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Abstract

In this article, we present an overview on the role of marine pollutants in impairment of DNA integrity in marine
gastropods exposed to xenobiotics released from various sources into the coastal ecosystem. We provide an insight
into the impact of various types of genotoxic compounds on the physiologic status of marine organisms, with specific
focus on DNA integrity. DNA damage in marine gastropods was found to be highly correlated to the level of
contaminants prevalent in the marine environment. DNA integrity in marine organisms was significantly affected
upon exposure to genotoxicants such as polycyclic aromatic hydrocarbons (PAH), persistent organic pollutants,
cadmium, lead, manganese, chromium, copper, etc. The prevalence of persistent xenobiotic contaminants in the
marine environment coupled to their deleterious impact on marine organisms, exemplifies the measurement of DNA
integrity as a prognostic tool for marine pollution assessment, control and policy-making.
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Abbreviations

au-DNA: Alkaline Unwinding DNA; B[a]P: Benzo[a]Pyrene; DDT:
Dichloro Diphenyl Trichloro ethane; DSB: Double-Strand Breaks; ds-
DNA: Double-stranded DNA; HCH: Hexachloro Cyclo Hexane; OC:
Organochlorine; OCP: Organochlorine Pesticides; PAH: Polycyclic
Aromatic Hydrocarbons; PCBs: Polychlorinated Biphenyls: PHAH:
Planar Halogenated Aromatic Hydrocarbons; POPs: Persistent
Organic Pollutants; ROS: Reactive Oxygen Species; ss-DNA: Single-
stranded DNA

Introduction

The DNA integrity in marine organisms is significantly affected
owing to their exposure to genotoxic contaminants like heavy metals,
polycyclic aromatic hydrocarbons (PAH) which are prevalent in the
marine ecosystem. They inflict detrimental damage to the biologic
integrity and physiologic functions of individual organisms. A part of
the potentially toxic material is readily accumulated within the tissues
of resident organisms from surrounding environment and thereby
cause severe damage into their physiological status [1-8].

The detection of the presence of genotoxic contaminants in the
marine environment can be ascertained in molecular terms by
studying the responses of organisms exposed to such genotoxicants
[9,10]. The damage caused to organisms thereof is reflected as
impairment to physiologic and biologic processes fundamental to their
survival and proliferation. The resulting genetic alteration in marine
organisms due to their exposure to xenobiotics of various kinds can
[9] be used as a tool to investigate the genotoxic potency of
environmental pollutants. However, the induction of single-strand
breaks by xenobiotic agents or genotoxicants is mediated for example,

by chemical induction during excision repair, interaction with DNA-
intercalating agents, degradation due to autolysis or disruption,
formation of alkali labile sites [9,11,12]. In particular, significant DNA
damage has been observed by alkylating agents which can interact with
DNA at multiple sites leading to single-strand breaks [7,13].

The concentration of xenobiotic contaminants in the tissues of
marine organisms increases with their increasing bioavailability,
lipophilicity/hydrophobicity and rate of their uptake from sediments,
water column and other biota. The accumulation patterns of
contaminants differ for different organisms and depend upon the
balance between the rates of their uptake, metabolism and elimination
from the animals [14].

Many of these chemical pollutants are potent carcinogens and
mutagens with the ability to inflict DNA damage. In this regard,
polycyclic aromatic hydrocarbons compounds are an important class
of chemicals prevalent in the environment [15]. The cellular
conversion of benzo(a)pyrene, a representative PAH to chemically
reactive Benzo(a)pyrene diol epoxide (BaPDE) and its subsequent
interaction with DNA forming stable DNA adduct leading to DNA
strand breaks, is a classic example of the impact of PAH on DNA
integrity [14] (Equation 1).

Benzo{a)pyrene-7.8-diol-9, 10-epoxide
(BPDE)

Beneo (a) Pyrene

Equation 1: Conversion of Benzo(a)pyrene to Benzo(a)pyrene-7,8-
diol-9,10- epoxide.
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Similarly, the bio-transformation of 3,3’-dichlorobiphenyls, a
representative PCB into its metabolite, 2’,5-dihydroxy-3,3’,
dichlorobiphenyl, the chemically reactive quinoid form of it (reactive
oxygen species) while interacting with DNA can form stable DNA
adduct (scheme-2) which is responsible for DNA strand breaks.

Pfeiffer Petra (1998) showed the mutagenic potential of
environmental contaminants on DNA double-strand breaks repair. Of
all DNA lesions known so far, double-strand breaks (DSB) are the
most fatal because they disrupt the continuity of the DNA template
essential for DNA replication and transcription (Equation 2).

Equation 2: Interaction of quinoid structure of chloro-biphenyl
with DNA strand.

In order to assess the effect of genotoxic agents on the integrity of
DNA, various techniques have been developed over the years to
determine the level of DNA double strandedness under defined
conditions of pH and temperature over a period of specified time. For
example, the measurement of DNA integrity in the pyloric caeca of
seastar, Asterias rubens from the North Sea demonstrated the impact
of persistent organic pollutants in different regions of the North Sea
[10]. In this article, we review the literature focusing on the
significance of the study of the impairment of DNA from different
species of marine organisms and it’s potential use as a valuable tool in
marine pollution monitoring.

Marine Pollution and its relevance to DNA damage

The marine environment has been under constant stress of
xenobiotic pollutants such as heavy metals, pesticides and
hydrocarbons through direct disposal of untreated and/or semi-
treated municipal wastes, industrial effluents, riverine runoff besides
extensive shipping activities along the coastal regions.

Polycyclic aromatic hydrocarbons are identified as an important
class of chemicals because of their widespread occurrence in the
environment. They appear to be responsible for the etiologic factors
associated with the high frequency of certain tumors and cancers in
aquatic species. Polycyclic aromatic hydrocarbons are natural

constituents of crude oil. They account for about 20% of the total
hydrocarbons in crude oil and are biologically the most toxic of all
petroleum compounds.

The contamination of the marine environment is a global concern
because of the bio-accumulation of contaminant residues within
tissues of marine organisms. This bio-accumulation has the potential
to lead to deleterious effects on the health of the marine ecosystem.
The concentrations of these pollutants are biomagnified across the
food chain to higher trophic levels. This enhances their concentrations
manifold in the body tissues of higher organisms. Chlorinated organic
compounds (or organochlorines) are organic chemicals that contain
bound chlorine. They include pesticides such as DDT (dichloro-
diphenyl-trichloroethane), lindane (y-hexachlorocyclohexane) and
polychlorinated biphenyls (PCBs) which are used extensively in a wide
range of industrial applications. Organochlorines have been implicated
in teratogenic, reproductive and immunological abnormalities.

Some of the highly persistent organic pollutants (POPs) which are
so biomagnified are organochlorine (OC) pesticides (e.g. DDT, HCHs,
aldrin, dieldrin, endrin, hepox, heptaclor etc.); polychlorinated
biphenyls (PCB), polycyclic aromatic hydrocarbons, planar
halogenated aromatic hydrocarbons (PHAH), heavy metals (e.g. Pb,
Hg, Cd, Cu, Mn, Fe, etc.), It has previously been observed that some
higher order marine organisms at the top of the food chain in the
marine environment viz., seals and whales can accumulate the highest
levels of such pollutants [16]. Thus, the contamination of seafood with
such toxic contaminants poses a serious threat to human health
thereof. Persistent organic pollutants have been detected in different
segments of the marine environment such as water, sediments and
biota [5,17-20]. The natural capacity of coastal zones to disperse and to
assimilate pollutants varies according to the tidal zones and the
seasonal variation in the physico-chemical characteristics of coastal
zones. The marine pollutants once having entered the sea interact with
various types of materials and undergo many transitions between
different compartments such as water, suspended matter, sediments
and organisms. Copepods for example, can accumulate
organochlorine contaminants directly by sorption from seawater, from
the particulate matter in the seawater or by feeding on contaminated
prey. Table-1 shows the concentration of various contaminants such as
total DDT, total PCBs and total HCHs in different types of marine
organisms. Table-2 shows the mean concentration of PCBs, t-HCH, y-
HCH and dieldrin into the coastal ecosystems of Mediterranean Sea,
East China Sea, Atlantic Ocean, Aegean Sea [3]. North Sea [13], East
Java Sea [21], Bay of Bengal [18], Arabian Sea [19,22] and Indian
ocean (along the Australian coast) [4]. The riverine input of
organochlorine contaminants into the Mediterranean Sea along the
Egyptian coast was prominent through the river Nile. It contributes
considerable amount of PCBs (19.3 ng/L) into the Mediterranean Sea
[3].

Contaminants Ringed Seal | Crustacean® (crabs, Deep sea Fish® (Mora moro)| Edible clams? Seabird? (Herring
blubber® shrimp) (Muscle tissue) gull)

Total DDT (ng/g) 34.8-904 18-24 7.4-12.6 0.6-3.4 0.2-18.8

Total PAHs (ug/g wet wt) 65.-140.7 98-180 0.2-0.6 2.1-24.5 0-333

Total PCBs (ng/g wet wt) 501-6010 6.1-14 13.8-24.0 1.6-15.4 0.4-340
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a[26] £[37] %(Sole et al.) 938] ©[31,32]

Table 1: Concentrations of some persistent organic pollutants in marine organisms.

Heavy metals constitute a major source of concern for the health of
the marine environment. Heavy metals are natural constituents of
rocks and soils; they enter the marine environment as a result of
weathering and erosion. Many of these metals are biologically

essential, but have the potential to be toxic to biota above certain
threshold concentrations. Because of rapid industrial growth, unusual
quantities of metals such as Cd, Cu, Hg, Pb, Ni and Zn have been
released into the aquatic contaminants is an urgent need of the hour.

t-DDT River| t-DDT Coast | y-HCH y-HCH Dieldrin River | Dieldrin Coast | PCBs River| PCBs Coast
mouth River Coast mouth mouth
mouth

Mediterranean Sea (s) 2.7 9.7 0.1 4.4 nd nd 19.3 8.9
Mediterranean Sea (b,l) 12 nd nd nd 0.9 nd 65 nd
Aegean Sea (w) 0.4 0.6 0.02 0.03 0.3 0.2 21 1.8
Bay of Bengal (b, I) 103 209 51 46 126 145 0.95 0.98
East China Sea (b) nd nd nd nd nd nd 9.3 4.9
North Sea (b,l) 440 145 100 43 183 27 5069 13500
East Java Sea (b ) 156 143 34 70 Nd Nd 192 200
Atlantic (s) 15.2 14.3 nd nd nd nd 7.4 5.8
Indian Ocean 0.3 nd nd nd nd Nd 9.02 211
Australian coast (w)
W: Water (ng/L), s: Sediment (ng/g); b (I): Biota (ng/g, lipid basis)

Table 2: Mean concentrations of chlorinated hydrocarbons in different coastal environment.

Such diagnostic and prognostic early-warning tests can be applied
to a wide range of organisms for bio-monitoring purposes.

Impairment of DNA integrity in marine gastropod, Cronia
contracta along the West coast of India around Goa - A case
study

The impairment of DNA in different species of marine molluscs
was evaluated in terms of the variation of DNA integrity as a function
of the degree of contamination of the sites along the coast. For this
purpose a large number of marine gastropods, Cronia contracta was
collected randomly irrespective of their sex from selected sites along
the coast of Goa (Figure 1).

Measurement of DNA integrity: The samples were brought into the
laboratory immediately after collection for dissection and the muscle
tissues were removed softly from the shells. Five individual species
were taken for determination of the DNA integrity. The muscle tissues
were removed from the individual species of the marine molluscs and
homogenized with the help of a clean stainless steel spatula to make
composite samples and subdivided into three parts to make triplicate
samples for DNA isolation. The isolation of DNA from the samples
was accomplished by homogenizing about 250-350 mg (wet wt.)
muscle tissues of the composite samples in 1IN NH40H/0.2% Triton-
X-100 and further purified by extraction with CIP mixture
(Chloroform:isoamyl alcohol:phenol 24:1:25 v/v) followed by

fractionation through a molecular sieve column (Sephadex G-50).
After isolation of DNA all the measurements were conducted with a
spectrofluorometer (Dyna Quant DNA analyzer).

DNA integrity in different species of marine molluscs were
determined following the technique of partial alkaline unwinding
assay [11,23] in which three parameters were measured: the percentage
of double-stranded DNA (ds-DNA), single-stranded DNA (ss-DNA)
and the fraction of double- stranded DNA after alkaline unwinding
(au-DNA) after a specified time.
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Figure 1: Locations of sampling of marine gastropods along the
coast of Goa.
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The integrity of DNA is expressed as T, which was calculated using
the following expression: I=(Xau-DNA-Xss-DNA)/(Xds-DNA-Xss-
DNA), Where X stands for observed fluorescence, au-DNA, alkaline
unwinded DNA, ss-DNA, single stranded DNA and ds-DNA, double
stranded DNA.

Figure 2: Marine gastropod, Cronia contracta collected from the
West coast of India around Goa for measurement DNA integrity.

Results and Discussion

Figure 2 shows the typical picture of a marine gastropod, Cronia
contracta used for the molecular biomarker studies. The marine
gastropods were abundantly distributed all along the coast of Goa,
India. They were exposed to the toxic contaminants prevalent in the
coastal ecosystem of Goa. The contamination of the coastal
environment of Goa can be attributed to the extensive shipping
activities besides indiscriminate dumping of waste materials, industrial
discharges, dispersion of powdered ore materials into the coastal water
during the transport of the extracted ore materials from the mines to
the Mormugao harbour through barges leading to contamination of
the coastal region by heavy metals. Figure 3 shows the accumulation
pattern of different metals such as Pb, Cd, Cu, Fe, Mn in the tissues of
the marine gastropod along the coast of Goa [8]. It clearly shows that
the mean concentration of Pb. Cd and Cu were least at Palolem
whereas that of Fe and Mn at Arambol which is situated at the extreme
North of Goa.

Concentration (ug/g)

Arambol

Anjuna Dona Paula Vasco Velsao Palolem

Sampling sitesalong the coast of Goa

Figure 3: Variation in concentration of metals in the tissues of
marine gastropod (Cronia contracta) along the coast of Goa.

Interestingly, The mean concentrations of all the above metals were
quite high at Anjuna, Dona Paula, Vasco and Velsao. Apart from the
heavy metals the coastal environment of Goa was also contaminated
by petroleum hydrocarbons of which PAHs were the major
constituents. In fact, the extent of DNA damage in marine gastropods

was caused due to their exposure to PAH being spread over the surface
of the coastal water of Goa due to extensive shipping activities as well
as other tourist activities all along the Goa coast. Figure 4 shows the
variation in DNA integrity as a function of the concentration of PAH
in the tissues of the marine gastropods (Cronia contracta). The impact
of such genotoxic contaminants on the marine organisms can be
expected to be quite predominant. The variation in DNA integrity in
the marine gastropods along the Goa coast clearly indicated that it
decreased drastically from Arambol to Vasco and then increased
gradually to Palolem (reference site) (Figure 5) [8].
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Figure 4: Variation of DNA integrity in the marine gastropod as a
function of the concentration of PAH in their tissues along the
coast of Goa, India.

onl EDNAmtegmy
—x— PAH

%

1]

Anjuna Velsao, Palglem
Sampling sites along the coast of Goa

Aram bol Dona Paula Vasco

Figure 5: Impairment of DNA integrity in marine gastropod
(Cronia contracta) as a function of variation of the concentration of
PAH in their tissues along the coast of Goa. Data expressed are
means of triplicate values of DNA integrity at each sampling
locations with Palolem identified as the reference site (control).
*Significant difference from control P<0.001), **Significant
difference from control (P<0.01) and ***Significant difference from
the control (P<0.05).

The DNA integrity was found to be quite low at Dona Paula and
Vasco which can be attributed to the prevalence of genotoxic
contaminants like PAH. Extensive shipping activities coupled with
accidental oil spills from the ship-wrecks of the grounded ship, River
Princess [24-30] as well as tourism activities along the coast
contributed largely towards the contamination of the sites leading to
DNA strand breaks in marine organisms exposed to such enhanced
levels of contamination by PAHs. Besides, accumulation of heavy
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metals in the tissues of marine gastropods might also inflict such
impairment of DNA integrity in the marine organisms. Apart from
PAHs, the Goan coastal environment was also reported to be
contaminated with PCBs [3,6] the residues of which might be
accumulated in the tissues of the marine gastropods and thus caused
severe DNA damage. Moreover, the discharge of industrial effluents
from the adjoining industries situated along the Goa coast (e.g. Zuari
Agrochemicals) might be a cause of concern for DNA damage in the
marine gastropod exposed to such contaminants [31-33].

Conclusion

Marine pollution around the world poses a serious threat to the
marine ecosystem. The contamination of the marine environment by
various types of genotoxic compounds is indeed of great concern in
view of rapid development of industrialization along coastal belts. It
has caused a serious global concern as most of them discharge their
effluents into the coastal ecosystem. It has been observed that the
various species of marine organisms were greatly affected due to the
discharge of industrial effluents as well as indiscriminate dumping of
waste materials from various sources, extensive shipping activities,
municipal sewage discharge etc. In order to assess the contamination
of coastal environment, the use of molecular biomarkers is a viable
option especially to identify the hot spots of pollution. In this regard,
the measurement of DNA integrity in various species of marine
organisms exposed to such enhanced levels of genotoxic contaminants
can provide an insight into prevalence of genotoxic contaminants in
the regions and their impacts on the coastal ecosystem. It has been
substantiated by earlier studies on the impairments of DNA in marine
gastropods (such as Planaxis sulcatus and Morula granulata)
[16,34-39] that the DNA integrity in marine gastropods are greatly
affected by the genotoxic contaminants. Based on the evaluation of
impairment of DNA in different species of marine organisms the
measurement of DNA integrity in marine organisms can be used as a
useful tool for bio-monitoring of genotoxic pollution in the marine
environment.
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