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Abstract
Heavy metals contribute to the anthropogenic contamination of marine ecosystems. Some of them are
essential to the life processes of organisms; others are toxic, even at low concentrations. They penetrate organisms via food, respiratory pathways or the skin. The extent to which metals penetrate organisms is measured
by bioconcentration and bioaccumulation factors and also by their transport between organisms at different
trophic levels of an ecosystem. These factors define the course of metal bioaccumulation in the environment
or in organisms, their organs, and tissues. Our paper discusses the role of heavy metals in organisms at different levels of the trophic pyramid (food web) and their influence on life processes. The levels of some elements,
like Zn and Cu, are regulated by metabolic processes and are important constituents of enzymes and other
compounds. Other such elements, e.g. Hg, Pb, and Cd, are toxic and may adversely affect DNA and enzymatic
processes, hence interfere with life processes, even though organisms possess mechanisms for the detoxification and excretion of metals.
An important role in metal detoxification is performed by metallothionein (MT), which binds to toxic
metals, thereby preventing organisms from harmful effects. Information about the increasing level of a metal
is transmitted by the MT gene as it initiates expression regulated by zinc in order to bind MT with the metal.
Elements like cadmium, copper, or mercury have a greater affinity for ligands than zinc, and will tend to displace it at MT binding sites. Structures from which zinc has been displaced take part in detoxification, thereby limiting the toxicity of such metals as Cd, Cu, or Hg.
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Introduction
Elements classified as heavy metals are significant pollutants of marine ecosystems [1]. The main sources of these
contaminants are anthropogenic: communal sewage and
industrial effluents, fuel combustion, mining, and smelting.
*e-mail: anik.jakimus@interia.pl
**e-mail: chemanal@pg.gda.pl

The term ‘heavy metals’ is usually applied to a group of
metals and metalloids (and also their compounds) that are
strongly toxic and ecotoxic, and hence are environmental
contaminants [2]. Heavy metals can be subdivided as follows:
• Mn, Fe, Co, Cu, Zn, and Mo – elements essential for the
growth and life cycles of organisms, but are toxic at
high concentrations [3]
• Pb, Hg, and Cd – toxic even at low concentrations
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The presence of some heavy metals in ecosystems
(including seas and oceans) can have deleterious effects
because:
• they do not degrade and have long half-lives
• they may bioaccumulate in living tissues, giving rise to
symptoms of toxicity [4]
Heavy metals are poorly soluble in water, tending to
adsorb onto suspended particulate matter in the sea, and
affect marine organisms. Toxic effects do not normally
manifest themselves immediately after the toxin enters the
environment and organisms; they usually become apparent
only after a few years [5]. The duration of an organism’s
exposure to heavy metals has a significant effect on their
bioaccumulation; sometimes, despite a relatively short
exposure period, the amount of a metal deposited in an
organisms may be considerable [6].
The processes by which metals accumulate in the tissues and organs of living organisms are species-dependent
and are related to the mechanisms of detoxification and
metabolism. As a consequence, we may find a variety of
organisms from the same environment having different levels of metals [7-9]. The accumulation of heavy metals at
different levels of the trophic pyramid causes serious problems as far as the health of the marine environment is concerned. In these circumstances, the selection of suitable
species that could be an indicator [10] of xenobiotic accumulation in the tissues and organs of plant and animals at
various levels of the trophic pyramid takes on a particular
significance. The use of indicator species should help to
acquire:
• a more reliable assessment of the risks of exposure
• an understanding of the mechanisms of bioaccumulation and detoxification

Accumulation of Metals in Tissues and Organs
of Marine Organisms
Many xenobiotics, also heavy metals, are accumulated
in the organism. Some of them are quickly detoxified, but
the vast majority is stored in tissues and organs. The bioconcentration and bioaccumulation factors and trophic
transfer factor are measure the levels of metals retained in
an organism.
Bioconcentration is the process, a result of which is the
concentration of contaminants in an organism that is higher
than in the surrounding environment. This term is also
applicable to an organism studied under laboratory conditions, where a xenobiotic enters via the respiratory pathways
or the skin. This process is characterized by the bioconcentration factor (BCF), i.e. the ratio of the concentration of a
metal in an organism to its concentration in water [11, 12].
In contrast, the bioaccumulation factor (BAF) differs
from BCF in that the xenobiotic concentration is the total
amount of contaminant that has entered the organism by all
possible pathways, i.e. via food intake, respiratory pathways, penetration through the skin, etc. [11].
It happens that the level of a metal in the tissues of one
organism does not elicit any toxic effect at all, but may con-
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stitute a danger to its predators. The concentration of a
metal in the tissues of a predator may be higher (bioaccumulation) or lower (biodilution) than in the tissues of its
victims [11]. The bioaccumulation of a metal resulting from
the consumption of other organisms is characterized by the
trophic transfer factor (TTF), i.e. the ratio of the concentration of a metal in an organism (predator) to its concentration in the food that organism consumes. The TTF is useful
for assessing the extent to which a metal has been transferred from an organism on a lower trophic level to an
organism on a higher one.

The Effect of Metals on Marine Organisms
Marine ecosystems are exposed to a great variety of
contaminants, among them heavy metals. As some of these
can remain in the environment for a long time, they may
affect organisms in the food chain as a consequence.
Sometimes the presence of xenobiotics causes so great a
change in the environment that a return to earlier, natural
conditions is impossible. Anthropopressure on the sea’s
resources is increasing: among other things, it affects the
health of many organisms, leading to changes in the food
web structure and influencing bioaccumulation in the tissues of marine plants and animals [13].
Heavy metals affect living organisms even when their
environmental concentrations are small. Their harmfulness
is due not only to the degree of contamination of the environment, but also to the biochemical role in metabolic
processes and the extent to which they are absorbed and
excreted by marine organisms.
Table 1 lists information on the role of heavy metals in
the life processes of organisms in different parts of the sea’s
trophic pyramid. Excessive concentrations of some toxic
metals can lead to dysfunction of the endocrine system, of
reproduction, and growth [13]. Moreover, those metals that
can be accumulated in the tissues and organs of organisms
may adversely affect cellular functions by interacting with
systemic enzymes. This can lead to disturbances of growth,
reproduction, the immune system, and metabolism.
Zinc is of major importance in metabolic processes,
because it is a constituent of haemocyanin in molluscs;
hence, the level of this element will be higher [65]. In particular, snails of the genus Patella take up large amounts of
Zn [14], which is an essential element ensuring the proper
functioning of many enzymes and other compounds of crucial significance in metabolism. Moreover, snails also have
a high content of iron [65], a constituent of goethite (αFeOOH). This compound is responsible for the proper
functioning of the radula [14].
Unlike zinc, copper is a constituent of haemocyanin in
crustaceans. In addition, zinc and copper levels are regulated by metabolic processes or homeostasis [15, 16], and
their levels can be affected by numerous factors, including
short-term starvation [17]. That these two elements are correlated can be explained by the fact that they are bound by
metallothionein (MT), a compound of great significance in
homeostasis and in the binding and release of metals [18].

Subphylum

Invertebrates

Vertebrates

Links in the food chain in marine ecosystems

Constituent of many enzymes;
regulated metabolically

Fish (swordfish, tuna,
dolphin-fish,
gilthead
seabream,
mullet,
sardine,
herring, sprat,
cod, unicorn
icefish)
Constituent of
many enzymes;
regulated
metabolically

Pb

May lead to exhaustion,
dysfunction of coordination,
Causes
loss of appetite; death;
behavioural
adversely affects the central
disturbances;
nervous system and
endocrine system, and leads affects survival,
growth,
to dysfunction of reproduclearning and
tion, osmoregulation,
orientation, prey location and metabolism; the
inorganic
interspecific communication;
compounds of
fat-soluble methylmercury
Pb are
(MeHg) is formed and is
carcinogenic
absorbed along similar
pathways as organochlorine
compounds like DDT

Constituent of many enzymes;
takes part in biological reactions

Echinoderms
(starfish)

Participates in
enzymatic reactions

Enhanced Cd uptake
occurs as a result of
Constituent of
the lack of selectivimany enzymes;
ty in Cu absorption; participates in many
if there is a deficit
enzymatic and
of Cu, Cd uptake
metabolic processes
takes place

Constituent of enzymes and
haemocyanin (in decapods other
crustaceans have no haemocyanin); affects enzymatic
activity; determines the proper
course of many life processes
(e.g. egg production, growth of
the animal)

Hg

Crustaceans
(copepods,
prawns,
lobsters,
crabs)

Zn

Level regulated
metabolically;
In large amounts
constituent of many In large amounts may cause
may cause peroxidaenzymes (e.g. prote- peroxidation of lipids and the
tion of lipids and the
formation of DNA adducts;
olytic) and haemoformation of DNA
affects cell metabolism
cyanin in some
adducts
animals, and of
respiratory pigment

Cd

Regulated metabolically;
constituent of enzymes and
haemocyanin in some animals;
constituent of respiratory
pigment; in large amounts may
cause peroxidation of lipids and
the formation of DNA adducts

Cu

The role and influence of heavy metals

Molluscs
(oysters,
marine snails,
nautili,
octopuses,
bivalves)

Class
(example
organisms)

Table 1. The role of heavy metals and their influence on marine organisms.

Se: assists in
the removal
of Hg from
the system
(as in birds)

Mn:
constituent of
many
enzymes,
metalloenzymes and
respiratory
pigment

Other metals

Pb, Cd, Hg, As, Se, Sb
(applies to all organisms):
attack bonds with sulphur,
carboxylic and amine groups
of proteins in enzymes;
remove phosphate from
compounds or catalyse their
decomposition; elicit redox
reactions generating reactive
forms of oxygen (RFT), like
the oxygen radical anion O2˙-,
hydrogen peroxide (H2O2),
hydroxyl radical (˙OH), singlet
oxygen (1O2),
etc.

Additional information

20, 40, 41,
43-45

8, 9, 16, 35,
40, 41

8, 9, 16, 29,
35-42, 65

8, 9, 33-41,
65

References
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Links in the food chain in marine ecosystems

Vertebrates

Subphylum

Mammals
(fur seal,
Risso dolphin, striped
dolphin, blue
whale, bowhead whale,
grey whale)

Reptiles
(green sea
turtle, loggerhead sea
turtle,
hawksbill
sea turtle,
olive ridley
sea turtle)

Birds (auk,
gadfly
petrel,
shearwater,
gull, avocet,
tern,
cormorant)

Class
(example
organisms)

Table 1. Continued.

Regulated by homeostasis;
a high Cu level may slow
down Na+/K+- ATPase in
the cell membrane and
may restrict potassium
regulation and osmotic
equilibrium; the Cu level
may affect the absorption
of other metals

Accumulates with
age owing to the
affinity for MT

Constituent of many
enzymes; metabolically
regulated; bound by
eumelanin (pigment) in
feathers, accumulated in
feathers because of
strong affinity for the
thiol (SH) group of
keratin; evenly
distributed in the tissues
of young birds; accumulates with age owing to
the strong affinity for
MT; excess removed
during moulting

May adversely
affect DNA, RNA,
ribosome synthesis,
and may deactivate
many systemic
enzymes; has teratogenic and embryotoxic properties;
chronic exposure
may disrupt reproductive processes,
as well as oestrogenic, anti-oestrogenic and endocrine
reactions

Cd

Cu

Hg

Pb
Other metals

Additional
information

References

Regulated by
homeostasis;
offers
protection
against UV
light, which
destroys
DNA

Adversely affects the central
nervous system and endocrine
system, and leads to
dysfunction of reproduction,
osmoregulation, orientation,
prey location and interspecific
communication; accumulates
with age owing to the strong
affinity for MT; removed
during moulting; fat-soluble
methylmercury (MeHg) is
formed, and is absorbed along
similar pathways as
organochlorine compounds
like DDT

Se: offers protection against UV light,
which destroys DNA; takes part in the
removal of Hg from the body (as in birds)

As: inorganic compounds of As are toxic –
they increase the risk of cancer of the
lungs, skin, liver, kidneys and urinary bladder; these compounds increase the
quantities of lipid peroxides and free
radicals formed; they reduce Se levels;
organic compounds of As (e.g. arsenobetaine, dimethylarsinic acid (DMA)) may
have toxic effects, e.g. DNA may be
Causes
destroyed by free radicals (like dimethybehavioural
disturbances; larsinic peroxide), which are metabolites of
DME (DMA) or dimethylarsine.
affects survival,
growth, learning Ni: causes mortality; retards the animal’s
and metabolism; rate of growth; the toxicity of Ni increases
in the presence of Cu.
the inorganic
Se: takes part in the removal of Hg from
compounds of
the body (as in birds)
Pb are
carcinogenic

8, 9, 16,
18, 24, 30,
35-41, 44,
45, 65

8, 9, 24,
29, 32, 35,
40-45, 4851

The strong affinity for the thiol
The strong
Relationship
(SH) group in keratin leads to
affinity for the
between Zn-Cuaccumulation in feathers;
thiol (SH) group
Hg: similar pathadversely affects the central
Bound by
Se: participates in the demethylation of
ways of the
nervous system and endocrine in keratin leads
eumelanin
to accumulation MeHg and in the removal of Hg from the
metabolism and
system, and leads to dysfunc(pigment) in tion of reproduction, osmoregu- in feathers; caus- system by the formation of the non-toxic
storage of these
18, 20, 22es behavioural mercury selenide (HgSe); selenium assists
metals;
feathers;
lation, orientation, prey loca24, 30, 38,
disturbances;
relationship
constituent of tion and interspecific commuthe formation and utilization of
40, 41, 43many
glutathione, which acts as an antioxidant
between Se-As
nication; accumulates with age affects survival,
47, 65
and Se-Cr in the
enzymes
owing to the strong affinity for growth, learning and offers protection against free radicals;
regulated
Mn: constituent of many enzymes
kidneys: Se plays
MT removed during moulting; and metabolism;
the inorganic
a major part in the
metabolically
regulated metabolically
fat-soluble methylmercury
compounds of
storage and detoxi(MeHg) is formed, and is
Pb are
fication of As and
absorbed along similar
carcinogenic
Cr
pathways as organochlorine
compounds like DDT

Zn
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Mercury is highly toxic to many organisms, even at low
concentrations. The level of Hg will usually be higher in the
liver, as this is the organ responsible for detoxification [19].
Sea birds are more resistant to the effects of Hg because of
the detoxification afforded by their moulting cycles, the
induction of the synthesis and binding to metallothioneins,
as well as demethylation and the formation of a Se-Hg
complex [20]. The Hg level also depends on the organism’s
sex: Hg levels are lower in females because they are able to
transfer MeHg from soft tissues to the eggs [21]. The higher levels of Hg and Cd are due to their long half-lives, their
abilities to bind to MT, and difficulties in removing them
from the organism. More than 90% Hg can be removed
during moulting, but once this process is complete, metal
levels in the tissues again begin to rise as a result of accumulation [20]. Mercury, copper and lead are accumulated in
the feathers [22, 23], so these can be used as bioindicators
[21, 24]. Female birds are capable of excreting metals from
the organisms via feathers (Hg, Sb, Ag, Pb) or eggs (Tl, Sr,
Ba, Se, Co) [23]. Only small amounts of cadmium and lead
are removed by the eggs, and almost all the Cd is retained
in the system.
Interpretation of information about Hg levels in organs
is difficult, because mercury can undergo methylation [19].
Moreover, selenium can react with MeHg in the liver,
which makes Se an important element participating in
demethylation [25]. In order to obtain true and accurate
information about the level of contamination of an animal’s
tissues, one would have to determine, for example, the total
content of mercury (THg), and the levels of methyl mercury
(MeHg) and selenium [19, 26]. MeHg is particularly dangerous, as it accumulates in the tissues, and its concentration rises with every level of the trophic pyramid. It is also
believed that the bacteria present in anoxic near-bottom
waters play a key role in the transport of Hg in the food
chain [21].
Lead is an element eliciting a range of toxic effects.
Blood and haematocrit levels of Pb, as well as enzymatic
tests, may indicate that animals are being exposed to this
metal [27]. Actually, there are no data available regarding
toxic levels of Pb. But there are reports that lead concentrations of 10 µg/g d.wt. in the liver give rise to subclinical
effects. It is also known that such levels of lead in mammalian livers are tantamount to acute poisoning [28].
Cadmium is bioaccumulated in tissues and is excreted
to only a small extent [29]. Cd has a very long half-life (>10
years in terrestrial mammals) and is detoxified by being
bound to metallothioneins (MT). Moreover, a Cd-Se complex has been discovered (as in the case of mercury), suggesting the formation of a selenium metabolite [30]. Cd
absorption is not controlled by active homeostasis, so the
presence of this metal in tissues may be indicative of both
short- and long-term exposure. The decomposition of metals in tissues depends on both the duration of exposure and
the concentration of the element in the immediate environment. The liver is the organ in which cadmium is stored in
the short term, but should exposure be chronic, cadmium is
transferred from the liver to the kidneys, where it is
absorbed and bioaccumulated. This happens because Cd
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forms a complex with metallothionein (MT) [29, 31, 32]. It
is conjectured that such a metal-metallothionein complex
stops the metal from being harmless [31].
Arsenic is also toxic to marine organisms. Di- and
trimethylated arsenosugars have been found in algae.
Arsenic levels in the tissues of marine animals are similar
to those in algae. Apart from arsenobetaine, arsenic may be
present in the form of the tetramethylarsonium ion,
trimethylarsinic oxide, or arsenic-containing ribosides [51].
The inorganic compounds of arsenic are toxic, but the
organic compounds of this element (including arsenosugars
and arsenobetaine), even though less poisonous, are often
present in relatively high concentrations in marine organisms [52]. But arsenobetaine and dimethylarsinic acid can
also elicit toxic effects. The bioaccumulation of arsenic is
more intensive at lower levels of the trophic pyramid in
marine ecosystems. Interestingly, arsenic concentrations in
higher organisms, like turtles, are at much the same levels
as in lower organisms. There are two different explanations
for this: one assumes that their preys contain large amounts
of arsenic; the other claims that because metabolic processes in different species are different, arsenic, too, is variously metabolized [51].
Vertebrates use a variety of homeostasis strategies to
limit the accumulation of metals that could elicit toxic
effects. In the metabolism of these animals it is the liver that
plays the key part, as it is the site not only of the bioaccumulation of metals, but also their biotransformation, detoxification and enhanced elimination [53, 54]. In this organ,
also large amounts of metallothionein are detected, induced
in the organisms at the moment when heavy metals penetrate them [10, 53, 55].

The Role of Metallothionein (MT)
in the Bioaccumulation of Metals in the Tissues
of Marine Organisms
The formation of metallothionein (MT) in response to
the presence of metals eliciting toxic effects was recognized
as being of major significance already at the moment of its
discovery [56-58]. MT is a cysteine-rich, low-molecular
weight protein whose cysteine residues take part in the
coordination of metals that are of great significance for the
structure and function of this protein [57, 58]. Even though
the metal complex with MT is very stable, it is associated
with a dynamic inter- and intra-protein exchange of metal
[57].
The exact cellular functions of MT are not known, but
evidence suggests that this protein plays a special part in
regulating the intracellular availability of metals like copper, zinc, and cadmium [56, 57]. MTs are capable of transporting copper and zinc to receptors like metalloenzymes
[59] or transcription factors [60], and regulate metal-dependent activities by means of highly specific intermolecular
interactions. The binding by MT of both physiological and
xenobiotic metals in an organism protects it from the toxic
effects of those metals that would occur if they became
bound to proteins or enzymes with important functions in
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ZnProtein CdnZn(7-n)MT

Fig. 1. Schematic representation of the intracellular detoxification mechanism involving ZnMT [57].

metabolic or enzymatic processes. The compound providing a lifeline (detoxicant) to proteins previously bound to a
toxic metal like cadmium is ZnMT (Fig. 1), a Cd receptor.
This zinc metalloprotein, a Zn donor, has become the main
substance participating in the mechanism that restores
proper functions [57]. The processes increasing capacity for
MT synthesis, e.g. induction, gene replication, and gene
duplication, impart the cell or individual organism with an
enhanced resistance to the toxic effects of metals. In yeast,
for example, resistance to copper poisoning is minimal
when the endogenous MT gene is first removed and then
restored at the moment it is displaced by the homologue
[56, 57]. The existence of specific transcription factors for
the expression of genes responsible for the metal activation
is proof that MT induction is a specific response of the cell
to changes in metal concentration [56, 61].
MT induction is a distinctive process whose mechanism
depends on which metal is eliciting it [57, 61]. The presence of metal regulatory elements (MRE) in the countercurrent gene sequence in MT is indicative of the specificity
of induction. MT induction and the consequent enhanced

level of metal binding by MT provided the first evidence
that detoxification was possible. The binding of cadmium
by non-thionein ligands leads to toxicity, but binding with
MT protects non-thionein structures by reducing the rate of
cadmium uptake [57]. There is a fair amount of evidence in
the literature suggesting that short-term exposure to low
levels of metals like Cd or Hg may guarantee immunity
against toxic concentrations. In cell cultures exposure may
lead to replication of the MT gene and of cells resistant to
metals [62]. Duplication of the MT gene (a fragment of the
chromosome is doubled as a result of the non-symmetrical
exchange of chromatid sections) in healthy animals is associated with the evolution of a population resistant to metals
[57].
The amino acid sequences in various species, including
aquatic animals, display a certain similarity. Protected
nucleotide sequences exist in regions coding that regulates
the MT level in mammals, fish, and invertebrates [49, 56,
63]. Biochemical procedures and DNA recombination technologies have facilitated the determination of metallothionein and the expression of genes coding MT.

Fig. 2. Diagram showing the intracellular metal distribution pathways in relation to MT induction [56].
L1 – intracellular binding site, MRE – metal regulatory element, MRF –metal regulatory factor.
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Methodologies employing FPLC (in the case of fish) and
HPLC (in the case of invertebrates) have led to the discovery of many MT structures in a single sample. Studies at the
molecular level have given us a better understanding of the
structure of MT and its expression [56, 64]. These results
have undoubtedly enhanced our knowledge of the functions
of MT in aquatic animals and will enable MT to be used as
a biomarker of the exposure of organisms to metals.
In the cellular model of MT induction (Fig. 2), expression of the MT gene in aquatic species may occur at the
level of transcription or of translation. Information about
the increasing metal content in the cell is transmitted to
metallothionein by the MT gene responsible for activating
the transcription factors that initiate expression in order for
it to bind to the metal. This gives rise to the next step in the
transcription and synthesis of apothioneins and, in consequence, the binding of these last with metals ions to the
form of MT. MT induction can be measured as the concentration or rate of formation of the relevant mRNA, MT, and
the level of metals bound to MT [61, 56].
The presence of metal regulatory elements (MRE) in the
MT gene sequence provides confirmation of the specific
induction of MT by metals [61]. Investigations have shown
that metal regulatory factors (MRF) initiate MT gene
expression. However, the mechanism regulating transcription appears to differ in lower and higher eukaryotes. In
yeast, activation by metals of the transcription factor gives
rise to conformational changes, which leads to interaction
with the relevant MREs and initiates gene expression [57].
In higher organisms MT gene expression is regulated by Zn,
which is an inhibitor bound to the active transcription factor
under non-induced conditions. Other MT-inducing metals,
like Cd, Cu, or Hg, do not directly activate MRFs.
The induction of MT by other metals causes the intracellular concentration of free zinc to increase. Cadmium,
copper, and mercury display a greater affinity for ligands
than zinc, and will probably displace zinc from its binding
sites. The liberated zinc may then bind with the inhibitor,
thus releasing the transcription factor from the inhibitor and
initiating MT expression. Structures from which Zn has
been displaced are candidates for detoxification by the
newly formed ZnMT.
To a certain extent bioaccumulation in tissues is a function of the decomposition and induction of specific metalbinding proteins like metallothionein. MT is synthesized in
response to the presence of essential and inessential metals
[56, 58]. Moreover, a correlation has been found between
exposure to cadmium and MT induction in the livers of various non-mammalian animals. This is why MT has been
acknowledged as a biomarker for assessing the effects of
exposure to heavy metals. Be that as it may, few studies
have been carried out on MT induction in tissues other than
the liver or kidneys [29, 58, 57].
In the case of mammals, the first response to toxic Cd
concentrations is observed in the liver. It has been suggested that the complex Cd-MT is released from the liver and
captured by the kidneys, where long-term storage ensues.
Furthermore, MT induction in the kernels and oviducts
could be indicative of potential endocrine dysfunction [29].
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In principle, toxic metals inhibit cellular enzyme activity in that physiological metals (Cu, Zn, Ca) are displaced
by xenobiotic ones (Cd, Pb, Hg). Also, in fish MT is
responsible for one of the detoxification pathways. It
affords protection against the deleterious effects of some
metals, particularly cadmium, by exchanging or reducing
the numbers of free ions; these activities provide a lifeline
to structures weakened by inappropriate metal bonding.
MT is present mainly in the liver, kidneys, gills and muscles. Apart from having a high affinity for Cd, MT also
binds Ag, Cu, Hg, and Zn. Metallothionein can act as an
absorber of toxic metals (like Cd and Hg) or an excess of
metals (like Cu and Zn).

Conclusions
Heavy metals contribute to marine pollution. On the
one hand, they do not decompose, and on the other they
bioaccumulate in the tissues and organs of marine organisms. Toxic elements often give rise to undesirable effects
in organisms at different levels of the trophic web and perturb the functions fulfilled by essential metals. Some metals, like Zn or Cu, are constituents of enzymes and haemocyanin, indispensable for the proper functioning of metabolic processes. Other metals, like Cd, Ni, Hg, or Pb, elicit
adverse effects such as behavioral and endocrine disturbances, and high levels can be lethal. Selenium is a crucial
element as it helps to remove metals such as mercury and
cadmium from the system. The bioaccumulation of metals
can be described by factors describing the retention of metals, i.e. the bioconcentration factor (BCF), bioaccumulation
factor (BAF), and the trophic transfer factor (TTF).
Appearing in response to the presence of toxic metals,
metallothionein plays an important role in the system by
regulating the intracellular availability of metals. MT’s
mechanism of action depends on the intra- and inter-protein
exchange of metals. MT affords protection against the toxic
effects induced by such metals as Cd, Cu, or Hg.
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