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The blue green algae (cyanobacter ia)  is impl ica ted in the soi l  
enr ichment due to n i t r ogen - f i x i ng  a b i l i t y  (Swaminathan 1982). 
Although these ni t rogen f i x i n g  cyanobacter ia  are found in a l l  
env i ronmenta l  s i tuat ions,  t h e i r  l uxur ian t  growth is most common 
in water togged paddy f i e l ds  (Singh ct aE 1986). /vo&toc 
mu&c0.&um, one of the most promising p roka ryo tes ,  con t r ibu tes  
ni t rogen 15-49 kg/ha through ni t rogen f i xa t i on  (Venkataraman 
1981; Tandon e{ a~ 1988). A f te r  the r e s t r i c t e d  use of organo- 
ch loro  pes t i c i des ,  carbamate pes t ic ides  are ex tens i ve l y  used 
in modern ag r i cu l tu re  due to t he i r  tow pers is tence and high 
e f fec t iveness  (Horvath 1986). Since so i l  is the u l t imate  s ink 
of pes t ic ides  in ag r i cu l t u ra l  f i e l ds ,  they are bound to in teract  
w i th  these nontarget so i l  m ic ro f lo ra .  The aim of the present 
invest igat ion is to s tudy the ef fect  of carbamate insec t i c ide  
ca rba ry l  on g rowth ,  n i t rogen ass imi la t ing  enzymes l i k e  n i t r o -  
genase, n i t r a te  reductase (NR), gtutamine synthetase (GS) and 
photosynthes is  and resp i ra t i on  of cyanobacter ia  i'vo.~toc 
mt~S coa.um. 

MATERIALS AND METHODS 

l~ostoc muscorum st ra in  ISU ( fo rmer ly  Anabaena ATCC 27893, a 
generous g i f t  from Dr.  D.N. T iwa r i ,  Banaras Hindu U n i v e r s i t y ,  
Ind ia)  was used in th i s  s tudy .  The insec t i c ide  c a r b a r y l  (99.9%) 
was supp l ied  by Union Carb ide,  USA. ADP, bovine serum 
albumin (BSA), ~(-glutamyl hydroxamate ,  T r i s ,  methy tv io logen 
were purchased from Sigma Chemical Company, USA. Toluene 
was purchased from E. Merck .  A l l  o ther  reagents used in the 
exper iments  were of ana ly t i ca l  grade.  Organisms were grown 
in combined ni trogen f ree CHU-10 medium (Saffermann and 
Mor r i s  1964) under f luorescent  l i g h t ,  in tens i ty  2500 l ux ,  wi th  
a photoper iod 14 h r / d ,  in a growth chamber at 26 _+ 2~ under 
cont ro l led  90% hum id i t y .  On the s i x t h  day of growth (at expo -  
nent ia l  phage) ca rba ry l  was added at 5 mg/L,  10 rag/L, 25 mg/L, 
50 mg/L and 75 mg/L.  The growth of cyanobacter ia  was 
measured by counting the ce l l  number using haemocytometer.  
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A c t i v i t i e s  of nitrogenase and n i t ra te  reductase and resp i ra t i on  
and photosynthet ic  pigment c h l o r o p h y l l  a content were measured 
a f te r  96 hr  of c a r b a r y l  exposure.  For n i t ra te  reductase assay 
cul tures were grown in CHU-IO medium supplemented wi th I mM 
Ca(N03) ~ or NaNO 3. 

Chlorophyll a was extracted and measured as described by 
Bhunia e~ (zE (1991) and quantified using extinction coefficient 
of 82.04. Respiratory O 2 uptake by intact ceils was measured 
in a Gilson oxygraph equipped with a clark type oxygen 
electrode. Dense treated culture, 0.5 mL was placed in the 
reaction chamber and rate of O 2 uptake was then ,measured 
in the dark. Temperature was the same as the original growth 
condition. Nitrogenase act iv i ty  was measured using acetylene 
reduct ion technique according to the method of Stratton C~ 
nt (1979). Treated cu l tu re ,  3 mL, were sealed in a 9 mL 
container bo t t le  with rubber  cork and 10% volume of a i r  was 
replaced wi th  acety lene.  Then i t  was incubated for  2 hr  under 
iden t i ca l  growth condi t ions as descr ibed e a r l i e r .  Ethylene 
product ion was measured by in ject ing gas samples (1 mL) from 
the sealed bot t le  into a Gas Chromatograph (Model rYE Unicam 
GC 104, U.K. )  equipped wi th a porapak N column. For gas 
chromatographic ana lys is  the condit ions were as fo l lows : 
column temperature 110~ detector  temperature 150~ in jector  
temperature 150~ ni t rogen gas ( c a r r i e r  gas) f low rate 30 mL/ 
min. 

Ni t ra te  reductase a c t i v i t y  was assayed ~n 6~:u as descr ibed by 
Herrero ~ a{ ( 1981 ). Treated cyanobacterial cells were 
harvested by centrifu0ation at 5000 x g for 15 min and cell 
pellet was washed with Tris-HCl buffer (pH 7.5) followed by 
the addition of 10% toluene and shaken vigorously for 3 min. 
A known volume of this preparation was immediately added 
to a reaction mixture for nitrate reductase assay. The reaction 
mixture in a final volume of I mL contained 100 Pmol NaHCO3- 
Na~CO~ buffer pH 10.5, 20 PmoI KNO3, 4 Pmol methylviologen. 
The reaction mixture including the cyanobacterial sample was 
incubated for 5 min at 30~ The reaction was stopped by 
the add i t ion  of 10 mL of 1 M Zn-acetate and n i t r i t e  was thus 
produced was determined by fo l lowing the azo-coupl ing method of 
Snell and Snell (1949). Glutamine synthetase a c t i v i t y  was measured 
by est imat ing y -g lu tamy i  hydroxamate produced dur ing the reac- 
t ion fo l low ing  the method of Sampaio r (z~ (1979). The cyano- 
bac te r ia l  ce l l s  were centr i fuged at 5000 x g for  5 min and 
the ce l l  pe l l e t  was washed with buf fer  A (50 mM Tr is -HCl  
bu f fe r ,  pH 7.5) and buf fer  B (buf fer  A supplemented wi th 
5 mM MgCI2, 10 mM Na-glutamate, 5 mM mercaptoethanol and 
1 mM EDTA). The cyanobacter ia l  ce l l s  were d is rup ted  by 
mor te r -pes t le  in buf fer  B and centr i fuged at 35000 x 9 for  
30 min. Supernatant was the source of enzyme. The f i na l  volume 
1 mL of react ion m ix tu re  contained 40 mM TPis-HCI bu f fe r ,  
pH 7.0, 3 mM MnCI., 20 mM K-arser~te,  0.4 mM ADP (Na-sa l t ) ,  
60 mM hyd roxy lam ine  h y d r o c h l o r i d e  (NHzOH.HCI) and 30 mM 
glutamlne. The react ion is  a l lowed to proceed for  15 min at 
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30~ in the da rk .  F ina l l y  reaction was stopped by adding 0 .2  
mL of a s t o p  m i x t u r e  ( 4 . 0  mL of 10% FeC13 + 1.0 mL of 24% 
TCA + 0 .5  mL of 6 (N) HC1 + 6 .5  mL of d i s t i l l e d  w a t e r ) .  The 
readings were taken at 540 nm against a blank which contained 
a l l  the components except ADP and NH.,OH.HC1 wi th Hi tachi  
U2000 (Japan) spectrophotometer.  Protein was est imated by 
the method of Lowry e~ aE (1951) using BSA as s tandard.  

RESULTS AND DISCUSSION 

The ef fect  of ca rba ry i  on the growth of /V0S(oc mu~co~tum ce l ls  
is shown in Figure 1. I t  is  ev ident  from the f igure  1, that 
growth re ta rda t ion  of the cyanobacter ia occurred in a dose 
dependent manner of c a r b a r y l .  At 10 and 25 mg/L ca rba ry !  the 
growth of the cyanobacter ia were s i gn i f i can t l y  decreased but 
at 50 mg/L severe reduct ion in growth was observed.  Lethal 
dose of c a r b a r y l  was found to be 75 mg/L. The growth i n h i b i -  
t ion by 50 mg/L ca rba ry l  concentration seems to be b iphas ic ;  
fo l lowing 4 d of treatment the growth i n h i b i t i o n  by ca rba ry l  
appeared to be p a r t i a l l y  reversed .  This may be due to the 
pa r t i a l  degradat ion of c a r b a r y l  to non- tox ic  metabol i tes .  Chloro-  
p h y l l  a content of c a r b a r y l  t reated cyanobacter ia l  ce l l s  were 
reduced in a dose dependent manner as shown in Table 1. 
Conversely r e s p i r a t o r y  O~ uptake was enhanced in the same 
trend (shown in Table 1). Signi f icant  enhancement of r e s p i r a -  
t ion rate was found at 10 mg/L and above concentrations of 
ca rba ry l  exposure.  At high concentration of c a r b a r y l ,  low 
c h l o r o p h y l l  a content ind icated that photosynthet ic  a c t i v i t y  
of /v. rnusco,~um ce l ls  were impai red dur ing ca rba ry l  t reatment.  
The s t imu la t ion  of r e s p i r a t o r y  02 uptake suggests r esp i r a to r y  
electron t ranspor t  chain is not i n h i b i t e d  by th is  pes t i c ide .  
The o v e r a l l  increase in resp i ra t ion  rate may be due to 
t r igger ing  a ser ies of mechanisms which the microorganisms 
are be l ieved  to posses to counter the ef fects  of the chemical .  
These mechanisms may include uptake, accumulation, b iodegrada-  
t ion and t ranspor t  of chemical out of the ce i l s  (Davis and 
Smith 19?8). Moreover any possib le suppress ive a c t i v i t y  on 
the photosynthet ic  ATP generation might compel the organism 
to re l y  more on endogenous carbon reserves (polyglucose and 
p o l y - a l p h a - h  ydrox  y bu ty ra te)  and o x i d a t i v e  phosphory la t ion  
to meet the ext raenergy demands under the st ress condi t ion.  
The low photosynthet ic  pigment content as observed in these 
studies may resu l t  from photooxidat ion a r i s ing  from i n a b i l i t y  of 
c h l o r o p h y l l  a to d iss ipa te  i t s  absorbed exc i ta t ion  energy when 
electron t ranspor t  is i n h i b i t e d .  I n h i b i t i o n  of electron t ranspor t  
l i m i t s  the a v a i l a b i l i t y  of NADPH and chemical energy as ATP 
(Moreland 1980). The nitrogenase a c t i v i t y  was reduced s ign i -  
f i can t l y  in presence of ca rba ry l  except at 5 mg/L (as shown 
in Table 2) .  The i n h i b i t i o n  of nitrogenase a c t i v i t y  by the 
pes t ic ide  treatment may be exp la ined by the low photosynthet ic  
pigment content and reduced photosynthet ic  a c t i v i t y  of /voa(oc 
mu~co~um ce i l s  under such exper imenta l  condi t ion.  In hetero-  
cystous cyanobacter ia the pho tosyn the t i ca l l y  f i xed  carbon which 
is essent ia l  for  nitrogen f i x a t i o n  is supp l ied  to the heterocyst  
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Figure 1. Growth patterns of No,btoc muse, on, urn ce i ls  in presence 
of d i f f e ren t  concentrat ions of c a r b a r y l .  
Each point is the mean of four sets of exper iments .  

Table 1. Ef fect  of c a r b a r y l  on c h l o r o p h y l l  a content and r e s p i r a -  
to ry  O, uptake in No,3:Loc mu,3c, o r u m  af te r  96 hr  of 
t reatment .  

Carba ry l  mg/L 
Control 5 10 25 50 

C h l o r o p h y l l  a 6.10 5.90 4.08 2.75 1.70 
content (Iag/mL • • • • + 
cu l ture)  O. 18 O. 16 O. 13"* 0 .08"*  0.05"*  

Resp i ra to ry  162.12 168.52 180.35 190,39 216,42 
O~ uptake a • • • • • 

6 . 4  6 . 5  6 .9*  7 .2**  8 .1" *  

a = nmole/min/mg protein 
The values are means + SD four sets of experiments; 
**p<O.O01 when compared with control. 

*p<O.01, 
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Table 2. A c t i v i t i e s  of ni trogenase, n i t ra te  reductase and gtuta-  
mine synthetase a f te r  96 hr  of ca rbary t  t reatment.  

Carbaryi (mg/L) 
Control 5 10 25 50 

Nitrogenase 57.10 
(n mote C~H~/hr/mg • 
prote in)  1.26 

N i t ra te  reductase 419.35 
(n mote NO,,/min/mg _+ 
protein) 12.22 

Giutamine syn the-  1680.31 
tase + 
(n mote productX/  33.10 
min/mg prote in)  

55.10 40.10 29.00 16.90 
+ + + + 

1.25 1.14" 0 . 7 0 "  0.39* 

400.00 280.20 235.20 190.25 
+ + __+ + 

11.90 8.66* ? .40* 5.30" 

1630.09 1155.44 900.48 795.64 
• + + + 

33.00 23.90* 19.60" 16.39" 

x = y-gtutamyt hydroxamate.  
The values are means -+ SD four sets of exper iments;  *p<0.001. 

by the vegeta t ive  ce l l s  (Stewart 1980). Haselkorn (1978) repor ted 
that  chemical energy ATP and reducing agent NADPH, requ i red  
for  nitrogenase a c t i v i t y  are mainly de r i ved  from photosynthet ic  
react ion.  Photosynthesis as measured by photosynthet ic  Oz 
evolut ion of l~ostoc mu,~co4um cel ts was impai red by ca rba ry t  
treatment was reported e a r l i e r  from our labora tory  (Bhunia ~t at 
1993). The observed diminut ion of nitrogenase a c t i v i t y  in 
presence of d i f f e ren t  concentration of ca rba ry l  was due to the 
p r imary  ef fects  at the photosynthet ic  l e v e l .  Both n i t r a te  reduc- 
tase and gtutamJne synthetase a c t i v i t i e s  were reduced s i g n i f i -  
cant ly  at 10 mg/L and above concentrations of ca rba ry i  exposure,  
as shown in Table 2. NR and GS a c t i v i t y  were not reduced 
s ign i f i can t l y  at 5 mg/L concentration of c a r b a r y i .  The enzyme NR 
is membrane bound and i t s  a c t i v i t y  depends on reduced f e r r e -  
doxin produced during oxygenic photosynthesis (Flores et as 
The progress ive  decrease in NR a c t i v i t y  may be due to the 
d i f f e ren t  l e ve l s  of in ter ference by t h i s  pest ic ide wi th t h e i r  
photosynthet ic  mechanisms. The GS a c t i v i t y  suppression in 
ca rba ry t  t reated N. mu~corum ce i ls  may be re la ted  to the 
suppressed nitrogenese and NR a c t i v i t i e s  under s i m i t a r  
c o n d i t i o n s .  GS i s  mos t  a c t i v e  u n d e r  n i t r o g e n  f i x i n g  c o n d i t i o n s  
in  &~.or s p .  ( T h o m a s  C{ a t  1982) .  M o r e o v e r  t h e  a c t i v a t i o n  
GS gene (gin A) requ i res  the nitrogen f i x i n g  condit ions (Turner 
Ct a~ 1983). Therefore suppression of nitrogenese and NR 
a c t i v i t y  may be responsib le  for  tow GS a c t i v i t y  of tvo6t0c 
mu6corum cel ts under the ca rba ry I  exposure. 
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