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Temperature-Induced Synchronous Differentiation of Ascogonia in Neurospora 

Cul t i va t i on  of Neurosposa crassa or N.  tetrasperma on a 
n i t r a t e - suc rose  s y n t h e t i c  m e d i u m  a t  35-37~ p r e v e n t s  
a n y  female  ascogonia l  d i f f e r en t i a t i on  on  myce l ia  wh ich  
are  r i che r  in ca ro teno ids  b u t  dep r ived  of me lan in s  1-4. 
However ,  t he  t h e r m a l  b lock  is revers ib le ;  if 37~ cu l tures  
are b r o u g h t  b a c k  to 25~ ascogonia  a n d  t h e n  the  p ro to-  
pe r i t hec i a  are d i f fe ren t ia ted .  I t  appears ,  therefore ,  t h a t  
t he  increased t e m p e r a t u r e  on ly  p r e v e n t s  t he  p r o d u c t i o n  
r a t h e r  t h a n  de s t ruc t i on  of t he  compound(s )  necessary  for 
ascogonia l  morphogenes is .  The  reverse  e x p e r i m e n t s  of 
ser ial  t r ans f e r  f rom 25 to 37~ h a v e  revea led  t he  impor -  
t a n t  fac t  t h a t ,  a f t e r  36 h g r o w t h  a t  n o r m a l  t e m p e r a t u r e  
of 25~ (up to 66 h no  ascogonia  deve lop  a t  25~ a f t e r  a 
s t ep -up  to 37~ ascogonia  deve lop  a r o u n d  66-77 h. This  
p rov ides  ev idence  for t he  p r o d u c t i o n  of a n  i n f o r m a t i o n a l  
s u b s t a n c e  be tween  36-48 h of i n c u b a t i o n  a t  25~ wh ich  
is no  longer  af fected a f te r  t r a n s f e r  to  37~ I t  is, therefore ,  
t he  process  of b io syn thes i s  r a t h e r  t h a n  t he  p r o d u c t  i tself  
wh ich  is h igh ly  t h e r m o s e n s i t i v e  5. Three  morpho-phys io l -  
ogical  s tages  h a v e  been  descr ibed  in t he  s p o n t a n e o u s  
d e v e l o p m e n t a l  sequence  of p r o t o p e r i t h e c i a  in t he  pseudo-  
h o m o t h a l l i c  fungus  N.  tetrasperma~. Tota l  R N A  and  pro- 
t e in  levels du r ing  these  s tages  h a v e  been  con lpared  w i t h  
37~ cu l tures  where  t he re  was no d i f f e ren t i a t ion  of asco- 
gonia.  A t  the  cr i t ica l  period,  i.e. 48 h, t he  R N A  and  p ro t e in  
ra t ios  of 25 and  37~ cu l tures  were 17:1 and  3:1  respect -  
ive ly ;  whereas  free a m i n o  acids r a t io  was 1:6. These  
resu l t s  ind ica te  defects  in  p ro t e in  b io syn thes i s  in non-  
d i f f e r en t i a t i ng  cu l tu res  a t  37~ 6. There  was also a r epo r t  
of q u a l i t a t i v e  differences  in  an t igen ic  c o m p o n e n t s  in  25 
a n d  35~ grown Neurospora crassa ~. 

For  f u r t h e r  b iochemica l  s tudy ,  i t  was necessary  to  sepa- 
r a t e  t he  v e g e t a t i v e  g rowth  f rom ascogonia l  d i f fe ren t ia t ion .  
T e m p e r a t u r e  p rov ided  t h e  n leans  for synch ron i z ing  t h e  
ascogonia l  deve lopmen t .  Cul tures  were in i t i a l ly  m a d e  on 
p la t e s  of solid WESTERGAARD and  MITCHELL s y n t h e t i c  
m e d i u m s  covered  w i t h  steri le ce l lophane  d ia lyz ing  mem-  
b r a n e  (Union  Carb ide  Corp., 36 dialysis,  wal l  t h i ckness  
0.025 ram,  pore  size 24 ~.) .  In  f u r t h e r  i m p r o v e m e n t  the  
cu l tu res  were m a d e  in f la t  b o t t o m e d  500 ml  E r l e n m e y e r  
f lasks  filled w i t h  50 ml  of l iquid  m e d i u m  a n d  inocu la ted  
w i t h  2-day-old  mycel ia l  disk. The  7- to  10-day-old cu l tu res  
a t  37~ were t h e n  b r o u g h t  down  to  25~ I n  t he  case of 
l iqu id  cul tures ,  myce l ia l  m a t s  were h a r v e s t e d  on  to a f i l te r  
p a p e r  in  a ]3uchner  funne l  a n d  t r an s f e r r ed  to  Pe t r i  d ishes  
c o n t a i n i n g  ster i le  0.1 M p h o s p h a t e  buf fe r  (pH 6.8). 
W i t h i n  48 h a f t e r  s tep-down,  p ro tope r i t hec i a  were pro- 
duced  synchronous ly .  Microscopic e x a m i n a t i o n  showed 
t he  d i f f e ren t i a t ion  of ascogonia l  hooks  a t  18 h, ascogonia l  
coils a t  24 h a n d  p r o t o p e r i t h e c i a  a t  48 h. 

Th i s  las t  t e c h n i q u e  enab l ed  us to  s t u d y  w h e t h e r  t he re  is 
a n y  a p p e a r a n c e  of specific prote in(s)  assoc ia ted  w i t h  t h e  
d i f f e r en t i a t i on  of ascogonia.  As t h e r e  were r epor t s  of 
t y ros inase  i n v o l v e m e n t  in t he  p ro tope r i t hec i a l  develop-  
m e n t  and  i ts  i n h i b i t i o n  a t  35~ para l l e l ing  w i t h  non-  
d i f f e r en t i a t i on  of p r o t o p e r i t h e c i a  a, ~, i t  was  of in t e res t  to  
i nves t i ga t e  t he  role of t y ros inase  in s y n c h r o n o u s l y  devel-  
op ing  ascogonia l  cul tures .  

We  m i g h t  also suspect ,  f rom these  exper imen t s ,  t h e  
imp l i ca t i on  of t e m p e r a t u r e - s e n s i t i v e  ascogonia l  genes 
wh ich  are no t  f u n c t i o n a l  a t  37~ b u t  are able  to  func t i on  
a t  a pe rmiss ive  t e m p e r a t u r e  of 25~ W e  t e s t e d  t he  func-  
t i on  of these  genes, us ing  a c t i n o m y c i n  D a n d  eyclohexi-  
mide,  i nh ib i t o r s  of t r a n s c r i p t i o n  a n d  t r a n s l a t i o n  respec t -  
ively.  These  i n h i b i t o r s  were  i n t r o d u c e d  in to  t he  cu l tu res  
a t  0 t i m e  of s t ep -down  f rom 37 to 25~ Ascogonia l  dif-  
f e r en t i a t i on  was comple t e ly  i n h i b i t e d  a t  a c o n c e n t r a t i o n  

of 20 vg /ml  of a c t i n o m y c i n  D a n d  a t  10 ~g/ml  of cyclo- 
h e x i m i d e  (Figure  1). 

Soluble  p ro t e in s  of t r e a t e d  a n d  con t ro l  cu l tu res  h a v e  
been  e x t r a c t e d  a f t e r  g r ind ing  in cold p h o s p h a t e  buffer  
(0.1 M, p H  6.8) w i t h  washed  q u a r t z  sand,  cen t r i fuged  a t  
20,000 g for 30 m i n  an d  the  s u p e r n a t a n t  was  recen t r i fuged  
a t  105,000 g for 1 h. This  s u p e r n a t a n t  has  been  electro-  
phoresed  on  p o l y a c r y l a m i d e  gels (250 ~zg pro te in /ge l )  
accord ing  to ORNSTEIN an d  DAVIS 9 w i t h  a c u r r e n t  of 4 m A  
per  gel. The  p r o t e i n  b a n d s  were m a d e  v is ib le  e i the r  w i t h  
a m i d o b l a c k  or coomassie  blue.  One a d d i t i o n a l  b a n d  a t  
R f  0.78 has  appea red  in d i f f e ren t i a t ing  s t ep-down cu l tu re  
a t  25~ This  b a n d  is i n h i b i t e d  b y  ac f i n o my c i n  D a n d  
eyc lohex imide  t r e a t e d  Step-down cu l tu res  an d  a b s e n t  
in  n o n d i f f e r e n t i a t i n g  37~ cu l tu res  (Figure  2). 

Tyros inase  was s t a ined  w i t h  50 m g  DL-Dopa + 50 m g  
L-Prol ine in 50 ml  of 0.1 M p h o s p h a t e  buf fe r  p H  6.0. T h e  
anionic  p ro t e i n  b a n d  associa ted  w i t h  t h e  d i f f e ren t i a t ion  
of ascogonia  does no t  s t a in  for ty ros inase .  I n  non-  
d i f f e r en t i a t i ng  37~ cul tures ,  no ty ros inase  was detec ted ,  
b u t  in s t ep -down  ascogonia l  d i f f e r en t i a t i ng  25~ cu l tures  
2 b a n d s  of t y ros inase  were de tec ted .  

In  a c t i n o m y c i n  D an d  cyc lohex imide  t r e a t e d  s t ep -down  
cu l tures  2 a n d  4 b a n d s  of t y ros inase  were de t ec t ed  respect -  
ively,  whereas  ascogonia l  d i f f e ren t i a t ion  was comple te ly  
i n h i b i t e d  (Figure  3). Thus,  t he re  is no  cor re la t ion  be tween  
t h e  'de novo '  a p p e a r a n c e  of t y ros inase  an d  ascogonia l  
d i f fe ren t ia t ion .  

F r o m  t h e  above  resu l t s  t h e  ques t ion  arises, l ike in ty-1 
m u t a n t  10, w h e t h e r  a repressor  p ro t e i n  is also p roduced  in 
37~ cu l tures  wh ich  inh ib i t s  t r a n s c r i p t i o n  of ascogonia l  
genes. Our  resu l t s  w i t h  polyol  (sorbitol ,  mann i to l ,  xy l i to l  
or r ib i tol ,  conc. 0.005 to 0.5 M) s u p p l e m e n t e d  WESTER- 
GAARD an d  MITCHELL s s y n t h e t i c  med ia  p e r m i t t i n g  t h e  
37~ cu l tures  to  d i f f e ren t i a t e  ascogonia -pro toper i thec ia ,  

Fig. 1. Inhibition of protoperithecial morphogenesis in synchronized 
cultures (step-down from 37 ~ to 25 ~ by: a) aetinomyein D, i. control, 
ii. actinomycin D 10 tzg/ml, iii. aetinomyein D 20 [xg/ml and b) cyclo- 
heximide, i. control, ii. eycloheximide 5 tzg/ml, iii. cycloheximide 
10 ~zg/ml. 
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Fig. 2. Soluble protein profile on acrylamide gel electrophoresis during 
synchronous production of protoperithecia. 25~ note the band at 
RI 0.78 with arrow mark which appeared in (step-down 37 ~ to 25 ~ 
protoperitheeial differentiating culture. 37 ~ absence of the band. 
A) actinomycin D treatment inhibits this band. C) cycloheximide 
treatment also inhibits the band. 

Fig. 3. Tyrosinase during synchronized development of protoperi- 
thecia. 1.37 ~ culture, no tyrosinase. 2. Step-down (37 ~ to 25 ~ dif- 
ferentiating culture, 2 bands of tyrosinase. 3. Step-down (37 ~ to 
25~ aetinomyein D treated, 2 bands of tyrosinase. 4. Step-down 
(37 ~ to 25 ~ cycloheximide treated, 4 bands of tyrosinase. 

is of in te res t .  The  poss ib i l i ty  of th i s  effect  due  to  changes  
in ceil wal l  p e r m e a b i l i t y  was  checked  b y  increas ing  the  
osmot ic  pressures  of med ia  w i t h  1 to  10~o, of NaC1, an d  
p o l y e t h y l e n  e glycol '400' .  There  was no i n d u c t i o n  of 
ascogonia  a t  37~ Thus  t h e  effect  of polyols  seems to  be  
specific. W h e t h e r  t he  i n d u c t i o n  of p r o t o p e r i t h e c i a  b y  
polyols  in non -pe rmi s s ive  cond i t ions  (37~ cul tures)  is a 
p h e n o m e n o n  of derepress ion  of genes or s i m p l y  a m e t a -  
bolic effect  p r o v i d i n g  a n  a d d i t i o n a l  source of r educed  
n i c o t i n a m i d e  coenzymes  is u n d e r  inves t iga t ion .  

d i f f6rencia t ion  pro top6r i th6cia le .  I1 est  d6jX d 6 m o n t r 6  
q u ' a u  moins  une  p ro t6 ine  est  associ6e ~ ce processus  et  
qu ' i l  n ' y  a pas  de corr61ation en t re  la  ty ros inase  e t  ee t t e  
d i f f6rencia t ion .  
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Rdsumd, Une  m 6 t h o d e  pou r  la s y n c h r o n i s a t i o n  de la 
d i f f6renc ia t ion  des ascogones  de Neurospora est  pr6sent6e.  
Ce sys t~me de s y n e h r o n i s a t i o n  bas6 sur  la  t e m p 6 r a t u r e  
fac i l i tera  l ' ana lyse  b ioch imique  et  g6n6t ique  int6gr~e de la  
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Sterilization of Paedogenetic Heteropeza Larvae with X-Rays 

The  gall  midge  Heteropeza pygmaea W i n n e r t z  (Itoni- 
didae, Dip te ra )  can  r ep roduce  e i the r  b i sexua l ly  or p a r t h e -  
nogene t i ca l ly  in  t he  a d u l t  stage,  or  paedogene t i ca l ly  1-s. 
Paedogenes i s  is p a r t h e n o g e n e t i c  r e p r o d u c t i o n  in t h e  
l a rva l  stage. I t  can  be  induced  b y  def ined  n u t r i t i v e  condi-  
t ions  of t h e  cul ture .  I n  paedogene t i ca l ly  r ep roduc i n g  
larvae ,  t he  ovar ies  p roduce  smal l  i m m a t u r e  egg tollicles 
wh ich  are re leased in to  t he  h a e m o l y m p h .  W i t h i n  the  
l a rva l  b lood  t he  oocyte  grows a n d  a f t e r  m a t u r a t i o n  
embryogenes i s  goes to  comple t ion .  Since no  chor ion  is 
p r e sen t  t h e  e m b r y o s  call t ake  up  n u t r i e n t s  f rom t h e  
m a t e r n a l  h a e m o l y m p h  a n d  grout c o n t i n u o u s l y  (see Fig- 
ure). The  increase  in size of t he  e m b r y o s  is a t  t he  expense  
of m a t e r n a l  t issues.  A t  a n  age of 5 days  a m o t h e r  l a r v a  
consis ts  m a i n l y  of a s t i f fened  b o d y  wal l  fi l led w i t h  off- 
spr ing.  The  r ea r ing  cond i t ions  p rov ided  are such  t h a t  
t h e  offspring,  w h i c h  h a t c h  f rom the  m o t h e r  larvae,  
cons is t  exc lus ive ly  of d a u g h t e r  l a rvae  w h i c h  can  r ep roduce  
paedogene t ica l ly .  

The  u n u s u a l  m o d e  of r e p r o d u c t i o n  qual i f ies  paedoge-  
ne t ic  gall  midges  as i n t e re s t ing  objec ts  for in  v i t ro  cu l tu re  
of eggs a n d  e m b r y o s  in  d i t f e ren t  cu l tu re  m e d i a  4. I n  v i t ro  
cu l tu re  of Heteropeza pygmaea e m b r y o s  is possible  in  a 

m e d i u m  cons is t ing  of h a e m o l y m p h  an d  fa t  b o d y  cells 
o b t a i n e d  f rom Heteropeza l a rvae  w i t h o u t  p ro g en y  5 (so- 
called ster i le  larvae) .  Such  steri le l a rvae  appea r  occasional-  
ly  in  s t a n d a r d  cul tures .  Fo r  large scale cu l tu re  exper i -  
m e n t s  a c o n v e n i e n t  p rocedure  for ob t a in ing  ample  
n u m b e r s  of s ter i le  l a rvae  w i t h  large  f a t  bodies  a n d  a 
m a x i m u m  a m o u n t  of h a e m o l y m p h  h a d  to be  developed.  
To th i s  end  we ana lyzed  t h e  effect  of r ad ia t ion  on  m o t h e r  
la rvae ,  as well  as on t h e  eggs an d  e m b r y o s  deve lop ing  in 
t h e i r  h a e m o l y m p h .  F o r  al l  t r e a t m e n t s  we used  50 keV 
X - r a y s  f rom a Mii l le r -RT 100 machine .  

I n  t h e  f i rs t  e x p e r i m e n t  m o t h e r  l a rvae  of d i f fe ren t  ages 
were i r rad ia ted .  T h e  age zero h is def ined as t h e  m o m e n t  
w h e n  a y o u n g  l a r v a  h a t c h e s  f rom i t s  m o t h e r  la rva .  W i t h  
doses up  to  3 k R  no i r r ad i a t ed  l a rvae  died p r e m a t u r e l y .  
Bu t ,  w i t h  t h e  excep t ion  of 96 h old larvae,  t h e  ave rage  of 
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