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a t  20.30 h (E.D.S.T.)  shows r = 0.768 (p < 0.05) for the  
spr ing  f l ight ,  r = 0.664 (p < 0.01) for t he  s u m m e r  f l igh t  
and  r = 0.908 (p < 0.001) for t he  pooled da ta .  Similar ly ,  
wild H. immaculata males  were lu red  to  s y n t h e t i c  
2 - me thy lhep t adecane ,  t he  female  sex p h e r o m o n e  ~6, for 
t he  2 h p r io r  to  sunse t  on  a cool d a y  (a h i g h  of 24 ~ a n d  
for 2 h a f te r  sunse t  on  a w a r m  d a y  (a h i g h  of 30~ ~. 

I n  t h e  osci l la t ing da i ly  t e m p e r a t u r e s  found  in n a t u r e  
these  r h y t h m i c  modi f i ca t ions  of t he  m a t i n g  clock could 
be a func t i on  of t h e  da i ly  t h e r m o p e r i o d  or t h e y  could be 
i n i t i a t e d  b y  a m b i e n t  t e m p e r a t u r e  f l uc t ua t i ons  occur r ing  
du r ing  a specific dai ly  i n t e r v a l  or se lect ive  c i r cad ian  gate.  
The  i n t e r ac t i ons  of t e m p e r a t u r e  a n d  l igh t  cycles in 
a f fec t ing  t he  i n i t i a t i on  a n d  d u r a t i o n  of female  cal l ing 
b e h a v i o r  and  male  respons iveness  are complex.  N o t w i t h -  
s t and ing ,  in  A. velutinana a decrease  in t e m p e r a t u r e  
occurr ing  w i t h i n  a specific da i ly  gate  c an  induce  b o t h  
female  cal l ing a n d  male  respons iveness  w i t h i n  a few 
m i n u t e s  (Table).  E v e n  if t h i s  decrease  in t e m p e r a t u r e  is as 
l i t t l e  as 1~ a s ign i f ican t  n u m b e r  in i t i a t e  m a t i n g  behav ior .  
I n  t h e  l abo ra to ry ,  14.3% of t h e  females  (N = 210) 
exper i enc ing  a decrease  f rom 24 ~ to  23~ i h p r io r  to  
l ights-off  in  a 16:8  L D  c o m m e n c e d  cal l ing b e h a v i o r  
w i t h i n  10 ra in  ~where t he  95% conf idence  i n t e r v a l  (CI) 
ex t ends  f rom 9.5 to 19.3%].  I n  t h e  con t ro l  g roup  0.5% 
of t he  females  were ca l l ing  (a CI to  2.6% ). I n  ma le  
p h e r o m o n e  b ioassays  (N = 200) 54.3% exper ienc ing  a n  
iden t ica l  decrease  in t e m p e r a t u r e  were r e spons ive  to  
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f emale  p h e r o m o n e  e x t r a c t  (CI 47.4 to  61.3%),  whereas  
on ly  24.5% con t ro l  males  were respons ive  (CI 18.9 to 
31.0~ 

These  f ind ings  i nd ica t e  t h a t  t he  con t ro l  cen te r s  for 
female  cal l ing b e h a v i o r  and  ma le  p h e r o m o n e  respon-  
s iveness  h a v e  i n p u t s  f rom the  c i r cad ian  clock as well  as 
e x t e r n a l  s t imul i ,  a p p a r e n t l y  unl ike  t he  per iodic i t ies  of 
female  cal l ing b e h a v i o r  and  male  f l ight  in  A. pernyi 
w h i c h  are t i g h t l y  coupled  to  t he  o u t p u t  of t he  clock 1~ 
This  is t he  f i rs t  r e p o r t  of c u r r e n t  cond i t ions  mod i fy ing  t he  
t i m i n g  of a c i rcad ian  r h y t h m  w i t h o u t  a p p e a r i n g  to affect  
i ts  e n t r a i n m e n t .  

The  a d a p t i v e  s ignif icance of th i s  in t r i ca te ,  da i ly  t e m p o r a l  
coo rd ina t i on  of m a t i n g  r h y t h m  w i t h  t e m p e r a t u r e  is 
obv ious :  cool t e m p e r a t u r e s  are undes i r ab l e  because  t h e y  
increase  t h e  d e m a n d  for m e t a b o l i c  energy  necessa ry  to  
sus t a in  m a t i n g  f l igh t  17. Th i s  cons ide ra t ion  is m o s t  
crucia l  in  sma l l  insects  (such as A. velutinana) t h a t  
possess a h i g h  surface  area  to v o l u m e  rat io .  O p e r a t i n g  
aga ins t  th i s  fac to r  are poss ible  e v o l u t i o n a r y  d i s a d v a n t a g e s  
such  as increased  d i f f icu l ty  in  m a i n t e n a n c e  of t e m p o r a l  
p a r t i t i o n i n g  of c losely-re la ted species t h a t  u t i l ize  a 
c o m m o n  chemica l  c o m m u n i c a t i o n  s y s t e m  ~-a a n d  exposure  
to  a d d i t i o n a l  p r e d a t o r  pressure  d u r i n g  d iu rna l  ac t iv i ty .  

Rdsumd. Les l@idop t6 re s  m o d i f i e n t  leur  r y t h m e  
endog6ne  d ' a c t i v i t 6  sexuelle selon le r6gime de t e m p 6 r a t u r e  
du  jour .  Les f l uc tua t i ons  de t e m p 6 r a t u r e  dans  ce r t a ines  
pa r t i e s  du  cycle p h o t o p 6 r i o d i q u e  s e rven t  de s ignal  p o u r  
d 6 t e r m i n e r  l ' heu re  de l ' a ccoup lemen t .  
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Seasona l  r e p r o d u c t i o n  in m a n y  b i rds  is r egu la t ed  b y  
t he  a n n u a l  change  in  day l eng th ,  w i t h  t h e  longer  p h o t o -  
per iods  of sp r ing  and  s u m m e r  caus ing  increased  gonado-  
t r o p h i n  secret ion.  Knowledge  a b o u t  t he  n e n r o e n d o c r i n e  
basis  of t h i s  pho tope r iod i c  response  is qu i t e  ex tens ive  ~, 2 
b u t  our  u n d e r s t a n d i n g  of t h e  sensory  s t ruc ture(s )  i n v o l v e d  
in l igh t  de tec t ion ,  a n d  of t h e  m e c h a n i s m s  used for 
m e a s u r i n g  i ts  da i ly  d u r a t i o n  ~ is m u c h  more  l imi ted .  The  
issue of l igh t  pe rcep t ion  has  been  especial ly  i n t r i g u i n g  
ever  since B e n o i t  sugges ted  in t h e  t h i r t i e s  t h a t  a n  ex t ra -  
r e t i na l  p h o t o r e c e p t o r  ex is ted  in t he  duck.  His  m a n y  
e x p e r i m e n t s  led h i m  to  conclude  ~ t h a t  t h e  eye p l ayed  
l i t t l e  or no role in  t he  p h o t o i n d u c t i o n  of t e s t i cu la r  g r o w t h  
a n d  t h a t  a n o t h e r  p h o t o r e c e p t o r  m u s t  ex is t  e lsewhere  in 
t h e  b ra in ,  p r o b a b l y  w i t h i n  t he  h y p o t h a l a m u s .  More 
r ecen t  s tud ies  in  t h e  house  spa r row b y  ME~AKER et  al. 5-s 
conf i rm these  f ind ings  and  t h e y  h a v e  conc luded  t h a t  t he  
eyes do no t  p a r t i c i p a t e  a t  all  in  t h e  r ecep t ion  oi l igh t  for 
t he  pho tope r iod ic  response.  Th i s  is poss ib ly  t r ue  in o t h e r  
species also 9-~. 

I n  t h e  J a p a n e s e  qua i l  (Coturnix coturnix japonica) 
t he re  is c lea rcu t  ev idence  t h a t  enuc l ea t i on  does no t  b lock  
p h o t o i n d u c e d  gonada l  g r o w t h  12, ~a or lead to regress ion  in 
sexua l ly  m a t u r e  b i rds  m a i n t a i n e d  on  long d a y l e n g t h s  1 , - t6  

Quail ( Coturnix coturnix-japonica) Fol lowing  
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Again,  therefore ,  t he  eyes do no t  seem to be involved .  
S u p p o r t  for t h i s  comes  f rom t h e  use of r a d i o l u m i n o u s  
p a i n t  (RLP)  wh ich  can  be  used to s t i m u l a t e  t he  ex t r a -  
r e t i na l  r ecep to r  di rect ly .  T he  app l i c a t i on  of t h i s  m a t e r i a l  
to  t he  skul l  of sexua l ly  m a t u r e  qua i l  p r e v e n t e d  t h e  
t e s t i cu la r  a t r o p h y  n o r m a l l y  seen w h e n  b i rds  are t r a n s -  
fer red  to sho r t  days17, whi le  p la tes  of t he  p a i n t  p laced  
close to the  h y p o t h a l a m u s  s t i m u l a t e d  gonada l  g r o w t h  in 
b i rds  he ld  in n o n - s t i m u l a t o r y  cond i t ions  ~s. 

One aspect ,  however ,  is no t  c lear  f rom t he  quai l  
expe r imen t s .  Can t he  e x t r a - r e t i n a l  r ecep to r  s u s t a in  a 
r a t e  of gonada l  g r o w t h  s imi la r  to  t h a t  seen in u n t r e a t e d  
b i rds  exposed  to long days  ? Th i s  ha s  been  answered  
on ly  in  t he  spa r row  where  t e s t i c u l a r  g r o w t h  curves  are  
iden t i ca l  in  b o t h  b l i nded  a n d  i n t a c t  p h o t o s t i m u l a t e d  
b i rds  s. I n  t he  p r e s e n t  e x p e r i m e n t s  a s o m e w h a t  d i f fe ren t  
a p p r o a c h  ha s  been  used. T he  r a t e  of t e s t i cu la r  develop-  
m e n t  has  been  c o m p a r e d  b e t w e e n  b i rds  exposed  to  
c o n t i n u o u s  l igh t  (LL) a n d  b i rds  m a i n t a i n e d  on  sho r t  
day - l eng th s  b u t  where  t he  e x t r a - r e t i n a l  r ecep to r  ha s  been  
s t i m u l a t e d  b y  r a d i o l u m i n o u s  pa in t .  I f  quai l  are pho to -  
sLimulated t he  r e l a t i onsh ip  b e t w e e n  t e s t i cu l a r  we igh t  a n d  
t he  n u m b e r  of days  of t r e a t m e n t  is log l inear  (i.e. log~0Wt 
logl0Wo + kt, where  Wo is t h e  t e s t i cu la r  we igh t  a t  t he  
ou t se t  a n d  W t  t h e  we igh t  a f t e r  t days  of s t imulat ion~9) .  
The  slope of th i s  l ine  (k) is a q u a n t i t a t i v e  m e a s u r e  of t he  
r a t e  of t e s t i c u l a r  g rowth .  

Materials and methods. J a p a n e s e  qua i l  were rea red  
f rom h a t c h  u n d e r  s h o r t  d a y l e n g t h s  (8 h l igh t /16  h d a r k ;  
8L/16D) a n d  used a t  exac t ly  5 weeks  of age w h e n  t h e y  
were a p p r o a c h i n g  s om a t i c  m a t u r i t y .  Orange  a n d  green  
r a d i o l u m i n o u s  p a i n t s  (Atomlo ih i  No. 3000) were p u r c h a s e d  
f rom Dai  N i p p o n  Sinloihi  Co. Ltd . ,  Chukoku ,  Tokyo.  
T h e y  h a d  emiss ion  m a x i m a  a t  600 n M  a n d  520 n M  
respec t ive ly .  A weighed  a m o u n t  was  mixed  w i t h  a d rop  
of b i n d i n g  a g e n t  and  coa t ed  on to  wh i t e  p o l y t h e n e  discs 
(10 m m  d iamete r ) .  Discs c o n t a i n i n g  on ly  t h e  b i n d i n g  
a g e n t  were used as controls .  T he  discs were s u t u r e d  in 
place  on  t he  surface  of t h e  skull .  Af te r  su rge ry  t h e  qua i l  
w i t h  i m p l a n t s  of R L P  were r e t u r n e d  to  8L/16D. Con t ro l  
g roups  were p laced  on  LL, or r e t a i n e d  on  8L/16D.  
Quai l  were ki l led a f t e r  v a r y i n g  l eng ths  of t i m e  a n d  a t  
a u t o p s y  t he  b o d y  a n d  c o m b i n e d  t e s t i cu la r  we igh t s  were 
measured .  I n  some cases p l a s m a  L H  was e s t i m a t e d  b y  
r a d i o i m m u n o a s s a y  20. 

Table I. Testieular weight and plasma LH after 12 days treatment 
with various amounts of radioluminous paint 

Treatment Combined testicular Plasma LH 
weight (mg) (ng/mI) 

3mgorangeRLP * 20.5J= 2.4 (6) b -- 
6.25 ingorange RLP 31.6 -V 7.3 (6) -- 
12.5 mgorange RLP 42.4 i 12.2 (6) 1.2 nk 0.4 (5) b 
25 mg orange RLP 516 zk 91 (10) ~ 2.5 =~ 0.5.(5)a 
12.5 mg green RLP 29.4 4~ 6.4 (5) -- 
25 mg green RLP 38.0 -k 8.1 (12) 0.9 ~= 0.3 (6) 
50mggreen RLP 24.8 ~ 5.0 (4) 1.0 i 0.2 (4) 
Binder only 36.0 -4- 8.0 (16) 0.7 zt= 0.1 (5) 

LL controls 635.0 n~ 36.4 (11) o 3.5 j= 0.8 (5) a 

0 day controls 16.3 :~: 2.0 (10) 0.6 ~: 0.1 (7) 

RLP is an abbreviation for radioluminous paint, b Mean :~ SEM. 
No. of animals in parentheses, c p < 0.001 compared with binder 
only group, a p < 0.05 compared with binder only group. 

Results. A f i r s t  e x p e r i m e n t  a t t e m p t e d  to  e s t ab l i sh  
w h e t h e r  t he re  was a r e l a t i onsh ip  b e t w e e n  t h e  q u a n t i t y  of 
R L P  used in  a n  i m p l a n t  a n d  t h e  s u b s e q u e n t  a m o u n t  of 
t e s t i cu la r  g rowth .  Groups  of qua i l  were i m p l a n t e d  
w i t h  discs c o n t a i n i n g  orange  or green  pa in t ,  or b i n d e r  
alone, and  were ki l led a f t e r  12 days  t r e a t m e n t .  The  
resu l t s  are s u m m a r i z e d  in Tab le  I. I n  those  exposed  to  t he  
o range  R L P ,  on ly  the  group  w i t h  25 m g  i m p l a n t s  showed  
a n y  t e s t i cu la r  g r o w t h  (p < 0.001 c o m p a r e d  w i t h  0 day  
controls ,  or b i n d e r - o n l y  group) .  The  p l a s m a  L H  con- 
c e n t r a t i o n  was  also e l eva ted  in th i s  group.  A l t h o u g h  
the re  was m u c h  v a r i a t i o n  in t e s t i cu la r  size t h e  m e a n  
va lue  was n o t  differeIl t  f rom t h a t  seen in t he  L L  cont ro l s  
(p > 0.2). The  green  p a i n t  was  w i t h o u t  effect  a l t h o u g h  
1 b i rd  w i t h  a 25 m g  i m p l a n t  d id  show some g r o w t h  
( tes t icu lar  we igh t  110 mg).  

The  second e x p e r i m e n t  c o m p a r e d  f u r t h e r  t he  g r o w t h  
r a t e  in  quai l  bea r ing  25 m g  o range  R L P  i m p l a n t s  w i t h  
t h a t  seen in LL. Cont ro l  groups  on  8L/16D were also 
included.  Samples  were t a k e n  a f t e r  0, 7 a n d  18 days  of 
t r e a t m e n t .  The  resul ts ,  t o g e t h e r  w i t h  t h e  12-day d a t a  
f rom the  f i rs t  expe r imen t ,  are  shown  in Tab le  I I .  Some 
smal l  a m o u n t  of g r o w t h  occur red  in t he  8L/16D cont ro l s  
b u t  t h i s  is n o r m a l  for d o m e s t i c a t e d  s t r a in s  of quail .  
The  b i rds  exposed  to L L  or to  l igh t  f rom t h e  i m p l a n t  
grew t h e i r  t e s tes  m u c h  more  d r a m a t i c a l l y  a n d  a f t e r  
18 days  were nea r i ng  sexua l  m a t u r i t y .  The  m e a n  t e s t i cu la r  
we igh t  in  t he  o range  R L P  group  was s ign i f i can t ly  less 
t h a n  in t h e  L L  cont ro l s  a f t e r  7 days  t r e a t m e n t  (p < 0.05) 
b u t  th i s  was  n o t  so a t  t h e  o t h e r  t imes .  The  ca lcu la ted  ra t e s  
of t e s t i cu la r  g r o w t h  (h) for t he  3 groups  (wi th  t h e i r  95% 
conf idence  l imi ts)  were :  Orange  R L P  h = 0.116 (0.096-  
0.135); L L  cont ro l s  k = 0.122 (0.112-0.133);  sho r t  d a y  
cont ro l s  k = 0.042 (0.024-0.065). The  ra t e s  were s imi la r  
(p > 0.50) in  t he  o range  R L P  a n d  L L  groups  b u t  b o t h  
were h igh ly  s ign i f i can t ly  d i f fe ren t  (p < 0.001) f rom the  
r a t e  u n d e r  sho r t  days.  

P l a s m a  L H  levels were e s t i m a t e d  in  t he  va r ious  
t r e a t m e n t  g roups  w i t h  the  fol lowing resu l t s  : 0 day  group  
0.6 i 0.1 (SEM) (n = 6) n g / m l ;  7 days,  o range  R L P  
3.2 4 - 0 . 8  (5) ng/ml ,  L L  group  3.4 -4- 0.3 (6) ng /ml ,  
8L/16D cont ro l s  0.6 =k 0.1 (4) n g / m l ;  12 days,  see Tab le  I ;  
18 days,  o range  R L P  4.0 4- 0.4 (4) ng /ml ,  L L  g roup  
3.8 • 0.3 (4), 8L/16D cont ro l s  1.1 =k 0.3 (5) ng /ml .  As 
expec t ed  t h e  L H  levels were increased  in t he  g roups  u n d e r  
L L  or bea r i ng  t he  o range  R L P  implan t s .  

Discussion. The  e x p e r i m e n t s  conf i rm those  of HOMMA 
a n d  SAKAKIBARA ls t h a t  d i rec t  i l l u m i n a t i o n  of t he  b r a i n  
w i t h  r a d i o l u m i n o u s  p a i n t  can  induce  t e s t i cu la r  g r o w t h  
u n d e r  n o n - s t i m u l a t o r y  pho toper iods .  T h e y  c o m p l e m e n t  
t he  s tud ies  where  t he  p a i n t  ha s  been  used to m a i n t a i n  
t e s t i cu la r  size fol lowing t he  t r a n s f e r  of m a t u r e  b i rds  to  
sho r t  day leng ths l~ ,  16. More i m p o r t a n t l y ,  however ,  t he  
resu l t s  i nd i ca t e  t h a t  t he  e x t r a - r e t i n a l  r ecep to r  can  sus t a in  
a r a t e  of g r o w t h  i nd i s t i ngu i shab l e  f rom t h a t  seen u n d e r  
c o n t i n u o u s  l ight.  Th i s  a rgues  t h a t  t he  qua i l  - l ike the  
house  spa r row s - p r o b a b l y  does no t  use i t s  eye as a 
p h o t o r e c e p t o r  for  t h e  pho tope r iod i c  gonada l  response.  
The  recep to r  c lear ly  has  a t h r e s h o l d  since lower doses of 
o range  R L P  were u n a b l e  to  s t i m u l a t e  it. 

17 )/[. KATO, Y. 1KATO and T. OISHI, Proc. Jap. Acad. Sei. d3, 220 
{1967). 

18 K. HO~MA and Y. SAKAKIBARA, in Biochronometry (Ed. ~.  ME- 
NAKER; National Academy of Sciences, Washington D.C. 1971), 
p. 333. 

19 B. K. FOLLETT and D. S. ]:'ARNER~ Gem comp. Endocr. 7, 111 
(1966). 

20 B. K. FOLLETT, C. O. SOANES and F. J. CUNNINGHAM, J. Endocr. 
52, 359 (1972). 
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Table II. Comparison between testicular growth induced by orange radioluminous paint and continuous light 

EXPERIENTIA 31/1 

Treatment Combined testicular weight (mg) after the following number of days of photostimulation 

0 7 12 18 

Short days 14.9 4- 1.3 (16) 16.9 i 2.5 (5) b 24.9 -- 3.1 (23) b 77.4 4. 23.6 (6) 
Continuous light 14.9 4. 1.3 (16) 208 4. 33 (8) 635 4- 36 (11) 2153 4- 319 (8) 
25 mgOrange RLP ~ 14.9 4- 1.3 (16) 91 4- 20 (5) 516 4- 91 (10) 2290 (2) 

RLP is an abbreviation for radioluminous paint, b Mean • SEN. Number of animals in parentheses. 

Green rad io luminous  pa in t  was w i thou t  effect  on 
gonado t roph in  secretion.  This  is pe rhaps  no t  too sur- 
pr is ing as red /orange  l ight  is m u c h  more  effective t h a n  
blue/green l ight  in inducing gonadal  g rowth  ~,16, 21. 
W h e t h e r  th is  ref lects  the  spect ra l  r e spons iv i ty  of the  
pho to recep to r  or mere ly  the  greater  t issue pene t r ance  of 
the  longer wave leng th  red l ight  is unknown.  The p resen t  
results  say no th ing  as to the  si te of fhe  ex t ra - re t ina l  
receptor .  Other  evidence,  however ,  argues aga ins t  it  
being the  pineal  gland l~,15,~G,ls,22 a l though  th is  organ 
m i g h t  p lay  a minor  role in quail  2a. This  does no t  of course 
exclude a func t ion  for the  pineal  in o the r  species ~*. A final 
caut ion  mus t  be en te red  as HOM~A et al. ~ have  recent ly  
repor ted  some expe r imen t s  in quail  where  t h e y  claim 
t h a t  t he  eyes do have  a role in the  pho toper iod ic  controi  

~i A. E. WOODARD, J. A. MOORE and W. O. WILSON, Poultry Sci. 
dT, 1733 (1968). 

2~ K. HOMMA, L. Z. McFARLAND and W. O. WILSON, Poultry Set. 
46, 314 (1967). 

2a A. SAYLER and A. WOLFSO~, Science 758, 1478 (1967). 
24 D. P. CARmNALE, A. E. CUELLO, J. H. TRAMEZZANI and J. G. 

ROSNER, Endocrinology 89, 1082 (1971). 
2~ Research supported by the Agricultural Research Council. 

mechanism.  They  migh t  be necessary  for b i rds  to  dis t in-  
guish shor t  days  under  some c i rcumstances  for enuclea t ion  
does no t  a lways lead to gonadal  regression when  bi rds  are 
t r ans fe r red  f rom 18L/6D to 8L/16D. 

Rdsumd. Pour  s t imuler  le pho to r6cep teur  ex t ra r6 t ina l  
de eailles japonaises  (Coturnix coturnix japonica), des 
disques  endu i t  de couleurs rad io lumineuses  ont  6t6 
in t rodu i t e  sous la peau de leur crane et soumis ~ un 
~clairement  de courte  dur6e en lumi~re naturel le .  A u n e  
dose de 25 nag, une t e in te  ma in t enue  dans  la r6gion de 
l 'orange de spect re  p rovoque  un no tab le  accro issement  
test iculaire.  Le t a n x  de ce t te  a u g m e n t a t i o n  ne ditf6ra pas 
de celui qui s 'observe  chez la caille soumise g u n  6claire- 
meri t  cont inu.  Des endui ts  6 m e t t a n t  la coulenr ver te  
fu ren t  sans effet. Ces donn6es la issent  supposer  que la 
caille n 'ut i l ise  pas son ceil comme pho to r6cep teur  s t imu lan t  
le d6ve loppement  p~riodique de ses gonades.  
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Increased Fusion Frequency of Aspergillus nidulans Protoplasts 

We earlier r epor ted  t h a t  p ro top la s t  fusion and  hetero-  
ka ryon  fo rma t ion  could be achieved wi th  auxo t roph ic  
m u t a n t s  of Geotrichum candidum 1. Nutr i t iona l  comple-  
m e n t a t i o n  occurred in low frequencies,  depend ing  on the  
condi t ions .  I t  was fu r the r  men t ioned  t h a t  p ro top las t  
fusion could also be a t t a ined  wi th  nut r i t iona l ly-def ic ien t  
Aspergillus nidulans mutan t s .  We  describe here the  
aggregat ion  and  an increased fusion f requency  of Asper- 
gillus nidulans protoplas t s .  

Materials and methods. Nutr i t iona l ly-def ic ien t  s table  
U V - m u t a n t s  of the  s t ra in  Aspergillus nidulans p a b a l ,  y, 
ts6 2-a were produced,  and the  m u t a n t s  requir ing lysine 
(lys) and me th ion ine  (met) were used in these  exper iments .  
The m u t a n t s  were cu l t iva ted  and ma in t a ined  on cul ture  
m e d i u m  conta in ing  0.5% yeas t -ex t rac t ,  1~ glucose and 
2% agar, a t  p H  6-6.2. 

If  no t  o therwise  s ta ted ,  the  m e d i u m  for p ro top las t  
fo rmat ion  consis ted of 0.6 2VI KC1 in McI lva in  c i t ra te-  
p h o s p h a t e  buffer  (pH 6.0), conta in ing  1% freeze-dried 
digest ive juice of the  snail  Helix pomatia. This enzyme  
solut ion was f i l tered t h rough  a m e m b r a n e  sheet  (pore size 
0.22 txm) to exclude par t ic les  deleter ious to  aggregat ion  
and  to fusion of pro toplas t s .  For  p ro top las t  fusion t h  e same 

solut ion was used, w i t h o u t  snail  enzyme.  For  regenera t ion  
of p ro top las t s  use was m a d e  of a minimal  m e d i u m  
(NH~/~SOI, 5 g; IZH 2 PO 4, lg ;  MgSO~.7 H20, 0.5 g; 
glucose, 10 g in 1000 ml dis t i l led water)  supp l emen ted  
wi th  v i t aminsL  KC1 (0.6 3/I) and agar  (2%). The same 
med i u m wi th  added  L-lysine and L-methionine (each 
50 ~g/ml) was employed  to  de t e rmine  the  n u m b e r  of 
co lony-forming uni ts  and the  f requency  of p ro top l a s t  
fusion. 

In  order  to cu l t iva te  the  auxo t roph ic  m u t a n t s  under  
o p t i m u m  condi t ions  for g rowth  and p ro top las t  p roduct ion ,  
a modi f ica t ion  of the  prevlous ly-descr ibed  cel lophane-  

i L. I~'ERENCZY, F. I~EVEI and J. ZSOLT, Nature, Lond. 2d8, 793 
(1974). 

2 j .  COHEN, D. KATZ and R. F. ROSE~TBEROER, Nature, Lond. 224, 
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D. KATZ and R. F. ROSE~BERO~, Biochim. biophys. Acts 208,452 
(1970). 

4 L. J. WICKERHAM, Tech. Bull. No. 1029, US Dept. Agriculture 
(1951). 


