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Petroleum contaminants pose serious threat to the structure and 
functioning of aquatic ecosystems. Although their effects on 
various algal species have been studied belote (O'Brien and 
Dixon 1976; Vandermeulen and Ahern 1976), heterocystous blue- 
green algae (cyanobacteria) have been little explored in this 
regard. These cyanobacteria can fix N z and therefore considera- 
ble emphasis has been attached fo their role in aquatic ecosys- 
teins. Inadequate information concerning the effects of petroleum 
oils on them, especially on their nitrogen fixing system, promp- 
ted us fo undertake this study. 

In t h i s  communicat ion we r e p o r t  the  inf luence  of Assam c rude  on 
g r o w t h ,  p h o t o s y n t h e s i s  ( ~~C i n c o r p o r a t i o n ) ,  n i t rogen  f i xa t i on  
(n i t rogenase  a c t i v i t y )  and h e t e r o c y s t  d i f f e r e n t i a t i o n  in Anabaena 
do l io lum.  This  s p e c i e s  and o t h e r  h e t e r o c y s t o u s  c y a n o b a c t e r i a  
occur  w i d e l y  in soi l  and aqua t i c  e c o s y s t e m s  ( D e s i k a c h a r y  1959).  

MATERIALS AND METHODS 

Anabaena do l io lum,  ob t a ined  from the  Centre  of Advanced  Study 
in Botany,  Banaras  Hindu U n i v e r s i t y ,  was a x e n i c a l l y  c u l t i v a t e d  
in Allen and A r n o n ' s  medium (Singh and Gaur 1988) d e v o i d  
of combined source  of n i t r ogen .  The cu l tu res  r e c e i v e d  2000 lux 
l i g h t  in 14h l i g h t  and 10h d a r k  c y c l e  at 24+1~ All e x p e r i -  
ments were conduc ted  in t r i p l i c a t e  under  axen ic  cond i t i on .  

One p a r t  of s t e r i l i z e d  Assam c rude ,  ob t a ined  from Gauhati  Ref i -  
n e r y ,  was s lowly  s t i r r e d  by  a magnet ic  s t i r r e r  wi th  20 p a r t s  
of s t e r i l i z e d  b a s a l  medium. After  12h s t i r r i n g  was s t o p p e d  and 
the  aqueous p h a s e  containing w a t e r - s o l u b l e  f r a c t i o n s  was s e p a r a -  
t e d .  This  was de s igna t ed  as 100% aqueous c rude  oi l  e x t r a c t  
(ACOE) and i t s  d i lu t ion  wi th  basa l  rnedium gave 20,40,60 and 
80% ACOE. F luo re scence  s p e c t r o s c o p y  t echn ique  was used fo 
e s t ima te  the  amount of o i l  in ACOE (Singh and Gaur 1988).  

Growth e x p e r i m e n t s  were c a r r i e d  out in E r l enmeye r  f l a s k s  
( c a p a c i t y  400 ml) conta ining 125 ml of ba sa l  or  o i l - s a t u r a t e d  
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medium.  E x p o n e n t i a l  p h a s e  c u l t u r e s  of A. do l io lum were  used  
fo r  i nocu l a t i on .  The b i o m a s s  of t e s t  ~ g a  was m o n i t o r e d  b y  
a s c e p t i c a l l y  t a k i n g  out 5 ml of c u l t u r e  su spens ion  f rom each  
r e p l i c a t e  f l a s k  d a i l y  du r ing  i n i t i a l  5 d a y s  of i ncuba t ion  and 
on a l t e r n a t e  d a y s  a f t e r w a r d s .  The b i o m a s s  was m e a s u r e d  in 
t e r r e s  of c h l o r o p h y l l  a b y  the  m e t ho d  of Holden (1965) .  The 
d a t a  o b t a i n e d  were  usecl to c a l c u l a t e  t he  s p e c i f i c  g rowth  r a t e  
and f i na l  y i e l d .  

P h o t o s y n t h e s i s  was a s s a y e d  b y  fo l lowing  the  u p t a k e  of 1~CO z 
f rom NaH 1~C03 (BARC, B o m b a y ) .  S c i n t i l l a t i o n  v i a l s  con ta in ing  
0.2 ml of d i l u t e d  NaHI~CO3 (0 .5  ~ C i / m l )  in 1 ml of c u l t u r e  
s u s p e n s i o n  ( i n i t i a l  a b s o r b a n c e  0.04 a t  665 nm) f o r  a l l  t r e a t m e n t s  
and c o n t r o l ,  we re  i l l u m i n a t e d  b y  2500 lux  a t  25~ A c t i v i t y  
was a s s a y e d  a t  30 rein i n t e r v a l  fo r  two h o u r s .  In l ong- t e r r e  
e x p e r i m e n t s  t h e  a c t i v i t y  was m e a s u r e d  f o r  one hou r  o n t y .  Reac -  
t ion was t e r m i n a t e d  b y  a d d i n g  0.2 ml of 50% ace t i c  a c i d .  The 
r e s u l t i n g  s u s p e n s i o n  af  t e r  b u b b l i n g  wi th  a i r  fo r  4 rein was 
s p i k e d  w i th  10 ml s c i n t i l l a t i o n  c o c k t a i l  (3 p a r t s  e t h a n o l ,  4 
p a r t s  0.8% PPO ( 2 , 5 - d i p h e n y l  oxazo l e )  a n d  0.01% POPOP ( 1 , 4 -  
b i s - 2 - ( 5 - p h e n y l o x a z o l y l )  benzene)  in t o luene .  Counting was done 
in a Beckman l i q u i d  s c i n t i l l a t i o n  coun te r  (model  LS 2000) and 
the  r a t e  of 1~CO2 u p t a k e  h a s  been  e x p r e s s e d  in d p m .  

N i t rogenase  a c t i v i t y  was d e t e r m i n e d  b y  a c e t y l e n e  r e d u c t i o n  
me thod  (S t ewar t  e t  a l .  1967) .  Assay  was  p e r f o r m e d  in c a l i b r a t e d  
se rum v i a l s  of abou t  7.5 ml c a p a c i t y .  The a c e t y l e n e  c o n c e n t r a -  
t ion was k e p t  af  10% ( v / v )  and 2 ml of cu l tu re  s u s p e n s i o n  was 
i n j e c t e d  into  each  b o t t l e .  N i t rogenase  a c t i v i t y  in e x p e r i m e n t a l  
and con t ro l  v i a l s  was m o n i t o r e d  30, 60, 120 and 180 rein a f t e r  
i ncuba t ion  a t  25~ and 2500 lux l i g h t  i n t e n s i t y .  Reac t ions  were  
t e r m i n a t e d  b y  50% t r i c h l o r o a c e t i c  a c i d .  E t h y l e n e  p r o d u c e d  in 
the  r e a c t i o n  v e s s e l s  was a n a l y s e d  in a CIC gas  c h r o m a t o g r a p h  
( B a r o d a ,  Ind ia )  f i t t e d  wi th  a h y d r o g e n  f l ame  ion i za t i on  d e t e c t o r .  
N i t rogenase  a c t i v i t y  in l o n g - t e r m  e x p e r i m e n t s  was d e t e r m i n e d  
b y  incuba t ing  the  t e s t  a lga  in a c e t y l e n e  fo r  one h o u r .  

In o r d e r  to s t u d y  the  e f f e c t  of t e s t  o i l  on h e t e r o c y s t  d i f f e r e n -  
t i a t i o n ,  h e t e r o c y s t - f r e e  inoculum was p r e p a r e d  b y  growing 
the  t e s t  a lga  in 10 mM of ammonium.  H e t e r o c y s t  a p p e a r e d  on 
the  t h i r d  d a y  and t h e i r  f r e q u e n c y  was  c a l c u l a t e d  b y  count ing 
the  number  of h e t e r o c y s t s  p e r  h u n d r e d  v e g e t a t i v e  c e l l s  in a t  
l e a s t  20-30 f i l a m e n t s  of a p p r o x i m a t e l y  the  saine l e n g t h .  

RESULTS AND DISCUSSION 

The saturation level of aqueous oil extract used in our study 
r anged  f rom 20 fo 100%. S a t u r a t e d  o i l  e x t r a c t  con ta ined  12.7 
mg/1 of o i l .  Such h igh  c o n c e n t r a t i o n s  e x i s t  in r e f i n e r y  e f f l u e n t s  
and the  a r e a s  of o i l  s p i l l  (Singh ancl Gaur 1988) .  

The test oil inhibited the growth of A. doliolum in a concentra- 
t i o n - d e p e n d e n t  manner  ( T a b l e  1 ) .  A 9 - d a y  long lag was o b s e r v e d  
on ly  in s a t u r a t e d  ACOE. Our s t u d y  conforms  wi th  Gaur and 

495 



Kumar (1981) who s tud ied  the e f fec t s  of t h i s  oil  on four  un i ce l -  
l u l a r  a lgae .  However ,  the  ex ten t  of i n h i b i t i o n  was more s e v e r e  
in the  p r e s e n t  s t u d y .  

Table I. Specific growth rate and final yield (biomass attained 
on the 15%h day) of A. doliolum exposed fo aqueous 
crude oil extract (ACOE). 

Satura t ion level 
of ACOE 

Growth rate/day Final  Yield 
( ~g c h l o r o p h y l l  a / m l )  

Control  0.38 + 0.05a 2.68 -+ 0 . 1 l a  
20% 0.36 + 0.02a 2.52 -+ 0.12b 
40% 0.30 + 0.04b 2.04 + 0.05c 
60% 0.25 + 0.03c 1.83 + 0.07d 
80% 0.21 + 0.02c 1.44 -+ 0.10e 
100% 0.12 +- 0.01d 0.51 + 0.04f 

Means (n=3; + S.D.) with different letters are significantly 
different from one another (P< 0.05) according to Duncan's 
Multiple Range Test. 

Table 2. Short-term effects of ACOE onl~C uptake in A. doliolum. 

Satura t ion l~C i n c o r p o r a t i o n  ( d p m / ~  g c h l o r o p h y l l  a) 
level of 
ACOE Time (Min) 

30 6,0 90 180 

Control 126 + 8a 218 + 12a 336 + 18a 489 + 24a 
20% 157 -+ 14b 194 + 8b 289 + 24b 291 + 27b 
40% 134 + 10c 182 + 6hr 218 + 12c 261 -+ 15c 
60% 75 -+ 6d 96 + 4c 126 + 4c 145 + 12d 
80% 58 + 4e 86 -+ 6c,d 97 + 7d 130 + 14e 
100% 49 + 3e 76 + 3cl 89 -+ 5d 104 + 6f 

Means (n=3; + S .D.)  in each  column fo l lowed  by  the saine l e t t e r  
are  not s i g n i f i c a n t l y  d i f f e r e n t  ( P < 0 . 0 5 )  acco rd ing  to Duncan ' s  
Mult iple  Range Tes t .  

The test oil stimulated I~C uptake at 20% saturation level cluring 
30 rein of incubation (Table 2), but prolongecl incubation was 
inhibitory. Low concentration of some other oils have been 
round %o stimulate I~C uptake in laboratory cultures (Karydis 
1979) and natural phytoplankton populations (Gordon and Prouse 
1973). This phenomenon has been ascribed to the presence of 
growth  r egu la t ing  compounds (Gordon and Prouse  1973) and 
t r ace  e lements  (Hufford 1971) in o i l s ,  i n c r e a s e d  p e r m e a b i l i t y  
at  low l e v e l s  of h y d r o c a r b o n s  (Van O v e r b e e k  and Blondeau 
1954),  up take  and me tabo l i za t ion  of ce r t a in  oi l  cons t i t uen t s  
( O ' B r i e n  and Dixon 1976), and the  i n c r e a s e d  r a t e  of n i t rogen  
fixation in oiled habitats (Baker 1971). But, the present 
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f indings do not agree with Baker as ni t rogenase ac t i v i t y  was 
never  s t imulated (see Tables  4 and 5).  Chan and Chiu (1985) 
discounted the ro le  of growth regulat ing compounds in causing 
s t imula tory  e f f ec t s .  But they  obse rved  increased  growth ra te  
and final  y i e l d ,  and r e l a t ed  these  changes to the uptake and 
metabol izat ion of cer ta in  oil  cons t i tuents .  Thei r  explanat ion 
cannot be app l i ed  in our s tudy as  the spec i f i c  growth ra te  
or f inal  y i e ld  of A. doliolum did hot increase  in oi l -containing 
medium. High saturat ion l eve l s  of ACOE inhibited1~C uptake 
in shor t - t e r re  expe r imen t s .  In long-terre exDeriments ,  ACOE 
in i t i a l ly  caused more pronounced inhib i t ion  of I~C uptake (Table 
3) .  After maintaining decl ining t rends  to 9 days  in 20,40 
and 60% ACOE, gradual  improvement i upI~C uptake occur red ;  
whereas ,  decl ining t rends  were maintained in 80 and ]00% ACOE. 

Table 3. Chronic e f fec ts  of ACOE on carbon f ixa t ion  by tes t  
alga. 

Saturation 
leve‡  of 
ACOE 

I~C incorpora t ion  (dpm/~g c h l o r o p h y l l  ~ /h )  

Time (days)  
6 9 12 15 

Control 442• 443• 443• 444• 437• 
20% 355• 377• 385• 393• 412• 
40% 327• 286• 327• 354• 381• 
60% 290• 245• 303• 330• 356• 
80% 196• 196• 187• 168• 131• 
100% 183• 152• 162• 148• I01• 

Means (n=3; • S.D.)  in each column fol lowed by the saine l e t t e r  
are  hot s ign i f ican t ly  d i f f e ren t  (P <0.05) according to Duncan's 
Multiple Range Tes t .  

Table 4. Shor t - ter re  effec%s of ACOE on ni trogenase a c t i v i t y  
of A. doliolum. 

Saturation 
level of 
ACOE 

30 

Nitrogenase a c t i v i t y  
(nmol C2H 4 p roduced /~g  c h l o r o p h y l l  a) 

Incubation per iod  (rein) 
60 120 180 

Control 
20% 
40% 
60% 
80% 
100% 

3.52• 5.30• 
3.32• 4.20• 
2.60• 3.39• 
2.58• 3,17• 
1.73• 2.44• 
1.48• 1.59• 

I0.40• 14.61• 
7.82• 10.22• 
6.83• 8.70• 
4.15• 4.53• 
3.64• 3.54• 
2.98• 2.74• 

Means (n=3; -+ S.D.) with different letters are significantly 
different from one another (P<0.05) according to Duncan's Multi- 
ple Range Test. 
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Stimulatory and i nh i b i t o r y  e f fec ts  of t e s t  oi l  may be due to 
the changes in membrane p e r m e a b i l i t y .  Van Overbeek and Blon- 
deau (1954) suggested tha t  low concentrat ions of oil  increase  
the p e r m e a b i l i t y ,  whereas  high concentrat ions d i s r u p t  the  
membrane sys tems .  Inhibi t ion of carbon f ixa t ion  ai high sa tu ra -  
tion l eve l  could also be a sc r i bed  to inh ib i t ion  of l igh t  r e a c -  
t ion,  p a r t i c u l a r l y  PS II (Singh and Gaur 1988). 

Table 5. Chronic e f fec t s  of ACOE on nit rogenase a c t i v i t y  of 
A. doliolum. 

Satura-  Nitrogenase a c t i v i t y  
tion (nmol C2H 4 p roduced /~g  c h l o r o p h y l l  a / h }  
level of 
ACOE Time (days) 

3 6 9 12 15 

Control 9.22a 9.63a 9.73a 9.63a 9.55a 
• • • • • 

20% 6.99b 7.20b 7.56b 7.93b 8.165 
• • • • • 

40% 5.90c 5.41b,c 6.22c 6.59c 6.81c 
• • • • • 

60% 5.75c 5.25b,c 4.93d 5.31d 6.63d 
• • • • • 

80% 4.95d 4.72c 3.62e 3.37e 2.64e 
• • • • • 

100% 3.05e 2.55d 2.16f 1.77f 0.96f 
• • • • • 

Means (n=3; • S.D.) with different letters are significantly 
different from one another (P<0.05) according to Duncan's Multi- 
ple Range Test. 

In short terre experiments, ACOE inhibited nitrogenase activity 
in a concentration-dependent manner (Table 4). In contrast to 
l*C uptake, nitrogenase activity was hot stimulated at any tested 
concentration. Inhibition of nitrogenase activity occurred in 
long-terre experiments also (Table 5) and the trend was similar 
to that of I*C uptake (Table 3). 

Inhibition of nitrogenase activity in our study could be com- 
pared with the reports of detrimental effects of pesticides (Da 
Silva et al. 1975~ Wurtsbaugh and Apperson 1978) and poly- 
nuclear aromatic hydrocarbons (Bastian and Toetz ]985) on 
cyanobacterial N 2 fixation. Heterocyst is considered as the site 
of aerobic N z fixation in cyanobacteria (Wolk 1982). ACOE 
inhibited heterocyst differentiation in A. doliolum (Table 6) and 
this could be one of the reasons for inhibition of nitrogenase 
activity in long-terre experiments. Since a pool of reductants 
composed of fixed carbon compounds provides electrons for 
nitrogen fixation (Lex and Stewart 1973), the inhibition of 
photosynthesis may retard the rate of nitrogen fixation. This 
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a s s u m p t i o n  seems  v a l i d  b e c a u s e  t he  g ene ra l  p a t t e r n s  of i n h i b i -  
t ion of i~C u p t a k e  and n i t r o g e n a s e  ac%ivi%y were  s i m i l a r  in l ong -  
te r re  e x p e r i m e n t s .  In t h i s  s t u d y  t h e  i n h i b i t i o n  of n i t r o g e n a s e  
a c t i v i t y  o c c u r r e d  in s h o r t - t e r r e  e x p e r i m e n t s  as we l l  in s p i r e  
of t h e  f a c t  t h a t  t he  a lga  d i d  hot e x p e r i e n c e  c a r b o n  l i m i t i n g  
c o n d i t i o n s ,  and i t s  c a r b o n  f i x a t i o n  was a c t u a l l y  s t i m u l a t e d  
in 20% ACOE. I n h i b i t i o n  of n i t r o g e n a s e  a c t i v i t y  in t h e s e  c a s e s  
seems  t o b e  i n d e p e n d e n t  of p h o t o s y n t h e s i s  b e c a u s e  PS I a c t i v i t y  
w h i c h  may p r o v i d e  ATP f o r  t he  r e d u c t i o n  of N 2 v i a  c y c l i c  
p h o t o p h o s p h o r y l a t i o n ,  and could  t r a n s f e r  e l e c t r o n s  to n i t r o g e n a s e  
was not i m p a i r e d  by  the  t e s t  o i l  (Singh and Gaur 1988).  

Table 6. Heterocyst d~ferentiation in A. doliolum ~eated with 
ACOE. 

Sa tu ra t ion  
l e v e l  of H e t e r o c y s t  f r e q u e n c y  (%) 
ACOE 

Control 5.80• 
20% 5.06• 
40% 4.20• 
60% 2.35• 
80% 2.31• 
100% 1.24• 

Means (n=3; + S.D.) with different letters are significantly 
different from one another (P<0.05) according fo Duncan's Mul- 
tiple Test. 

It is difficult fo pin-point the toxic constituents of ACOE as 
we are still trying to analyze if. But, paraffinic and aromatic 
hydrocarbons are the major water-soluble toxic components of 
some other oils (O'Brien and Dixon 1976; Vandermeulen and 
Ahern 1976). 

Although the studies presented here deal with A. doliolum, 
other heterocystous cyanobacteria may also be -deleteriously 
affected by Assam crude and similar type of oils. 
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