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Tests for alloxantin in the Hill reaction 

Data Reaction vessel" 
reference 

Figure 1 2 3 4 5 6 7 

1 +(O1 +(A) + ( ~ ) - - ( e ) - - ( ~ )  
2 +(A) +(O) --(A) - - (~ )  --(O) --(~9) --([]) 

~Color test for alloxantin with Ba(OH)2: +,  positive, blue color 
observed; --,  negative, no blue color observed. 

of a W a r b u r g  flask. T he  cen te r  well c o n t a i n e d  0.1 ml  of 
2 N K O H  so lu t ion  and  a f lu ted  f i l ter  paper .  The  side a r m  
c o n t a i n e d  0.2 ml  of ch lo rop la s t  suspension.  A con t ro l  
f lask  c o n t a i n i n g  boi led  ch lo rop la s t  suspens ion  was al- 
ways  p r e p a r e d  in each  expe r i m en t .  The  r eac t ion  was 
i n i t i a t e d  b y  t i p p i n g  in  t h e  ch lo rop la s t  suspens ion  in to  t h e  
m a i n  c o m p a r t m e n t  a n d  t u r n i n g  on the  i l l u m i n a t i n g  
l amps .  

Results. As ind ica t ed  in F igure  1, s ign i f ican t  oxygen  
evo lu t ion  was de layed  un t i l  i l l u m i n a t i o n  was begun.  A1- 
l o x a n t i n  ( I I I )  was d e t e r m i n e d  to  be presen t ,  b y  a qual -  
i t a t i ve  test ,  in  runs  where  s ign i f ican t  oxygen  evo lu t ion  
was observed .  Th i s  t e s t  invo lves  the  f o r m a t i o n  of a cha r -  
ac te r i s t i c  b lue-colored  complex  w h e n  ( I I I )  is t r e a t e d  
w i t h  Ba(OH)26. The  resu l t s  for  t he  sets  of r uns  pre-  
s en t ed  in  F igures  1 a n d  2 are p r e s e n t e d  in t h e  Table .  Hi l l  
a c t i v i t y  was n o t  i n h i b i t e d  b y  (II)  or ( I I I )  as d e t e r m i n e d  
b y  e x p e r i m e n t s  where  (III)  was  p laced  in t he  r eac t i on  
m e d i u m  pr io r  to  r eac t ion  in i t i a t ion .  A n  equ i l i b r i um 
q u a n t i t y  of (II)  would  become  ava i l ab le  f rom dissoci- 
a t i on  of ( I I I )  in  th i s  case. 

W e  obse rved  i n h i b i t i o n  of t h e  Hil l  r eac t ion  b y  oxygen  
in h i g h  c o n c e n t r a t i o n s  as d e t e r m i n e d  b y  e x p e r i m e n t s  

pe r fo rmed  in a n  a i r  a t m o s p h e r e  a n d  also a s l ight  v o l u m e  
decrease  n e a r  t h e  end  of t h e  e x p e r i m e n t  (Figure 2). 
Oxygen  i n h i b i t i o n  is a cha rac t e r i s t i c  of t h e  Hil l  r eac t ion  7 
and  a v o l u m e  decrease  is s imi la r  to  obse rva t i ons  m a d e  
p rev ious ly  b y  MEHLER 7~ us ing  o t h e r  ox idan t s .  

Our  o b s e r v a t i o n s  are c o n s i s t e n t  w i t h  a sys t em as de-  
p ic ted  in t he  Scheme.  Oxygen  a n d  d ia lur ic  acid (II) are 
p roduced  b y  a l i g h t - d e p e n d e n t  r eac t ion  invo lv ing  t he  
chloroplas ts .  The  a m o u n t  of a l l o x a n t i n  ( I I I )  fo rmed  a n d  
p re sen t  a t  a n y  g iven  t ime  will be  descr ibed  b y  the  equi-  
l i b r ium c o n s t a n t  for t he  r eac t ion  b e t w e e n  (I) and  (II) S. 
An  equ i l i b r ium q u a n t i t y  of (II) will a lways  be  ava i l -  
able  for r eac t ion  w i t h  oxygen  to s p o n t a n e o u s l y  re - fo rm 
(I). I f  (II)  were t he  sole p roduc t ,  t h e n  t he  theo re t i ca l  
q u a n t i t y  of oxygen  p roduced  u n d e r  t he  cond i t ions  of t h e  
e x p e r i m e n t s  p r e sen t ed  in F igures  1 a n d  2 would be  
224 ~1. However ,  if all of (II) r eac ted  w i t h  (I) to  fo rm 
(III) ,  t h e n  t he  t heo re t i ca l  v o l u m e  of oxygen  would be 
112 txl. I n  all e x p e r i m e n t s  t he  obse rved  oxygen  vo lumes  
were cons ide rab ly  less t h a n  112 [xl (see F igures  1 and  2). 
As t he  l i g h t - d e p e n d e n t  p r o d u c t i o n  (II) a n d  oxygen  in-  
creases,  t h e i r  r a t e  of r eac t ion  w i t h  each  o t h e r  to p roduce  
(I) will also increase.  The  r eac t ion  scheme t h e n  begins  to  
a p p r o a c h  a s t e a d y - s t a t e  where  oxygen  will  r eac t  as fas t  
as i t  is p roduced .  Th i s  will  a p p e a r  as a decrease  in t h e  
r a t e  of oxygen  p r o d u c t i o n  w i t h  an  e v e n t u a l  cessa t ion  
when  in r ea l i t y  oxygen  con t inues  to  be produced .  

W e  r ega rd  t h i s  b e h a v i o r  in t he  Hil t  r eac t ion  to  be  
nove l  a n d  in t e r e s t i ng  w i t h  r e spec t  to t he  l igh t  i nduced  
cyclic e lec t ron  flow and  impl i ca t ions  r e l e v a n t  to  solar  
ene rgy  convers ion .  

6 S. RUHEMAN, J. chem. Soc. 99, 792 (1911). - A. HANTZSCH, Chem. 
Ber. 5JB, 1268 (1921). 
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Effect  of  F u n g a l  S t a l i n g  G r o w t h  P r o d u c t s  on  G r o w t h  B e h a v i o u r  of  R h i z o s p h e r e  M i c r o f u n g i  

D. K. ARORA and  R. S. DWlVEDI1 

Laboratory o/Mycology and Plant Pathology, Department o] Botany, Banaras Hindu University, Varanasi 221005 (U. P.,  
India), 77 December 7975. 

Summary. St rong  m y c o s t a t i c  p r o p e r t y  of Trichoderma harzianum, Aspergillus flavus a n d  Penicillium rubrum, 
which  h a v e  v e r y  h igh  com pe t i t i ve  ab i l i ty  in s ta led  aga r  disc f rom rh izosphere  soil inocula  of Len t i l  (Lens esculantum 
Moench.) ,  was obse rved  co r respond ing  to s imi lar  g r o w t h - b e h a v i o u r  in  s ta led  cu l tu re  f i l t ra tes  of d o m i n a n t  microfungi .  

Ef fec t  of s t a l ing  g r o w t h  p r o d u c t s  of mic rofung i  on  
g r o w t h  b e h a v i o u r  of rh izosphere  mycof lo ra  has  received 
l i t t l e  a t t e n t i o n .  DwIvEI)I  a n d  GARRETT 2 r epo r t ed  t h a t  
to l e rance  of mic rofung i  to  m y c o s t a t i c  subs t ances  was an  
i m p o r t a n t  f ac to r  in t h e i r  co lon iza t ion  on n u t r i e n t  aga r  
pla tes .  PARK 8 d e m o n s t r a t e d  t h a t  m y c o s t a t i c  subs t ances  
of mic rob ia l  or igin m i g h t  be  ana logous  w i t h  s ta l ing  
p r o d u c t s  of funga l  cul tures .  In  t he  p r e s en t  inves t iga t ion ,  
funga l  f lora f rom rh izosphere  of Len t i l  (Lens esculantum 
Moench)  was s tud ied  in r e l a t ion  to  c o m p e t i t i v e  coloniza-  
t ion  on s ta led  aga r  p la tes  a t  d i f fe ren t  t i m e  in te rva l s .  This  
s t u d y  was s u p p l e m e n t e d  w i t h  t h e  effect  of s t a led  cu l tu re  
f i l t r a t e s  on  g r o w t h  b e h a v i o u r  of microfungi .  

Materials and methods. Rhizosphe re  soil samples  were 
col lected a n d  t h o r o u g h l y  mixed  in asept ic  condi t ions .  

15 ml  s ter i l ized n u t r i e n t  Czapek  aga r  (acidified to p H  4.5 
b y  o r t h o p h o s p h o r i c  acid) were poured  in to  Pe t r i  dishes 
a n d  soil impres s ion  was g iven  over  t h e  whole  agar  surface  
b y  us ing  a f la t  b o t t o m e d  glass beaker .  5 series of p la tes ,  
each  w i t h  5 repl ica tes  were i n c u b a t e d  a t  25 ~z 1~ for 
24, 48, 72, 96 and  120 h and  t h e r e a f t e r  t h e  en t i re  circle of 
aga r  in  each  series of p la tes  was  p laced  ups ide  down a n d  

t Acknowledgments. Thanks are due to the Head, Botany Depart- 
ment, Banaras Hindu University, for the facilities. One of us 
(D.K.A.) whishes to thank the Council of Scientific and Industrial 
Research, Govt. of India, for financial assistance. 
R. S. DWlVEDI and S. D. GARRETT, Trans. Br. mycol. Soe. 57, 
95 (1968). 

3 D. PARK, Trans. Br. myeol. Soc. 46, 377 (1961). 
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the  same soil was inocula ted  over  t he  reverse of agar discs 
and  the  fungi grown were recorded.  The percen tage  colo- 
n iza t ion of fungi  on n u t r i e n t  virgin agar  was de te rmined  
by  the  following formula :  

% colonization = 

Total number of the respective fungal colonies 
• 100 

Total number of a l l  fungal colonies 

In  ano the r  set  of exper iments ,  g rowth  behav iour  of 
some microfungi  was s tud ied  in liquid metabol i tes  of 
cer ta in  fungi colonizing s ta led agar  discs af ter  96 and  
120 h of staling.  For  th is  purpose ,  these  fungi were in- 
ocula ted  in l iquid Czapek-Dox + 0 . 5 %  yeas t  ex t r ac t  
m e d i u m  in f lat  medic ine  bot t les  and  incuba ted  a t  25~ 
After  5 days  of incubat ion ,  cul tures  were fi l tered t h rou g h  
Seitz filter.  30 ml  of fungal  f i l t ra te  of individual  fungus  
were t r ans fe r red  to  f lat  medic ine  bot t les ,  respect ive  fungi 
inocula ted  and  incuba ted  a t  25 ~ for a for tn ight .  H y p h a l  
m a t  of each fungus  was f i l tered separately ,  t h a t  of re- 
pl icate  ones pooled and  dr ied a t  80~ for 24 h. 

Resul ts  and discussion.  Fungi  isolated f rom the  rhizo- 
sphere  of the  t e s t  p l an t  have  been  ar ranged in Table  I. 
There  was a decrease in the  n u m b e r  of fungi colonizing 

the  reverse of agar  discs due  to  diffusion of s tal ing g rowth  
p roduc t s  f rom compos i te  rhizosphere  mycoflora .  Accord-  
ing to  the  t o l e r an t  capac i ty  of s tal ing products ,  t h e  fungi 
were classified in groups I to VI.  Microfungi w i t h  the  
bes t  compe t i t ive  to lerance capac i ty  of s tal ing p roduc t s  
were Aspergi l lus  / lavus,  A .  niger, Curvular ia  lunata, 
F u s a r i u m  poae, Pen i c i l l i um  rubrum,  Tr ichoderma harzia- 
h u m ,  T .  a lbum and  whi te  sterile mycelia.  The  failure of 
appearance  of virgin agar  fungi on the  s ta led agar  was 
possibly due to  low growth  ra te  and  less inoculum poten-  
t ial ,  as success in t he  sap rophy t i c  colonizat ion of a 
par t i cu la r  fungus  depends  upon  i ts  popu la t ion  level 
which  is re la ted  to  the  inoculum po ten t i a l  2. A m o n g s t  t he  
fungi  l isted in Table i ,  several  m i g h t  have  colonized the  
s ta led agar  because of h igh  degree of compet i t ive  sapro- 
p h y t i c  abili ty,  while th is  m a y  no t  be t rue  for the  remain-  
ing ones hav ing  lower degree of compe t i t ive  abil i ty.  

A perusal  of Table  I I  indicates  t h a t  there  were  dif- 
ferences in g rowth - suppor t i ng  values of the  cul ture  fil- 
t r a t e s  of d i f fe rent  f i l t ra te  producers .  The growth-sup-  
por t ing  values of the  f i l t ra te  of P ,  rubrum,  F.  poae, C. 
lunata and S. rol/sii  showed a reducing effect  on o ther  
fungi, grea ter  t h a n  of the i r  own. Higher  the  values  of 

Table I. Grouping of fungi based oll their tolerance capacity of staling products in staled agar discs at different periods 

Fungi isolated Presence/absence on staled agar disc after different periods of 
staling (h) 

Colonization on n u t r i e n t  v i r g i n  a g a r  

(%) 

0 24 48 72 96 120 

Group I 
A tternaria tenuis + -- 
A spergillus sulphureus + -- 
Humicola sp. + -- 
Mortierella subtilissima + -- 
Rhizopus nigricans + - -  

Syncephalastrum racemosum + - -  

Group II 
A spergit~us Iuehuensis + + 
Cladosporium herbarum + + 
Curvularia maculans + + 
Helminthosporium tetramera + + 
Trichophyton sp. + + 

Group III 
A bsidia spinosa + + 
A spergillus ~idulans + + 
Penicillium restrictum + + 

Group IV 
A spergillus [umigatus 4- 4- 
A. sydowi 4- + 
Mucor luteus 4- 4- 
Brown septate sterile mycelium 4- + 

Group V 
Hormiscium sp. 4- 4- 
Penicillium nigrieans + + 
P. bilorme 4- + 
Phoma glomerata 4- 4- 
Sclerotium rol/sii + + 

Group VI 
A spergillus ]lavus + 4- 
A. niger 4- 4- 
Curvularia lunata + 4- 
Fusarium poae + 4- 
Penicillium rubrum 4- 4- 
Trichoderma harzianum + + 
T, album 4- + 
White septate sterile mycelium 4- -- 

+ 
+ 
+ 

+ 
+ 
+ 

- -  2 . 1  

- -  0 . 8  

- -  1 . 3  

- -  0 . 4  

- -  0 . 8  

- -  1 . 3  

-- 3 . 0  

-- 2 . 6  

-- 3 . 9  

-- 1 . 3  

-- 1 . 7  

-- 1.7 

-- 3 . 9  

-- 2.1 

- -  3 . 4  

- -  3 . 4  

- -  2 . 1  

- -  4 . 7  

+ + + -- 3 . 4  

+ + + -- 3.0 
+ + + -- 0.8 
+ + + -- 1.7 
+ + 4- -- 4 . 3  

+ + + + 9.1 
+ + + + 6.1 
+ + -- + 3 . 4  

+ + + + 5.6 
+ + + + 6.5 
+ + + + 7.3 
+ + -- + 2.6 
- -  + + + 4 . 3  

+,  Presence; --, absence. 
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Table II. Growth behaviour of 6 fungi in staled liquid culture filtrates (dry weight of hyphal mat in mg) 

EXP~IEgTIA 32/7 

Nalile of fungi Control A. Jlavus C. lunata F. poae P. rubrum T. harzianum S. roIJsii Mean growth in all filtrates 

Aspergillus [lavus 380 195.4 145.0 96.3 162.8 91.5 231.5 153.7 
Curvularia lunala 298 62.5 173.0 109.3 71.6 52.2 102.8 95.2 
Fusarium poae 270 78.9 106.4 170.6 88.9 70.0 142.4 109.5 
Penicillium rubrum 320 139.5 141.6 143.0 200.5 89.3 213.0 154.5 
Trichoderma harzianum 360 153.5 173.2 160.0 142.6 139.5 219.3 164.7 
Sclerotiumrol[sii 287 68.4 138.9 103.3 88.5 60.6 175.6 105.9 

mean growth of all fungi 319 116.3 146.3 130.3 125.8 83.8 180.7 130.5 b 

aAverage of 3 replicates, bMean growth of all fungi in all filtrates 

h y p h a l  m a t  ha rves ted ,  lower will be the  toxic  effect  of 
f i l t rates .  Growth - suppor t ing  values  of A.  ]lavus and  
T. harzianum were much  less as compared  to C. lunata, 
F.  poae, S. rol/sii and P.  rubrum. The g rowth - suppor t ing  
values of S. rolfsii was very  h igh  in all cases showing the  
least  tox ic i ty  of i ts  cul ture  f i l t rate.  The compara t ive  
survival  of T. harzianum was higher  in all the  fungal  recta-  

boli tes  followed by  t ). rubrum, A .  /lavus, F.  poae, S. 
rol]sii and  C. lunata. DWlVEI)I and GARRETT 2 repor ted  
t h a t  the  g rowth - suppor t i ng  values of d i f ferent  f i l t ra tes  
depended  di rec t ly  on the  concen t ra t ion  of the  residual  
n u t r i e n t  unused  by  the  f i l t ra te -producing  fungus,  and 
inverse ly  on the  concen t ra t ion  of s taled mycos ta t i c  
products .  

N u c l e a r  N u m b e r s  i n  E n c y s t e d  D o r m a n t  E m b r y o s  o f  D i f f e r e n t  Artemia  salina P o p u l a t i o n s  

C. OLSON and J. CLEGG 1 

Laboratory/or Quantitative Biology, University o / M i a m i ,  P.O. Box 249118, Coral Gables (Florida 33124, USA) ,  
17 December 1975. 

Summary .  The n u m b e r  of nuclei  in d o r m a n t  cysts  f rom world-wide popula t ions  of the  br ine shr imp,  Artemia salina (L.) 
was de te rmined .  These nuclear  number s  p roved  to be qui te  co n s t an t  considering the  d ivers i ty  of geographical  localities, 
ploidies, and modes  of r eproduc t ion  represen ted  by  these popula t ions .  We believe th is  cons tancy  indicates  a t i g h t  
coupling be tween  the  d e v e l o p m e n t  and d o r m a n c y  of these embryos .  Chromosome counts  on Artemia f rom J a m -  
nagar,  Ind ia  indica ted  th is  popu la t ion  to be tr iploid.  

The br ine sh r imp  Artemia salina (L.) is found in h ighly  
localized popula t ions  t h a t  are widely  d i s t r ibu ted  a round  
the  world.  Some of these  popula t ions  differ in ploidy2,3 
as well as the  a m o u n t  of D N A  per  somat ic  cell 4. As a 
normal  p a r t  of its embryon ic  d e v e l o p m e n t  th is  organism 
of ten  produces  encys ted  d o r m a n t  embryos  ha l ted  a t  t he  
late  b las tu la  or ear ly  gas t ru la  5, ~. The  encys ted  embryos ,  
of ten  called 'cys ts ' ,  have  been the  objec t  of an increasing 
n u m b e r  of s tudies  in b iochemis t ry  and deve lopmen ta l  
biology, bu t  l i t t le is k n o w n  concerning the  precise s tage 
a t  which  d o r m a n c y  occurs, and  the  var ia t ion  f rom popula-  
t ion  to  popu la t ion  in th is  regard.  Reasoning  t h a t  t he  
n u m b e r  of cells in the  encys t ed  d o r m a n t  embryo  should 
provide  in fo rmat ion  on the  foregoing cons idera t ions  we 
m a d e  nuclear  counts  on cysts ,  f rom widely  sepa ra ted  
popula t ions ,  and  repor t  the  resul ts  here. 

The cysts  were t r ea t ed  wi th  ani formin solut ion 7 to  
digest  the  outer  shell (chorion), washed  wi th  saline, s ta ined 
in acetic orcein or f ixed in e thanol -ace t ic  acid (3 : 1), run  
t h r o u g h  the  feulgen procedure ,  and  squashed  under  a 
coverslip.  The coversl ip was sealed wi th  'Lubr isea l '  and 
the  nuceli  were coun ted  a t  320 • wi th  the  help  of a lined 
grid. These nuclear  counts  p r e sumab ly  reflect  the  n u m b e r  
of ceils pe r  cyst .  A l though  some synci t ia l  areas m a y  
exis t  s we have  no t  seen t h e m  in e lectron pho tomic ro -  
g raphs  s. 

The ch romosome  n u m b e r  for the  J a m n a g a r  (India) 
popu la t ion  has  no t  been examined  previous ly  to  our  
knowledge.  We made  th is  m e a s u r e m e n t  on Feulgen  

s ta ined  squashes  of naupli i  a t  1300 •  25 cells f rom 4 
animals  were measured  and  found to have  a mean  of 57 
chromosomes .  This was compared  wi th  m e a s u r e m e n t s  on 
cysts  f rom the  Grea t  Salt  Lake where 43 cells f rom 7 
animals  revealed a mean  of 38 chromosomes .  Al though  
the  d a t a  are not  accura te  enough for precise descr ip t ion  of 
t he  J a m n a g a r  popula t ion ,  it  seems clear t h a t  t he  n u m b e r  
is t r iploid wi th  respec t  to t he  Great  Salt  Lake popula t ion .  
These f indings are cons i s ten t  w i th  those of IWASAKI 9 who 
concluded t h a t  t he  Great  Sal t  Lake  popu la t ion  is diploid 

1 We wish to thank Dr. T, IWASAKI for supplying cysts of the Aio 
Maehi population, Dr. C. t3ARIGOZZI for cysts from Sete and Comae- 
chio, and Dr. G. STEPHENS for cysts from Janmagar. This re- 
search was supported by a grant froln the U.S. National Science 
Foundation No. GB-40199. 
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4 E. JOST and M. MAMELI, Experientia 26, 795 (1970). 
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Zool. jap. 35, 223 (1962). 

6 j .  DUTRIEU, Arch. Zool. exp. Genct. 99, 1 (1960). 
F. J. FINAMORE and J. s. CLEGG, in The Cell Cycle (Eds. G. M. 
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s Unpublished data. 
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