and  a l lo w ed  to  m a te  fo r  6 h o u r s  a t  2 4 °C . T h e s e

m a tin g  m ix tu r e s  w e r e  th e n  t r a n s f e r r e d  onto so l id  m e d ia  s e le c t iv e

fo r  th e  g ro w th  of any  r e s u l t a n t  d ip lo id s  (YNBD + HIS). T h e  d ip lo id

o
c e l l s  p ro d u c e d  in  th i s  m a tin g  w e r e  a l lo w ed  to  f o r m  c o lo n ie s  a t  24 C . 

T h e s e  c o lo n ie s  w e r e  th e n  in d u c ed  to  u n d e rg o  m e io s i s  on KAc m e d ia ,  

a l s o  a t  2 4 °C , an d  m ic ro m a n ip u la t io n  of th e  m e io t ic  p ro d u c ts  p e r f o r m e d .  

A s c an  be s e e n  in  F ig u r e  20, in c r e a s in g  the  t im e  of e x p o su re  of T S 6M 4.6  

to  th e  r e s t r i c t i v e  t e m p e r a t u r e  p r i o r  to  m a t in g ,  r e s u l t s  in  a  d e c r e a s e



in  th e  to ta l  n unber  of v ia b le  s p o r e s  p ro d u c e d  f r o m  th e s e  d ip lo id s .  T h is  

d e c r e a s e  in  s p o r e  v ia b i l i ty  m a n i f e s t s  i t s e l f  in  a  r a p id  d e c r e a s e  in  th e  

n u m b e r  of t e t r a d s  y ie ld in g  4 v ia b le  s p o r e s  in  co n ju n c t io n  w ith  a  r a p id  

i n c r e a s e  in  th e  n u m b e r  of t e t r a d s  y ie ld in g  2 , 3 ,  o r  4 in v ia b le  s p o r e s  

( s e e  F ig u r e  21).

G enetic  a n a ly s i s  o f  th e  c o m p le te ly  v ia b le  t e t r a d s  show n o r m a l  p a t t e r n s  

of m a r k e r  s e g r e g a t io n  ( s e e  T a b le  2) and  a r e  b e l ie v e d  to  b e  th e  r e s u l t  

of a  m a tin g  invo lv ing  a  T S 6 M 4 .6  c e l l  w h ich  h a s  a s  y e t  not b e e n  a f fe c te d  

by  th e  e le v a te d  t e m p e r a t u r e .  H o w e v e r ,  g e n e t ic  a n a ly s i s  of the  s p o r e s  

o b ta in e d  f r o m  th e  in c o m p le te ly  v ia b le  t e t r a d s  show u n u su a l  p a t t e r n s  of 

g en e t ic  s e g r e g a t io n  in  w h ich  th e  r a t i o s  of th e  g e n e t ic  m a r k e r s  a p p e a r  

e x t r e m e ly  a b e r r a n t  ( s e e  T ab le  2). T he  e x t r e m e ly  high f req u e n cy  

a m o n g s t  th e  su rv iv in g  s p o r e s  o f  th e  ly s in e ,  t y r o s in e  and  a d en in e  p r o to ­

t ro p h ic  p h en o ty p es  su g g e s te d  th e  p o s s ib i l i ty  th a t  s o m e  o f t h e s e  s p o r e s  

m igh t be  an eu p lo id  co n ta in in g  bo th  th e  "+ "  an d  a l l e l e s  fo r  th e s e  

g en e tic  m a r k e r s .  F u r t h e r m o r e ,  a n a ly s is  of th e  m ating  ty p e s  of the  

su rv iv in g  s p o r e s  ( s e e  M a te r ia l s  and M ethods) r e v e a le d  th a t  so m e  of 

th e s e  s p o re s  w e re  of a s t e r i l e  n a tu r e  ( se e  Table  3), m a ting  a t  a  low 

fre q u e n c y  to  both a  and m a tin g  ty p e s  t e s t e r  s t r a in s  (P o m p e r  e t a l . , 

1954). F o u r  of th e s e  s t e r i l e  s p o r e s ,  w hen t r a n s f e r r e d  to  KAc m e d ia  

a t  th e  p e r m is s i v e  t e m p e r a t u r e ,  w e re  found to  s p o ru la te  a f t e r  five 

d a y s ,  th u s  su g g es tin g  th e  p r e s e n c e  in  so m e  of t h e s e  su rv iv in g  s p o re s  

of g en e tic  in fo rm a t io n  fo r  both  a  and  dL m a tin g  ty p e s  (se e  D is c u s s io n ) .

Two su rv iv in g  s p o r e s  ( B R .4 .7 B  -  u ra ^ h is ^  and  B R .4 .8 B  -  u ra ^ h is y ) ,
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d e r iv e d  f r o m  d ip lo id s  c r e a t e d  in  a  c r o s s  b e tw een  T S 6M 4.6  exp o sed  
o

to  36 C fo r  t h r e e  h o u rs  and s t r a i n  A364A, e x p r e s s in g  th e  p ro to ­

t ro p h ic  phenotype  fo r  ly s in e ,  t y r o s in e  and aden ine  w e re  m a te d  to  a  

n o n - t e m p e r a tu r e  s e n s i t iv e  l a b o r a to r y  s to c k  s t r a i n  (1 0 1 .7 A  - a  u ra ^ ) .

T he  r e s u l t in g  d ip lo id s  i s o la te d  on s e le c t iv e  m e d ia  w e r e  in d u ced  to  u n d e rg o  

s p o ru la t io n  and  th e  r e s u l t in g  m e io t ic  p r o d u c ts  a n a ly z e d .  The d ip lo id s  

d e r iv e d  f r o m  the  m a tin g  of th e  B R 4 .7 B  s p o r e  p ro d u c e d  s p o r e s  th a t  e x ­

h ib i te d  a u x o tro p h y  fo r  the  ly s in e ,  t y r o s in e  and  a d en in e  g e n e t ic  m a r k e r s ,  

w h ile  th e  d ip lo id s  d e r iv e d  f r o m  th e  m a tin g  o f th e  B R 4 .8 B  s p o r e  p ro d u c e d  

n o r m a l  s e g r e g a t io n  p a t t e r n s  ( s e e  T a b le  4). T h e  e x p r e s s io n  of au x o tro p h y  

fo r  th e  l y s i n e , t r y o s i n e  and  ad en in e  d e m o n s t r a t e s  th a t  th e  B R .4 .7 B  

s p o r e  m u s t  co n ta in  h idden  *’- M a l l e l e s  fo r  t h e s e  g e n e t ic  m a r k e r s .  F u r t h e r ­

m o r e ,  w hen  a l le le  te s t in g  w as  p e r f o r m e d  on th e  s p o r e s  c r e a t e d  in  th e s e  two 

c r o s s e s  (B R . 4 .7 B  x 101.7 A  and  B R . 4. 8B x 1 0 1 .7A ) in  o r d e r  to  d e ­

t e r m i n e  th e  s e g r e g a t io n  p a t te r n  of th e  u r a c i l  a u x o tro p h ic  a l l e l e s ,  i t  w as  

n o ted  th a t  in  th e  B R .4 .7 B  c r o s s  only one  s p o r e  e x p r e s s e d  th e  u r a j "  g en o ­

ty p e  w h ile  in  the  B R .4 .8 B  c r o s s  the  e x p e c te d  2:2 r a t i o  of s e g r e g a t io n  

of th e  u r a ^ “ m a r k e r  w as  o b s e rv e d  ( s e e  T ab le  5). T h e s e  r e s u l t s  su g g es t  

th e  e x is te n c e  in  s o m e  of the  s u rv iv in g  s p o r e s  of an  e x c e s s  of th e  u ra ^ *  

g en e t ic  in fo r m a t io n .

In  a  c o n t ro l  to  the  e x p e r im e n t  d e s c r ib e d  ab o v e ,  t h r e e  c o n d it io n a l  

m u ta n ts  (cdc 4 , 7 ,  an d  8) d e fe c tiv e  in  s p e c if ic  s t e p s  in  th e  c e l l  c y c le  

w e r e  ex p o se d  to  th e  e lev a te d  t e m p e r a t u r e  fo r  0 , 3 , an d  6 h o u r s .  T h e s e  

c e l l s  w e re  m a te d  a t  the  p e r m is s i v e  t e m p e r a t u r e  to  s t r a i n  1 2 3 .1 C  a n d
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: e d ip lo id s  i s o la te d  a s  b e fo re  w e r e  th e n  m ad e  to  u n d e rg o  m e io s i s  a t  

2 4 °C . F ig u r e  22 d e m o n s t r a t e d  th a t  un like  T S 6 M 4 .6 , t h e r e  is  no lo s s  of 

s p o r e  v ia b i l i ty  a s s o c i a t e d  w ith  th e  e x p o s u re  of th e s e  c e l l s  to  th e  r e s t r i c t i v e  

t e m p e r a t u r e .



DISCUSSION

C h a p te r  3. A n a ly s is  of th e  M utant C ond itiona lly  D ef ic ien t  in  
~ Mi t oc hondr i a l  DNA M eta b o lism

A m utan t is  d e s c r ib e d  in  th i s  c o m m u n ic a t io n  w hich co n d it io n ­

a l ly  a f fe c ts  m i to c h o n d r ia l  DNA m e ta b o l i s m  and r e s u l t s  in  th e  p ro d u c ­

t io n  of p e t i t e s  a t  th e  r e s t r i c t i v e  t e m p e r a t u r e .  T e t r a d  a n a ly s i s  d e m o n ­

s t r a t e s  th a t  th e  t e m p e r a t u r e  s e n s i t iv e  pheno type  of th i s  m u tan t  i s  a  

r e s u l t  of a  s in g le  n u c le a r  gene m u ta t io n .  T h is  m u tan t  gene a p p e a r s  

to  be  of a r e c e s s i v e  n a tu r e ,  fo r  in  an  e x p e r im e n t  in  w hich  th e  m u tan t  

s t r a i n  w as  m a te d  to  tw o d if fe re n t  l a b o r a to r y  s to c k  s t r a i n s  and  th e  

r e s u l t in g  d ip lo id s ,  h e te ro z y g o u s  fo r  th e  p e t i te  inducing  m u ta t io n  

a n a ly z e d ,  i t  w as  found th a t  r e s p i r a t o r y  co m p e ten t  d ip lo id  c e l l s  

con tinue  to  be  p ro d u c e d  ev en  w hen g row n  a t th e  e le v a te d  t e m p e r a t u r e .

C e l ls  g row ing  a t  th e  r e s t r i c t i v e  t e m p e r a t u r e  in  m ed ia  con ta in ing  

d e x t r o s e  a s  i t s  so le  c a rb o n  s o u r c e  p ro d u c e  p e t i t e s  w hich  a r e  n e u t r a l  

and  a p p e a r  to  be  devo id  of m i to c h o n d r ia l  DNA. T he DNA s y n th e s is  

p a t t e r n  of th e  m u tan t  s t r a i n  g row ing  a t th e  r e s t r i c t i v e  t e m p e r a t u r e ,  

in  d e x t ro s e  m e d ia ,  show s a  re d u c t io n  in  th e  in c o rp o ra t io n  of r a d io ­

a c t iv e  ad en in e  in to  th e  m i to c h o n d r ia l  genom e d u r in g  th e  in i t ia l  fo u r  

h o u r s  a f t e r  th e  t r a n s f e r  to  the  e le v a te d  t e m p e r a t u r e .  T h e s e  r e s u l t s  

su g g e s t  th a t  e i th e r :  i) m i to c h o n d r ia l  DNA s y n th e s is  i s  a b se n t  o r  

p o s s ib ly  re d u c e d  a t  th e  r e s t r i c t i v e  t e m p e r a t u r e ,  o r  ii) m i to c h o n d r ia l  

DNA is  d e g ra d e d  a t  th e  r e s t r i c t i v e  t e m p e r a t u r e .  When a  c u l tu re  

of c e l l s  la b e le d  a t  th e  p e r m is s i v e  t e m p e r a t u r e  w ith  r a d io a c t iv e  

ad en in e  w as  t r a n s f e r r e d  to  th e  r e s t r i c t i v e  t e m p e r a t u r e ,  th e  p re la b e le d  

m ito c h o n d r ia l  DNA w as  found to  be  s ta b le  fo r  a t  l e a s t  4 h o u r s ,  th u s



su g g es tin g  th a t  th e  phenotype  in  d e x t ro s e  m e d ia  i s  a  r e s u l t  o£ th e  

a b se n c e  o r  r e d u c t io n  of m i to c h o n d r ia l  DNA s y n th e s is  and  not due  to  

th e  d e g ra d a t io n  of th e  m ito c h o n d r ia l  DNA.

M utant c e l l s  g row ing  a t  th e  r e s t r i c t i v e  t e m p e r a t u r e  in  m e d ia  

co n ta in ing  g ly c e r o l  a s  i t s  so le  c a rb o n  s o u r c e ,  in d u ce  p e t i t e s  w h ich  

a r e  s u p p r e s s iv e  and co n ta in  m ito c h o n d r ia l  DNA. M ito c h o n d r ia l  DNA 

s y n th e s is  of th e  m u tan t  s t r a i n  g row n a t  th e  r e s t r i c t i v e  t e m p e r a t u r e  

in  g ly c e ro l  m ed ia  o c c u r s  a t  a  le v e l  c o m p a r a b le  to  th a t  of th e  c o n tro l  

fo r  th e  in i t ia l  4 h o u r s  a f t e r  th e  t r a n s f e r  to  th e  e le v a te d  t e m p e r a t u r e .

We th u s  a p p e a r  to  have  i s o la te d  a  m u tan t  th a t  e x p r e s s e s  d i f f e re n t  

pheno types  when g row n u n d e r  d i f fe re n t  g ro w th  c o n d i t io n s .  G row th  

of th i s  s t r a i n  in  m e d ia  co n ta in ing  d e x t ro s e  a s  i t s  so le  c a rb o n  s o u rc e  

p ro d u c e s  p e t i te s  w hich  a r e  of a  n e u t r a l  n a tu r e  and  a p p e a r  to  be  d e ­

vo id  of m i to c h o n d r ia l  DNA. H o w ev e r ,  g row th  of th i s  s t r a i n  a t  th e  

r e s t r i c t i v e  t e m p e r a t u r e  in  m e d ia  con ta in ing  g ly c e r o l  a s  i t s  so le  

c a rb o n  s o u rc e  p ro d u c e s  p e t i te s  w hich  a r e  s u p p r e s s iv e  and  co n ta in  

m i to c h o n d r ia l  DNA.

By v a ry in g  th e  c a rb o n  s o u rc e  of th e  g ro w th  m e d iu m , y e a s t  m i to ­

c h o n d r ia  c an  be  m ad e  to  u n d e rg o  r e p r e s s i o n  and  d e r e p r e s s i o n .  T h is  

r e p r e s s i o n  and  d e r e p r e s s i o n  i s  a c c o m p a n ie d  by m any  p h y s io lo g ic a l  

ch an g e s  th a t  in c lu d e  p e rm u ta t io n s  in  th e  s t r u c t u r e  of th e  m ito c h o n d r ia  

(Y o tsu y an ag i ,  1962a), th e  am o u n ts  of m i to c h o n d r ia l  DNA a s  c o m ­

p a r e d  to  th e  n u c le a r  s p e c ie s  (C o t t r e l l  and  A v e r s ,  1970), th e  t r a n s ­

m is s io n  of m i to c h o n d r ia l  m a r k e r s  to  p ro g en y  (G old thw aite  e t  a l . ,



1974), and  th e  r a t e  a t  w hich  so m e  m ito c h o n d r ia l  m e m b ra n e  p ro te in s  

a r e  sy n th e s iz e d  (M ian  e t  a l . , 1973). We s u sp e c te d  th a t  th e  d i f f e re n t

pheno types  e x p r e s s e d  by th i s  m u tan t in  m e d ia  co n ta in in g  d e x t r o s e  o r  

g ly c e ro l  m igh t be  due to  th e  r e p r e s s i v e  and  d e r e p r e s s i v e  n a tu re  of 

th e s e  c a rb o n  s o u r c e s .  In a  r e c e n t  r e p o r t  (H all e t  a l . , 1975) ev idence  

w as  p r e s e n te d  th a t  d e m o n s t r a t e d  a  func tiona l a s s o c ia t i o n  of m ito ch o n ­

d r i a l  DNA re p l ic a t io n  w ith th e  m i to c h o n d r ia l  m e m b ra n e  in  S. c e r e -  

v i s ia e ' .  It w as  t h e r e f o r e  su g g es te d  th a t  when th e  m i to c h o n d r ia  of th e  

m u tan t c e l l s  a r e  in  a  r e p r e s s e d  s t a t e ,  th e  m i to c h o n d r ia l  m e m b ra n e s  

a r e  a l t e r e d  such  th a t  a t  th e  r e s t r i c t i v e  t e m p e r a t u r e  th e  m u ta t io n  w ill  

not a llow  th e  m i to c h o n d r ia l  DNA to  be r e p l i c a t e d .  On th e  o th e r  h and , 

w hen th e  m ito c h o n d r ia  of th e  m u tan t  c e l l s  a r e  in  a  n o n - r e p r e s s e d  

s t a t e ,  a t  th e  r e s t r i c t i v e  t e m p e r a t u r e ,  th e  m i to c h o n d r ia l  m e m b r a n e s  

p e r m i t  m i to c h o n d r ia l  DNA s y n th e s is  to  ta k e  p la c e ,  h o w e v e r ,  the  

s y n th e s is  o c c u r s  i n c o r r e c t ly .

In o r d e r  to  d e te r m in e  if  th e  d i f fe re n t  p h eno types  of th e  m u tan t  w e re  

in  fa c t  th e  r e s u l t  of th e  r e p r e s s e d  v e r s u s  th e  d e r e p r e s s e d  s ta te  of 

th e  m ito c h o n d r ia ,  e x p e r im e n t s  w e r e  p e r f o r m e d  in  o r d e r  to  d e te r m in e  

w hat th e  phenotyp ic  e x p r e s s io n  of th i s  t e m p e r a t u r e  s e n s i t iv e  m u ta t io n  

i s  in  m e d ia  con ta in ing  g a la c to s e ,  w hich  though  f e r m e n ta b le ,  i s  

b e l ie v e d  to  be  of a  n o n - r e p r e s s in g  n a tu re  (T u s ta n o ff  and  B a r t le y ,  1964).

C e l ls  g row n  a t  th e  r e s t r i c t i v e  t e m p e r a t u r e  in  m e d ia  co n ta in ing  

g a la c to s e  a s  i t s  so le  c a rb o n  s o u rc e  w e re  found to  in d u ce  p e t i t e s  w hich  

a r e  of a  n e u t r a l  n a tu r e  and  a p p e a r  to  be  devo id  of m ito c h o n d r ia l  DNA.
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Such a  phenotyp ic  e x p r e s s io n  of t h i s  m u ta t io n  in  g a la c to s e  con ta in ing  

m e d ia  i s  s im i l a r  to  th a t  o b s e r v e d  w hen c e l l s  a r e  g row n  in  th e  r e p r e s s ­

ing  d e x t ro s e  m e d ia .  T h u s ,  th e  d i f f e re n t  e x p r e s s io n s  of t h i s  m u ta t io n  

on r e p r e s s i n g  and  n o n - r e p r e s s in g  c a r b o n  s o u r c e s  m ay  in d e ed  not 

be  th e  r e s u l t  of p e rm u ta t io n s  b ro u g h t  about in  th e  m ito c h o n d r ia  by 

th e  r e p r e s s i n g  and  n o n - r e p r e s s i n g  n a tu r e s  of d e x t r o s e ,  g ly c e r o l  and  

g a la c to s e .  T h i s ,  of c o u r s e ,  would only be  t r u e  i f  g a la c to s e  i s  in d eed  

a  n o n - r e p r e s s in g  c a rb o n  s o u r c e .

K ine tic  a n a ly s is  of th e  tu r n - o f f  of m i to c h o n d r ia l  DNA s y n th e s is  

by th i s  m u tan t  s t r a i n  h a s  r e v e a le d  th a t  c e l l s  g row n  a t th e  r e s t r i c t i v e  

t e m p e r a t u r e  in  d e x t r o s e  o r  g ly c e r o l  con ta in ing  m e d ia  exh ib it  a  g r e a t ­

ly  re d u c e d  am o u n t of in c o rp o ra t io n  of r a d io a c t iv e  aden in e  in to  th e  

m i to c h o n d r ia l  DNA a f t e r  tw o  h o u rs  of e x p o s u re  to  th e  e le v a te d  t e m p ­

e r a t u r e .  T h e s e  r e s u l t s  s u g g e s t  th e  p r e s e n c e ,  in  th i s  m u ta n t ,  of a  

t e m p e r a t u r e  s e n s i t iv e  b lo ck  in  th e  m ito c h o n d r ia l  DNA sy n th e t ic  

a p p a r a tu s .  T h is  re d u c e d  in c o r p o r a t io n  of ra d io a c t iv e  ad en in e  in  

d e x t ro s e  g row n c e l l s  a f t e r  th e  t r a n s f e r  to  th e  e le v a te d  t e m p e r a t u r e  

w as  p re v io u s ly  o b s e r v e d  in  th e  e x p e r im e n t  in  w hich  m ito c h o n d r ia l  DNA 

s y n th e s is  w as  m o n i to re d ,  by r a d io a c t iv e ly  la b e l in g  c e l l s ,  fo r  a  fou r 

h o u r  p e r io d  follow ing th e  t r a n s f e r  of th e  c u l tu r e  to  th e  e le v a te d  t e m p ­

e r a t u r e .  H o w ev e r ,  th e  re d u c t io n  of in c o r p o r a t io n  in to  th e  m i to c h o n d r ia l  

DNA of g ly c e r o l  g ro w n  c e l l s  w as  not p r e v io u s ly  o b s e r v e d .  T h e s e  

a p p a re n t ly  c o n t r a d ic to ry  r e s u l t s  m ay  p e rh a p s  be  due to  th e  in c r e a s e d  

a m o u n ts  of m i to c h o n d r ia l  DNA in i t ia l ly  p r e s e n t  in  t h e s e  c e l l s  u n d e r



60

n o n - r e p r e s s in g  co n d it io n s  (C o t t r e l l  and  A v e r s ,  1970). The p r e s e n c e  

of a g r e a t e r  am o u n t of m i to c h o n d r ia l  DNA in  g ly c e ro l  g row n c e l l s  m ay 

enab le  th e  in c o rp o ra t io n  of r a d io a c t iv e  aden ine  in to  th e  m i to c h o n d r ia l  

DNA to  o c c u r  o v e r  a  s h o r t  t im e  in te r v a l  and  th u s ,  in  g ly c e r o l  m e d ia ,  

the  in c o rp o ra t io n  of la b e l  in to  th e  m i to c h o n d r ia l  DNA d u ring  th e  f i r s t  

four h o u rs  a t  the  r e s t r i c t i v e  t e m p e r a t u r e  cou ld  be tak ing  p la ce  b e fo re  

th e  c o n d i t io n a lb lo c k  o c c u r s  and  , t h e r e f o r e ,  does  no t r e f l e c t  any t e m p ­

e r a t u r e  s e n s i t iv i ty .

We th u s  a p p e a r  to  h av e  i s o la t e d  a  co n d it io n a l  m u tan t  of S a c c h a ro m y c e s  

c e r e v i s i a e  w hich , a s  one of i t s  p r o p e r t i e s ,  ex h ib its  a  t e m p e r a t u r e  

s e n s i t iv e  b lo ck  in  i t s  m i to c h o n d r ia l  DNA sy n th e t ic  a p p a r a tu s .  If ,  how­

e v e r ,  th e  p ro d u c tio n  of p e t i te s  in  th i s  s t r a i n  w hen g row n a t  th e  r e s t r i c t i v e  

t e m p e r a t u r e  i s  so le ly  th e  r e s u l t  o f a  t e m p e r a t u r e  s e n s i t iv e  b lo ck  

in  th e  m ito c h o n d r ia l  DNA m e ta b o l i s m ,  th en  a l l  p e t i te s  induced  by th i s  

s t r a i n  a t  th e  e le v a te d  t e m p e r a t u r e  would be  ex p ec ted  to  la c k  m ito c h o n d r ia l  

DNA. H o w ev e r ,  th i s  h a s  no t b e en  found to  be th e  c a s e ,  a s  g row th  

of th e  m u tan t  s t r a i n  a t  th e  e le v a te d  t e m p e r a t u r e  in  g ly c e r o l  m e d ia  

ha s  y ie ld e d  p e t i te s  w hich  do in d eed  co n ta in  m ito c h o n d r ia l  DNA. T h is  

r e s u l t  s u g g e s ts  th a t  in  ad d it io n  to  an  a p p a re n t  b lo ck  in  m i to c h o n d r ia l  DNA 

sy n th e s is  th e r e  is  a l s o ,  a t  l e a s t  in  g ly c e r o l  m ed ia  and  p e rh a p s  in  

d e x t ro s e  m ed ia  a s  w e ll ,  a  m u tag en ic  even t o c c u r r in g  w hich  r e s u l t s  in  

th e  p ro d u c t io n  of p e t i t e s .  The in a b i l i ty  to  iso la te  p e t i te  s t r a in s  con ­

ta in in g  m ito c h o n d r ia l  DNA f r o m  c e l l s  g row n  a t th e  r e s t r i c t i v e  t e m p e r a t u r e  

in  d e x t ro s e  m e d ia  m ay p e rh a p s  be due to  th e  fac t th a t  in  th e  p e t i te
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s ta te  su ch  c e l l s  can  con tinue  to  grow on th e  d e x t ro s e  m e d ia ,  and  in  

the  a b se n c e  of m i to c h o n d r ia l  DNA s y n th e s i s ,  "d ilu te  ou t"  t h e i r  m i to ­

c h o n d r ia l  DNA so th a t  m o s t  of the  p e t i te s  i s o la te d  la ck  any d e te c ta b le  

q u a n t i t ie s  of m i to c h o n d r ia l  DNA. H o w ev e r ,  in  g ly c e ro l  m e d ia  th e  

p e t i te  c e l l s  induced  by th e  m u tag en ic  even t a r e  unable  to  " d i lu te  ou t"  

t h e i r  m i to c h o n d r ia l  DNA, th u s  enab ling  th e  i s o la t io n  of p e t i te  c e l l s  

con ta in ing  m ito c h o n d r ia l  DNA.

F in a l ly ,  it  h a s  b een  r e p o r te d  th a t  v a r io u s  t r e a tm e n t s  su ch  a s  

a n a e r o b o s i s  ( P in to  e t a l . , 1975 ) , g lu c o se  r e p r e s s i o n  ( H o llen b e rg  and

B o r s t ,  1971 ) and  n a lid ix ic  a c id  t r e a tm e n t  ( Vidova and  K ovac , 1972) 

a r e  ab le  to  r e d u c e  the  m u tag en ic  e ffec t  of e th id iu m  b ro m id e  in  p roduc ing

p e t i t e s .  T he  o b s e rv a t io n  th a t  a n a e ro b ic  g row th  and g lu c o se  r e p r e s s i o n

r e s u l t  in  the  d is a p p e a ra n c e  of so m e  m i to c h o n d r ia l  e n zy m e s  and  in

m o d if ic a t io n s  of m i to c h o n d r ia l  m e m b ra n e s  ( C r id d le  and  S c h a tz ,  1969)

s u g g e s te d  an  e x p e r im e n t  in  w hich  the  e x p r e s s io n  of the  p e t i te  inducing

phenotype of th is  m u tan t  s t r a in  be  an a ly z e d  in  a  r e s p i r a t o r y  in co m p e ten t

c e l l  in  o r d e r  to  d e te r m in e  i f  a  r e s p i r a t o r y  in c o m p e te n t  s ta te  m igh t 

e ffec t  th e  e x p r e s s io n  of th i s  t e m p e r a t u r e  s e n s i t iv e  m u ta t io n .  A su p ­

p r e s s i v e  p e t i te  s t r a i n  con ta in ing  m ito c h o n d r ia l  DNA and  h a rb o r in g  the

t e m p e r a t u r e  s e n s i t iv e  l e s io n  w as  g row n  a t  th e  r e s t r i c t i v e  t e m p e r a t u r e

in  d e x t ro s e  co n ta in ing  m e d ia .  T h is  s t r a i n  w as  o b s e r v e d  to  p ro d u c e

n e u t r a l  p e t i te s  w hich  la c k e d  m ito c h o n d r ia l  DNA. T hus  i t  a p p e a r s

th a t  the  e x p r e s s io n  of th i s  p e t i te  inducing  phenotype  i s  not dependen t

on th e  r e s p i r a t o r y  c ap a c i ty  of th e  m u ta n t  c e l l .
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C h ap te r  4 . A n a ly s is  of the  M utant C onditiona lly  D efic ien t in 
N u c le a r  DNA M eta b o lism

A m u tan t  of S a c c h a ro m y c e s  c e r e v i s i a e  i s  d e s c r ib e d  in  th is  co m m u n ic a t io n  

w h ich  c o n d it io n a lly  a f fe c t s  n u c le a r  DNA m e ta b o l i s m *  T e t r a d  a n a ly s i s  

d e m o n s ta te s  th a t  th e  t e m p e r a t u r e  s e n s i t iv e  pheno type  of th i s  m u tan t  

i s  th e  r e s u l t  of a  s in g le  n u c le a r  gene  m u ta t io n .

W hen a  c u l tu r e  of th i s  m u ta n t  s t r a i n  is  t r a n s f e r r e d  to  th e  r e s t r i c t i v e  

t e m p e r a t u r e  a  co n tin u ed  i n c r e a s e  in o p t ic a l  d e n s i ty  o c c u r s  w h ich  is  

a c c o m p a n ie d  by a r a p id  lo s s  of c e i l  v i a b i l i ty .  T h is  l o s s  of c e i l  v ia b i l i ty  

a p p e a r s  to  r e q u i r e  th e  co n tin u e d  g ro w th  of th e  m u ta n t  c e l l s ,  s in c e  

c e l l s  th a t  have  b e e n  s t a r v e d  p r i o r  to  and  d u r in g  e x p o s u r e  to  th e  r e s t r i c t i v e  

t e m p e r a t u r e  fa il  to  ex h ib it  any  lo s s  of c e l l  v ia b i l i ty  ev en  a f t e r  s e v e n  h o u r s .

T he  a b i l i ty  of th e  m u tan t  to  s y n th e s iz e  DNA a t  th e  r e s t r i c t i v e  t e m p e r a t u r e  

w a s  m o n i to r e d  in  o r d e r  to  d e te r m in e  w h e th e r  o r  not th e  lo s s  o f  v ia b i l i ty  

i s  th e  r e s u l t  of an  in a b i l i ty  o f  t h e s e  c e l l s  to  s y n th e s iz e  DNA a t  th e  

e le v a te d  t e m p e r a t u r e .  T he  r a t e  of DNA s y n th e s i s  a t  th e  e le v a te d  

t e m p e r a t u r e ,  a s  m e a s u r e d  by  in c o r p o r a t io n  of r a d io a c t iv e  ad en in e  

in to  ho t a lk a l i  s ta b le  co ld  a c id  p re c ip i t a b le  m a t e r i a l ,  o c c u r s  a t  a  r a t e  

c o m p a r a b le  to  th a t  of th e  24°C  c o n t ro l .  T h u s ,  un like  th e  cdc m utants^  

( H a r tw e l l ,  1973) th e  lo s s  of v ia b i l i ty  e x p r e s s e d  in  th i s  s t r a i n  i s  not 

th e  r e s u l t  of a  t e m p e r a t u r e  s e n s i t iv e  b lo ck  in  th e  DNA sy n th e t ic  a p p a r a tu s .

T he  a c c u r a c y  w ith  w h ich  th i s  m u ta n t  w a s  a b le  to  m a in ta in  c o r r e c t  

DNA s y n th e s i s  a t  th e  n o n - p e r m is s iv e  t e m p e r a t u r e ,  w a s  a n a ly z e d  in  

th e  fo llow ing m a n n e r .  C e l l s  o f  th e  m u ta n t  s t r a i n  w e r e  e x p o se d  to  

th e  e le v a te d  t e m p e r a t u r e  fo r  v a ry in g  le n g th s  o f  t i m e  and  th e n  r e tu r n e d
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to  th e  p e r m i s s i v e  t e m p e r a t u r e .  S u b se q u en t ly ,  a l l  m a n ip u la t io n s  and  

p r o c e d u r e s ,  inc lud ing  m a ting  w ith  a  n o n - te m p e r a tu r e  s e n s i t iv e  s t r a i n ,  

s e le c t io n  of th e  d ip lo id s ,  s p o ru la t io n ,  m ic ro m a n ip u la t io n ,  and  t e t r a d  

a n a ly s i s  w e re  a l l  c a r r i e d  out a t  th e  p e r m i s s i v e  t e m p e r a t u r e .  A to ta l  

e la p s e d  t im e  of o ften  up to  tw e lv e  to  f i f te e n  d ay s  had  th e r e f o r e  p a s s e d  

b e tw ee n  in i t i a l  e x p o su re  of th e  m u ta n t  h ap lo id  to  th e  r e s t r i c t i v e  t e m p e r a t u r e  

and  th e  su b se q u e n t  a n a ly s i s  of the  m ic ro m a n ip u la te d  s p o r e s .  T he  

f i r s t  o b s e r v a t io n  w as  th a t  the  : Tiber of v ia b le  s p o r e s  p r e -

d uced  f r o m  th e s e  d ip lo id s  w a s  g r e a t ly  r e d u c e d .  T h u s  e x p o s u r e  of 

th e  h ap lo id  m u tan t c e l l  to  th e  r e s t r i c t i v e  t e m p e r a t u r e  a p p e a r s  to  induce  

a  p e r m a n e n t  a l t e r a t i o n  w hich  is  m a in ta in e d  ev en  d u r in g  th e  su b se q u e n t  

long in c u b a t io n  a t  th e  p e r m i s s i v e  t e m p e r a t u r e .

By c o m p a r i s o n ,  when an  id e n t ic a l  e x p e r im e n t  to  th e  one  d e s c r ib e d  

above  w as  p e r f o r m e d  using  s e v e r a l  t e m p e r a t u r e  s e n s i t iv e  cdc m u ta n ts ,  

t h e r e  w as  no re d u c t io n  in  th e  n u m b e r  of v ia b le  s p o r e s  p ro d u c e d  by 

th e  r e s u l t in g  d ip lo id s .  T h u s ,  it  w ould  a p p e a r  th a t  th e  lo s s  o f  s p o r e  

v ia b i l i ty  in  th e  T S 6 M 4 .6  c r o s s e s  i s  no t th e  r e s u l t  of th e  ’’u n h ea lth y "  

n a tu r e  of one of th e  m a tin g  p a r t n e r s .

Secondly , e x am in a t io n  of F ig u r e  21 in d ic a te s  th a t  w ith  in c r e a s in g  

t im e  of e x p o s u re  of th e  m u tan t  h ap lo id  c e l l  to  36 °C , no t only do es  th e  

f re q u e n c y  w ith  w hich  an  a s c u s  co n ta in in g  in v ia b le  s p o r e s  i n c r e a s e ,  

bu t th i s  e x p r e s s io n  is  not a  c o m p le te ly  r a n d o m  p r o c e s s ,  a s  c an  be s e e n .  

A f te r  th e  sec o n d  h o u r ,  th e  n u m b e r  of t e t r a d s - w i th  fo u r  v ia b le  s p o r e s  

d e c l in e s  r a p id ly  y ie ld ing  no fo u r  v ia b le  s p o r e d  t e t r a d s  a f t e r  f ive  h o u r s  

of e x p o s u r e .  T h is  r e s u l t  i s  a c c o m p a n ie d  by a  c o n c o m i t ta n t  r i s e  in
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th e  n u m b e r  of t e t r a d s  y ie ld ing  2 o r  0 v ia b le  s p o r e s  p e r  a s c u s  • At 

a  l a t e r  t im e  ( 3 to  5 h o u rs )  th e  n u m b e r  of a s c i  hav ing  only  one  v ia b le  

s p o r e  a l s o  i n c r e a s e s .  H o w ev e r ,  a t  no t im e  do es  a  s ig n if ic a n t  n u m b e r  

o f  t e t r a d s  y ie ld  t h r e e  v iab le  s p o r e s  p e r  a s c u s .  T h is  type  of s p o re  

s u r v iv a l  p a t t e r n  w ould  be e x p e c te d  i f  one o r  m o re  le th a l  g e n e t ic  a b e r ­

r a t io n s  w e re  o c c u r r in g  in  the  m u tan t d u r in g  th e  in d u c tio n  p e r io d  and 

w e r e  th e n  s e g r e g a t in g  d u r in g  th e  m e io t ic  p r o c e s s .

T h i rd ly ,  an  a n a ly s i s  of th e  g e n e t ic  s e g r e g a t io n  p a t t e r n  of th e  g e n e tic  

m a r k e r s  in  th e  su rv iv in g  s p o r e s  h a s  d e m o n s t r a t e d  e x t r e m e  d e v ia t io n s  

f r o m  e x p e c te d  v a lu e s .  T h e r e  e x i s t s  am ong  th e s e  su rv iv in g  m e io t ic  

p r o d u c ts ,  a  p r e f e r e n t i a l  t r a n s m i s s i o n  of th e  "+" a l l e l e s  fo r  th e  ly s in e ,  

ty r o s in e  and  aden in e  a u x o t io p h ic  m a r k e r s .  It i s  i n t e r e s t in g  to  note  

th a t  th e s e  "+" a l l e l e s  w e r e  o r ig in a l ly  in t r o d u c e d  in to  the  d ip lo id s  

by th e  t e m p e r a t u r e  s e n s i t iv e  p a r e n t ,  th u s  s u g g e s t in g  th a t  t h e r e  m ay  

p e r h a p s  be  a  p r e f e r e n t i a l  r e p l i c a t io n  in  th e  t e m p e r a t u r e  s e n s i t iv e  

p a r e n t ,  a t  36 °C , of so m e  of i t s  g e n e t ic  in fo r m a t io n .

F o u r th ly ,  a n a ly s is  of th e  m ating  type  of th e  su rv iv in g  s p o r e s  r e ­

v e a le d  th a t  24% a r e  s t e r i l e .  In 1943, L in d e g re n  and  L in d e g re n  

d e m o n s t r a t e d  th a t  a  s ing le  p a i r  of a l l e le s  " a "  and  "dv " ,  c o n t ro l  the  

m a ting  r e s p o n s e  in  S a c c h a ro m y c e s  c e r e v i s i a e . S u b seq u en tly ,  i t  

w as  d e m o n s t r a t e d  th a t  the  " a / ^  " d ip lo id s  b eh av ed  in  a  s t e r i l e  f a s h io n ,  

m a tin g  only r a r e l y  w ith  e i th e r  " a "  o r  "  m a tin g  type  s t r a i n s  (P o m p e r  

e t a l . , 1954). The s t e r i l e  s p o r e s  i s o la te d  f r o m  th e  t e t r a d s  y ie ld in g  

l e s s  th a n  fo u r  v ia b le  s p o re s  w e r e  a n a ly z e d  to  d e te r m in e  i f  t h e i r  s t e r i l e
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phenotype i s  th e  r e s u l t  of such  a  h e te ro z y g o s i ty  of the  m a ting  lo c u s .

In th is  a n a ly s i s ,  ad v an tag e  w as  ta k e n  of th e  fac t  th a t  anu ep lo id  s t r a in s  

con ta in ing  gen e tic  in fo rm a t io n  fo r  bo th  th e  "a*1 and m ating  ty p e s

have  th e  ab il i ty  to  in i t ia te  so m e  of th e  p r o c e s s e s  invo lved  in  s p o ru la t io n  

(Roth and F o g e l ,  1971). T h u s ,  th e  s t e r i l e  s p o r e s  w e re  t r a n s f e r r e d  

to  KAc sp o ru la t io n  m e d ia  and s c o r e d  fo r  t h e i r  ab il i ty  to  undergo  

p a r t i a l  o r  co m p le te  s p o ru la t io n .  T h is  a n a ly s is  r e v e a le d  th a t  s e v e r a l  

of th e s e  s t e r i l e  s p o r e s  did in  fa c t  hav e  th e  a b i l i ty  to  und e rg o  s p o ru la t io n .  

T he r e s u l t s  p r e s e n te d  su g g es t  ( se e  T ab le  3) th a t  78% of th e  su rv iv in g  

s p o re s  co n ta in  " m a ting  type  in fo rm a t io n  ( -  54%; a/^v - 24%)

w hile  46% of th e  su rv iv in g  s p o r e s  co n ta in  " a "  m ating  type  in fo rm a t io n .

T h u s ,  once a g a in ,  t h e r e  a p p e a r s  to  be ev idence  to  su g g es t  th a t  t h e r e  

m ay  be a  p r e f e r e n t i a l  t r a n s m i s s i o n  of s o m e  (o r  a ll)  of the  g ene tic  

in fo rm a t io n  of th e  t e m p e r a t u r e  s e n s i t iv e  p a re n t  a t  th e  e le v a te d  t e m p ­

e r a t u r e .

F in a l ly ,  w hen  tw o of th e  su rv iv in g  s p o r e s  w e re  a n a ly z e d  g e n e t ic a l ly ,  

one w as  found to  co n ta in  both  "+" and  a l l e l e s  fo r  th e  ly s in e ,  t y r o ­

s in e  an d  ad en in e  g e n e t ic  m a r k e r s ,  a s  w e ll  a s  an  e x c e s s  of th e  p ro to ­

t ro p h ic  a l l e le  fo r  th e  u r a j  lo c u s .  T h u s ,  th e s e  d a ta  d e m o n s t r a t e  the  

e x is te n c e  of aneup lo idy  o r  a t  l e a s t  m u lt ip le  c o p ie s  of c e r t a i n  a l l e l e s

in  th e  su rv iv in g  s p o r e s .

A ll of th e  above  f ind ings  a r e  c o n s i s t a n t  w ith  th e  g e n e r a l  h y p o th e s is

th a t  a t  th e  n o n -p e rm is s iv e  t e m p e r a t u r e  i n a c c u r a t e  r e p l i c a t io n  of th e  

m u ta n t  c e l l ' s  g en o m e  is  o c c u r r in g .  W hile  i t  a p p e a r s  th a t  DNA s y n th e s is
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c o n tin u es  to  ta k e  p la c e ,  su b se q u e n t  a n a ly s i s  of th e  m a t e r i a l  s y n th e s iz e d

h a s  shown it to  be i n c o r r e c t .  T h is  c an  be s e e n  in i t ia l ly  by th e  d r a m a t i c

lo s s  of c e l l  v ia b i l i ty  and  can  be s tu d ie d  f u r th e r  if  t h e s e  d a m a g e d  c e l l s

a r e  r e s c u e d  by m a tin g  and  th en  a l lo w ed  to  s e g r e g a te  t h e i r  g en e t ic  

m a t e r i a l  d u rin g  the  p r o c e s s  of m e io s i s .  S om e o f  th e  g en e tic  m a t e r i a l

in  th e s e  m e io t ic  p r o d u c ts  c an  no lo n g e r  be d e te c te d  ( i . e .  l o s s  o f  s p o r e

v ia b i l i ty )  w h ile  e x t r a  g e n e t ic  m a t e r i a l  a p p e a r s  to  hav e  a c c u m u la te d

( i . e .  a b e r r a n t  s e g r e g a t io n  p a t t e r n s  o f  v a r io u s  g e n e t ic  m a r k e r s ) .

T h e  e x ten d ed  p e r io d  o f in c u b a t io n  a t  th e  p e r m i s s i v e  t e m p e r a t u r e  b e tw ee n

th e  t im e  of e x p o s u r e  to  th e  e le v a te d  t e m p e r a t u r e  and  in d u c tio n  of m e io s i s ,

r u l e s  out the  p o s s ib i l i ty  th a t  th e  e x p r e s s io n  of th is  m u ta t io n  m a n i f e s t s

i t s e l f  in  an  a l t e r a t i o n  of a  c e l l u l a r  co m p o n en t th a t  i s  t u r n e d  o v e r ,  an d

s t ro n g ly  s u g g e s ts  th a t  a  p e r m a n e n t  g en e t ic  a l t e r a t i o n  is  be ing  in d u ced

in  th is  s t r a i n .

The d a ta  p r e s e n te d  h e r e  s u g g e s ts  th a t  the  a b se n c e  of th e  w ild  type  

T S 6M 4.6  n u c le a r  gene p ro d u c t  a t  the  e lev a te d  t e m p e r a t u r e  in  th i s  t e m p ­

e r a t u r e  s e n s i t iv e  s t r a i n  r e s u l t s  in  a  lo s s  of th e  c e l l s '  c o n tro l  of e i th e r  

th e  re p l ic a t io n ,  m a in te n an c e  o r  d is t r ib u t io n  of c h ro m o s o m a l  in fo rm a t io n .

T h is  d e fec t  m a n i fe s t s  in t s e l f  in  th e  h ap lo id  by p ro d u c in g  c e l l s  w h ich , a f t e r  

e x p o su re  to  th e  r e s t r i c t i v e  t e m p e r a t u r e ,  and  p e rh a p s  due to  a  lo s s  of g en e tic  

in fo rm a t io n ,h a v e  l o s t  t h e i r  co lony fo rm in g  a b i l i ty .  T h is  l o s s  of c h ro m o s o m a l  

c o n tro l  fu r th e r  e x p r e s s e s  i t s e l f  w hen c e l l s  w hich  h ad  b een  ex p o sed  to  th e  

r e s t r i c t i v e  t e m p e r a t u r e  w e re  r e s c u e d  by a  m a tin g  to  a  n o n - te m p e r a tu r e  

s e n s i t iv e  s t r a in  a t  th e  p e r m is s i v e  t e m p e r a t u r e .  T h e s e  r e s u l t in g  d ip lo id s ,  

w hen m ad e  to  u n d e rg o  m e io s i s ,  p ro d u c e d  n u m e ro u s  in v iab le  s p o r e s .
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a s  w ell a s  v iab le  s p o r e s  exh ib it ing  e x t r e m e ly  a b e r r a n t  g en e tic  m a r k e r  

s e g re g a t io n s  due to  anuep lo idy  of so m e  o r  a l l  of th e  c h ro m o s o m e s  

(o r  a l l e l e s ) .  T h e s e  r e s u l t s  su g g e s t  th a t  in  ad d it io n  to  a  p o s s ib le  

lo s s  of g ene tic  in fo rm a t io n  due to  th e  a b se n c e  of th e  T S 6M 4.6  gene 

p ro d u c t  t h e r e  m ay  a l s o  be  an  a c c u m u la t io n  of g en e tic  in fo rm a t io n  

in  th is  m u tan t  s t r a i n  a t  the  e le v a te d  t e m p e r a t u r e .
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T a b le  1

S t r a in s of S a c c h a r o m y c e s  c e r e v i s i a e

S t r a in  n u m b e r P lo id y G enotype

123. 1C In u r a j h i s 7 ga l"

1 2 3 .1 C  G a l+ In * u r a 3h i s 7g a l+

T S - lG -9 5 b In ol.ura3h is 7 tp i

C R -9 B In a Iy s 2l e u 2

144-2C In a l e ^ u r a j h i s - ^ g a ^ t p i

144-2C  G a l+ In a l e u 2 u r a ^ h i s 7g a l  tp i

1 4 4 -2 C  ?  “ -3 I n a l e u 2u r a 3h is y g a l  tp i

1 0 3 .1A In <^hiSj

1 1 5 .8 C I n <* ly s2

1 0 3 . ID In 4 lysx

x463 (1 4 4 -2 C  x 1 1 5 .8C) 2n a Ie u 2u ra - jh is 7 +• tp i  
dw + + + lys2 +

x464 (1 4 4 -2 C  x 103. ID) 2n a I e u 2 u r a ^ h i s 7  + tp i

T S 6 M 4 .6  

1 0 2 .10A 

A364A 

TS314

I n

In

In

In

4  + + + iy * i +

d u ra jh is ^ ts l  

a ly s2

a a d e ia d e 2 b is7 u ra ily s2 ty ri

isogenic  w ith A364A; a lso  contains cdc 4-1
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T a b le  1 ( c o n t . )

S t r a in s  of S a c c h a ro m y c e s  c e r e v i s i a e

S t r a in  n u m b e r

TS124

4 5 7 . 5D

P lo id y

In

TS198 In

x403 (T S 6 M 4 .6 x 1 0 2 .10A) 2n

li

4 5 8 .2 D  In

x459 (4 5 7 .5 D  x 4 5 8 .2 D ) 2n

G enotype

Is o g e n ic  w ith  A364A; a l s o  c o n ta in s  cdc  7-1

Is o g e n ic  w ith  A364A; a l s o  c o n ta in s  cdc  8-1

dl u r a 3h i s 7 + t s l  
a  + + l y a j  +

* .a d e ih iS 7 u r a 3l y s 2t y r l  t s l

a  l y s x t s l

(A.adeihis7 u r a 3ly s^ ty r  i + t s l  
a  + + + + + ly e ^ t s l

1 0 1 .7A I n a  u r a 1

tp i  -  t e m p e r a t u r e  s e n s i t iv e  p e t i te  in d u c e r  (R ubin  and  B l a m i r e ,  1977) 
t s l  - t e m p e r a t u r e  s e n s i t iv e  le th a l
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T a b le  2

A u x o tro p h ic  P h en o ty p e  of S p o re s  P r o d u c e d  F r o m  D ip lo ids  
C r e a te d  in  a  C r o s s  B e tw een  C e l ls  of T S 6 M 4 .6  -Exposed to  
36°C  fo r  V ary in g  L e n g th s  of T im e  P r i o r  to  M ating  and

S t r a in  A364A

T o ta l  n o . HIS UR A LYS ADE TYR
of S n o re s + - + - + + - +

C o m p le te  T e t r a d s  108 0 108 26 82 55 53 20 88 55 "53

In c o m p le te  T e t r a d s  41 ** 0 41 12 29 40 1 21 20 37 4

E x p e c te d  R a t io s 0 1 1 3 2 2 1 3 2 2

P ^ C o m p le te  T e t r a d s ) 1 .0 0 .8 0 - .90 • 00 0 1 . vO o . 10-. 20 .8 0 - .9 0

P ^ In c o m p le te  T e t r a d s ) 1.0 0 .5 0 - .70 < .0 1 < .0 1 <. 01

*- P r o b a b i l i ty  c a lc u la te d  a c c o rd in g  to  Chi s q u a re  m e th o d .

** T h e s e  41 s p o re s  w e re  o b ta ined  f r o m  th e  d is s e c t io n  of 24 
fo u r  s p o re d  a s c i .
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T ab le  3

M ating  Type of S p o re s  P r o d u c e d  F r o m  D ip lo ids  C re a te d  
in  a  C r o s s  B etw een  C e l ls  of T S 6M 4.6  E x p o sed  to  36°C 
fo r  V ary ing  L en g th s  of T im e  P r i o r  to  M ating and  S tra in

A364A

C o m p le te  T e t r a d s  

In c o m p le te  T e t r a d s  

E x p e c ted  R a t io s  

P  (C o m p le te  T e t r a d s )

T o ta l  no . 
of s p o re s  

108

41

a
53 (49%) 

9 ( 2 2 %) 

2

cL_
54 (50%)

22 (54%) 

2

> .9 0

S te r i le  
1 ( 1%)

10 (24%)

0

P  (In co m p le te  T e t r a d s ) .0 5  -  .1 0
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T a b le  4

A u x o tro p h ic  P h en o ty p e  of S p o re s  P r o d u c e d  F r o m  D ip lo ids  
C r e a te d  in  a  C r o s s  B e tw een  C e l ls  of B R .4 .7 B  and  1 0 1 .7 A  

and  in  a  C r o s s  B e tw een  C e l ls  of B R .4 .8 B  and  101. 7A

HIS
+

URA
+

LYS
+

AD
+

• TYR 
+

B R .4 .7 B  x  1 0 1 .7A 7 10 7 10 13 4 14 3 14 3

B R .4 .8 B  x  1 0 1 .7 A 22 22 8 36 44 0 44 0 44  0

E x p e c te d  R a t io s 1 1 1 3 1 0 1 0 1 0

P  ( B R .4 .7 B  x 1 0 1 .7A) .3 0 - .5 0 . 1 0 - . 2 0 < .0 1 < . 01 < .0 1

P  ( B R .4 .8 B  x 1 0 1 .7A) 1. 00 .2 0 - . 3 0 1 .00 1. 00 1 .0 0
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T a b le  5

O b se rv e d  U ra c i l  G enotype  of S p o re s  P r o d u c e d  F r o m  D ip lo ids  
C re a te d  in  a  C r o s s  B e tw een  C e l ls  of B R .4 .7 B  and  1 0 1 .7A and  

in  a  C r o s s  B e tw een  C e l l s  of B R .4 .8 B  and  10 1 .7 A

B R .4 .7 B  x  1 0 1 .7A
U R A ,+

16
U R V

1
URA^+

8
U R A i*

9

B R .4 .8 B  x 1 0 1 .7 A 22 2 2 22 22

E x p e c te d  R a t io s 2 2 2 2

P  ( B R .4 .7 B  x 1 0 1 .7A) <. 01 .8 0  - .9 0

P  ( B R .4 .8 B  x 101.7A ) 1 .0 0



F ig u r e  1. P e t i t e  in d u c tio n  of s t r a i n  x463 a t 24°C  (o— o) an d  36°C

(•— •) and  s t r a i n  x464 a t  24°C  ( o- - -o) and  36°C  (e- -  - • ) .

C e l ls  of s t r a i n s  x463 and  x464 g ro w in g  in  l iq u id  Y E P D  

o
m e d ia  a t  24 C w e r e  d i lu te d  in to  10 m l a l iq u o ts  of f r e s h  

Y E P D  a t  a  c o n c e n t r a t io n  of 1 .5 7  x  10^ and  1 .4  x 10^ c e l l s / m l  

r e s p e c t iv e ly  and  a l lo w ed  to  g row  fo r  a p p ro x im a te ly  15 

g e n e r a t io n s  a t  e i t h e r  24°C  o r  3 6 °C . T he  in d u c tio n  of p e t i t e s  

w as  m o n i to re d  d u r in g  th is  p e r io d  by d i lu t in g  and  p la t in g  

c e l l s  f r o m  bo th  t e m p e r a t u r e s  onto  s o l id  Y E P -D if  m e d ia  

and  a llow ing  th e  c e l l s  to  g row  fo r  6 d a y s  a t  2 4 ° C .  T h e

n u m b e r  of g ra n d e s  r e m a in in g  w e r e  s c o r e d  on th e  b a s i s  of 

co lony  s i z e  an d  r e c o r d e d  a s  a p e r c e n ta g e  of th e  to ta l  

p o p u la t io n .
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F ig u r e  2. P e t i t e  induc tion  of s t r a in  144-2C  g row n  a t  24°C  (o— o) 

and  36°C ( • ——•) in  d e x t ro s e  m e d ia .  C e l ls  grow ing in  

l iq u id  Y EPD  at 24°C  w e re  d i lu ted  in to  10 m l  a l iq u o ts  

of Y EPD  m e d ia  to  g ive  a  f ina l c o n c e n tra t io n  of 5 x 10 

c e l l s / m l ,  and  a llow ed  to  grow a t  e i th e r  24°C  o r  36°C 

fo r  6 g e n e r a t io n s .  The induc tion  of p e t i te s  w as  m on­

i to r e d  d u r in g  th is  p e r io d  a s  d e s c r ib e d  in  th e  legend  to  

F ig u r e  1.
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F ig u r e  3 . C es iu m  c h lo r id e  d e n s i ty  g ra d ie n t  DNA p ro f i le  of a  ^H- 

aden ine  la b e le d  p e t i te  c lone  i s o la te d  f r o m  s t r a i n  144- 

2C a f t e r  e x p o su re  to  36°C in  d e x t ro s e  m e d ia .  T h e  4 

h o u r  lab e l in g  of th i s  p e t i te  s t r a i n  w ith  20 u C i / m l  of ^H - 

aden in e  in  YNBD + X m e d ia  w as  c a r r i e d  out in  th e  p r e s ­

ence  of 200 j ig /m l  of c y c lo h e x im id e  in  o r d e r  to  i n c r e a s e  

th e  in c o rp o ra t io n  of la b e l  in to  th e  m ito c h o n d r ia l  g en o m e . 

A f te r  th e  4 h o u r  in cu b a t io n  p e r io d  th e  c e l l s  w e r e  h a r ­

v e s te d ,  ly s e d ,  and  th e  l y s a t e s  c e n tr i fu g e d  fo r  42 h o u r s

a t  3 3 ,0 0 0  rp m  a t  19°C in  a  Spineo 50 T i r o t o r .  In th is

14g ra d ie n t ,  a s  w e ll  a s  a l l  o t h e r s ,  C -a d en in e  la b e led

DNA of th e  g ra n d e  s t r a in  1 23 .1C  w as  in c lu d ed  a s  a

m a r k e r  (not show n). S a m p le s ,  0 .2  m l ,  w e re  c o l le c te d

f r o m  th e  b o tto m  of th e  g ra d ie n t  and  a s s a y e d  fo r  hot

a lk a l i  s tab le  co ld  TCA p re c ip i ta b ie  c o u n ts .  T he  so lid

v e r t i c a l  l in e  and  th e  d a sh e d  v e r t i c a l  l in e  in d ic a te  th e

14r e s p e c t iv e  p o s i t io n s  of th e  C -a d en in e  la b e le d  n u c le a r  

and  m i to c h o n d r ia l  DNA s p e c ie s  of p a r e n ta l  s t r a in  1 2 3 .1 C .
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F ig u r e  4 a - f .C s C l  d e n s i ty  g ra d ie n t  DNA p ro f i le s  of c e l l s  g row n  in  

YNBD + X m e d ia  in  th e  p r e s e n c e  of 20 ju C i/m l ^H- 

a d en in e  fo r  4 h o u r s .

(a  & b) R ad io ac t iv e  in c o rp o ra t io n  of s t r a i n  144-2C  

a t  24°C  (a) and  36°C  (b).

(c 81 d) R ad io ac t iv e  in c o rp o ra t io n  of s t r a i n  144-2C  in  

th e  p r e s e n c e  of 200 j i g /n i l  of c y c lo h ex im id e  a t  24°C  

(c) and  36°C  (d).

(e & f) R ad io ac t iv e  in c o rp o ra t io n  of p a r e n ta l  s t r a i n  

12 3 .1 C  a t  24°C  (e) and  36°C  (f).
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H cpm  
xlO-3

30

Frac. No.
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F ig u r e  5 a -b .C s C l  d e n s i ty  g ra d ie n t  DNA p r o f i le s  of s t r a i n  144-2C , 

p re la b e le d  fo r  15 h o u r s  a t  24°C  in  th e  p r e s e n c e  of 20 

ju C i/m l of ^H -ad en in e  in  liqu id  YNBD + X . T h e s e  c e l l s  

w e re  th e n  w a sh e d ,  r e s u s p e n d e d  in  f r e s h  n o n - r a d io -  

a c t iv e  m e d ia ,  and  d iv ided  in to  tw o eq u a l  a l iq u o ts  w hich  

w e re  th e n  in c u b a ted  a t  24°C  (a) and  36°C  (b) fo r  4 

h o u r s .
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Frac No.

^Hcpm
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F ig u r e  6 . P e t i t e  induc tion  of s t r a in  144-2C  g row n  a t  24°C  (o— o) 

and  36°C (•— •) in  g ly c e ro l  m e d ia .  C e l ls  g row ing  in  

l iq u id  Y E PG  m e d ia  a t  24°C  w e re  d i lu te d  in  Y E PG  m ed ia  

and  a llow ed  to  grow  a t  e i th e r  24°C  o r  36°C  f o r  7 gen ­

e r a t i o n s .  P e t i t e  induc tion  d u rin g  th e  p e r io d  w as  m on­

i to r e d  by d ilu ting  and p la ting  onto so lid  Y E P -D if  m e d ia  

a s  d e s c r ib e d  in  th e  leg en d  to  F ig u r e  1.
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F ig u r e  7 , C sC l d e n s i ty  g ra d ie n t  DNA p ro f i le  of a  ^H -ad en in e  

la b e le d  p e t i te  c lone  i s o la te d  f r o m  s t r a i n  144-2C  

a f t e r  e x p o su re  to  36°C  in  g ly c e r o l  m e d ia .  T he  la b e l ­

ing  of th e  p e t i te  s t r a i n  in  YNBD + X m e d ia  w as  c a r r i e d  

out us ing  20>uC i/m l ^H -ad en in e  in  th e  p r e s e n c e  of 200 

ju g /m l of c y c lo h e x im id e .  T h e  c e l l s  w e re  th e n  h a r v e s te d ,  

ly s e d ,  and  a n a ly z e d  a s  d e s c r ib e d  in  th e  legend  to  F ig u re



8  3 h  cpm 
x10~3

6

|4

2



F ig u r e  8 a - d .C s C l  d e n s i ty  g ra d ie n t  DNA p ro f i le s  of c e l l s  g row n  in  

YNBG + X m e d ia  in  th e  p r e s e n c e  of 20 ju C i/m l of ^H - 

ad en in e  fo r  4 h o u r s .

(a  & b) R a d io a c t iv e  in c o rp o ra t io n  of s t r a i n  144-2C  a t  

24°C  (a) and  36°C (b).

(c & d) R a d io a c t iv e  in c o rp o ra t io n  of p a r e n ta l  s t r a i n  

123 .1C  a t  24°C  (c) and  36°C  (d).
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F ig u r e  9 . P e t i t e  in d u c tio n  of s t r a i n  144 -2C  G al*  a t  24°C  (o— o) 

oand 36 C (»— •) in  g a la c to s e  m e d ia .  C e l ls  g row ing  in

liq u id  Y E P -  G al a t  24°C  w e r e  d i lu te d  in to  10 m l a l iq u o ts

4
of f r e s h  Y E P - G a l  m e d ia  a t  a  c o n c e n t r a t io n  of 3 .2  x 10

c e l l s / m l  and  a l lo w ed  to  grow  fo r  a p p ro x im a te ly  7 g e n e r a -  

°  , ot io n s  a t  24 C o r  36 C . P e t i t e  in d u c tio n  d u r in g  th is  p e r io d  

w as  m o n i to r e d  a s  d e s c r ib e d  in  th e  leg en d  to  F ig u r e  1.
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F ig u r e  10. C sC l d en s ity  g ra d ie n t  DNA p ro f i le  of a  J H -a d en in e  la b e le d  

p e t i te  c lone  i s o la te d  f r o m  s t r a i n  144-2C  G al+ a f t e r  expo­

s u r e  to  36°C in  g a la c to s e  m e d ia .  The 4 h o u r  lab e l in g  of 

th i s  p e t i te  s t r a i n  w ith  20>iCi/ml of H -a d e n in e  in  YNBD + 

X m e d ia  w as c a r r i e d  out in  th e  p r e s e n c e  of 200xig/m l of 

cy c lo h ex im id e  a s  d e s c r ib e d  in  th e  le g en d  to  F ig u r e  3.



2
3Hcpm

xior^

1



F ig u r e  l l a - f .  C sC l d en s ity  g ra d ie n t  DNA p r o f i le s  of c e l l s  g row n  in
3

YNBGal + X m e d ia  in  the  p r e s e n c e  of 20 j iC i /m l  H* 

aden ine  fo r  4 h o u r s .

(a 81 b) R ad io ac tiv e  in c o rp o ra t io n  of s t r a i n  144-2C  Gal* 

a t  24°C  (a) and  36°C  (b).

(c & d) R ad io ac t iv e  in c o rp o ra t io n  of s t r a i n  144-2C  Gal* 

in  th e  p r e s e n c e  of 200 ju g /m l of cy c lo h e x im id e  a t  24°C  (c) 

and 36°C  (d).

(e & f) R a d io ac t iv e  in c o rp o ra t io n  of s t r a i n  1 2 3 .1 C  Gal* 

a t 24°C  (e) and  36°C (f).
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F ig u r e  1 2 a -b .  K in e t ic s  of m i to c h o n d r ia l  DNA s y n th e s i s  of s t r a i n  144-2C  

a t  the  r e s t r i c t i v e  t e m p e r a t u r e  in  d e x t r o s e  (a) and  g ly c e r o l  

(b) con ta in ing  m e d ia s .  C e i ls  g row n  to  m id  log p h ase  

in  e i th e r  YNBD + X o r  YNBG + X w e re  d iv id ed  in to  e q u a l  

a l iq u o ts  w hich  w e re  ex p o se d  to  36°C  fo r  0 , 2 o r  4 h o u r s  

p r io r  to  a tw o h o u r  la b e l in g  w ith  ^ H -a d en in e  a t  36°C . 

T h e s e  c e l l s  w e r e  th e n  h a r v e s t e d ,  ly s e d  an d  th e i r  DNA 

banding  p r o f i l e s  a n a ly z e d  a s  d e s c r ib e d  in  th e  le g en d  to  

F ig u r e  3 . The m i to c h o n d r ia l / to t a l  r a t io  is  p lo t te d  fo r  

th e  two h o u r  lab e l in g  p e r io d s  a s  a  p e r c e n t  of th e  24°C  

c o n tro l  ( s e e  M a te r i a l s  an d  M e th o d s) .



300
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F ig u r e  13. V iab le  coun t d e te r m in a t io n s  of s t r a i n  14 4 -2 C  f* " - 3

in c u b a ted  a t  24°C  (o— o) and  36°C  (•■■ -■») in  l iq u id  Y E P D  

m e d ia .  C e l ls  g ro w in g  in  l iq u id  Y E P D  m e d ia  w e r e  d i lu te d  

in to  10 m l  a l iq u o ts  of f r e s h  Y E P D  a t  a  c o n c e n t r a t io n  of 

5 .6  x 10^ c e l l s / m l  and  a l lo w ed  to  g row  a t  e i th e r  2 4°C  

o r  36°C  fo r  a p p ro x im a te ly  32 h o u r s .  T he  n u m b e r  of 

v ia b le  c e l l s  in  t h e s e  c u l tu r e s  w as  m o n i to r e d  d u r in g  th i s  

p e r io d  by d i lu ting  an d  p la t in g  c e l l s  f r o m  bo th  t e m p e r a t u r e s  

on to  s o l id  Y E P D  m e d ia ,  a llow ing  th e  c e l l s  to  in c u b a te  

fo r  6 d ay s  a t  2 4 °C , and  th e n  coun ting  th e  n u m b e r  of c o lo n ie s  

fo r m e d  on th e s e  p l a t e s .
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F ig u r e  1 4 a - b .C s C l  d e n s i ty  g ra d ie n t  DNA p r o f i l e s  of ^ H -ad en in e

la b e le d  p e t i te  c lo n e s  i s o la te d  f r o m  s t r a i n  144-2C  (* " - 3

a f t e r  e x p o su re  to  24°C  (a) an d  36°C  (b). T he  4 h o u r

la b e l in g  of t h e s e  p e t i te  c lo n es  in  l iq u id  YNBD + X m e d ia

3w as  c a r r i e d  out u s in g  10 j iC i /  m l H -a d en in e  in  th e  

p r e s e n c e  of 200 <ug/ml of c y c lo h e x im id e .  T h e  c e l l s  w e r e  

th e n  h a r v e s t e d ,  ly s e d  and  a n a ly z e d  a s  d e s c r ib e d  in  th e  

leg en d  to  F ig u r e  3 .
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F ig u r e  15. V iab le  coun t d e te r m in a t io n s  of s t r a i n  TS6M 4. 6 in c u b a ted  

a t  24°C  o — o an d  36°C  •  •  in  liqu id  Y E P D  m e d ia .  C e l ls

g row ing  in  l iq u id  Y E P D  m e d ia  a t  2 4°C  w e r e  d i lu te d  in to

7
two 10 m l a l iq u o ts  of Y E P D  a t  a  c o n c e n t r a t io n  o f  1. 3 x 10 

c e l l s  p e r  m l and  a l lo w ed  to  g row  a t  e i th e r  24°C  o r  36°C  

fo r  7 . 5 h o u r s .  T h e  n u m b e r  of v ia b le  c e l l s  in  th e s e  c u l tu r e s  

w as  m o n i to re d  a s  d e s c r ib e d  in  the  legend  to  F ig u r e  13.
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F ig u r e  l6 ,O p tica l  d e n s i ty  d e te r m in a t io n s  of s t r a i n  TS6M 4. 6 in c u b a ted  

a t  24°C  o— o and  36°C  — •  in  l iq u id  Y E P D  m e d ia .  C e l ls

g row ing  in  l iq u id  Y E P D  a t  2 4°C  w e re  d i lu te d  in to  tw o  10 m l 

a l iq u o ts  of Y E P D  a t  a  k le t t  o p t ic a l  d e n s i ty  re a d in g  of 67, 

and  a l lo w ed  to  g row  a t  e i t h e r  2 4°C  o r  36°C  fo r  8 .5  h o u r s .  

The o p t ic a l  d e n s i ty  m e a s u r e m e n t s  d u r in g  th i s  p e r io d  w as  

d e te r m in e d  a s  d e s c r ib e d  in  th e  M a te r i a l s  and  M eth o d s .
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F ig u r e  17. V iab le  count d e te r m in a t io n s  of s t r a i n  TS6M 4. 6 in c u b a ted  

a t  24°C  o— o ,  30°C  • — •  a n d  3 6°C  in  l iq u id  Y E P D

m e d ia .  C e l ls  g ro w in g  in  l iq u id  Y E P D  a t  24°C  w e r e  

d i lu ted  in to  t h r e e  4 m l  a l iq u o ts  of Y E P D  a t  a  c o n c e n t r a t io n  

of 2 .2 5  x 10 c e l l s  p e r  m l an d  a l lo w ed  to  grow  a t  e i th e r  

2 4 °C , 30°C  o r  36°C  fo r  3 h o u r s .  T he  n u m b e r  of v iab le  

c e l l s  in  t h e s e  c u l tu r e s  w as  m o n i to r e d  a s  d e s c r ib e d  in  

th e  leg en d  to  F ig u r e  13,



Hours



F ig u r e  18. V iab le  count d e te r m in a t io n s  of s t r a i n  T S 6 M 4 .6  in c u b a ted  

a t  36°C  •  — •  in  YNBD, a  m e d ia  unab le  to  su p p o r t  th e  

‘ g ro w th  of T S 6 M 4 .6 .  C e l l s  g row n  in  l iq u id  Y E P D  m e d ia  

w e r e  c e n t r i fu g e d ,  r e s u s p e n d e d  in  YNBD m e d ia  la ck in g  

a u x o tro p h ic  s u p p le m e n ts  n e c e s s a r y  fo r  th e  g ro w th  of 

T S 6 M 4 .6 ,  and  a l lo w ed  to  in c u b a te  at 24°C  fo r  6 h o u r s .  

T h e s e  s t a r v e d  c e l l s  w e r e  th e n  in c u b a te d  fo r  7 h o u r s  a t  

36°C  d u r in g  w hich  t im e  th e  n u m b e r  of v ia b le  c e l l s  in  

t h i s  c u l tu r e  w as  m o n i to r e d  a s  d e s c r ib e d  in  th e  le g en d  

to  F ig u r e  13.
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F ig u r e  19. S y n th e s is  of DNA by  s t r a i n  T S 6 M 4 .6  a t  24°C  o— o and

36°C  • — • i n  YNBD + X m e d ia .  A c u l tu re  of c e l l s  g row n  

to  m id  log p h a se  in  l iq u id  YNBD + X a t  24°C  w as  

d iv id ed  in to  tw o eq u a l  a l iq u o ts  and  th e n  in c u b a ted  a t  

e i th e r  24°C  o r  36°C  in  th e  p r e s e n c e  of 9 Mg p e r  m l co ld  

ad en in e  and  10 nC i p e r  m l  ^H -ad en in e  . At h o u r ly  

in t e r v a l s  fo r  a  5 h o u r  p e r io d ,  t r i p l i c a t e  s a m p le s  of th e  

r a d io a c t iv e ly  la b e l le d  c u l tu r e s  w e r e  a s s a y e d  fo r  th e  

p r e s e n c e  of ho t a lk a l i  s ta b le  co ld  a c id  p r e c ip i ta b le  c o u n ts ,  

a s  d e s c r ib e d  in  th e  M a te r i a l s  and  M e th o d s .  T h e  n u m b e r  

o f  co u n ts  p e r  m in u te  p r e s e n te d  in  th i s  f ig u re  r e p r e s e n t  

th e  a v e r a g e  of th e  t r i p l i c a t e  s a m p l e s .
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F ig u r e  20 .P e r c e n ta g e  of v ia b le  m e io t ic  p ro d u c ts  p ro d u c e d  f r o m  

d ip lo id s  in i t ia l ly  c r e a t e d  in  a  c r o s s  b e tw ee n  c e l l s  of 

T S 6M 4.6  e x p o se d  to  36°C  fo r  v a ry in g  le n g th s  of t im e  

p r i o r  to  m a t in g ,  and  s t r a i n  A364A. C e l ls  of s t r a i n  

T S 6 M 4 .6  e x p o se d  to  36°C  fo r  v a ry in g  le n g th s  of t im e  

( 0 - 5  h o u rs )  in  l iq u id  Y E P D , w e r e  r e tu r n e d  to  th e  p e r ­

m is s iv e  t e m p e r a t u r e  an d  m a te d  w ith  th e  s t r a i n  A 364A . 

R e s u l t in g  d ip lo id s  w e r e  i s o la t e d  on s e le c t iv e  m e d ia ,

a l lo w ed  to  g row  fo r  6 d a y s  a t  24°C  and  w e r e  th e n  m a d e

o
to  u n d e rg o  m e io s i s  a t  24 C on KAc m e d ia .  T h e  

r e s u l t in g  m e io t ic  p ro d u c ts  w e r e  d i s s e c te d  by s ta n d a r d  

m ic ro m a n ip u la t io n  te c h n iq u e s  and  th e  s p o r e s  a l lo w ed  

to  g row  f o r  8 d a y s  a t  2 4 ° C .  T h e  p e r c e n ta g e  of v ia b le  

m e io t ic  p ro d u c ts  • — •  w as  d e te r m in e d  by  th e  fo rm u la :  

n u m b e r  o f  v ia b le  s p o r e s / t o t a l  n u m b e r  o f  s p o r e s  d i s s e c te d  

x 100.
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F ig u r e  21. P e r c e n ta g e s  of th e  t o t a l  t e t r a d s  y ie ld in g  th a t  p a r t i c u l a r  

n u m b e r  of su rv iv in g  s p o r e s .  T h e  d ip lo id s  d e s c r ib e d  in  

th e  le g en d  to  F ig u r e  6 y ie ld e d  a s c i  w h ich  p ro d u c e d  f r o m  

0 to  4 su rv iv in g  s p o r e s .  T h e  n u m b e r  of t e t r a d s  in  th e s e  

v a r io u s  c l a s s e s  i s  d e p ic te d  a s  a  p e r c e n ta g e  of th e  to ta l  

n u m b e r  of t e t r a d s  d i s s e c te d  a t  e a c h  t im e  i n t e r v a l .  T h e  

v a r io u s  c l a s s e s  a r e  d e p ic te d  a s  fo llow s: 4 s u rv iv in g  

s p o r e s  o— o, 3 s u rv iv in g  s p o r e s  2 su rv iv in g
I

s p o r e s  1 su rv iv in g  s p o r e  • •  • and  0 s u rv iv in g

s p o r e s  • — « .



114

100

°/o Classes 
of Tetrads

Hours



F ig u r e  2 2 .P e rc e n ta g e  of v ia b le  m e io t ic  p ro d u c ts  p ro d u c e d  f r o m  

d ip lo id s  in i t ia l ly  c r e a t e d  in  a  c r o s s  b e tw e e n  c e l l s  of 

s e v e r a l  cdc m u ta n ts ,  ex p o se d  to  36°C  fo r  v a ry in g  le n g th s  

of t im e  p r i o r  to  m a tin g  , and  s t r a i n  1 2 3 .1 C .  C e l l s  of 

s t r a i n s  cd c4  » ■■<, cdc  7 # . . . •  and  cdc  8 •- — •  e x p o se d  

to  36°C  fo r  v a ry in g  le n g th s  of t im e  (0 to  6 h o u rs )  in  

l iq u id  Y E P D , w e r e  r e tu r n e d  to  th e  p e r m i s s i v e  t e m p e r a t u r e  and  

m a te d  w ith  th e  s t r a i n  1 2 3 .1 C . T h e  p e r c e n ta g e s  of v ia b le  

m e io t ic  p r o d u c ts  p ro d u c e d  by th e s e  d ip lo id s  w as  d e te r m in e d  

a s  d e s c r ib e d  in  th e  leg en d  to  F ig u r e  20.
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