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The p repa ra t ions  were t h e n  placed in Coplin jars  con- 
ta in ing  pa r a fo rma ldehyde  powder  equi l ibra ted  wi th  air 
a t  50% re la t ive  humid i ty .  The jars were sealed and the  
p repa ra t ions  exposed  to fo rma ldehyde  gas a t  80~ for 
1 h. Pr ior  to  inspect ions  under  the  f luorescence micro- 
scope, the  p repa ra t ions  were m o u n t e d  wi th  non-f luores-  
cen t  immers ion  oil. 
Results and discussion. Small  f luorescent  cells were made  
visible along the  whole m o u n t e d  s t r e t ch  p repa ra t ions  of 
the  a t r ioven t r icu la r  valves  of the  opossum, p repa red  ac- 
cording to  t he  Fa lck-Hi l la rp  m e t h o d  for biogenic amines  
(figure 1). 
These cells were ve ry  numerous  and  exh ib i t  in tense  
yel low-green fluorescence. The nuclei were no t  visible, 
and groups  of cells were invar iab ly  p e r m e a t e d  by  the  
dense ne tworks  of adrenergic  nerves  (figure 2). The end-  
ings are varicose and  similar to those  descr ibed by  others  
inves t iga tors  4, s, n (figure 3). 
Several  workers  7-~, 12 have  used the  same techn ique  to  
visualize monoamine -con ta in ing  s t ruc tures  in the  m a m -  
mal ian hear t ,  and some have  repor ted  the  presence  of 
f luorescent  ceils in the  atria.  
Al though  i t  is agreed t h a t  the  f luorescent  reac t ion  prod-  
uct  in these  cells indica tes  the  presence of a biogenic 
amine,  the  precise na tu re  of th is  subs tance  is cont ro-  
vert ial .  The s t u d y  of amine  conta in ing  cells in several  
species revealed t h a t  t h e y  migh t  pa r t i c ipa te  in modula-  
t ion of ganglionic t ransmiss ion ,  since t h e y  are in t he  
v ic in i ty  of in t racard iac  p a r a s y m p a t h e t i c  ganglia 9. Ehin-  
ger e t  al. s found  no evidence of any  funct ional  re la t ionship  
be tween  these  cells and the  in t racard iac  ganglia. 

They  are d isposed in d i f ferent  topograph ica l  localizat ions 
wi th in  t he  hear t ,  and  it has  been d e m o n s t r a t e d  in dif- 
fe rent  animals  t h a t  dur ing  the  phy logeny  these  cardiac  
amine-con ta in ing  ceils were more  concen t r a t ed  in the  
atr ia .  They  are t h o u g h t  to  func t ion  in an adrenergic  
exc i t a to ry  cont ro l  of t he  hear t ,  a t  least  in lower forms~a. 
Using the  same h i s tochemica l  technique ,  amine-con ta in -  
ing cells also have  been  d e m o n s t r a t e d  in m a m m a l s  and  
in h u m a n  fetal  h e a r t  s, 9, la, ~. The l i t e ra ture  con ta ins  no 
def ini t ive  accoun t  of funct ions  of t he  m a m m a l i a n  amine-  
con ta in ing  cells. The cells observed  b y  us showed the  
charac te r i s t ics  of t he  smal l  in tense ly  f luorescent  (SIF) 
cells s imilar  to those  first  descr ibed in the  s y m p a t h e t i c  
ganglia 15, ~6. These numerous  ceils suggest  humora l  r a the r  
t h a n  neural  adrenergic  contro l  of the  opossum hear t .  
The well developed neural  appa ra tu s  and the  amine-  
con ta in ing  cells found  in cusps of a t r ioven t r i cu la r  valves  
of the  opossum would suggest  tha t ,  under  neura l  control ,  
b o t h  mi t ra l  and t r icuspid  valves  are areas represen t ing  
zones for amine  l ibera t ion f rom these  cells t h a t  m i g h t  
d i rec t ly  affect  the  receptors  local izated in carot ic  sinus, 
and  a possible mechan i sm of d ischarge of a f fe ren t  s t imu-  
lat ions.  
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Summary. The  physiological  and mutagen ic  act ions  of th ree  a lkylat ing agents  have  been s tudied  on the  process  ot 
n i t rogen f ixat ion by  Anabaena doliolum Bharadwaja .  The results  show t h a t  these chemicals  p re sumab ly  swi tch off 
the  ac t iv i ty  of ni t rogenase,  resul t ing in the  inhibi t ion of f ixation.  

Few studies 1-6 have  been conduc ted  so far on the  ef- 
fects  of some alkylat ing agents  on cer ta in  b lue-green algae. 
But  no reference,  excep t  t h a t  of SHARMA and  KUMAR 7, is 
available regarding the  physiological  and mutagen ic  ac- 
t ions of these  chemicals  on the  process of n i t rogen f ixat ion 
in a he te roeys tous  species. The presen t  inves t iga t ion  
therefore  is an a t t e m p t  in this  direct ion.  

The organism chosen was Anabaena doliolum Bharad-  
waja,  belonging to the  family Nostocaceae  of Cyanophyta .  
Many  samples  of th is  species were collected f rom various 
rice fields and  the  clones were raised f rom spores. Only 2 
clones, No. 1 and 4, were selected on the  basis of the i r  
m a x i m u m  and  m i n i m u m  ni t rogen-f ix ing ra tes  under  iden- 
t ical  condit ions.  3 wel l -known and po t en t  mutagenic  
agents,  N-methyl-N'-nitro-N-nitrosoguanidine (MNNG), 
d ie thyl  su lpha te  (DES) and  e thy l  m e t h a n e  su lphona te  
(EMS), were chosen. These have  been shown to  induce 
gene muta t ions ,  delet ions and several  types  of chromoso-  
mal  aber ra t ions  in var ious  p lan ts  s. 

A fresh s tock solution of MNNG was p repared  in dark  
by  dissolving it in phospha te -c i t r a t e  buffer  of p H  5.4, as 
the  mutagen ic  ac t iv i ty  of this  chemical  is lost upon ex- 
posure  to  l ight  9. The  concen t ra t ion  used was 500 ~xg 

MNNG/ml .  The t r e a t m e n t  was given for 1 h a t  an in terval  
of 20 rain each. The t r ea t ed  cells were washed  tho rough ly  
wi th  steri l ized glass-dist i l led water .  1 ml  suspens ion  of 
each t r ea t ed  clone was then  inocula ted  into cul ture  tubes,  
conta in ing  20 ml n i t ra te- f ree  med i u m of ALLEN and 
ARNON 1~ The tubes  were incuba ted  under  f lourescent  
l ight  i n t ens i ty  of 1.1 x 10 ~ ergs/cm2/sec and  at  a t empe r -  
a ture  of 28 ~: 2 ~ Ni t rogen con ten t s  of the  repl icate  
samples  were de t e rmined  af ter  a g rowth  period of 30 days  
by  the  m e t h o d  men t ioned  earlier n.  
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For  D E S  and EMS t r ea tmen t s ,  the  cells were suspended  
in tris-maleic buffer  of p H  7.0 and  t r ea t ed  up to a dura t ion  
of 1 and 4 h respect ively;  0.01 ml  D E S  or 0.1 ml  EMS was 
added  per  5 ml cell suspension.  Other  procedura l  detai ls  
and  the  cul ture condi t ions  remained  the  same as m e n t i o n e d  
above.  Ni t rogen con ten t s  were e s t i m a t e d  af ter  20 and 30 
days  following t r e a t m e n t  wi th  D E  S and  EM S respect ively.  

These a lkyla t ing agents  were found to  inhibi t  the  pro- 
cess of f ixa t ion  in b o t h  the  clones, p r e sumab ly  by  switch-  
ing off of the  ac t iv i ty  of enzyme ni t rogenase.  The effect  of 
EMS on f ixat ion was more  le thal  in compar i son  to o ther  
agents  as i t  inh ib i ted  the  process  a l together .  These chem- 
icals a l tered the  permeabi l i ty  of cell membranes ,  making  
t h e m  a lmos t  impermeab le  to t he  excre t ion  of n i t rogenous  
subs tances  in to  the  cul ture  fi l trates.  The pe rcen t  inhibi-  
t ion by  the  3 chemicals  was found  to be d e p e n d e n t  on 
dura t ion  of t he  t r e a t m e n t  and  is shown in t he  Table.  
However ,  the i r  exac t  mode  of ac t ion on n i t rogen f ixat ion 
is no t  clearly known.  

MNNG is capable  of inducing base-pai r  t rans i t ions  12 
and  f rame-sh i f t  muta t ions ,  besides inducing gross chro-  
mosomal  aber ra t ions  in higher  Organisms 13. However ,  its 

Percent inhibition of nitrogen fixation in clones of A. doliolum 
treated with MNNG, DES and EMS 

Clone Treatment MNNG DES Treatment EMS 
time (rain) time (h) 

No. 1 1 78.71 
20 23.21 19.61 

2 81.49 
40 39.81 24.08 3 99.19 

60 65.66 42.86 4 100.00 

1 75.54 No. 4 20 25.03 24.16 
2 100.00 

40 32.53 26.79 3 100.00 

60 62.50 27.46 4 100.00 

mutagenic  damage  shows a h igh  ra te  of repair.  MNNG 
has been found to  inh ib i t  bo th  D N A  and  r ibosomal  R N A  
synthes is  in microbia l  ceils a t  p H  5.514. I t  is s table  a t  this  
p H  and  reacts  solely as a mutagen ic  agent .  

SHARMA and  I4~UMAR 7 observed the  inhibi t ion of g rowth  
and  n i t rogen  f ixa t ion  in several  clones of Cylindrospermum 
majus af ter  t r e a t m e n t  w i th  50 [xg MNNG per  ml. No 
mutagen ic  ac t iv i ty  of MNNG was observed even  a t  rela- 
t ive ly  a h igh concent ra t ion ,  t h o u g h  i t  induced  cer tain 
reversible morphologica l  var ia t ions  including s l ight  loss 
of p h o t o s y n t h e t i c  p igmen t s  and  excessive en la rgement  of 
cells into balloon-l ike s t ructures .  These changes  were 
p r o m i n e n t  in the  beginning up to  a per iod of 10-15 days  
following MNNG t r e a t m e n t ,  b u t  d i sappeared  gradual ly  
even wi thou t  sub-cul tur ing  the  clonal popula t ion .  

Since GUPTA and KUMAR 4-5 were able to  secure m u t a n t  
s t ra ins  of Anacystis nidulans af te r  t r e a t m e n t  w i t h  D E S  
b o t h  in acidic and alkaline range,  it  was considered 
desirable to t r ea t  the  selected clones of A. doliolum at  p H  
7.0. KUMAR 1 s tudied  the  effects of D E S  on A. nidulans 
and repor ted  th is  mu tagen  to be s t rongly  inh ib i to ry  to 
growth.  The da t a  p resen ted  here show its inh ib i to ry  act ion 
on n i t rogen f ixat ion too. 

EMS has been shown to be a h igh ly  ac t ive  m u t a g e n  in 
maize15, Drosophila16, Neurospora17, bacterialS, and 
phage  19. In  addi t ion  to  causing chromosome breaks,  it  
causes base subs t i tu t ions  in D N A  leading to po in t  muta -  
t ions.  KUMAR ~ s tudied  the  effects of EMS on A. nidulans 
and observed t h a t  i t  was more  toxic  in alkaline buffers  
t h a n  in acidic ones. The resul ts  r epor ted  here indicate  
t h a t  EMS t r e a t m e n t  a t  p H  7.0 inhib i ted  n i t rogen f ixat ion 
bu t  did no t  induce m u t a t i o n  of a n y  kind in clonal cells. 
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Summary. Peroxidase  ac t iv i ty  was inves t iga ted  by  the  use of d iaminobenz id ine  m e t h o d  in f ixed cells of P ro to theca  
moriformis.  A s t rong  peroxidase  ac t iv i ty  was observed in the  mi tochondr ia .  D A B  s ta in ing was unaf fec ted  by  KCN, 
aminotr iazole  and an t imyc in  A, bu t  i t  was comple te ly  inhib i ted  by  methanol -n i t ro fe r r icyan ide .  

Dur ing  our cy tochemica l  s tudies  1, a iming to de t ec t  cyto-  
ch rome  oxidase  by  mealls  of t he  cy tochemica l  reac t ion  
wi th  3-3 '  d iaminobenz id ine  (DAB), we found  pre l iminary  
evidence t h a t  the  mi tochondr i a  showed also a peroxidase  
ac t iv i ty  in P ro to theca ,  Chlorella and in its yellow m u t a n t  
CM 20. 
Here  we p re sen t  t he  resul ts  of a s t u d y  in which  the  
charac te r iza t ion  of th is  peroxidase  ac t iv i ty  - as shown 
by  DAB reac t ion  in the  presence  of d i f fe rent  inhib i tors  - 
was u n d e r t a k e n  in P ro to theca .  
Materials and methods. P r o t o t h e c a  mor i formis  was sup- 
plied b y  the  Culture Collection of Algae and  Pro tozoa  of 

Cambridge  Unive r s i ty  and grown on a glucose conta in ing  
m e d i u m  2 for 5 days  a t  25 ~ The f ixa t ion  and embedd ing  
m e t h o d s  were the  same as descr ibed in a previous  paper  1. 
DAB react ion was pe r fo rmed  as descr ibed for cy tochrome  
c peroxidase  s ta in ing in baker ' s  yeas t  3. The incubat ion  
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