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D a r k - R e c o v e r y  in a Pet i te  M u t a n t  of Saccharomyces cerevisiae Irradiated  w i t h  U l t rav io l e t  Light  

Cellular  r ecove ry  f rom r a d i a t i o n  i n j u r y  p roduced  u n d e r  
cond i t ions  of low m e t a b o l i c  a c t i v i t y  ( l iquid ho ld ing  
recovery)  is a n  e n z y m a t i c  process  r equ i r ing  a n  ene rgy  
supp ly  1-a. I t  has  been  shown  t h a t  cel lular  r e sp i r a t i on  
suppl ies  t he  energy  for r ecovery  d u r i n g  t he  t i m e  of 
l iquid  ho ld ing  in yeas t  cells ~, a. Fo r  example ,  anox ic  cells 
he ld  in w a t e r  a f t e r  i r r ad i a t i on  do no t  recover  f rom the  
suffered in jury ,  t he  process  of r ecove ry  s t a r t i n g  on ly  
u n d e r  aerobic  cond i t ions  ~. F u r t h e r m o r e ,  no  l iquid  ho ld ing  
recovery  (LHR)  could be  d e m o n s t r a t e d  in yeas t  s t r a in s  
w i t h  a defec t ive  s y s t e m  of cy toch romes  (pet i te  co lony 
m u t a n t s )  4, 5 w h e n  k e p t  in  w a t e r  a f te r  i r r a d i a t i o n  ~, G. On 
t he  o the r  side, accord ing  to  Korogod in  ~, t he  ab i l i t y  of 
cells to  sus t a in  f e r m e n t a t i o n  seems to  p l a y  a cer ta in ,  
a l t h o u g h  st i l l  unclear ,  role in  recovery.  M a n y  of t he  yeas t  
s t r a ins  i n v e s t i g a t e d  b y  t h i s  a u t h o r  recovered  a f te r  i r rad ia -  
t ion  on ly  w h e n  t h e y  possessed b o t h  r e s p i r a t o r y  a n d  
f e r m e n t a t i v e  func t ions  a n d  yeas t  t h a t  were ob l iga to ry  
aerobes,  were usua l ly  u n a b l e  to  recover / .  

To expla in  t h e  a b o v e  m e n t i o n e d  facts,  we a d o p t e d  the  
fol lowing work ing  h y p o t h e s i s :  a) t h e  r equ i red  energy  for 
cel lular  p o s t i r r a d i a t i o n  r ecove ry  m a y  be  suppl ied  b y  
r e sp i r a t ion  a n d / o r  f e r m e n t a t i o n  d u r i n g  the  t i m e  of LH.  
b) F e r m e n t a t i o n  a lone  m a y  be  able  to  s u p p l y  t he  requ i red  
energy  on ly  if a n  a d e q u a t e  s u b s t r a t e  is ava i l ab l e  and  t he  
c o m p o u n d s  of h igh  p h o s p h a t e  g roup  t r ans f e r  p o t e n t i a l  are 
syn thes ized  in q u a n t i t i e s  suff ic ient  to  s u p p o r t  t he  mecha-  
n i sms  of molecu la r  e n z y m a t i c  repair .  P a r t  b of th i s  hypo-  
thes is  can  be  t e s t ed  b y  s u b m i t t i n g  pe t i t e  m u t a n t s  to  
i r r a d i a t i o n  and  i n c u b a t i n g  t h e m  in so lu t ions  of low 
glucose concen t r a t i on ,  so t h a t  t he  expec ted  L H R  m i g h t  
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Materials and methods. 1. Stra ins .  Two diploid  s t r a ins  of 
Sacharomyces cerevisiae, 2117 and  211-p, were used, t he  
l a t t e r  a s p o n t a n e o u s  pet i te ,  i so la ted  a n d  iden t i f i ed  as a 
m u t a n t  of t he  fo rmer  s, 9. 2. Cul tu re  and  i r r ad i a t i on  con- 
di t ions.  Media :  a) L iqu id  g rowth  m e d i u m  (YED),  2% 
glucose and  0.5% yeas t  ex t rac t ,  b) Solid g rowth  m e d i u m :  
Y E D  plus  2% agar.  c) Min ima l  med ia :  so lu t ions  of differ- 
en t  glucose concen t r a t i ons  (0 .015-0.30%).  S t ra ins  were 
k e p t  on  aga r  s lan t s  a t  4 ~ Subcu l tu re s  growing in Y E D  
were d i lu ted  a f t e r  a t t a i n i n g  t he  s t a t i o n a r y  phase  to  4.10 ~ 
cells pe r  ml.  I r r a d i a t i o n  was pe r fo rmed  on 5.0~ml a l iquots  
f rom t h e  cel lular  suspens ion  in dishes of 5-cm d iamete r .  
The  UV-source  was a Phi l ips ,  TUV,  15-W l a m p  (254-nm) 
and  a c o n s t a n t  f lux  of 30 ergs/mmP/sec was used. D u r i n g  
i r r a d i a t i o n  cu l tu res  were s t i r red  magne t ica l ly .  E a c h  
i r r a d i a t e d  sample  and  u n i r r a d i a t e d  cont ro l s  were p l a t ed  
on  n u t r i e n t  aga r  a n d  t he  r e m a i n d e r  i n c u b a t e d  in dis t i l led 
wa te r  or in  so lu t ions  c o n t a i n i n g  glucose. All  e x p e r i m e n t s  
were pe r fo rmed  in t he  dark.  P l a t i n g  of samples  i n c u b a t e d  
in glucose was de layed  2-24 h a f te r  i r r ad ia t ion .  S u r v i v i n g  
f rac t ions  were d e t e r m i n e d  b y  c o u n t i n g  v is ib le  colonies 
(d iamete r  ~ 0.1 ram),  4 days  a f t e r  p la t ing .  All  experi-  
m e n t s  h a v e  been  r epea t ed  a t  leas t  3 t imes .  F igures  
cor respond  to one t yp i ca l  expe r imen t .  95% conf idence 
l imi t s  are shown.  

Results. Figure  1 shows t he  su rv iva l  to  UV- l igh t  of 
s t r a i n s  211 and  211-p. Cells of t he  wild t y p e  s t r a i n  (211) 
are more  U V - r e s i s t a n t  t h a n  t h e  p e t i t e  m u t a n t  yeas t  and  
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Fig. 2. Recovery of petite strain of yeast after exposure to UV-light 
and storage ill solutions containing 0.15 % glucose (left) and 0.015 % 
glucose (right). (| Survival observed on immediate plating; (�9 
survival observed on delayed plating. 
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Fig. 1. Survival of peD.te strain of yeast (211-p) and normal diploid 
strain (211) after inactivation by UV-light. t: UV-exposure time 
(Dose rate = 30 ergs/mmP/see). Survival observed on immediate 
plating: (0), strain 211-p; (~,), strain 211. Survival observed after 
24 h of storage in distilled water at 25 ~ in the dark (delayed plating) : 
(O), Strain 211-p; (A), Strain 211. 
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t he  s torage  in dis t i l led  wa te r  a f t e r  i r r ad i a t i on  increases  
t h e i r  surv iva l .  The  dose r educ t i on  factor ,  t h a t  is t h e  r a t io  
be tween  doses g iv ing  t h e  same  su rv iva l  is D R F  = 1.6. 
The  pe t i t e  s t r a i n  do no t  recover  f rom r a d i a t i o n  in jury ,  
even  u n d e r  cond i t ions  f avor ing  recovery  of n o r m a l  s t ra ins .  
F igure  2 shows su rv iva l  curves  o b t a i n e d  u n d e r  s imi la r  
cond i t ions  to  those  for F igure  1, b u t  in  t h i s  case t he  pe t i t e  
p o p u l a t i o n  was i n c u b a t e d  in 0.15 a n d  0.015% glucose, 
respec t ive ly  for 24 h before  p l a t i n g  on n u t r i e n t  agar.  
The  effect  of L H  on U V - i r r a d i a t e d  pe t i t e  cells is posi t iv .  
Fo r  0.15~o glucose, D R F  = 1.4; for 0 .015% glucose 
DIRF = 1.2. To inves t i ga t e  t he  d y n a m i c  of th i s  process, 
su rv iv ing  f rac t ions  for d i f fe ren t  L H  per iods  and  for 
d i f fe rent  doses of r a d i a t i o n  were  d e t e r m i n e d  (Figure 3). 
The  ra t e s  of r ecovery  (slopes) depend  on  t he  dose a n d  on  
ti le glucose c o n c e n t r a t i o n  of t h e  ho ld ing  media .  Un i r r a -  
d in ted  pe t i t e  cells he ld  in glucose so lu t ions  (0 .015-0.30%) 
do n o t  e x h i b i t  increase  in co lony fo rming  cells over  t he  
24-h ho ld ing  period.  However ,  b u d  in i t ia t ion ,  wh ich  
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Fig. 3. Surviving fractions after storage for different periods in various 
glucose concentrations: (A), unirradiated cells, 0.15% ~ (G) 
0.30% ; irradiated ceils: (O) ,  t = 80 see, (G) = 0 . 1 5 %  ; ( 0 ) ,  t = 60 see, 
'(G) = 0.15%; (�9 t = 80 see, (G) = 0.30%. (t/h: time of LH in h). 
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Fig. 4. Recovery index (FR) as a function of glucose concentration 
of the storage solution. Upper curve shows FR for a surviving frac- 
tion after exposure and immediate plating Nm/No = 0.010. Lower 
curve shows FR for N,n]No = 0.03. 

cor responds  w i t h  D N A  syn thes i s  ill yeas t  1~ t akes  place  
10-14 h a f t e r  i n c u b a t i o n  in so lu t ions  c o n t a i n i n g  0 .30% 
glucose, each  b u d d i n g  cell s t i l l  g iv ing  one colony, as 
ver i f ied  b y  microscopic  obse rva t ions .  I n  i r r ad i a t ed  cells, 
b u d  i n i t i a t i o n  occurs  13-17 h a f t e r  i n c u b a t i o n  in 0.3% 
glucose, d e p e n d i n g  on  t h e  abso rbed  dose. The  ra t io  of 
su rv iva l  a t  t = 24 h a n d  t = 0 h 11 is def ined  as t he  r ecove ry  
index :  F R  = (Nm/No),= 2~h: ( N . J N o ) t =  oh. F R  increases  
w i t h  t he  dose (Figure 4). M a x i m u m  recove ry  is a t t a i n e d  
b y  a glucose c o n c e n t r a t i o n  of 0 .15%. 

Discussion. The  r epa i r  m e c h a n i s m s  requi re  t he  expen-  
d i tu re  of energy.  I n  pe t i t e  yeas t  cells, r ecovery  does no t  
occur  in dis t i l led  water ,  c o n t r a r y  to  f ind ings  in n o r m a l  
cells. I n  these  t he  m a i n  s u b s t r a t e  of endogenous  respi ra-  
t i on  p roduced  d u r i n g  pos t - i r r ad i a t i on  i n c u b a t i o n  in 
dis t i l led  w a t e r  are t he  reserve  polysacchar ides ,  p r i m a r i l y  
glycogen,  wh ich  suppl ies  t he  ene rgy  for r ecovery  1. I n  
cells w i t h  r e s p i r a t o r y  deficiency,  a n  energe t ic  s u b s t r a t e  
m u s t  be  added  to  t he  i n c u b a t i o n  m e d i u m  in  order  to  
enab le  recovery,  t he  s u b s t r a t e  c o n c e n t r a t i o n  be ing  cr i t ica l  
(Figures 2 a n d  4). Fo r  low glucose c o n c e n t r a t i o n s  in  t he  
s torage  m e d i u m  (0.015% < (G) < 0.15%),  t h e  syn thes i s  
of higt l  energy  c o m p o u n d s  necessa ry  for r epa i r  is fulfi l led 
t h r o u g h  f e rmen ta t i on .  The  f r ac t ion  of r ecover ing  cells 
reaches  a m a x i m u m  for a glucose c o n c e n t r a t i o n  (G) = 
0.15% (Figure 4). The  lower r ecovery  ver i f ied  b y  cells 
he ld  in h ighe r  glucose c o n c e n t r a t i o n s  could be  exp la ined  
b y  a decrease  in t he  t i m e  ava i l ab le  to  excis ion repai r ,  
wh ich  t akes  place before  D N A  rep l i ca t ion  1~. A t  h igh  
glucose concen t r a t i ons  t he  con t ro l  of glycolysis  is sh i f t ed  
f rom p h o s p h o f r u k t o k i n a s e  to  p y r u v a t e  k inase  (PK).  
H igh  concen t r a t i ons  of ATP,  F D P  13 a n d  P E P  13 can  lead 
to i n h i b i t i o n  of P K  14. Accord ing  to  JAIN'S 1~ hypothes i s ,  
t h i s  could reduce  t he  d u r a t i o n  of G1 phase  b y  p e r m i t t i n g  
a fas te r  syn thes i s  of reserve  c a r b o h y d r a t e s  r equ i red  as 
in t r ace l lu la r  ene rgy  reservoi rs  for D N A  repl ica t ion .  I n  
fact ,  b u d d i n g  beg ins  a f te r  10-14 h i n c u b a t i o n  of t he  cells 
in  0 .30% glucose a n d  a f te r  26-30 h i n c u b a t i o n  in  lower  
glucose concen t r a t i ons  (0.15% _< (G) < 0.20%).  No 
f u r t h e r  cell r ecovery  is obse rved  a f t e r  b u d  in i t ia t ion ,  as 
ind ica ted  b y  t h e  p l a t eau  in t he  cu rve  co r r e spond ing  to  
(G) = 30%,  UV-exposu re  t i m e  = 80 sec (Figure  3). The  
reduced  s u b s t r a t e  f low in t h e  g lycolyt ic  p a t h w a y  a t  
h ighe r  glucose c o n c e n t r a t i o n s  could exp la in  t h e  lower 
r ecove ry  r a t e  b y  t h e  i r r a d i a t e d  ceils (compare  slopes, 
F igure  3), b u t  i t  could  also be  exp la ined  in  t e r m s  of glucose 
repress ion  on  t h e  r epa i r  m e t a b o l i c  pa thway( s )  ac t ing  
d u r i n g  LH.  More e x p e r i m e n t s  on  t h e  r egu la t ion  of glucose 
m e t a b o l i s m  in  p e t i t e  s t r a in s  of yeas t  are  ill course  in  our  
l a b o r a t o r y  ill o rder  to  c lar i fy  t h i s  ques t ion .  I t  is note-  
w o r t h y  t h a t  t he  r a t e s  of r ecove ry  v a r y  w i t h  t he  UV-dose ,  
be ing  lower for lower doses (Figure  3), wh ich  does no t  
occur  in  r ecovery  f rom X - r a y s  i n j u r y  1,1% 
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Zusammen/assung. E r h o l u n g  n a c h  U V - B e s t r a h l u n g  
wurde  be i  d ip lo iden  a t m u n g s d e f e k t e n  Hefezel len  n a c h  
Zugabe  eines E n e r g i e s u b s t r a t s  (Glukose) im A u f b e w a h -  
r u n g s m e d i u m  festgestel l t .  Die E r h o l u n g s r a t e n  h/s 
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v o n d e r  UV-Dosis  u n d  yon  der  G l u k o s e - K o n z e n t r a t i o n  im 
A u f b e w a h r u n g s m e d i u m  ab. E i n  E r h o l u n g s m a x i m u m  
wurde  be i  e iner  G l u k o s e - K o n z e n t r a t i o n  y o n  0.15% 
b e o b a c h t e t .  
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Einfluss einiger lipophiler LSsungsmittel in gasf6rmigem Zustand auf die CO~-Fixierung durch 
Luzerne 

Die sei t  20 J a h r e n  v e r m e h r t  in der  AtmosphS,  re auf-  
t r e t e n d e n  c h e m i s c h e n  V e r b i n d u n g e n  w u r d e n  e ingehend  
auf  ihre  W i r k u n g  gegenf iber  Mensch  1, T i e r  u n d  P f l anze"  
u n t e r s u c h t .  D a b e i  wurde  das  H a u p t a u g e n m e r k  auf  solche 
S u b s t a n z e n  ger ich te t ,  die au f  G r u n d  ih re r  c h e m i s c h e n  
Reakt iv i t /~ t  e inzelne  Sch r i t t e  des m e n s c h l i c h e n  3, t i e r i schen  
u n d  p f l anz l i chen  * Stoffwechsels  h e m m e n  oder  modif i -  
z ieren u n d  so eine m e h r  oder  m i n d e r  grosse Sch/~digung 
he rvo r ru fen .  W e n i g e r  d r ing l i ch  e rsch ien  die U n t e r s u c h u n g  
solcher  Ve rb indungs k l a s s en ,  die d u t c h  phys ika l i sch -  
chemische  W e c h s e l w i r k u n g  l ebende  O r g a n i s m e n  beein-  
f lussen,  da  h i e rbe i  die K o n z e n t r a t i o n ,  u m  eine signifi-  
k a n t e  W i r k u n g  h e r v o r r u f e n  zu k6nnen ,  e r h e b l i c h  f iber 
d e m  <~normalen}> L u f t v e r s c h m u t z u n g s n i v e a u  l iegen diirf-  
ten .  

I n  dieser  A r b e i t  sol len Versuche  besch r i eben  werden,  
die zeigen, dass  a u c h  - u n t e r  N o r m a l b e d i n g u n g e n  - 
chemisch  ine r t e  V e r b i n d u n g e n  das  p f lanz l i che  L e b e n  
bee inf lussen  k6nnen ,  i n sbesonde re  den  P h o t o s y n t h e s e -  
a p p a r a t ,  dessert F u n k t i o n s t f i c h t i g k e i t  eine wesen t l i che  
V o r a u s s e t z u n g  ffir die E n t w i c k l u n g  u n d  Lebensf~Lhigkeit 
der  P f l anze  dars te l l t .  

Jeweils  5 Bl~Ltter y o n  Luze rne  (Medicago, sativa) 
gle ichen Al te r s  u n d  ve rg l e i chba re r  Gr6sse w u r d e n  n a c h  
e iner  P r ~ i l l u m i n i e r u n g s p h a s e  yon  5 m i n  in e iner  K a m m e r  
m i t  ~4CO2 (0.05-0.1 Vol  % in de r  Luf t ,  spez. Aktivit~Lt 
45 m C i / m M )  u n d  de~ in Tabe l le  I ange f f ih r t en  S u b s t a n z e n  
m i t  un t e r sch i ed l i che r  K o n z e n t r a t i o n  in der  Gasphase  
jeweils  1 m i n  inkub ie r t .  Die G e s a m t a u f n a h m e  a n  14CO2 
d u r c h  die e inze lnen  B1/it ter  wurde  m i t  e inem E n d -  
fens te rz / ih l rohr  b e s t i m m t .  

Die  W e r t e  in  Tabe l le  I zeigen, dass  die P h o t o s y n t h e s e -  
a k t i v i t ~ t  d u r c h  die der  A t m o s p h e r e  zugese tz t en  S u b s t a n -  
zen g e h e m m t  wird.  Die H e m m w i r k u n g  h / ing t  deu t l i ch  yon  

der  Wasse r l6s l i chke i t  der  e inze lnen  Verb i l l dungen  ab. 
W / i h r e n d  A t h e r  a u c h  in  h o h e n  K o n z e n t r a t i o n e n  fas t  
ke inen  Einf luss  auf  die CO~-Aufnahme ausfibt ,  r eduz i e r t  
das  p r a k t i s c h  in  Wasse r  un16sliche n - O c t a n  schon  bei  
e iner  K o n z e n t r a t i o n  yon  1 V o l %  die CO2-Fixierung e twa  
u m  35%. 

I n  e inem Pa ra l l e lve r such  w u r d e n  BlOtter  n a c h  e iner  
I n k u b a t i o n s d a u e r  yon  1 ra in  m i t  heissem,  w~ssr igem 
A t h a n o l  (80% u n d  20%) ex t r ah i e r t .  Die im St ickstoff-  
s t r o m  e ingeeng ten  u n d  auf  500 ~1 aufgeff i l l ten E x t r a k t e  
w u r d e n  p a p i e r c h r o m a t o g r a p h i s c h  zweid imens iona l  auf-  
g e t r e n n t  ( W h a t m a n  Nr. 1, 1. D i m e n s i o n  P r o p i o n s a u r e : n -  
B u t a n o l : W a s s e r  = 142 :284 :200 ,  v/v/v, 2. D i m e n s i o n  
~ t h a n o l  : I m A m m o n i u m a c e t a t  = 7:3,  v /v)  u n d  au to -  
r ad iog raph ie r t .  Dabe i  zeigte sich, dass  das  Ver te i lungs-  
m u s t e r  der  P h o t o y s n t h e s e p r o d u k t e  bei  z u n e h m e n d e r  
K o n z e n t r a t i o n  de r  der  A t m o s p h e r e  jeweils  zugese tz ten  
V e r b i n d u n g  gle ichmgss ig  a b n i m m t .  E ine  A u s n a h m e  s te l l t  
Schwefe lkoh lens to f f  dar .  H ie r  b l e i b t  ein m a r k i e r t e s  
F i x i e r u n g s p r o d u k t  in s che inba r  u n v e r m i n d e r t e r  In tens i t~t t  
fibrig, a u c h  d a n n  noch,  w e n n  die CO2-Aufnahme auf  
weniger  als 20% des Ausgangswer t e s  a b g e s u n k e n  ist, was  

1 j .  R. GOLDSMITH, in Air Pollution, 2nd edn. (Ed. A. C. STERX; Aca- 
demic Press, New York, London 1968), vol. 1, p. 547. 

2 C. S. BRANDT und W. W. HECK, in Air Pollution, 2nd edn. (Ed. 
A. C. STERN; Academic Press, New York, London 1968), vol. 1, 
p. 401. 

3 H. ]~. STOKINGER und D. L. COFFIN, in Air Pollution, 2nd edn.(Ed. 
A. C. STERN; Academic Press, New York, London 1968), vol. 1, 
p. 446. 

r W. M. DUGGER und I. P. TI~G, A. Rev. Plant Physiol. 27, 215 
(1970). 

Tabelle I. 14COa-Aufnahme dureh Luzerne-Blfitter w~ihrend einer Minute in Abh/ingigkeit vonder Volumenkonzelltration der der Atmosph/ire 
zugesetzten chemischen Verbindungen 

Zugesetzte Verbindung Difithyl~ther Methylenchlorid Schwefelkohlenstoff Benzol n-Octan 
(Vo1%) (7.5120~ (2.0/20~ (0.22/22~ (0.082/22oC) (0.0015/16oc)a 

0 0.0602 0.0616 0.0660 0.0579 0.0688 

1 0.0536 0.0594 0.0822 0.0520 0.0445 

11 0.0580 0.0482 0.0340 0.0116 0.0237 c 

21 0.0516 0.0114 0.0100 0.0060b --  

Die CQ-Aufnahme ist in [zM gemessen und bezogen auf 1 mg Blattgcwicht, Wasserl6slichkeit in g/100 ml Wasser bei der angegebenen Tem- 
peratur (~ b Ffir die S~ittigungskonzentration von 17 Vol%. c F/Jr die S~ittigungskonzentration yon 2.7 Vol%. 


