
914 Specialia EXPERIENTIA 31/8 

Change  of the  Cytochrome  Oxidase  Level Dur ing  

During the  exponent ia l  phase of growth  in Neurospora 
crassa cultures, the  syntheses of RNA,  proteins and D N A  
are balanced,  i.e. each of the  rates of synthesis  can be 
expressed by the  following equa t ion  : d M / d t  = K M ,  where 
K is the  cons tant  of the  exponent ia l  ra te  of growth and 
M is the  cellular con ten t  of each macromolecular  com- 
ponent .  Also the  levels of R N A  and protein,  t h a t  is the  
amount s  of these compounds  referred to an amoun t  of 
D N A  equiva len t  to one haploid genome, remain  cons tant  1, 2. 
Bu t  a ques t ion remains  open:  dur ing the  exponent ia l  
phase  in a defined med ium when the  cellular composi t ion 
is constant ,  are the  cells endowed wi th  the  same enzymat ic  
act ivi t ies  ? Or to pu t  the  same quest ion in a more immedi-  
a te  manner :  are Neurospora cells collected at  different  
t imes  dur ing exponent ia l  phase of growth ident ical  ? In  
the  exper iment  repor ted  in the  present  paper,  we deter-  
mined  the  levels of a key  respi ra tory  enzyme,  cy tochrome 
oxidase,  dur ing the  exponent ia l  phase of growth  in differ- 
en t  media  and found t h a t  the  level  of cy tochrome oxidase 
varies ex tens ive ly  dur ing the  exponent ia l  phase in all the  
nut r i t ional  condit ions we have  considered. 

Mater ia ls  and  methods. The wild type  strain 74A 
(St. Lawrence) of Neurospora crassa has been used. The  
growth  condit ions in shaken l iquid media a t  30 ~ were as 
indicated in detai l  in a previous paper  3. Conidia, which 
had been obta ined on solid sucrose min imal  medium in 
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The level  of cy tochrome oxidase  in  Neurospora cells in  exponent ia l  
g rowth  in  different  media .  The cells were grown a t  30 ~ af ter  an 
overn igh t  p re incuba t ion  in  min ima l  ace ta te  (Q), tD = 2.464 h; mini- 
ma l  glucose (O), tD ~ 1.971 h;  glucose plus casanfino acids (&), 
tD = 1.533 h. 

Exponent ia l  G r o w t h  in Neurospora  crassa 

wide-mouth  flasks incubated  for 7 days in a l ighted 
t he rmos t a t  (25~ and stored in the  cold room for 2-4 
weeks, were used to inoculate  the  l iquid cultures. The  
constants  (K, h -1) of the  exponent ia l  rates of g rowth  
were determined ~ and from t h e m  the  dupl icat ion t imes  
(tD = ln2 /K)  referred in the  Figure  were calculated.  Cell 
ext rac ts  were prepared  as follows. Mycelia grown at  
30 ~ for the  required period were quickly  collected over  a 
glass fibre fil ter wi th  suction, washed in cold distilled 
wate r  and frozen at  -70~ The frozen pads were homo-  
genized wi th  sea sand in 2-3 volumes  of 0.1 M Tris-HC1 
p H  7.8, 1 m M  E D T A ,  0.1% sodium deoxycholate .  The 
superna tan t  of 1,500 •  per 15 min was saved and the  
pel let  ex t rac ted  again wi th  the  same buffer and centri-  
fuged as described. The  2 supernatants  were pooled and 
immedia te ly  used for the  enzymat ic  determinat ions.  
Ex t r ac t i on  of the  pellets  af ter  the  second centr i fugat ion 
gave supernatants  wi th  no detectable  enzymat ic  activities.  
Cytochrome oxidase ac t iv i ty  was measured according to 
SMITH 4 using a recording spe t ropho tomete r  and was 
expressed as K (min-1), mg protein-1.  The  mala te  dehy- 
drogenase react ion was assayed spec t rophotometr ica l ly  
according to s tandard  procedures s Prote in  was determined 
on cell ext rac ts  as described previously  1, 6. Glucose was 
assayed in the  cul ture medium by  an enzymat ic  spectro- 
pho tomet r ic  tes t  which employs  the  glucose oxidase 
react ion (reagents obta ined  f rom B6ehringer  Mannheim,  
Germany).  

Results  and  discussion. The specific ac t iv i ty  of cyto-  
chrome oxidase was measured in ex t rac ts  of Neurospora 
cells af ter  different  periods of exponent ia l  growth in 
var ious  l iquid media.  As indicated in the  Figure, i t  changes 
v e r y  marked ly  dur ing growth,  being ve ry  low in ear ly  
exponent ia l  growth,  reaching a m a x i m u m  after  a growth 
period equiva len t  to 4-5 dupl icat ion times, then  declining 
slowly. The max ima l  specific ac t iv i ty  is qui te  high in 
glucose plus casamino acids (about 60 rain -1, mg prot  -1) 
and in min imal  ace ta te  (about 50 min -1, mg pro t  -1) and 
lower in min imal  glucose (about 25 min -~, mg prot-1). To 
tes t  whether  the  ex t rac t s  of ear ly  exponent ia  ! cells con- 
ta ined some inhibitor(s) of the  cy tochrome oxidase, mid-  
exponent ia l  and ear ly  exponent ia l  cells were ext rac ted  

Table I. Recovery of cy tochrome oxidase  ac t i v i t y  in different  cell 
extracts 

Type of ex t rac t  Specific Ac t iv i t y  Tota l  ac t iv i ty  
(min -1, mg prot -1) (min -1) 

Ear ly  exponent ia l  cells 3.54 30 

Mid-exponent ia l  cells 20.30 120 

Mixture  of ex t rac t s  f rom ear ly  
exponent ia l  and  mid-exponent ia l  
cells 12.00 152 
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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 


