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Table II. Effects of glucose concentration of enzyme levels and 
glucose utilization in Neurospora 

Initial growth conditions 

2% Glucose 0.5% Glucose 

Time (h) Cytochrome MDH Glucose Cytochrome MDH Glucose 
oxidase level oxidase level 
(a) (b) (c) (a) (b) (c) 

3 1.5 0,835 100 3.1 2,473 30.0 
5 6.0 1,860 94 8.5 4,420 29.2 
7 25.0 2,360 86 31.3 6,942 28.5 
9 22.0 4,900 80 24.7 9,050 28.0 

10 19.0 6,520 78 21.7 9,270 27.5 

Experimental conditions: the enzymatic activities were determined 
as indicated in the Methods and they are expressed as: a) K, mg 
prot-1; b) units, mg prot -1. The level of glucose in the culture media 
is given as c) [xnloles of glucose/nil of culture. 
After 10 h the yield of cells in the 2 conditions were: 0.28 mg dry 
weight/nil of culture in 2% glucose and 0.31 mg dry weight/ml of 
culture in 0.5% glucose. The constant of exponential growth, deter- 
mined as dry weight 3 was 0.37 h 1 for both cultures. 

toge ther .  The  resul ts  r epo r t ed  in Tab le  I I  exclude  t he  
occurence of a n  i n h i b i t o r  because  the  recovered  a c t i v i t y  
was the  sum of t he  two  ac t iv i t ies  measu red  i ndependen t ly .  
The  increase of specific a c t i v i t y  of c y t o c h r o m e  oxidase  
occurs  in cells growing in glucose as well in those  growing  
in ace ta te .  Besides,  b o t h  types  of cells h a v e  been  s h o w n  
to h a v e  fai r ly  s imi la r  m i t o e h o n d r i a l  s t ruc tu res  7. Therefore  
i t  is un l ike ly  t h a t  a release f rom ca tabo l i t e  repress ion  
p lays  a m a j o r  role in e n h a n c i n g  the  level  of c y t o c h r o m e  
oxidase.  To gain more  i n f o r m a t i o n  on th i s  poin t ,  t h e  level  
of c y t o c h r o m e  oxidase  was measu red  in cells g rowing  in 2 
d i f fe rent  in i t ia l  concen t r a t i ons  of glucose:  2% and  0.5O/o . 
As shown  in Tab le  I I ,  i t  was found  only  s l ight ly  h ighe r  
in cells growing w i th  a lower in i t ia l  ava i l ab i l i t y  of glucose. 
Also the  level  of m a l a t e  dehyd rogenase  has  b e e n  found  to  
increase  du r ing  t he  ea r ly  exponen t i a l  g rowth ,  a l t h o u g h  
no t  as d r a m a t i c a l l y  as c y t o c h r o m e  oxidase  (Table  II) .  The  
lower ava i l ab i l i t y  of glucose modif ies  the  w ay  t he  cells 
ut i l ize  glucose. In  fact ,  a l t h o u g h  the  yield a t  t he  10th  h 
of g r o w t h  is t he  same for t he  cu l ture  s t a r t ed  in 2% glucose 
or in 0,50]0 glucose (see legend of Table  II) ,  in t he  3 to  
10 h per iod t he  cells w i t h  more  glucose ava i l ab le  ut i l ize 
22 txmoles of glucose/ml,  while  the  cells w i t h  less glucose 
ava i l ab le  ut i l ize 2.5 ~xmoles/ml. 

The  resul ts  p r e sen t ed  here  ind ica te  t h a t  t he  level  of a 
key  r e sp i r a to ry  e n z y m e  m a y  v a r y  ex t ens ive ly  d u r i n g  
exponen t i a l  g r o w t h  in Neurospora, w h e n  eonidia  g e r m i n a t e  
in to  coenocyt ic  hyphae ,  i n i t i a t i n g  a def ined progress ion  
of even t s  whose  order  c a n n o t  easi ly be changed ,  t h u s  
differ ing f rom the  e x p o n e n t i a l  phase  of g rowth  in bac ter ia .  

I n d i r e c t  s u p p o r t  of our  resu l t s  is offered b y  a r ecen t  s t u d y  
on respiratory  and ene rgy  m e t a b o l i s m  during e x p o n e nt ia l  
g r o w t h  in Neurospora 8. The  oxygen  u p t a k e  pe r  u n i t  of cell 
mass  has  been  found  to  increase  a t  t h e  b e g i n n i n g  of the  
e x p o n e n t i a l  g r o w t h ;  t h e n  it  s lowly declines.  The  A M P  
a n d  A D P  levels increase  as soon as t h e  g e r m i n a t i o n  of 
eonidia  s ta r t s ,  r each  a m a x i m u m  a t  m i d - e x p o n e n t i a l  
phase,  t h e n  decline. The  A T P  level  r e m a i n s  a t  t he  eonidia  
level  d u r i n g  ear ly  e x p o n e n t i a l  g rowth ,  t h e n  i t  raises  
r each ing  a m a x i m u m  d u r i n g  la te  e x p o n e n t i a l  g r o w t h  8. 
The  p a t t e r n  of change  of t he  c y t o c h r o m e  oxidase  level  is 
ve ry  s imi la r  b o t h  for cells g rown  in glucose or in ace ta te ,  
conf i rming  t he  i nd i ca t i on  g iven  b y  p rev ious  f indings  7 
t h a t  in Neurospora c a t a b o l i t e  repress ion  p lays  on ly  a 
m a r g i n a l  role in  con t ro l l ing  t he  syn thes i s  of m i t o c h o n d r i a l  
enzymes  and  s t ruc tu res .  As for  t he  ques t ion  w h i c h  this  
p a p e r  a imed  to  answer ,  i t  is c lear  t h a t  Neurospora ceils 
col lected d u r i n g  a g iven  e x p o n e n t i a l  phase  of g r o w t h  m a y  
differ  wide ly  in t h e i r  e n z y m a t i c  se t -up  and  me tabo l i c  
act ivi t ies ,  a l t h o u g h  t h e y  a p p e a r  iden t i ca l  w h e n  gross 
p a r a m e t e r s  such as R N A  a n d  p ro t e ins  levels are considered.  
Severa l  p a t t e r n s  of cy tod i f f e r en t i a t i on  m a y  be evoked  in a 
t e m p o r a l  sequence  b y  a g iven  n u t r i t i o n a l  cond i t ion  a n d  
all of t h e m  seem c o m p a t i b l e  w i t h  t h e  same r a t e  of expo-  
nen t i a l  g rowth .  This  suggests  t h e  poss ib i l i ty  t h a t  n u t r i e n t s  
con t ro l  t he  r a t e  of cel lular  g r o w t h  i n d e p e n d e n t l y  of the 
r egu la t ion  of the  syn thes i s  a n d  a c t i v i t y  of m e t a b o l i c  
enzymes.  

Summary. I n  Neurospora cells growing  in var ious  media ,  
t he  specific a c t i v i t y  of c y t o c h r o m e  oxidase  increases  ve ry  
m a r k e d l y  d u r i n g  ear ly  e x p o n e n t i a l  g rowth ,  r each ing  a 
m a x i m u m  af te r  4-5  dup l i ca t ion  t imes ,  t h e n  i t  s lowly 
declines.  

Riassunto. L ' a t t i v i t X  specif ica del la  c i tocromo ossidasi  
s t a t a  d e t e r m i n a t a  in miceli  di  Neurospora crassa (ceppo 

selvat ico)  in c resc i ta  esponenzia le  b i l anc i a t a  in divers i  
mezzi  l iquidi  di cu l tu ra .  I n d i p e n d e n t e m e n t e  da l la  quali tA 
della fonte  di ca rbonio  u s a t a  l ' a t t iv i tA  specifica ~ mol to  
bassa  d u r a n t e  la fase esponenzia le  precoce, r agg iunge  un  
mass imo  dopo 4-5  t e m p i  di dupl icazione,  qu ind i  decresce. 
I1 valore  mas s imo  d e l l ' a t t i v i t ~  specif ica d ipende  dalle 
condiz ioni  nu t r iz iona l i ,  basso  in glucosio m i n i m o  pitl 
e leva to  in ace t a to  m i n i m o  e in glucosio pi~ casaminoae id i .  
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S u r f a c e  F e a t u r e s  a n d  H i s t o c h e m i s t r y  o f  t h e  P o l l i n i a l  W a l l  o f  Calotropis gigantea 

Angiospe rm microspores  no rma l ly  develop to form 
g ranu l a r  pollen, b u t  occas ional ly  t h e y  adhe re  to  form 
dyads  or t e t r a d s  (Ericaceae) or even  po lyads  of 8 -16  
spores  (Mimosoideae).  A grea te r  degree of pol len  aggrega-  
t ion  occurs  in some m e m b e r s  of Asclepiadaceae  and  
Orchidaceae ,  where  t he  pol len of the  en t i re  sac are agglu-  
t i n a t e d  to form a body  of def in i te  shape  called pol l in ium.  

The  o n t o g e n y  of the  po l l i n ium a n d  t he  s t r u c t u r e  of i ts  
wall  h a v e  no t  received m u c h  a t t e n t i o n  so far. Some 
aspects  of t he  m o r p h o l o g y  and  c h e m i s t r y  of t he  pol l inial  
wall  of Calotropis gigantea R & Br. (Asclepiadaceae)  are 
e x a m i n e d  in th i s  repor t .  

Pol l in ia  f rom two var ie t ies  of Calotropis gigantea were 
used in th i s  s tudy .  F re sh ly  col lected m a t u r e  pol l in ia  were 
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grown in t h e  m e d i u m  of BREWBAKER and  KWACK1. The  
p rocedure  r e c o m m e n d e d  b y  ERDTMAN 2 was fol lowed in 
acetolysis .  The  chemica l  c o n s t i t u t i o n  of the  pol l in ia l  wal l  
was  t e s t ed  b y  t he  h i s t ochemica l  m e t h o d s  descr ibed  b y  
JENSEN 3 and SOUTHWORTH ~. 

The pollinia of Calotropis are flat structures with wide 
rounded bases and narrow apexes. Of the two longer 
edges, one is almost straight and the other is slightly con- 
vex. Under the microscope, the pollinium appears to have 
a cellular flat surface bordered with thick homogenous 
edges. At the time of germination, pollen tubes emerge 
from the distal half of the flat edges of the pollinia. As 
suggested by ZERONI and GAIL 5, the pollinial wall was 
cut open at various places to test the polarity of the 
growing pollen tubes. The direction of tube growth was 
not markedly affected even with the new outlets so 
opened. 

Asymmetrical germination of pollinia has already been 
r epo r t ed  in Asclepias 5. In  3 o the r  m e m b e r s  of Asclepia-  
daceae  also we found  t h a t  t i le pol len  t u b e s  e m a n a t e  on ly  
t h r o u g h  p a r t i c u l a r  regions  of t he  pol l in ia  wh ich  a p p e a r  to  
be  genus-specif ic .  Thus ,  t he  pos i t ion  of emergence  is on 
the  s t r a igh t  edge of t h e  po l l i n ium nea r  t h e  base  in 
Calotropis, nea r  i ts  apex  in Dregea a n d  nea r  t he  base  on 
t he  convex  edge in Daemia. Since th i s  region has  no t  been  
m a r k e d  b y  a n y  vis ible  charac ter i s t ics ,  h i s tochemica l  
m e t h o d s  were emp loyed  to s t u d y  the  n a t u r e  of t he  polli-  
n ia l  wal l  w i t h  p a r t i c u l a r  reference to the  a rea  of emergence  
of t he  tubes .  These  t e s t s  were conf ined  to  t he  pol l in ia  of 
Calotropis. 

Prev ious  r epo r t s  ascr ibe  a w a x y  or cu t i cu la r  s,s n a t u r e  
to  t he  pol l in ium.  However ,  no  d i s in t eg ra t ing  effects on t he  
wal l  were seen w h e n  t he  pol l in ia  were p laced  in closed 
via ls  c o n t a i n i n g  l ipid so lven ts  such  as acetone,  benzene  
or ch lo ro fo rm for as long as 3 days. Of t he  3 solvents ,  
benzene  a lone  a p p e a r e d  to h a v e  dissolved some of t he  
depos i t s  on  t h e  co r pus cu l um  a n d  connec t ives  of t he  
pol t in ia  a l t h o u g h  t he  pol l in ia l  wall  r e m a i n e d  i n t a c t  a t  t he  
end  of t he  t r e a t m e n t .  I t  is there fore  r e a s o n a b l y  ce r t a in  
t h a t  ' w a x y  s u b s t a n c e s '  are no t  t he  chief  c o n s t i t u e n t s  of 
t he  pol l in ia l  wall. The  suspec ted  cu t i cu la r  n a t u r e  of t he  
wal l  was also tes ted .  Cu t in  is saponif ied  b y  an  alcoholic  
so lu t ion  of K O H ,  b u t  t h e  pol l in ia l  wal l  is f ound  to  be  
insoluble  in  th i s  reagen t .  I n  con t ras t ,  t h e  wal l  is saponif ied  
in t he  sporopol len in  so lven t  of fused KOH.  I t  m a y  be  
n o t e d  here  t h a t  t he  r eac t ion  of t he  sporopol len in  of t he  
pol len exines  to  t he  a b o v e  tes t s  is also iden t ica l  to  t h a t  of 
pol l in ia l  walls.  L ign in  shares  t he  so lubi l i ty  p roper t i e s  of 
sporopol lenin*,  b u t  t h e  usual  s t a in ing  t echn iques ,  specific 

for th i s  cons t i t uen t ,  h a v e  no t  revea led  i ts  p resence  in t he  
poll inia.  

The  sporopol len in  compos i t i on  of pol l in ia l  wall  is 
f u r t h e r  e m p h a s i z e d  b y  acetolysis .  A l t h o u g h  i t  h a d  no  
effect  on  t he  bag- l ike  n a t u r e  of the  poll inia,  acetolys is  
leaves a n  open  a rea  on  t he  pol l inia l  wal l  co r respond ing  to 
t he  g e r m i n a t i n g  region.  The  s l i t  so revea led  has  well 
def ined  edges fol lowed b y  c lear  cel lular  ou t l ines  all  
a round .  I n  t he  po l l in ia  of Calotropis which  we examined ,  
th i s  sli t  m e a s u r e d  a b o u t  350-400 ~zm in length .  Since t he  
l e n g t h  of t he  open ing  is m u c h  g rea te r  t h a n  i ts  b r e a d t h ,  i t  
m a y  be  def ined  as a furrow,  fol lowing t he  t e rmino logy  
sugges ted  b y  FAGERI a n d  IVERSEN~. 

Our  s t u d y  revea ls  some of t he  s imi lar i t ies  be tween  
pol len a n d  pol l in ia l  wall.  The  fu r row on the  pol l in ia l  wal l  
a n d  t he  germ pore  on  t he  pol len exine  are rea l ly  differen-  
t i a t e d  wal l  regions for t he  e m a n a t i o n  of pol len  tubes .  
Again,  as in  t h e  case of t he  ge rm pore  in pol len  wall, t h e  
pos i t ion  and  m o r p h o l o g y  of t he  pol l in ia l  fu r row a p p e a r  to  
h a v e  some d iagnos t i c  significance.  Besides,  t he  chemica l  
compos i t i on  of t he  two  walls shows resemblances .  ]3oth 
are r e s i s t a n t  to  l ip id  solvents ,  a lcoholic  K O H  and  
acetolysis.  A t  t he  same  t ime,  acetolys is  clears t he  regions 
of t he  pore  and  t he  furrow.  The  va r ious  t e s t s  m e n t i o n e d  
above  ind ica te  t h a t  t h e  pol l in ia l  wall, like t h a t  of t he  
pol len exine, is composed  of sporopol len in  s. 

Zusammen]assung. Nachweis ,  dass  das  Po l l i na r i um von  
Calotropis gigantea re ich l ich  Sporopol len in  e n t h ~ l t  und  
dass  die Pollenschl~Luche das  Po l l i na r ium d u r c h  eine 
p r~fo rmie r t e  F u r c h e  ver lassen.  
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A Combinat ion  of Sister Chromatid  Differential Staining and Giemsa  Banding 

W h e n  a cell is g rown in a m e d i u m  c o n t a i n i n g  5-bro- 
m o d e o x y u r i d i n e  ( B r d U r d  or t he  older  a b b r e v i a t i o n  B U d R  
wh ich  is used t h r o u g h o u t  th i s  paper)  for two  cell cycles, t he  
two  s is ter  c h r o m a t i d s  of each  c h r o m o s o m e  are  d i f fe ren t :  
one  w i t h  b r o m o n r a c i l  (BU) s u b s t i t u t i n g  t h y m i n e  in b o t h  
of t he  D N A  s t r a n d s  a n d  t he  o t h e r  w i t h  on ly  one BU-  
s u b s t i t u t e d  D N A  s t r and .  LATTI d e m o n s t r a t e d  t h a t  w h e n  
such  cells are  s t a ined  w i t h  t h e  f luorochrome  33258 
H o e c h s t  a n d  obse rved  w i t h  U V  optics,  t he  c h r o m a t i d  w i t h  
b i f i l ia ry  s u b s t i t u t i o n  would  show dul l  f luorescence or no  
f luorescence whereas  t he  c h r o m a t i d  w i t h  un i f i l i a ry  sub-  
s t i t u t i o n  would  show b r i g h t  f luorescence.  I n  t h e  p r epa ra -  
t ions  showing  s is ter  c h r o m a t i d  d i f fe ren t ia l  s t a i n i n g  (SCD), 
s is ter  c h r o m a t i d  exchanges  (SCE) can  be  de t ec t ed  w i t h  
exce l len t  resolu t ion .  

The  f luorescence t e c h n i q u e  was l a t e r  modi f ied  for 
Giemsa  s t a in ing  2-4. I n  these  p r epa ra t i ons ,  t h e  b i f i l ia ry  
s u b s t i t u t e d  c h r o m a t i d  s ta ins  l i gh t ly  a n d  t he  uni f i l ia ry  
s u b s t i t u t e d  c h r o m a t i d  s t a ins  deeply.  Again  SCE are 
e x t r e m e l y  clear.  

Since these  p rocedures  a l r eady  h a v e  i m p o r t a n t  appli-  
ca t ions  5,s a n d  more  uses  are expec t ed  in t he  fu ture ,  i t  
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