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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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m e d i u m  c o n t a i n e d  10 m g  of  3 - 3 '  D A B  ( S i g m a  C h e m .  Co.,  
St .  L o u i s ,  Mo. ,  U S A )  d i s s o l v e d  in  4 .9  m l  o f  0.05 M 
2 - m e t h y l - l , 3  p r o p a n d i o l  b u f f e r  p H  8. J u s t  b e f o r e  u s e  
0.1 m l  of  2 . 5 %  H 2 0  2 ( f r e s h l y  p r e p a r e d  f r o m  a 30~o M e r c k  
so lu t i on )  w a s  a d d e d .  S e v e r a l  p H s  w e r e  t r i e d  f r o m  6.5 t o  
8.5. To  t e s t  d i f f e r e n t  i n h i b i t o r s ,  t h e  s a m e  r e a c t i o n  w a s  

p e r f o r m e d  in  t h e  p r e s e n c e  of  e v e r y  s ing le  i n h i b i t o r ,  a f t e r  
a p r e i n c u b a t i o n  of  30 m i n  in  b u f f e r  c o n t a i n i n g  t h e  s a m e  
i n h i b i t o r .  T h e  i n h i b i t o r  f i n a l  c o n c e n t r a t i o n  w e r e :  K C N  
10 -~ M;  a n t i m y c i n  A 5 • 10 -4 M;  a m i n o t r i a z o l e  0.2 M;  
m e t h a n o l - n i t r o f e r r i c y a n i d e  w h i c h  c o n s i s t e d  o f  1 %  s o d i u m  
n i t r o f e r r i c y a n i d e  a n d  1 %  a c e t i c  a c id  in  m e t h a n o l .  

Fig. 1. Prototheca moriformis cell 
after incubation in BAB/HaOe me- 
dium: peroxidase activity is clearly 
located in mitochondria only. • 
13,000. 

Fig. 2. Peroxidase activity after in- 
cubation in DAB/H202 inedium con- 
taining 10 2 M KCN: mitochondria 
staining is little affected. • 44,000. 

Fig. 3. Peroxidase activity after ilt- 
cubation in DAB]H~O~ medium con- 
taining 0.2 M aminotriazole: reaction 
product in mitochondria is irregular. 
• 25,000. 

Fig. 4. Peroxidase activity after in- 
cubation in DAH/H202 medium con- 
raining 5 • 10 -4 antimycin: mito- 
chondria staining is little affected. 
• 51,000. 

Fig. 5. Peroxidase activity after in- 
cubation in DAB/H.~O 2 medium con- 
taining 1~o methanol-nitroferricyani- 
de: no DAB oxidation product is 
observed in the mitoehondria. • 
20,000. 



206 Specialia EXPERIENTIA 33/2 

Results and discussion. Afte r  D A B  i n c u b a t i o n  in t he  pre-  
sence of HaO~, m i t o c h o n d r i a  appea red  heav i l y  s t a ined  
(figure 1); m a x i m a l  s t a in ing  occur red  w h e n  t h e  r eac t ion  
was car r ied  o u t  a t  p H  nea r  8. T he  s t a in ing  was localized 
b o t h  in t he  in t e rc r i s t a l  spaces  a n d  b e t w e e n  t he  ou te r  and  
inne r  m e m b r a n e s ,  whi le  no  o t h e r  organel le  was  s ta ined .  
Af te r  t h e  i n c u b a t i o n  w i t h  IKCN, amino t r i azo le  or an t i -  
m y c i n  A, t h e  s t a in ing  was less p r o n o u n c e d  and  more  
i r regular ,  b u t  on  t h e  whole  D A B  depos i t ion  seemed l i t t le  
af fected (figures 2, 3 a n d  4). I n  t he  presence  of m e t h a n o l -  
n i t ro fe r r i cyan ide ,  no  s t a in ing  was obse rved  in mi to -  
chondr i a  (figure 5). 
Our  resu l t s  i nd i ca t e  t h a t ,  in  P r o t o t h e c a  mori formis ,  i t  is 
possible  to  de t ec t  a pe rox idase  a c t i v i t y  in  t h e  presence  of 
H~O~ wh ich  is nea r ly  insens i t ive  to  KCN, amino t r i azo le  
a n d  a n t i m y c i n  A, and  is comple t e ly  i n h i b i t e d  b y  m e t h a -  
no l -n i t ro fe r r icyan ide .  
W e  h a v e  a t  p r e sen t  no  b iochemica l  i n f o r m a t i o n  on  t he  
enzyme(s)  r esponsab le  of th i s  pe rox idase  ac t iv i ty ,  b u t  
a p e r o x i d a t i v e  a c t i v i t y  of m i tochondr i a ,  d e m o n s t r a t e d  
b y  D A B  me thod ,  ha s  been  descr ibed  in o t h e r  un ice l lu la r  
o rgan i sms  8-5. 

I n  P r o t o t h e c a ,  t h i s  pe rox idase  a c t i v i t y  seems ne i t he r  due  
to  ca ta lase ,  because  D A B  depos i t ion  i s  n o t  i nh ib i t ed  b y  
aminot r iazo le ,  no r  to  c y t o c h r o m e  oxidase,  because  D A B  
depos i t ion  occurs  on ly  in t he  presence  of H 2 0  2 and  is 
insens i t ive  to  KCN. 
W e  t h i n k  t h a t  D A B  depos i t ion  could n o t  be  d e p e n d e n t  
on  a pe rox idase  r eac t ion  of c y t o c h r o m e  c 9, as the  peroxi-  
dase a c t i v i t y  is n o t  i n h i b i t e d  b y  a n t i m y c i n  A; b u t  we 
c a n n o t  exclude  a p a r t i c i p a t i o n  of a h a e m o p r o t e i n .  A t  
p re sen t  we f a v o u r  the  h y p o t h e s i s  t h a t  t he  perox idase  
a c t i v i t y  descr ibed  in th i s  p a p e r  could be  due  to a mi to -  
chondr i a l  pe rox idase  s imi lar  to  those  descr ibed  in o t h e r  
unice l lu lar  o rgan i sms  7-~. 
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Summary. A nove l  cyanogene t i c  c o m p o u n d ,  benzoy l  cyanide ,  
mi t l ipeds  (Pseudopo lydesmus  serra tus ,  Aphe lo r i a  c o r r u g a t a  
con t a in s  mande lon i t r i l e  a n d  benza ldehyde ,  and  t h a t  of P. 
isovaler ic  acid, myr i s t i c  acid and  s tear ic  acid. 

was  i so la ted  f rom the  defens ive  secre t ion  of 3 po lydesmoid  
and  A. t r imacu l a t a ) .  The  secre t ion  of the  3 species also 
se r ra tus  con ta ins  mande lon i t r i l e  benzoa te ,  benzoic  acid, 

One of t he  more  s t r ik ing  chemica l  defenses  of an imals ,  
r e m a r k a b l e  in p a r t  because  of i ts  s imi la r i ty  to  t he  defenses  
of ce r t a in  p lan t s ,  is t he  cyanogene t i c  g l andu la r  a p p a r a t u s  
of mi l l ipeds  of t he  order  Po lydesmida .  W h e n  d i s tu rbed ,  
these  an ima l s  d i scharge  d rop le t s  of an  odorous  f luid f rom 
a series of g lands  t h a t  open  a long t he  sides of t he  body ,  
and  t h e y  d e p e n d  on  th i s  response  for p r o t e c t i o n  aga ins t  
p redaceous  enemies  2. T he  2 p r i m a r y  k n o w n  c o m p o n e n t s  
of these  secre t ions  are h y d r o g e n  cyan ide  a n d  benza lde -  
hyde  3-7, wh ich  are n o t  secre ted  as such  b y  t he  glands,  
b u t  are der ived,  as t h e y  are in  cyanogene t i c  p l a n t s  t h a t  
p roduce  these  c o m p o u n d s  9, f r om t he  c y a n o h y d r i n  m a n -  
deloni t r i le  9. The  m e c h a n i s m  w h e r e b y  the  mande lon i t r i l e  
s to red  in t he  g l ands  is exposed  to  c a t a l y s t  a n d  forced to  
dissociate  in to  b e n z a l d e h y d e  a n d  h y d r o g e n  cyan ide  a t  
t he  m o m e n t  of g l a n d u l a r  d ischarge  ha s  been  descr ibed  9. 
Po lydesmoid  mil l ipeds  are a divers i f ied lot,  and  recen t  
work  has  ind ica t ed  t h a t  t h e i r  secre t ions  m i g h t  be  chemi-  
cal ly more  complex  a n d  va r i ab l e  t h a n  genera l ly  sus- 
pec t ed  5,10, ~. W e  h a v e  now  r e inves t i ga t ed  3 po lydesmoid  
species t h a t  h a d  p rev ious ly  been  shown to  be  cyano-  
genet ic  6, 7,1~ _ P s e u d o p o l y d e s m u s  ser ra tus ,  Aphe lo r i a  
c o r r u g a t a  and  A. t r i m a c u l a t a  - and  found  t h e m  to  
produce ,  besides  mande lon i t r i l e ,  a nove l  a d d i t i o n a l  cyano-  
genet ic  c o m p o u n d ,  benzoy l  cyanide.  Moreover ,  t he  secre- 
t ion  of P. s e r r a tu s  was found  to  con t a i n  severa l  anc i l l a ry  
componen t s ,  wh ich  were also ident i f ied.  
The  mil l ipeds  s t e m m e d  f rom t he  env i rons  of I t haca ,  N .Y.  
Secre t ion  was o b t a i n e d  b y  m a n i p u l a t i n g  and  gen t ly  
t a p p i n g  the  animals ,  t a k i n g  up  t he  d i scharged  fluid in  
cap i l l a ry  t ub ing ,  a n d  t r a n s f e r r i n g  i t  to  c a r b o n  disulf ide 
or  e ther .  A p p a r a t u s  used in t he  ana lyses  inc luded  a gas  
c h r o m a t o g r a p h  (Var ian  2100 w i t h  f lame ion iza t ion  de-  

t ec to r ;  2.4 m glass co lumn,  5~o OV-1 on Gasch rom Q) 
and  a gas  c h r o m a t o g r a p h / m a s s  s p e c t r o m e t e r  (F inn igan  
3300) coupled  to  a c o m p u t e r  (Sys tems  I n d u s t r i e s  150). 
L i b e r a t i o n  of h y d r o g e n  cyan ide  f rom t h e  d i scharged  
secre t ion of all 3 species was  c lear ly  i nd i ca t ed  b y  the  b lue  
co lo ra t ion  t h a t  deve loped  on  s t r ips  of f i l ter  pape r  im-  
p r e g n a t e d  w i t h  copper  a c e t a t e / b e n z i d i n e  ace ta te  re- 
agen t  la he ld  beside t he  secret ion.  Presence  of benza lde-  
h y d e  was conf i rmed  b y  gas c h r o m a t o g r a p h i c  and  mass  
spec t ra l  compar i son  w i t h  a n  a u t h e n t i c  sample .  Mandelo-  
n i t r i le  as such  could  n o t  be  d e m o n s t r a t e d  b y  gas ch roma-  
t o g r a p h y  since i t  d issocia ted  a t  t he  h igh  i n s t r u m e n t  t e m -  
pera tu res .  However ,  i ts  p resence  in f resh  samples  of 
secretiol~ f rom all  3 species was  d e m o n s t r a t e d  b y  t h i n  

1 Paper No. 52 of the series Defense Mechanisms of Arthropods. 
2 T. Eisner and H. E. Eisner, Nat. Hist. 7•, 30 (1965). 
3 C. Guldensteeden-Egeling, Pfltigers Arch. Physiol. 28, 576 (1882). 
4 M. S. Blum and J. P. Woodring, Science 138, 512 (1962). 
5 G. Casnati, A. Nencini, A. Quilieo, M. Pavan, A. Rieca and T; 

Salvatori, Experientia 19, 409 (1963). 
6 H.E.  Eisner, W. F. Wood and T. Eisner, Psyche 82, 20 (1975). 
7 H.E.  Eisner, T. Eisner and J. J. Hurst, Chem. Ind. 1963, 124 

(1963). 
8 J .M. Kingsbury, in: Poisonous Plants of the United States and 

Canada. Prentice-Hall, Englewood Cliffs, N. J. 1964. 
9 T. Eisner, H. E. Eisner, J. J. Hurst, F, C. Kafatos and J. Mein- 

wald, Science 139, 1218 (1963). 
10 H. Monteiro, Anais Ass. bras. Quire. 20, 29 (1961). 
11 R. M. Duffield, M. S. Blum, and J. M. Brand, Ann. ent. Soe. Am. 

67, 821 (1974). 
12 H. E. Eisner, D. W. Alsop and T. Eisner, Psyche 74, 107 (1967). 
13 F. Feigl, in: Spot Tests in Organic Analysis. Elsevier, New York 

1960. 


