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Abstract
The fresh water cyanobacteria Scytonema sp. was cultivated in a laboratory scale in the presence of various concentrations (2.5, 5, 10, 20 ppm)
of two polycyclic hydrocarbons in order to assess the influence of the pollutant on the growth and certain physiological responses of the
cyanobacteria. The algal cells were analyzed for chlorophyll a, carotenoids, phycobilliproteins, proteins, amino acid, nucliec acid, C/N ratio
and elemental composition, carbohydrate and different enzymes at four days interval up to 16 days. According to our results, Scytonema sp.
was significantly affected by the pollution with regard to the different physiological parameters examined, and this significance may be
negative, positive or variable. The effect of the pollutant on carbohydrate, and the total amount of amino acids, proteins was negative, however,
the composition of the phenol increase with raise in PAHs concentration. A positive effect of the pollutant on cellular C/N ratio was observed
up to certain doses of PAHs.
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Introduction
The quality of water is currently a vital question in several
regions around the world. Among the several contaminants
that are recognized as threats to aquatic systems, high
environmental concern has been devoted to polycyclic
aromatic hydrocarbons (PAHs) (OSPAR-Commission,
2000). These compounds are among the most important and
ubiquitous anthropogenic chemicals detected in the
environment (Botta et al., 2009) and have been considered
as highly hazardous by the United States Environmental
Protection Agency (Office of the Federal Registration,
1982) and the European Union (Vives et al., 2004), mainly
due to their toxicity (Mastral and Callén, 2000). PAHs have
been recognized as mutagenic, carcinogenic and teratogenic
(Oliveira et al., 2007) and exposure to these compounds has
been linked to effects at higher levels of biological
organization (Jensen et al., 2008). In this perspective, there
is an increasing concern about the deleterious effects of
these compounds in estuarine and coastal ecosystems
considering that, unlike other harmful organic chemicals

that have been banned or regulated in discharges, they
continue to be released into the environment due to several
natural phenomena and anthropogenic activities such as
burning of fossil fuels and spills, oil and gas extraction,
transformation, transport and use (Arias et al., 2009) and
have a wide range of physical, chemical, and biological
effects in biotic and abiotic communities (Albers, 1995).
Different technologies have been used either to partially
degrade these contaminants and remove them from the
environment or to mineralize them to non-toxic compounds.
Recent reports have demonstrated that photosynthetic
microorganisms, particularly cyanobacteria, may play a
direct or indirect role in the metabolism and degradation of
hydrocarbons (Yehuda Cohen 2002). The availability of
powerful genetic techniques allow the biotechnological
application of cyanobacteria to produce specific products,
to biodegrade organic pollutants in surface waters, to
control mosquitoes and for many different other purposes
(Koksharova and Wolk 2002).
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Until now, there is no detailed report concerning toxicity of
Fluoranthene and Acenapthene on Scytonema sp. The aim
of this study is to provide toxicological information about
Fluoranthene and Acenapthene on cyanobacterial species:
Scytonema sp. In most of studies with cyanobacteria, it was
not clear whether the strains used were definitively axenic
(Abed and Ko¨ster 2005). It is known to be very difficult to
cultivate cyanobacteria in axenic culture and to clean them
from naturally associated aerobic heterotrophic bacteria. In
this study, I have selected axenic unicyanobacterium strain
of Scytonema sp. to observe effect on its physiological and
metabollic changes by two PAHs.

Pigments measurement
Chl-a was measured spectrophotometrically in cell lysates
after extraction in 80% acetone (Jeffrey and Humphrey
1975). Phycobilliproteins was measured as described by
Bennett and Bogorad (1973). All spectrometer reading were
taken in UV-VIS-NIR spectrophotometer, Lamda-19,
Perkin Elmer made.
Metabolite estimation
Carbohydrates were assayed quantitatively as per Roe
(1955), total soluble proteins were determined as described
by Lowry et al. (1951), amino acids were estimated by the
method of Lee and Takahasi (1966), whereas phenols were
measured according to Malick and Singh (1980).
Enzyme assays
The estimation of in vivo nitrate reductase activity was
measured by the method of Sempruch et al. (2008),
glutamine synthetase activity was done by γ-glutamyl
transferase as described by Pamiljans et al. (1962) and
succinate dehydrogenase activity, a major respiratory
enzyme present in the thylakoid of the cyanobacteria was
measured by the method of Kun and Abood (1949).

Materials and Method
For measurement of pigments, metabolites, C/N ratio and
enzyme activities, cultures were grown in nitrogen-deficient
BG11 medium for heterocystous, nitrogen fixing forms. All
the experiments were carried out in triplicates. Samples
were thoroughly homogenized and drawn during
exponential phase of growth for further analysis.
Fluoranthene were purchased from Sigma-Aldrich and
Acenapthene was Himedia made. LC50 values of the
Scytonema sp. for Fluoranthene and Acenapthene were
determined in terms of quantitative estimation of
chlorophyll-a and accordingly, various concentrations of
the PAHS were used in all further experiments (Table 1).
Sterile cultures and conditions are maintained throughout
the experimental period. Stock solution of both the PAHS
were prepared in HPLC grade Milli-Q water and added
aseptically to the culture medium to the final concentrations
indicated for each treatment.

Estimation of Carbon and Nitrogen
These were determined using the elemental analyzer
PE2400 Series II CHNS/O. The C/N ratio was determined
as the mean of three samples with SD±0.1.
Nucleic acid estimation
The culture was centrifuged, and the supernatant was
discarded, to the pellet 4 ml of tris-EDTA buffer (pH 8.0),
2 ml of 1% sodium dodecyl sulfate and 1 ml sodium saline
citrate (pH 7.0) was added and crushed using mortar and
pestle. Equal volumes of chloroform/isoamyl alcohol (24:1,
v/v) were added. The mixture was shaken for 20 min on a
rocker and centrifuged at 3000 rpm for 10 min. The clear
upper aqueous phase containing nucleic acids was used for
estimation of DNA and RNA. The amount of DNA was
determined quantitatively using diphenylamine reagent by
standard procedure. The absorbance was measured at 595
nm. RNA content was estimated 12 by using orcinol
solution and measured at 670 nm. Amounts of DNA and
RNA were calculated from standard graph and expressed as
mg ml ˉ²º (Plummer DT. 1998).

Axenic Culture Preparation
Cyanobacterial culture were procured from the Centre for
Conservation and Utilization of Blue Green Algae, IARI,
New Delhi, India.These cultures were subjected to different
trials to employ bacteria-free cultures and investigate the
growth of bacteria every 20 d throughout the experimental
period, according to Felfoldy and Zsuzsa (1959) and
Hoshaw and Rosewski (1973).

Table 1: LC50 values and PAHS treatments of the test organisms for Fluoranthene and Acenapthene.
Organism
study

selected

for

Xenobiotic compounds

LC50 values Determined
(ppm)

Acenapthene

5

Fluoranthene

10

Scytonema sp.
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Treatments decided based
upon LC50 (ppm)
2.5
5
10
5
10
20
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Result and Discussion

Fig. 1, 2, 3, 4 and 5: Impact of two PAHs on Scytonema sp. in respect to time.
The growth of Scytonema was measured in terms of the
level of the Chl-a. The results clearly revealed that the levels
of pigments of the Scytonema decreased with rising PAHS
concentrations in the culture medium. The decline in the
pigments with respect to increasing exposure periods (days)
was more prominent and highly significant at higher doses
as compared with lower doses. The pigments Chl-a,
carotenoids, and phycobilliproteins (phycocyanin,
allophycocyanin, and phycoerythrene) of the organism
decreased
continuously
with
increasing
PAHS

concentrations. The percentage reductions at the highest
Acenapthene concentration
(10 ppm) were 93%, 97%,
82%, 84%, and 59% for Chl-a, carotenoids, phycocyanin,
allophycocyanin, and phycoerythrene, respectively, by the
end of 16 days. Same as with Fluoranthene treated
Scytonema, decrease by 0.810±0.055 mg mlˉ²º,
0.011±0.003 mg mlˉ²º, 0.066±0.004 mg mlˉ²º, 0.067±0.008
mg mlˉ²º and 0.0045±0.0005 mg mlˉ²º at the end of 16 days
(20ppm) was observed (Fig 1, 2, 3, 4 and 5). The growth of
Scytonema sp. was negatively affected by the PAHs since
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the cell number gradually fell with increasing
concentrations of the PAHs to less than a quarter of the
initial number in highest concentration of treated cells
relative to the control. Growth reduction by oil pollution,
including diesel fuel, has been demonstrated in many algal
species, e.g. Scenedesmus quadricauda (Dennington et al.
1975), Isochrysis sp. (Ansari et al. 1997). The reduction in
algal cell number may be accompanied by delayed cell
division: this delay is proportional to the concentration of
xenobiotic compounds added, which in turn is a function of
the decrease in algal cell bioavailability under these
conditions of stress (Nagwa Gamal et. al, 2005), also further
stated that Diesel fuel is a hydrophobic compound and,
when applied to N. salina, disrupts the optimal physical
state of cytoplasmic membranes, thus disturbing the
osmotic balance of the algal cell. Accordingly, cell
permeability increases, which in turn stimulate the influx of
the pollutant and probably the accumulation of a high
quantity of hydrocarbons, which causes cell swelling. As a
result, the pollutant has a positive significant effect on
cellular chlorophyll a production. Carbohydrates are the
first products of photosynthesis in all algae (Calvin-Benson

cycle) and provide the precursors for all cell components.
(Fig 6, 7, 8 and 9) Cellular carbohydrates vary
quantitatively according to culture conditions (Brown et al.
1998). A remarkable decrease of carbohydrate inhibition
was observed with increasing concentrations of
acenapthene by 76% reduction and for fluoranthene by 84%
of total carbohydrates reduction by the end of 16 days. This
observation is in agreement with other reported findings
Rajendran et al. 2007. Moreover, some reports Kanika et al.
(2003) also emphasize the concentration and timedependent retardation of carbohydrate levels in
cyanobacterium. Further application of two PAHs to
Scytonema sp. suppressed the total protein content in
comparison with the control, the effect being more
pronounced at higher doses. A considerable reduction of
0.0063±0.030 mg mlˉ²º (acenapthene 10 ppm) and
0.0238±0.006 mg mlˉ²º (fluoranthene 20 ppm) in the total
protein content was registered at the end of 16 days
respectively. Kapoor et al. (1996) reasoned that the
interruption of protein synthesis could be due to the
inhibition of enzymes and structural proteins essential for
growth of the organism. A gradual reduction of up to

Fig. 6, 7, 8, and 9: Impact of two PAHs on Scytonema sp. in respect to time
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0.172±0.009 mg mlˉ²º in acenapthene and 0.128±0.008 mg
mlˉ²º in fluoranthene to the total amino acids content at the
end of 16 days was recorded when the cells were treated
with 10 ppm and 20 ppm of two PAHs. When reflecting
upon a decline in protein and amino acids content as a result
of PAHS use, Piehler et al. (2003) considered that the
reduction of algal metabolites resulting from diesel spills
might be due to inhibition of cell division. Previous studies
have shown that cellular amino acids are affected by
external environment stress (Barrett & Elmore 1998, ElSheekh 2000). The reduction effect of pollution by aqueous
diesel fuel on the amounts of different amino acids may be
an indirect reflection of the reduction in carbohydrate
content. Another report suggests that the changes in amino
acid concentrations may be due to the synthesis from
endogenous precursors or by the inhibition of normal
catabolism. Phenols are important aromatic molecules
formed during stress conditions, which in turn trigger
various biochemical processes within organisms. Phenol
content in response to increasing concentrations of the
PAHs has been represented. An increase in the phenol
content was registered throughout the treatment. This could
be due to the possible conversion of primary metabolites
into phenols as well as to the accumulation of PAHs during
stress conditions, which could corroborate other findings
Mallick et al. 1994.
PAHs treatments of nitrate reductase, glutamine synthetase,
and succinate dehydrogenase were used to suppress the
activities of nitrogen-fixing, ammonia-assimilating, and
respiratory enzymes, respectively, for Scytonema.
Moreover, the highest doses of PAHs were more
suppressive to the activities of the three enzymes. Nitrate
assimilation is the major process of nitrogen acquisition in
cyanobacteria Guerrero et al. 1981. It is transported into the
cells by an active transport system and reduced to
ammonium by the sequential action of nitrate reductase
(NR) and nitrite reductase (NiR) prior to fixation into amino
acids through the glutamine synthetase (GS) pathway. The
nitrate reductase activity of Scytonema was reduced by 93%
when treated with 10 ppm Acenapthene concentration and
97% when treated with Fluoranthene. Prasad et al. 2006
studied the biological effects of a fungicide on Nostoc
muscorum and quoted similar results. Glutamine
synthetase, an important ammonia-assimilating enzyme,
displayed a significant inhibition upon the PAHs treatment,
leading to a 94% (acenapthene) and 95% (fluoranthene)
reduction in enzyme activity when compared with their
control. This observation has also been further supported by
findings of a remarkable decrease in GS activity resulting
from different pesticides Rajendran, 2007. Succinate
dehydrogenase activity was severely diminished by 88%
when treated with acenapthene and 93% when treated with
fluoranthene Phillips et al. 1993 and further stated that the
inhibition of succinate dehydrogenase in the fungi
Rhizoctania solani resulted from treatment with thiazole

carboxanilide fungicides (fig 10,11 and 12).The C/N ratio
increased slightly from 4.2±0.1 in the control culture to
5.39±1.5 in the concentration of 5 ppm acenapthene treated
culture, and then fell somewhat to reach 4.0±0.1 in 10 ppm
with polluted cells at the end of 16th day. Same as in
fluoranthene treated culture; the C/N ratio was 4.0±0.13 at
the end of 16th day. Carman et al. (1997) found that
hydrocarbon contamination enhanced nitrogen availability.
Other investigators (Burkhardt et al. 1999, Riebesell et al.
2000) demonstrated that the C/N ratio was influenced by a
carbon enriched culture medium. In contrast, Chabbi &
Rumpel (2004) considered that C/N ratios are a
consequence of the presence of decomposing plant and/or
microbial (including algae) residues. In this connection, our
results regarding C/N ratios were slightly elevated relative
to the control up to 50% aqueous diesel extract
concentration. After that, the ratio decreased again to
approximately the control value, a result indicative of the
constant proportions of the two elements despite the
addition of the pollutant. The elemental abundance in algae
is apparently controlled by the elemental abundance in the
medium, whereas metabolic processes as well as
environmental factors relevant to the habitat modify the
final concentration of a given element in the algal cell
(S´anchez-Rodr´ıguez et al. 2001).Both DNA and RNA of
Scytonema sp. were affected by different Acenapthene and
Fluoranthene concentrations. Reduction in DNA and RNA
was observed in all treated cultures with increasing
incubation period. DNA reduced by 93% in treated with
acenapthene and 95% by fluoranthene at the end of 16th day.
likewise, RNA content reduced to 0.68 mg mlˉ² of
acenapthene and 0.54 mg mlˉ²º treated with fluoranthene in
Scytonema sp. Zachleder V and Tukaj Z (1993) have
reported that inhibition of DNA synthesis in response to
high concentrations of oil is accompanied by slightly
delayed in cessation of RNA and protein synthesis. This
explains the probable nucleic acid variation pattern in
cyanobacteria (Scytonema sp.). Results demonstrated that
DNA and RNA synthesis are inhibited at higher
concentration indicating that the biosynthesis of these
compounds is probable targets of PAH toxicity. The isolate
under study was tested for its ability to grow in the presence
of varying concentrations of the PAHs. This study has
revealed that PAHs treatment adversely affects the growth
of the isolate, even at lower concentrations of 10 and 20
ppm. The release of metabolites such as carbohydrates,
proteins, amino acids, and phenols as well as enzymes such
as nitrate reductase, glutamine synthetase, and succinate
dehydrogenase were all unfavorably affected by increasing
concentrations of PAHs treatments.
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