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Fig. 2. With glucose. Great lipid drops have replaced the chloroplasts, 
the cellular mass has been reduced. Fixation as in Figure 1. 
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Fig.3. With galactose. Chloroplasts with many compact bundles of 
lamellae, lipid and starch. Fixation as in Figure 1. 

in those  cul tures  which  con ta in  f ructose  or galactose.  I t  
d i sappea red  a lmos t  comple te ly  in cul tures  wi th  lactose,  
while arachic  acid was found ; in cul tures  w i th  saccharose,  
l inolenic acid was accompan ied  by  an  unident i f ied  f a t t y  
acid wi th  20 c a r b o n - a t o m s  and  4 double  bonds .  

In  all t he  cul tures  s tudied,  t he re  is a d i rec t  p ropor t ion -  
a l i ty  b e t w e e n  c a r b o h y d r a t e  u p t a k e  and  ca ro teno id  syn-  
thes is  and  an  inversed  re la t ionsh ip  b e t w e e n  c a r b o h y d r a t e  
up t ake  and  ch lorophyl l  syn thes i s  (Tables I and  II) .  

The e lec t ron  microscope  p h o t o g r a p h s  conf i rm the  re- 
sul ts  ob ta ined ,  d e m o n s t r a t i n g  t h a t  the  b lushing effect  is 
t he  visible fea ture  of ch loroplas t s  de fo rma t ion  (Figures 
1-3)*. 

Riassunto. ~ s tud ia to  l ' e f fe t to  di  a r ro s samen to  provo-  
ca to  da l i ' agg iun ta  di  alcuni  zuccheri  a col ture  sommerse  
del l 'a lga cloroficea D. cinnabarinus. Questo  e f fe t to  ~ do-  

vu to  alla formazione  di che to-caro tenoid i ,  alia d iminu-  
zione delle clorofille ed alla degradaz ione  dei cloroplast i .  
Le osservazioni  al microscopio  e le t t ron ico  m e t t o n o  in evi- 
denza  le var iazioni  del la  s t r u t t u r a  dei  cloroplast i .  

F. I)ENTICE DI ACCADIA, 
OLGA GRIBANOVSK1-SAssu and  
NANCY LOZANO REYES 

Laboratori di Chimica Biologica, 
Istituto Superiore di SaniM, Roma (Italy), 
13 M a y  1968. 

6 Acknowledgment. The authors are indebted to Dr. L. TUTTO- 
BELLO and A. I~OMAGNOLI for their nficrobiologieal assistance and 
to ANITA CONTENTI and G. NUSDORFI for their technical assistance. 

S T U D I O R U M  P R O G R E S S U  S 

Induced Macrocon id ia  F o r m a t i o n  in N e u r o s p o r a  crassa  

Asexual  d e v e l o p m e n t  in Neurospora includes  the  differ-  
en t i a t i on  of la teral ly  growing  vege ta t ive  h y p h a e  in to  aerial  
h y p h a e  and  these,  in turn ,  in to  n u m e r o u s  conid iophores  
wh ich  form vege ta t ive  spores  called macroconidia .  Pre-  
v ious  inves t iga t ions  reveal  an  impress ive  a r ray  of funda-  
men t a l  b iochemica l  d i f ferences  be tween  vege ta t ive  h y p h a e  
and  the  conidia  t h e y  m a y  even tua l ly  yield 1-z and  t h a t  the  
process  is u n d e r  genet ic  cont ro l  4. However ,  the  f i rs t  re- 
q u i r e m e n t  for expe r imen ta l  analyses  of macrocon id ia t ion  
is t h a t  i t  be b r o u g h t  under  s t r i ngen t  and  precise control .  
A m e t h o d  which  improves  upon  prev ious  a t t e m p t s  to  do 
so ~,e is g iven here  t oge the r  wi th  obse rva t ions  which make  
some con t r i bu t i on  to  t he  biology of N.  crassa. 

B o t h  of t he  earl ier  m e t h o d s  took a d v a n t a g e  of t he  fac t  
t h a t  conidia  are  neve r  fo rmed  on submerged  h y p h a e  7 or 
in t h e  presence  of t h e  w e t t i n g  agen t  Tween  80 s. STRAUSS5 
repor t s  condi t ions  unde r  which  con id ia t ion  will begin  af ter  
abou t  12 h and  con t inue  for a per iod of 4-5 h. STINE and  
CLARK 6 f ind t h a t  aerial d e v e l o p m e n t  requires  8 h and  the  
d i f fe ren t i a t ion  of conidia  con t inues  for ano the r  8 h. Our 

basic m e t h o d  reduces  the  dura t ions  of b o t h  aerial  forma-  
t ion  and  con id ia t ion  w i t h o u t  decreas ing  the  final conidial  
yield. In  addi t ion ,  t h e  m e t h o d  can  be modif ied  in a n u m b e r  
of ways  p e r m i t t i n g  the  emergence  of new and  frui t ful  
expe r imen ta l  s i tua t ions .  
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Mycet ia l  p a d s  a re  o b t a i n e d  b y  t r a n s f e r r i n g  suspens ions  
of w i l d - t y p e  con id ia  ( s t ra in '  74-A) f rom 5-day-old  s l a n t  
cu l tu res  to  250 ml. E r l e n m e y e r  f lasks  c o n t a i n i n g  50 ml  
BEADLE a n d  TATUM'S m i n i m a l  m e d i u m  9 t o g e t h e r  w i t h  
1.5 ~/o sucrose, 0.23 ~ sod ium a c e t a t e  a n d  0.1 ml  T w e e n  80/1 e. 
The  flask cu l tu res  are i n c u b a t e d  for 66-68 h in  a s t a t i o n a r y  
l ight- f ree  mo i s t  c h a m b e r  a t  30 °C. Us ing  ster i le  t echn iques ,  
each  mycel ia l  pad ,  now  a b o u t  7.5 cm d i a m e t e r  a n d  1 m m  
th ick ,  is g e n t l y  p o u r e d  i n to  a B u c h n e r  funne l  c o n t a i n i n g  
200 ml  0.12VI p o t a s s i u m  p h o s p h a t e  buf fe r  (pH 6.1) a n d  a 
t h i n  p las t i c  disc, 9 cm d i a m e t e r  w i t h  n ine  1 m m  holes  a n d  
a f ixed  s t em or  hand le ,  s u p p o r t i n g  a 9 c m  disc of \ ¥ h a t m a n  
No. 1 f i l te r  paper .  As t h e  p a d  is t r a n s f e r r e d  to  t h e  B u c h n e r  
funne l  i t s  o r i e n t a t i o n  is r e t a i n e d  so t h a t  t he  u p p e r m o s t  
surface  of t he  pad ,  as i t  grew in  t h e  flask,  is k e p t  u p p e r m o s t  
in  al l  s u b s e q u e n t  opera t ions .  B y  g e n t l y  m a n i p u l a t i n g  t h e  
p las t i c  disc, t he  p a d  is cen te red  wr inkle- f ree  on  t h e  f i l te r  
p a p e r  a n d  t he  bu f fe r -wash  is s lowly d r a i ned  t h r o u g h  t he  
funnel .  T h e  pad  is w a s h e d  a g a i n  in 200 ml  buf fe r  a n d  t h e n  
t r a n s f e r r e d  to  a bu f f e r - soaked  f i l te r  p a p e r  w i t h  t h e  aid of 
t h e  p las t i c  disc. The  fac t  t h a t  t h e r e  is no  n e t  p r o t e i n  syn-  
thes i s  fol lowing t he  second w a s h  a t t e s t s  to  t he  eff icacy of 
t he  p rocedure .  Nor  were t h e  f ina l  p o p u l a t i o n s  of con id i a  
p r o d u c e d  b y  p a d s  g iven  2, 4 or  6 such  washes  found  to  
differ  s ign i f ican t ly .  Next ,  t he  c e n t e r  of t h e  p a d  is cu t  ou t  
a n d  d i sca rded  l eav ing  a myce l i a l  ' r i ng '  0.5 cm wide to  be  
used for  f u r t h e r  c o n i d i a t i o n  s tudies .  (The basis  for t h i s  
p rocedu re  lies in  t he  f ac t  t h a t  c o n i d i a t i o n  occurs  f i r s t  
w i t h i n  t he  o u t e r m o s t  0.5 cm of a p a d  and,  d e m o n s t r a b l y  
la ter ,  t o w a r d s  t h e  center . )  T h e  myce l i a t  r ing  o n  i t s  r ing  of 
f i l te r  p a p e r  is p l aced  on  a 10 × 10 cm wire  screen  s u p p o r t e d  
b y  t h e  b o t t o m  of a 100 m m  P e t r i  d ish .  Th i s  d i sh  is t h e n  
s u s p e n d e d  2.5 c m  ove r  60 g CaC12 c o n t a i n e d  in t he  Pe t r i  
d i sh  t o p  a n d  t h e  p r e p a r a t i o n  is sealed in a n  8- inch glass- 
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The number of macroconidia per culture versus time since induction. 
Mycelial pads were grown for 66 68 h, washed, then induced to yield 
conidia by transfer to 25°C, 300 f.c. light, and reduced humidity. 
Each point represents 1 culture, Alt cultures assayed at 5 h and 
earlier gave counts lower than the resolution of the hemoeytometer 
(1 x 10~). 

covered  f inger  bowl.  F i n a l l y  t he  cu l tu re  is exposed  to  
300 I.e. a r t i f ic ia l  d a y l i g h t  a t  25 °C. SVith exper ience,  a p a d  
c a n  be  t r a n s f e r r e d  f rom t h e  g r o w t h  f lask  to  t h e  glass 
c h a m b e r  in  5 6 min .  

Fo r  con id ia l  assays,  the  myce l ia l  r ing  is r e m o v e d  f rom 
th~  f i l te r  paper ,  t he  con id ia  are freed f rom the  h y p h a e  b y  
gen t l e  m inc ing  in a n  onmimixe r ,  a n d  are c o u n t e d  w i t h  a 
h e m o c y t o l n e t e r .  I n  o rde r  to  m a k e  re l iable  c o u n t s  on  smal l  
p o p u l a t i o n s  of conidia ,  t h e  p r e p a r a t i o n  is c o n c e n t r a t e d  b y  
cen t r i fuga t ion .  

T h e  d a t a  in  t h e  F igu re  a t t e s t  t o  t h e  re l i ab i l i ty  of t h e  
bas ic  m e t h o d .  No  con id ia  were f o u n d  a m o n g  10 cu l tu re s  
a s sayed  5 h (or less) a f t e r  i nduc t ion .  I n  d e w d o p i n g  t h e  
m e t h o d  ce r t a i n  of i ts  f ea tu res  were s y s t e m a t i c a l l y  va r i ed ;  
s ince t he se  o b s e r v a t i o n s  b r ing  to  l i gh t  p a r t i c u l a r  aspec t s  
of t h e  b io logy  of con id i a t i on  t h e y  are  p r e s e n t e d  below. 

The  resu l t s  g iven  in Tab le  I r e la te  t h e  d u r a t i o n  of the  
per iod  of v e g e t a t i v e  h y p h a l  g r o w t h  to q u a n t i t a t i v e  a spec t s  
of con id ia t ion .  T h e  closest  a p p r o a c h  to  t h e  des i red  syn-  
c h r o n o u s  ' b u r s t '  of con id i a t i on  was  found  a m o n g  p a d s  
i n c u b a t e d  for  66-72  h p r io r  to  i n d u c t i o n .  T h e  fac t  t h a t  
aged  ( ' s t a t i o n a r y  phase ' )  h y p h a e  go o n  to  fo rm con id ia  b u t  
do so r e l u c t a n t l y  is n o t e w o r t h y  b u t  u n e x p l a i n e d .  

The  foregoing  o b s e r v a t i o n s  t o g e t h e r  w i t h  ZALOKAR'S 2 
r e p o r t  t h a t  t h e  h y p h a e  u p p e r m o s t  in  t he  p ro l i f e ra t ing  
myce l i a l  mass  are  t h e  y o u n g e s t  a n d  those  a t  t h e  b o t t o m  
are  t h e  oldest ,  sugges ted  t h a t  p a d s  k e p t  y o u n g  side up  
d u r i n g  i n d u c t i o n  shou ld  p roduce  con id ia  more  eff ic ient ly  
t h a n  pads  t u r n e d  a b o u t  so t h a t  t he  y o u n g e s t  h y p h a e  re s t  
on  t h e  f i l te r  paper .  The  d a t a  in  Tab le  I I  e s t ab l i sh  t h i s  
po in t ,  Howeve r ,  a decis ive  t e s t  of t h e  n o t i o n  t h a t  h y p h a t  
age pe r  se in f luences  c o n i d i a t i o n  ha s  ye t  to  be  ca r r ied  out .  
I n  add i t ion ,  t he  e x p e r i m e n t  led to  t h e  d i s cove ry  t h a t  
con id ia  m a y  fo rm f rom b o t h  of t h e  surfaces'  of a p a d  
a l t h o u g h  in a n y  case t he  or ig ina l  u p p e r  surface,  where  t h e  
y o u n g e s t  h y p h a e  are  loca ted ,  gives rise to  t he  g r ea t e s t  
n u m b e r s  of conidia .  

T h e  effects  of t he  d r y i n g  a g e n t  CaCI~ are  shown  in  
T a b l e  I I I .  To  col lect  t he  d a t a  in  t h e  f i r s t  3 rows,  myce l i a  
were  p laced  in  m o i s t  c h a m b e r s  a t  va r i ous  d i s t ances  f rom 
60 g of CaC12. T h e  d a t a  in  t h e  las t  row of  t h e  T a b l e  were  
col lec ted  f r o m  p a d s  w h i c h  fo rmed  con id ia  in  absence  of 
CaC12 a n d  on  c o n t i n u o u s l y  buf fe r - soaked  f i l ter  papers .  T h e  
resu l t s  sugges t  t he  fol lowing r e l a t i onsh ips  : f irst ,  t h e  dura -  

Table I. The effect of various growth periods on subsequeut conidial 
yield 

Growth Mass Conidia/pad at time (h) since 
period (h) dry weight (rag) induction 

9 18 

48 17.83 2.75 × 106 3,70 × 10 e 
54 22.67 4.20 X l0 G 3.78 × l0 T 
60 26.50 1.35 × 10 ~ 3.18 x l0 T 
66 32.00 3.33 × 107 3.60 X 107 
72 35.33 2.63 × 10 ~ 4.05 × 107 
96 44.16 1.03 × l0 T 3.30 x l0 T 

120 43.50 1.55 × l0 s 3,63 X 107 
144 46.67 5.50 × 104 7.75 × 106 

Mycelial pads were grown for the indicated periods, washed and 
induced under standard procedures. At the time of induction, 1 group 
of pads was set aside for weight determination. 

G. W. BEADLE and E. L. TATUM, Am. J. Bot. 32, 678 (1945). 
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Table II. The effect o5 pad orientation on conidia production 
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Orientation of pad Pad surface Conidia/pad at time (h) since induction 
during conidiation 5 6 7 8 9 1 f 

Normal Upside ~ 0 3.0 x 10 s 2.25 × 106 1.67 × 107 2.51 × 10 ~ 2.64 × 107 
Downside b 0 0 0 0 0 0 

Reversed UpMde b 0 0 5.62 × 10 ~ 2.03 × 104 1.35 × 105 3.03 x 105 
Downside ~ 0 8 x 10 n 1.32 × 104 5.6 × 104 3.0 x 10 ~ 2.25 x 10 G 
Total 0 8 x 10 a 1.88 × 104 7.63 x I04 4.35 × 105 2.55 × 108 

Mycelial pads grown for 66~58 h were divided into 2 groups. Group 1. Normal orientation : the pads were washed so that the upper surface 
during growth was the upper surface during induction. Group 2. Reversed orientation: the pads were inverted during washing so that the 
upper surface during growth was the surface in contact with the filter paper during induction and faced downward. At each hour indicated, 
the conidia on a single pad from each group were assayed. The upside counts are the total number of conidia above the mycelial pad. The 
downside counts are the total number of eonidia formed on aerials which grew down through the supporting filter paper. 

This is the top of the pad as it grew in the flask, b This is the bottom of the pad as it grew in the flask. 

Table III .  The effect of varying humidity on conidia production 

Conditions Conidia/pad at time (h) since induction 
CaCl 2 Distance 5 6 7 8 9 11 24 48 

+ 5 em 0 0 0 1.25 x 105 1.0 x 10 e 1.0 x 10 ~ 1.25 × 106 - 
+ 8.6 cm 0 0 8.75 x 10 n 7.75 x 106 3.5 x 106 1.78 X 107 1.l X 107 - 
+ 11 cm 0 0 1.5 x 106 1.38 x 107 1.40 × 107 3.35 x 107 2.98 × 10 ~ - 
-- - 1.91 × 103 5 × 10 ~ 2.5 x 10 e 4.83 x 107 4.68 × 107 8.53 × 107 1.2 × l0 s 1.24 x l0 s 

Mycelial pads were grown for 66-68 h, washed and induced in the presence or absence of CaC1 v Conidia from sections of the pads 5.0, 8.6 
and 11.0 cm distant from the CaCl 2 were counted and the counts normalized to total yield of conidia/whole pad. Conidia induced in the 
absence of CaCI~ were counted in the normal way. Each count represents 1 culture. 

t i o n  of  d e v e l o p m e n t  p r i o r  to  t h e  a p p e a r a n c e  of t h e  f i r s t  
con id i a  is i n v e r s e l y  r e l a t ed  to  t h e  h u m i d i t y ;  second,  t h e  
d u r a t i o n  of  c o n i d i a t i o n  is d i r ec t l y  r e l a t ed  to  h u m i d i t y ;  a n d  
th i rd ,  t h e  n u m b e r  of  con id ia  f o r m e d  is d i r ec t l y  r e l a t ed  to  
t h e  h u m i d i t y .  

C u l t u r e s  i n d u c e d  in d a r k n e s s  v e r s u s  l igh t  (300 f.c. a n d  
1200 f.c. i l l u m i n a t i o n )  dif fer  in  3 i m p o r t a n t  r e spec t s .  F i r s t ,  
t h e  o r a n g e  p i g m e n t ,  a c a r o t e n o i d ,  c h a r a c t e r i s t i c  of  b o t h  
h y p h a e  a n d  con id i a  is f o r m e d  o n l y  in  l igh t  8. Second ,  t h e  
d u r a t i o n  of  c o n i d i a t i o n  is s h o r t e n e d  b y  a t  l eas t  a n  h o u r  if 
c u l t u r e s  a re  c o n t i n u o u s l y  e x p o s e d  to  l ight .  Th i rd ,  w h e n  a 
c u l t u r e  is i n d u c e d  in l ight ,  t h e  f o r m a t i o n  of  aer ia l  h y p h a e  
a n d  con id i a  is r e s t r i c t e d  to  t h e  u p p e r  ( l ighted)  s u r f a c e  of  
t h e  myce l i a l  pad .  B u t  in  d a r k n e s s  h y p h a e  a n d  con id i a  a r e  
f o r m e d  f r o m  b o t h  t o p  a n d  b o t t o m  s u r f a c e s  of  t h e  myce l i a l  
m a s s .  

T h e  bas ic  m e t h o d  o u t l i n e d  a b o v e  p r o v i d e s  a n  o p p o r -  
t u n i t y  t o  i n v e s t i g a t e  b i o c h e m i c a l  e v e n t s  w h i c h  m a y  
a c c o m p a n y  p a r t i c u l a r  m o r p h o l o g i c a l  changes .  F o r  ex-  
amp le ,  o u r  u n p u b l i s h e d  o b s e r v a t i o n s  s h o w  t h a t  t h e  en-  
z y m e  N A D a s e -  p r e v i o u s l y  r e p o r t e d  as  l a ck ing  in  v e g e t a t i v e  
h y p h a e  a n d  p r e s e n t  in l a rge  a m o u n t s  in con id i a  1 - t o  be  
r a p i d l y  s y n t h e s i z e d  d u r i n g  ae r ia l  d e v e l o p m e n t  a n d  t h e n  
a c c u m u l a t e d  in t h e  conid ia .  T h e  m e t h o d  h a s  a lso  en-  
c o u r a g e d  w h a t  n o w  a p p e a r s  to  be  a p r o f i t a b l e  s e a r c h  for  
m a c r o c o n i d i a l  m u t a n t s  ; t h u s  in s o m e  s t r a i n s  we n o t e  t h a t  
t h e  t i m e  cou r se  fo r  t h e  d i f f e r e n t i a t i o n  of  con id ia  f r o m  
aer ia l s  is u p s e t  a n d  in o t h e r s  t h e  m o r p h o l o g y  of  aer ia l s  o r  
con id ia  o r  b o t h  is a t y p i c a l  1°. B y  m o d i f y i n g  t h e  bas ic  
m e t h o d  for  i n d u c i n g  con id iogenes i s  e x p e r i m e n t a l l y  use fu l  
s i t u a t i o n s  a p p e a r .  U n d e r  c o n d i t i o n s  of  h i g h  h u m i d i t y  
con id i a  f o r m a t i o n  is p r e c e d e d  b y  t h e  e l a b o r a t e  g r o w t h  a n d  
d e v e l o p m e n t  of  aer ia l  h y p h a e ,  wh i l e  r e l a t i ve  d r y n e s s  
c ause s  t h e  f o r m a t i o n  of  e x t r e m e l y  sho r t ,  c o m p a r a t i v e l y  
s imple ,  less e x t e n s i v e l y  b r a n c h i n g  aerials .  Aga in ,  t h e  fac t  
t h a t  aer ia l s  will  g r o w  t h r o u g h  f i l ter  p a p e r  s u g g e s t s  a t  once  

t h a t  t h e  aer ia l s  can  be  s e p a r a t e d  f r o m  t h e  u n d e r l y i n g  
myce l i a l  p a d  b y  m e r e l y  r e m o v i n g  t h e  p a p e r  w h i c h  s u p p o r t s  
t h e m ;  t h u s  one  can  a s k  w h e t h e r  s u c h  d e t a c h e d  aer ia l s  
c o n t a i n  t h e  m a t e r i a l s  n e c e s s a r y  for  full  con id i a  f o r m a t i o n .  
I n d e e d  t h e y  do  ! A n d  f ina l ly ,  i t  is n o w  poss ib l e  to  t r ace  t h e  
s y n t h e s e s  of p a r t i c u l a r  mo lecu le s  d u r i n g  d e v e l o p m e n t ,  be-  
c ause  myee l i a l  p a d s  will  d i f f e r e n t i a t e  wh i l e  in c o n t i n u o u s  
c o n t a c t  w i t h  p h o s p h a t e  b u f f e r  to  w h i c h  i n h i b i t o r s  a n d  
labe ls  can  be  added .  

I n  conc lus ion ,  t h e  p r o c e s s  of  c o n i d i a t i o n  m a y  p r o v i d e  
a n  espec ia l ly  a t t r a c t i v e  e x a m p l e  of m o r p h o g e n e s i s  b e c a u s e  
it  is r e l a t i v e l y  s imple ,  non -e s sen t i a l ,  a n d  occu r s  in a 
e u c a r y o t e  we l l - su i t ed  fo r  s o p h i s t i c a t e d  b i o c h e m i s t r y  a n d  
gene t i c s  n .  

Zusammen]assung. E s  w i r d  eine M e t h o d e  zu r  K o n t r o l l e  
d i v e r s e r  U m w a n d l u n g s s t a d i e n  bei  N e u r o s p o r e n  besch r i e -  
b e n :  U m b i l d u n g  w a c h s e n d e r ,  v e g e t a t i v e r  H y p h e n  in  luf-  
t ige  H y p h e n ,  y o n  d iesen  in Conid ien t rXger  u n d  Mac ron i -  
dien.  xNi~hrend de r  P r o d u k t i o n s p e r i o d e  fiir lu f t ige  H y p h e n  
(5-6  h) b i l de t  j ede  K u l t u r  ca. 3 × 107 Con id i en  (32 m g  
T r o c k e n g e w i c h t / 3  h).  Die  M e t h o d e  is t  b e s o n d e r s  b r a u c h b a r  
z u m  S t u d i u m  m o r p h o g e n e t i s c h e r  u n d  b i o c h e m i s c h e r  Be- 
g l e i t p h A n o m e n e  bei  YVildtypen u n d  M u t a n t e n .  
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