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different  concent ra t ions  of phospha te  ions were studied. 
The solut ion of K~HPO 4 was au toc laved  separate ly  to 
avoid  prec ip i ta t ion  in the  basal  medium.  All the  cul ture 
flasks were incubated  under  f luorescent  l ight  wi th  an 
in tens i ty  of 1.5 • erg/cm2/sec at  a t empera tu re  of 
30 • 2~ Growth  of the  alga was es t imated  on d ry  
weight  basis. Ni t rogen  contents  of the  alga as well as of 
cul ture  f i l t rates  were de te rmined  by semi-micro-Kje ldahl  
method.  A selenate ca ta lys t  mix tu re  was used dur ing 
digestion and ammon ia  disti l led in a Markham still. 

The  Table  shows dry  weights  and ni t rogen contents  of 
C. majus at  different  p H  values  and phosphate- ion  con- 
centrat ions.  A perusal  of the  da ta  shows t h a t  the  alga 
favoured  a re la t ive ly  high p H  for its m a x i m u m  growth, 
whereas percentage  of to ta l  n i t rogen f ixed was highest  a t  
p H  8.0. Also, g rowth  and ni t rogen f ixat ion were improved  
by increasing concent ra t ion  of phospha te  ions upto  a 
cer ta in  level. M a x i m u m  ni t rogen f ixa t ion  on per  cent  
basis was recorded up to phospha te  concent ra t ion  of 
100 rag/1 only. 

The da ta  obta ined were subjected to s ta t is t ical  analysis. 
It was found that pH of the culture medium affected the 
algal growth significantly but no significant effect of 
different pH values on nitrogen fixation was observed. 
However, different concentrations of phosphate ions and 
their interactions with pH of the basal medium were 
found to be quite significant for growth and total nitrogen 
fixed by the alga. 

Of the different kinds of algae found in paddy fields of 
India, the blue-greens are most abundant. Many of them 
are nitrogen fixers and play an important role in the 
nitrogen economy of soils. It is generally recognized 
that the nitrogen-fixing blue-green algae liberate appre- 
ciable quantities of fixed nitrogen into the medium during 
healthy growth. Most of this extracellular nitrogen is in 
the  form of peptides,  whereas  free amino acids are 
present  only in small  amount s  (FoGG2). Therefore,  the  
real  impor tance  of ni t rogen f ixa t ion  by  the  blue-green 
algae in na tu re  lies in. the  fact  t h a t  f ixed ni t rogen becomes 
avai lable  for growth  of the  associated non-ni t rogen-f ix ing 
plants.  In  fact, STEWARTa has found evidence of a direct  
t ransfer  of previous ly  f ixed ni t rogen by  a species of 
Nostoc to the associated non-ni t rogen-f ix ing plants.  

Ni t rogen f ixa t ion  by blue-gree algae is m a x i m u m  only 
in the  s l ight ly alkaline range and ally devia t ion  on ei ther  
side of this range depresses ni t rogen f ixa t ion  significantly.  
The  f ixat ion falls off marked ly  below and above the  p t I  
range of 7.0-8.0. FAY and F o a a  4 s tudied the  effects of 
hydrogen- ion concent ra t ion  on Chlorogloea /ritschii and 

found no different ial  effects of p H  on growth and ni t rogen 
f ixation.  COBB and MYERS ~ also did not  find any signifi- 
cant  effect of p i t  on n i t rogen f ixat ion by  Anabaena 
cylindrica. STXWART 6 has suggested t h a t  the  effect of 
p H  is p robab ly  on metabo l i sm in general  and not  spe- 
cifically on ni t rogen f ixation.  

Whi le  considering the  up take  of phospha te  ions, p H  of 
the  med ium is ve ry  i m p o r t a n t  as it  m a y  al ter  the  ra te  of 
phospha te  up take  ei ther  by a direct  effect on permeabi l i ty  
of the  cell membrane  or by  changing ionic form of the  
phosphate  (EPSTEIN T). Our results indicate  t h a t  at  
re la t ive ly  low concentra t ions  of exogenously  supplied 
phospha te  ions or even  in a med ium ent i re ly  devoid  of 
them,  growth  and amounts  of ni t rogen fixed by C. mains 
were qui te  considerable. But  higher  concentra t ions  of 
phospha te  ions were not  found conducive to the  process of 
n i t rogen f ixat ion,  the  exac t  reason of which is no t  clearly 
understood.  

Zusammen/assung. An der auf den indischen Reisfeldern 
heimischen blaugri inen Alge Cy/indrospermum majus 
wurde  der Einfluss yon Anderungen  der pH-  und PO34 - 
Konzen t ra t ion  auf W a c h s t u m  und St icks tof f -F ixa t ion  
untersucht .  W~ihrend pH-Amderungen sich nur  auf das 
W a c h s t u m  auswirkten,  ha t t e  Erh6hung  der  POS4- 
Konzen t ra t ion  bis zu einem gewissen Bereich (bei 
kons t an t em pH) sowohl s ignif ikante Wachs tumss te ige-  
rung als such  St ickstoffeinbau zur Folge. Die Bedeu tung  
der  St ickstoff-f ixierenden niederen Algen als Stickstoff-  
que!le fiir andere Pf lanzen wird diskutiert .  

V. K. SHARMA a n d  H.  D. KUMAIR 8 

Department o/ Botany, School o/ Basic Sciences and 
Humanities, University o/ Udaipur, 
Udaipur 313001 (India) ; and Department o/Botany, 
Banaras Hindu University, Varanasi 227005 (India), 
24 June 1974. 

1 )/[. B. ALLEN a n d  D. I. ARNON, P1. Phys io l .  30, 366 (1955). 
e G. E. FoGG, Proc.  R. Soc. B. 739, 372 (1952). 
8 W. D. P. STEWART, Na tu re ,  L o a d .  274, 603 (1967). 
4 p .  FAY a n d  G. E.  F o o o ,  Arch .  Mikrobiol .  d2, 310 (1962). 
5 H.  D. COBB JR. a n d  J .  MYERS, Am.  J .  Bot .  57, 733 (1964). 
6 W. D. P. STEWART, Proe.  R. Soc. B. 172, 367 (1969). 
7 E. EPSTEIN, in Handbuch der P/lanzenphysiologie (Ed. W.  RUHLAND ; 

Sp r inge r  Ver lag,  Ber l in  1956), vol. 2, p.  398. 
8 D e p a r t m e n t  of B o t a n y ,  B a n a r a s  H i n d u  Unive r s i ty ,  V a r a n a s i  

221005, Ind ia .  

The Glair Glands and Oosetae of Austropotamobius pallipes (Lereboullet) 

The origin and funct ion of the  glair exuded  by the  
crayfish jus t  prior  to egg laying is obscure. I n  this 
connect ion a number  of studies have  been made  of 
spawning in the  European  1, Aust ra l ian  and Amer ican  
crayfishes, bu t  not  of A. pallipes, the  endemic Bri t ish 
species. 

I n  mid-September ,  sexual ly ma tu re  females of A. 
pallipes are conspicuous by  the  presence of c reamy-whi te  
patches  on the  pleura,  and sterna of the  abdomen,  and on 
the  pleopods and uropods, bu t  never  on the  telson. A 
closer examina t ion  of these cream coloured areas, using 
the  scanning electronmicroscope,  discloses the  presence 
of numerous  pores in the  over ly ing in t egument  (Figure la).  
These pores are grouped together  in roughly  circular 

patches,  present ing the  appearance  of 'pepper -pot '  tops 
(Figures lb,  c and d). Observat ions  in the  field show tha t  
i t  is th rough  these pores tha t  the  glair is exuded (Figure le), 
and the  cream colonrat ion is due to the  ve ry  large groups 
of glair  glands undernea th  the  areas of perfora ted  integu- 
ment.  On the  pleopod the  pores occur in much  smaller  
groups (Figure lf). 

In  A. pallipes the  d is t r ibut ion  pa t t e rn  of the  pores is 
cons tant ;  t hey  are ve ry  numerous  on the  anter ior  faces 
of the  pleura, less so on the  anter ior  faces of the  proto-  
podites,  and first  segments  of the  endopodi tes  and 

1 Z. MALACZYNSKA-SucHCITZ, Bull. Soe. scient. Lett., Poznan, 
73B, 39 (1956). 



184 Special ia  EXPEmENTr~ 31/2 

Fig.  1. a) The  p leura l  sur face  of a b d o m i n a l  s egmen t  3, showing  the  gla i r  g l and  pores .  • 73. b) A g r o u p  of pores  f rom the  p leuron  of s egmen t  4. 
• 2.2 K. e) A g r o u p  of pores  on  the  s t e r n u m  of s egmen t  4. • 1 .08K.  d) Pores  in  the  s t e r n u m  of s egmen t  3, nea r  the  base  of a p ledpod,  e) A 

single pore  of a glair  g l and  on the  p leuron.  • 22K.  f) Typ i ca l  pore  g r o u p  on  the  endopod i t e  of a p leopod,  x 2 .15K.  g) Sag i t t a l  cu t  t h r o u g h  
the  i n t e g u m e n t  showing  the  pore  a n d  i ts  a t t e n d a n t  duc t  a n d  g land .  • 3 .05K.  
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exopodi tes  of the  pleopods. There are large numbers  of 
pores on the  s terna oI the  abdomen,  par t icu lar ly  around 
the bases of the  pleopods and uropods. I t  is interest ing 
to note  t h a t  all the  pores face anter ior ly  - facing the 
openings of the two oviducts.  This si t ing of the pores 
is par t icu lar ly  signif icant  when considering the  arched 
condi t ion of the  abdomen  dur ing spawning - forming the  
egg chamber.  The  openings of the  glair glands are qui te  
cl laracteris t ic  and differ f rom the  pores of t h e  integu- 
menta l  glands, which never  occur as groups. A hand 
section through a pore region, v iewed under  the  scanner, 
shows clearly, well developed ducts  leading into the  glair 
glands (Figure lg). Transverse  sections th rough  the  pore 
region (Figure 2a) shows t h a t  the  ducts  emerging from 
the  glair glands merge to form a roughly  spherical chamber  
wi thin  the in t egument  and i t  is in these chambers  t h a t  
glair is s tored unt i l  exuded.  The ducts  ramify  th rough  the 
entire gland (Figure 2b), leading f inal ly into the  integu- 
m e n t a r y  chambers.  I t  is this mass of glair, in the  large 
numbers  of chambers  wi th in  the  ven t ra l  in tegument ,  
tha t  gives the  c reamy colour to the  female abdomen  in 
September .  Glair  glands and pores first appear  in the  
females of -/1. pallipes in the second September  of their  
lives. Pores appear  in the  in tegument  after  the final moul t  
before spawning. So these pores and glands could be 
looked upon as be la tedly  appear ing secondary sexual  
characterist ics.  Also developed early in the  life of the  
female are the  oosetae, setae specialized for egg a t tach-  
ment .  These 0osetae (Figures 2c and d) are found on the  
pleopods and sterna of females near  the  glair glands and 
their  openings, increasing in number  as the  crayfishes 
grow larger. 

Proximal ly ,  the  oosetae are smooth  (Figure 2e), wi th  a 
pronounced groove irt the  shaf t ;  i t  m a y  be tha t  pa r t  of the  
glair moves  up the  shaft  to  p lay  some role in the  a t tach-  
ment  of the  eggs. Dis ta l ly  the  oosetae are f lat  in section, 
bear ing ve ry  fine setules (Figure 2d) and i t  is these 
setules which become in t ima te ly  a t t ached  to the  eggs. 
After  egg laying, the  glands persist  unt i l  late Ju ly  
becoming inconspicuous following an early Augus t  moult ,  
which takes  place when the  hatchl ings  have  become 
to ta l ly  independent .  Soon af ter  the  gIands s tar t  develop-  
ing again in prepara t ion  for another  spawning, 

Zusammenfassung. In  der Deckhau t  des sexuell ge- 
re i f ten Weibchens  yon A. pallipes t re ten  Porengruppen 
auf. Diese Poren i iberlagern die Schle imdr i i sen ,  die 
wghrend des Laichens grosse Mengen Schleim produzie-  
ren. Die Porch und Drfisen befinden sich auf dem U n t e r -  
leib und den Pleopoden ; die Oosetae, die zur E iab lagerung  
dienen, bef inden sich ebenfalls an diesen Stellen. Dies sind 
sekund~re sexuelle Charakter is t ika,  die eng mi t  dem 
Legen und der Ablage der Eier  ve rbunden  sind. 
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The Effect of Kryptopyrrole on the Porphyrin Auxotrophic Strains of Bacillus subtilis 

Kryp topyr ro le  (2 ,4-dimethyl-3-ethylpyrrole)  increases 
the  level of porphyr in  synthesis  of Bacillus subtilis strain 
168, and signif icant ly increases the  q u a n t i t y  of copro- 
porphyr in  I I I  excre ted  by  the  bac te r ium 1. The  s t imula t -  
ing effect of exogenous del ta-aminolaevul in ic  acid (ALA) 
on the  haem synthesis  of several  bacter ia  is well known 2, 
and the  enhanced a m o u n t  of coproporphyr in  I I I  excre ted  
by  B. subtilis, in addi t ion  to the  accumula t ion  of uro- 
porphyr in  I I I ,  is also significant.  W i t h  regard  to the  
metabol i sm of k ryp topyr ro le  by  B. subtilis, some por- 
phyr in  auxot rophic  strains wi th  an enzymat ic  block in 
the  first 2 steps of the  porphyr in  b iosynthet ic  p a t h w a y  
were tested as to thei r  growth on solid med ium con- 
ta ining kryptopyrro le .  

Bacter ia :  Bacillus subtilis strain 168 trpC2 and 
h e m A l  (lacking ALA-synthe~ase) a and hemB1 (Iacking 
ALA-dehydrase)~ were used as tes t  microorganisms.  
Media: u  (yeast ex t rac t  peptone) med ium 5, GGM as a 
min imal  medium6, supplemented  wi th  t r yp tophan  
(50 tzg/ml) and different  concentra t ions  (1, 5, 10 txg/ml) of 
kryptopyrrole .  In  some exper iments  the  GGM medium 
was also supplemented  wi th  cysteine (50 ~zg/ml) and 
bovine  a lbumin  (0.5 mg/ml).  Both  f reshly-prepared and 
2-day-old k ryp topyr ro le  solutions were used. The  
inoculated plates were incuba ted  at  37 ~ for 48 h. 

Our exper iments  made  so far indicate  t ha t  nei ther  
f reshly-prepared nor  old k ryp topyr ro le  solution can 
support  the  growth of strains h e m a l  and hemB1.  The 
quest ion arises whe ther  these bacter ia  are unable  to 
utilize k ryp topyr ro le  as pyrrole  source or whe ther  the  
kryptopyrro le  is unable  to pene t ra te  into the  ceils, 

s imilar ly to porphobi l inogen 4. T h e  fact t h a t  k rypto-  
pyrrole  increases the  haem synthesis  of pro to t rophic  
Bacillus subtilis i m a y  be explained in t h a t  k ryp topyr ro le  
disturbs the  bioregulat ion of the  haem synthesis  pa th-  
way, perhaps  via  complex fo rmat ionL binding the  iron 
necessary for haem synthesis. 

Zusammenfassung. Nachweis,  dass Kryp topyr ro l  zwar 
die Porphyr insynthese  in Bacillus subtilis Wild typ  
st imuliert ,  nicht  aber  das W a c h s t u m  yon Porphyr in-  
Mange lmutan ten  dieses Bakte r iums  erm6glichen kann. 
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