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calcula t ion  f rom a s h o r t - t e r m  s t u d y  was based  on figures 
froln a n y  one 3-h day l igh t  period,  large errors  in da i ly  
p r o d u c t i o n  e s t ima tes  were  possible.  S h o r t - t e r m  14C 
m e a s u r e m e n t s  p roduced  values  somewhere  be tween  n e t  
and  gross p h o t o s y n t h e s i s  as de t e rmined  b y  the  oxygen  
m e t h o d  (Table II) ,  a n d  th is  di f ference can be a t t r i bu t ed ,  
in  p a r t  a t  least,  to  re - f ixa t ion  of r e sp i r a to ry  lacarbon 
dioxide% This  obse rva t ion  p rov ides  p a r t  of t he  exp lana -  
t ion  for t h e  d i sc repancy  be tween  d i rec t  24-h and  shor t -  
t e r m  es t ima tes  of dai ly p roduc t ion  (Table I), 

Discussion. Al though  the  oxygen  m e t h o d  is sub jec t  to  
m a n y  problems ,  w i t h  an ac t ive ly  p h o t o s y n t h e s i z i n g  t issue 
i t  appears  to be as reliable as t he  cu r ren t ly  favoured  1~C 
technique ,  especial ly wi th  the  grea te r  accuracy  in t roduced  
wi th  t he  use of t h e  oxygen  electrode.  However ,  t h e  de ter -  
mina t ion  of an accura te  in si tu P.Q. m u s t  be considered.  
The main  p rob lem in the  14C t echn ique  is the  a s sessmen t  
of t he  e x t e n t  of re f ixa t ion  of r e sp i r a to ry  14CO~ in shor t -  
t e r m  studies.  U n d e r  condi t ions  of low p roduc t ion  such as 
app roach ing  compensa t i on  po in t  (Table II),  t he  g rea te r  

accuracy  of t he  ~4C m e t h o d  proves  invaluable .  The  24-h 
m e t h o d  appea r s  to  p roduce  a d i rec t  measu re  of ne t  da i ly  
p roduc t i on  w i t h  b o t h  me t h o d s ,  whereas  p l an ime t r i c  
m e a s u r e m e n t s  f rom dai ly  l ight  ene rgy  curves  m u s t  be 
used in t h e  convers ion  of s h o r t - t e r m  p roduc t ion  figures to  
ne t  dai ty values. Similarly,  t h e  choice of t ime  for t h e  
s h o r t - t e r m  incuba t ion  m u s t  be cons idered  carefully,  s ince 
t h e  re la t ion  b e t w e e n  p h o t o s y n t h e s i s  and  r a d i a n t  energy  
has  been  shown to  v a r y  over  t h e  day l igh t  per iod  ~,9. In  t he  
m a j o r i t y  of ecological s tud ies  ne t  p roduc t i on  e s t ima te s  
are  required,  and  in m a n y  cases c o m p a r a t i v e  ne t  va lues  
are  i m p o r t a n t ,  therefore  m a n y  of the  a s s u m p t i o n s  t a k e n  
in the  oxygen  and  ~4C m e t h o d s  are val id for such pur-  
poses ~0-~2. 

Rdsumd. E n  e m p l o y a n t  les m6thodes  de la p roduc t i on  
d 'oxyg6ne  et  de l ' ass imi la t ion  du 14C, on a es t im6 la 
p roduc t iv i t6  pr imai re  de l 'algue, Caulerpaproli/era, in si tu 

p ro fondeur s  vari6s aux  ties Canaries.  On a jug6 les 
m6ri tes  respect ives  des 2 t echn iques  e t a  compar6  les 
r6sul ta ts  avec ceux des au t res  auteurs .  

Table II. A comparison of techniques for assessing the relation of 
production rate of C. prolilera to increasing depth, with conditions * 
approaching the compensation point 

Depth Temperature Production b mgClg dry weight 

oxygen 1*Carbon 

(In) cC gross e net 

5 22 0.64 0.35 0.48 
15 22 0.52 0.23. 0.39 
35 21.5 0.34 0.06 0.28 

Sky heavily overcast with cloud, therefore all figures low. b All 
figures based on 3-h studies between 11.00 and 14.00. c Gross photo- 
synthetic oxygen production was taken as the sum of oxygen 

.production in the 'light' bottle and the loss of oxygen (uptake) 
by respiration in the 'dark' bottle, and assumed that I respiration 
was the same in the light and dark (an assumption which is cer- 
tainly not valid under all conditions). 
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B l u s h i n g  E f f e c t  o f  S o m e  C a r b o h y d r a t e s  o n  t h e  G r e e n  A l g a  Dictyococcus c innabarinus  

The  b leaching  effect  of glucose on some Chlorellae and  
Eug lenae  has  been  s tud ied  t ho rough ly  1,2. This  effect  causes  
t he  d i m i n u t i o n  of t he  fo rma t ion  of ch lorophyl l s  and  chloro- 
p las t s  w i th  a following deco loura t ion  of the  cul ture.  DEN- 
TICE et  al. 3,4 h a v e  s tudied  the  va r i a t ions  caused by  the  
add i t i on  of glucose to  cul tures  of Dictyococcus cinnabarinus 
grown in  an  ex t r eme ly  poor  med ium,  showing  the  b lush ing  
effect,  wh ich  was  duc  to  the  d i sappea rance  of t he  chloro- 
phy l l s  and  the  appea rance  of pa r t i cu la r  ke to-caro tenoids .  

These  d a t a  have  induced  the  s t u d y  of t h e  de fo rma t ion  
of the  s t ruc tu re  of the  ch loroplas t s  by  m e a n s  of e lec t ron 
mic roscopy  and  the  b iochemical  va r i a t ions  caused by  the  
add i t ion  of d i f fe ren t  c a rbohyd ra t e s  which  can p rovoke  
th is  b lush ing  effect.  

Materials and Methods. The  s t ra in  used was D. cinnaba- 
rinus 280 (Kol-F.  Chodat)  Vischer,  received f rom the  algal 
col lect ion of the  Botan ica l  I n s t i t u t e  of t he  U n i v e r s i t y  of 
Geneva,  Switzer land.  Norma l  g rowth  condi t ions  have  

a l ready  been  descr ibed 4. Fo r  t he  s t u d y  of t he  b lush ing  
effect,  t h e  green  submerged  15-day-old cu l tures  were  
t r ans fe r red  to  f resh me d i u m which  con ta ined  2% (w]v) of 
c a r b o h y d r a t e s  (glucose, galactose,  f ructose,  mannose ,  sac- 
charose  or lactose).  The init ial  popu la t i on  was  200,000 
cells/ml.  The second per iod  las ted a n o t h e r  15 days.  The  
d e t e r m i n a t i o n  of f a t t y  acids,  t h e  separa t ion ,  ident i f ica t ion  
and  q u a n t i t a t i v e  d e t e r m i n a t i o n s  of the  p i g m e n t s  were  
prev ious ly  descr ibed 4. 
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Resu l t s  a n d  d i s cus s ion .  T h e  e x t r a - c e l l u l a r  c a r b o n  s o u r c e s ,  
p a r t i c u l a r l y  g l u c o s e  a n d  m a n n o s e ,  a r e  u t i l i z e d  b y  D.  c i nna -  
b a r i n u s  for  t h e  r e g u l a t i o n  of  t h e  s y n t h e s e s  o c c u r r i n g  in  t h e  
c h l o r o p l a s t s .  T h e  m o s t  e v i d e n t  f e a t u r e  is t h e  f o r m a t i o n  o f  
k e t o - c a r o t e n o i d s  w h i c h  a c c o u n t  for  a b o u t  8 0 %  ot t o t a l  
c a r o t e n o i d s  a n d  t h e  d i m i n u t i o n  o f  c h l o r o p h y l l s  a n d  c h l o r o -  
p l a s t s  (see T a b l e s  I I I  a n d  IV) .  T h e  c h l o r o p l a s t s  w e r e  d e -  
g e n e r a t e d  l i t t l e  o r  m o r e  u p  t o  t h e  d i s a p p e a r a n c e  o f  t h e  
l a m e l l a r  s t r u c t u r e  a n d  t h e  f o r m a t i o n  o f  l a r g e  oil  d r o p s ,  in  
c a s e  o f  g l u c o s e  a n d  m a n n o s e  u p t a k e .  I f  t h e  d e v e l o p m e n t  
o c c u r r e d  in  t h e  p r e s e n c e  o f  a c a r b o h y d r a t e  w h i c h  c o u l d  
n o t  b e  a s s i m i l a t e d  q u a n t i t a t i v e l y  t h e  p h o t o s y n t h e s i s  d i d  
n o t  d i s a p p e a r  a n d  t h e  c h l o r o p l a s t s  w e r e  d e g e n e r a t e d  p r o -  
p o r t i o n a l l y  t o  t h e  u p t a k e  of  t h e  c a r b o h y d r a t e .  W h i l e  
c h l o r o p h y l l s  a n d  c h l o r o p l a s t s  d i s a p p e a r e d , / ~ - c a r o t e n e  w a s  
s t i l l  s y n t h e t i z e d ,  a n d  n e o x a n t h i n  w a s  p r e s e n t  in  t r a c e  
a m o u n t s  o n l y .  T h e  c h a n g e  o f  t h i s  e p o x y - c a r o t e n o i d  in  
r e l a t i o n  t o  t h e  p h o t o s y n t h e t i c  a c t i v i t y  a n d  i t s  a b s e n c e  in  
ce l l s  w i t h o u t  c h l o r o p h y l l s  c o n f i r m  t h e  p r o b a b l e  c o r r e l a t i o n  
b e t w e e n  n e o x a n t h i n  a n d  t h e  p h o t o s y n t h e t i c  p r o c e s s  o c c u r -  
r i n g  in  D.  c i n n a b a r i n u s  s. T h e  r e s e m b l a n c e  b e t w e e n  t h e  
c h e m i c a l  s t r u c t u r e  o f  c a r o t e n o i d s  a n d  t h e  e s t e r i f i e d  c h a i n  
o f  c h l o r o p h y l l ,  p h y t o l ,  s u g g e s t s  a b i o s y n t h e t i c  r e l a t i o n -  
s h i p  s i m i l a r  t o  t h a t  in  h i g h e r  p l a n t s .  A s  t h e  s y n t h e s i s  of  
t h e  c h l o r o p h y l l s  d o e s  n o t  o c c u r ,  i t  s e e m s  t o  b e  p l a u s i b l e  
t h a t  t h e  c o m m o n  p r e c u r s o r ,  w h i c h  h a s  n o  m o r e  f u n c t i o n  
in  t h e  s y n t h e s i s  o f  t h e  p h y t o l - c h a i n ,  wil l  b e  u t i l i z e d  e n -  
t i r e l y  fo r  t h e  s y n t h e s i s  o f  c a r o t e n o i d s .  

I f  t h e  ce l l s  a r e  t r a n s f e r r e d  t o  t h e  s a m e  m e d i u m  b u t  
w i t h o u t  c a r b o h y d r a t e ,  t h e  c h l o r o p h y l l s  a n d  c h l o r o p l a s t s  
a r e  f o r m e d  a g a i n .  

Table I. Pigment  content in D. cinnabarinus grown in submerged 
culture in different carbohydrates 

T h e  a d d i t i o n  of  d i f f e r e n t  c a r b o h y d r a t e s  t o  t h e  c u l t u r e  
m e d i u m  h a s  a p r e d o m i n a n t  e f f ec t  o n  t h e  s y n t h e s i s  o f  l ino-  
l en ic  ac id ,  w h i c h  s e e m s  t o  b e  r e l a t e d  c l o s e l y  t o  t h e  p h o t o -  
s y n t h e t i c  m e c h a n i s m .  T h i s  a c i d  is  n o t  f o r m e d  in  c u l t u r e s  
w i t h  g l u c o s e  o r  m a n n o s e ,  a n d  i t  is p r e s e n t  in  s m a l l  a m o u n t s  

5 G. D. DOROUGFI and M. CALVIN, J. Am. chem. Soc. 73, 2362 (1951). 
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Fig. 1. Without  carbohydrates. Chloroplasts along the cell walls with 
many  compact bundles of lamellae, inclusion of starch. Fixation with 
glutaraldehyde, post-fixed in KMnO 4 and inclusion in araldite. All 
photographs have been taken from samples at the ninth day of 
growth. 

Carbo- Total chlorophyll content  Total  carotenoid content  
hydrates 

mg/g dry weight mg/g dry weight 

5 o 9 ° 12 ° 15 ° 5 ° 9 ° 12 ° 15 ° 

Glucose 1.44 0.48 0.15 - 0.39 0.52 0.81 1.25 
Galaetose 4.19 1.55 0.63 0.23 1.39 0.69 0.54 0.70 
Fructose 1.40 0.60 0.42 0.12 0.26 0.13 0.39 0.67 
Mannose 2.03 0.89 0.42 0.05 0.35 0.63 0.74 
Sucrose 2.50 6.83 1.97 0.91 0.23 0.50 0.19 0.42 
Lactose 4.55 6.71 3.08 t.84 0.11 0.18 0.25 0.52 

Without  
carbohydrate 13.88 20.00 9.95 14.65 0.41 0.57 0.34 0.30 

Table I I I. Spectral characteristics of the pigments of D. cinnabarinus 
grown ir~ submerged culture in different carbohydrates  

Compound Solvent Absorption Identification 
max imum (nm) 

Pigment Pt Hexane 425, 453, 482 E-Carotene 
Pigment P2 Hexane 458 Echinenone 
Pigment Ps Hexane 462 464 3,4-Dioxo-fl carotene 
Pigment P4 Hexane 465-470 Canthaxanth in  
Pigment P5 Hexane 415, 437, 466 Neoxanthin 
Pigment  Ps Ethyl  ether 430, 660 Chlorophyll a 
Pigment  P~ Ethyl  ether 454, 642 Chlorophyll b 
Pigumnt Ps Carbon 500 Astacin 

disulphide 

]'able I t. Carbohydrate uptake during the growth of D. cinnabarinus 
in submerged culture 

Carbohydrates Carbohydrate uptake 
g]100 mI culture medium 

0 5 ° 9 ° 12 ° 15 ° 

Table IV. Relative amounts  of keto-carotenoid in D. cinnabarinus 
grown in submerged culture 

Carbohydrates Relative percentage 

Glucose 2 
Galactose 2 
Fructose 2 
Mannose 2 
Sucrose 2 
Lactose 2 

Without  carbohydrate 

0.60 0.80 1.40 1.70 
0.60 0.80 1.00 1.00 
0.60 0.80 0.80 0.80 
0.29 0.68 0.98 1.t9 
0.11 0.1I 0.23 0.17 
- 0.10 0.11 0,15 

Glucose 80 
Galactose 60 
Fructose 35 
Mannose 70 
Sucrose 10 
Lactose 5 
Without  
Carbohydrates 
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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. 

t 

e 

t 
~4 

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 .  
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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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