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Effect of Heavy Metals lons on Enzyme Activity in the
Mediterranean Mussel, Donax trunculus
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The toxic effects of heavy metals on organisms have recieved
considerable scientific interest in the last decade. Heavy metal
jons are waste products of many industrial processes and in many
places are released inte the ocean. They are important causes of
environmental pollution.

Heavy metal ions strongly are bound by sulfhydryl groups of
proteins (Viarengo, 1985). Sulfhydryl binding changes the
structure and enzymatic activities of proteins and causes toxic
effects evident at the whole organism level (Hodson 1988). Heavy
metal ijons like Cd, Cu, Hg, Zn, and Pb in sufficiently high
concentrations might kill organisms or cause other adverse
effects that changing aquatic community structures. (Martin and
Holdich 1986).

The bivalve Donax trunculus is found along sandy beaches of the
Mediterranean Sea. Haifa Bay on the northern part of the coast of
Israel supports a dense population of D. trunculus. This area is
polluted by effluents from oil refineries, chlor-alkali plants,
fertilizer plants and other industrial plants.

Bivalves are known to be heavy metal accumulators. Roth and
Hornung (1977) showed that in Haifa bay, the concentration of
heavy metals in sediment and in certain organisms (including D.
trunculus )} is higher than in an unpolluted area. El1-Rayis (1986)
pointed out that D. trunculus in vrelation to other marine
organisms is a good accumulator of Cd.

The aim of the present study was to examine the effects of
different concentrations of each of five heavy metal ions on the
activity of four enzymes in D. trunculus. As it is known that
heavy metals inhibit the activity of a wide range of enzymes
(Dixon and Webb 1964), we chose representative examples of
dehydrogenases (lactate and malate dehydrogenases), respiratory
enzyme (cytochrome oxidase) and digestive enzyme (a-amylase).
The acute effects of different concentrations of selected metals
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were examined. These concentrations were higher than those found
usually in the locality where the animals occur (Roth and Hornung
1977), but might be encountered during a given event of
pollution.

MATERIALS AND METHODS

Specimens of Donax trunculus were collected at Hof Haargaman near
Akko (Acre) and kept at 20%1°C in aquarium with circulated sea
water. Its bottom was covered with 5cm. layer of carbonate
gravel, on top of which a layer of sand, collected in Akko, was
placed.

Five specimens of D. trunculus (shell lengh 30mm, wt 0.14g) were
placed in a 1 L beaker with 0.5 L of aerated sea water and were
exposed seperately to elevated concentrations (given in table 1)
of Hg, Zn, Cu, Cd or Pb (added as c]or1de salts). The animals
were- kept in the solution for 24h at 20%19C. Enzyme activity was
estimated and recorded at the end of that period. Each experiment
was repeated 5 times.

The crystalline styles of these animals were removed and used for
the determination of amylase activity. The remainder of the body
was used for the determination of +the activity of Tactate
dehydrogenase, malate dehydrogenase and cytochrome oxidase.
Enzyme activity was related to 1 mg of protein estimated by the
folin phenol reagent (Lowry et al. 1951).

The crystalline styles of 5 specimens were removed pulled
together and homogenized at 4°C in 2 m1 of 20mM phosphate buffer,
pH 6.9, containing 6.7mM NaCl. The suspension was then exposed to
an ultrasonic vibrator for 30 sec and centrifugation at 15000xg
for 5 min. a-amylase activity was determined by the Bernfeld
(1951) method and was expressed in terms of mg glucose released
in 8 min by 1 mg of protein. The liberated glucose was measured
by 2,5 dinitrosalicylate reagent and was determined spectrophoto-
metrically at 540 nm. The reaction mixture contained 0.1 ml of
crystalline style extract; 0.4m1 of phosphate buffer and 0.5 ml
of 1% soluble starch.

Bodies of 5 specimens were removed and homogenized at 4°C in 5m1
of distilled water. The suspension was then centrifuged at
15000xg for 5 min. The supernatant was used for the enzyme assay.

Lactate dehydrogenase activity was determined as described by
Kornberg (1955). The reaction mixture contained 0.1 ml of
pyruvate 0.02M; 0.1 ml of NADH (0.5mg/m1); 0.2 ml of tris buffer
0.5M pH 7.5 and 0.5m1 homogenate. The decrease 1in pyruvate
concentration after 30 min was determined spectrophotometrically
at 540nm by 2,4 dinitrophenyl-hydrazine reagent (Friedemann
1957).

Malate dehydrogenase activity was estimated as described by
Roodyn et al.(1962) by following the reduction of NAD by malate
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at 340 nm. The reaction mixture contained 2 ml of 0.IM glycine-
NaOH buffer pH9.9; 0.3 ml of 0.18M sodium-1-malate; 0.3 ml of NAD
(4.5 mg/ml). The reaction was started by the addition of 0.1 ml
of the body extract (1 volume of the suspension was pretreated
with 10 volumes of 0.2% triton X 100 in 0.3M sucrose for 30 min
at 0°C before assay).

Cytochrome oxidase was measured by following the oxidation of
reduced cytochrome C at 550 nm, as described by Freeman (1965).
The results are expressed by activity units. An activity unit is
defined as oxidizing cytochrome C at the rate of 1 pM per minute,
per lmg protein. The reaction mixture contained 2.6 ml of 17uM
reduced cytochrome C in 0.03M phosphate buffer pH7.4 and 0.1 ml
of the body extract. The examined suspension was the same as that
prepared for malate dehydrogenase estimation.

RESULTS AND DISCUSSION

Our results (Table 1) demonstrate a wide variation in the acute
toxicities of different metals. Enzymes were affected differently
in the presence of the ions studied. a-amylase which is an
important digestive enzyme of bivalves was only slightly affected
by any ion.

a-amylase acts primarily in the stomach which also contains
organic particles which are able to bind metal ions (Simkiss and
Taylor 1981) and cause them to be unavailable for interaction
with the enzymes. Wolfe (1970) found that in Crassostrea
virginica nearly all the Zn was bound to soluble high molecular
weight protein or to structural protein.

The other enzymes tested by us were more sensitive then a-amylase
to heavy metals ions.

At the test concentrations of 0.05 and 0.lppm, most of the metals
we tested did not influence the enzymes studied. The only metal
jon that caused an effect at O0.lppm was Cd, which slightly
inhibited the activity of cytochrome oxidase and lactate
dehydrogenase. It 1is apparent that the respiratory enzymes
cytochrome oxidase and 1lactate dehydrogenase were the most
sensitive to the heavy metal ions studied.

Cd and Hg were found to be high inhibitors of lactate
dehydrogenase and cytochrome oxidase of Donax at 1 and 10ppm.
With Pb and Cu, even at the high concentrations, there was only
a slight inhibition 1in the activity of these two respiratory
enzymes. About 50% of the activity of cytochrome oxidase was
inhibited by 10ppm Zn, and it was hardly effective on the lactate
dehydrogenase.

Earnshow et al. (1986) pointed out that the motility of mussel’s
spermatozoa was slowed down by heavy metals, which is explained
by these authors as a consequence of respiratory inhibition by
these ions. Crespo and Sala (1986) showed that chloride cell
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mitochondria is a target of Zn contamination, and treatment with
In caused ultrastructural alteration of the chloride cell of the
dogfish Scyliorhinus canicula. They suggested that these
alterations are vrelated to an impairment of oxidative
phosphoryiation.

The activity of malate dehydrogenase was most strongly inhibited
by Hg. The inhibition increased from 30% at lppm to 70% at 1O0ppm.
This enzyme was partially inhibited by the other ions, except Pb
which did not affect the activity.

Brown and Newell (1972), working with Zn and Cu, reported that a
solution of 500 ppm of Cu exerted an inhibitory effect on the
oxygen consumption of the whole animal Mytilus edulis. Cu, but
not Zn, exerted an inhibitory effect on gill-tissue respiration.
Cronin and Flemer (1967) pointed out that chemicals which slow
down physiological processes may result in slow down of energy
transfer in the community and change the structure of it.

The results presented here show that inhibition of enzyme
activity was exerted by heavy metals at concentrations higher
than those found in the area where the animals were collected
(Roth and Hurnung 1977). However constant exposure to heavy
metals at low concentration can be different from acute toxicity
of the pollutant. Brown (1976) claimed that although a sublethal
dose does not kill the animal within a short time, it affects the
ability of the organisms to respond to the environment and likely
will shorten its Tife. Prolonged exposure result also in
bioaccumulation of the contaminant or genetic changes in the
population (Lavie and Nevo 1986).
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