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Abstract

The acid and alkaline phosphatase activities of the chambicularia plana have been partially characterised in
different organs and tissuédigestive gland, gills, foot, siphon and mantknd the ‘in vitro’ effect of heavy metals on

both types of enzymatic activity have been analysed. The optimal pH ranged between 4.0 and 5.5 for acid phosphatase

activity and 8.5 and 9.5 for alkaline phosphatase activity. The apparent optimum temperature was in tHer80ge0
for acid phosphatase activity and in the 302@0range for alkaline phosphatase activity. The effect of substrate

concentration on enzymatic activities in the tissues showed a good fit to the Michaelis—Menten model. For both types
of enzymatic activity, the highest values were found in the digestive gland. The effect of heavy metals was dependent

on the tissue analysed. Mercury showed the highest inhibition in the oftissises and the parameteks, and V.
were modified when the inhibitor concentration increased, thus indicating a mixed type of inhilsitidg@02 Elsevier

Science Inc All rights reserved.
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1. Introduction

Coastal and estuary ecosystems are subjected to
input from anthropogenic activities. The load of
organic and inorganic substances may affect the
inhabitant organisms. To determine the effect of
these pollutants on the biota, several strategies
have been used. Among these, the change of the
rates of key enzymatic activities has been
employed in fish and molluscéDepledge et al.,
1995; Viarengo and Canesi, 1991

Acid (EC 3.1.3.2 and alkaline phosphataseC
3.1.3.D (AcP and ALP, respective)ycatalyse the
hydrolysis of various phosphate-containing com-
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pounds and act as transphosphorylases at acid and
alkaline pHs, respectively. Acid phosphatases act
as marker enzymes for the detection of lysosomes
in cell fractions and can be altered by the presence
of xenobiotics (Cajaraville et al., 2000 whilst
alkaline phosphatases are intrinsic plasma
membrane enzymes found on the membranes of
almost all animal cells. Both enzymatic activities
have been studied in several organisms and the
influence of heavy metals has been repo«iBtas-

co et al.,, 1993 These enzymatic activities are
involved in a variety of metabolic processes, such
as molecule permeability, growth and cell differ-
entiation and steroidogenesiRam and Sathaya-
nesan, 198p and their activities have been used
to evaluate the effects of crude diKrajnovic-
Ozretic and Ozretic, 1992and methylparathion
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Fig. 1. Influence of pH on phosphatase activity in the acid and
alkaline range:(a,b) digestive gland;(c,d) gills; (e,f) foot;
(g,h) siphon;(i,j) mantle ofScrobicularia plana.

(Reddy and Rao, 199(@n prawns. The measure-
ment of alkaline phosphatase activity is generally
carried out in clinical and ecotoxicological studies.
In ecotoxicology, this enzyme may serve as an
indicator of intoxication because of its sensitivity
to metallic salts(Boge et al., 1988

Although several phyla have been employed as
biomonitor organisms, the molluscs are widely
used due to their characteristitsize, wide distri-
bution, easy identification, life cycle, bioaccumu-
lation capacity. Among these, the clam
Scrobicularia plana has been widely used in estu-
aries(Langston, 198k
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Fig. 2. Influence of incubation time on aci@) and alkaline
(b) phosphatase activators in the digestive gland@bbicu-
laria plana.

The objective of this paper is to characterise the
acid and alkaline phosphatase activities and to
analyse the ‘in vitro’ effect of heavy metals on
both types of enzyme activity, to estimate its
potential use as a stress bhiomarker for heavy
metals.

2. Materials and methods

Individuals of Scrobicularia plana (Da Costa,
1778 were collected in the intertidal zone of the
Bay of Cadiz (south-west Span Clam size
ranged between 38 and 44 cm for all assays. After
collection, the clams were immediately taken to
the laboratory and kept in a flow-through system
with a filter (Whatman GFC glass-fibre and
aerated seawater at 2€ for 48 h. At the end of
this period, clams were washed and blotted dry.
Gills, mantle and digestive gland of the clams
were dissected and put into liquid nitrogen and
stored at—80 °C until processing. Tissues were
homogenised in 100 mM Tris—HQlpH 7.5), 2
mM DTT and 0.5 mM PMSF. This was carried
out in Ultraturrax at 25000 reymin for three
intervals of 30 s at 4°. Homogenates were cen-
trifuged at 27 00X g for 15 min at 4°C. The
supernatant was collected and used as the enzyme
source.

Acid and alkaline phosphatase were determined
by the procedure described by Walter and Schutt
(1974, with slight modifications: when examining
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Fig. 3. Saturation curveésubstratep-nitrophenyl phosphale
of acid and alkaline phosphatase activitids,b) digestive
gland; (c,d) gills; (e, foot; (g,h) siphon;(i,j) mantle

the influence of pH, we used 80 mM citric-sodium
citrate in the range 3.0-6.0 and 80 mM glycine-
NaOH in the range 8.5—-11; the effect of time was
analysed within a range of 0—120 min and the
effect of temperature within the range 10-80;
these determinations were carried out at optimum
pH and at a substrate concentration of 25 mM
nitrophenylphosphate. The thermal denaturalisa-
tion of enzyme was analysed in the range 30—
70°C with incubation times between 5 and 60 min.
To determine the effect of metaldHg®*, CP*,
Zn?*, CU?*), the concentrations, in the final vol-
ume, ranged between 0.05 and 1 mM, except for
Hg?*, for which the concentrations ranged
between 0.005 and 0.1 mM. The buffers employed
in the analysis of heavy metal effects were 50 mM
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Fig. 4. Influence of temperature on phosphatase activity in the
acid and alkaline rangéa,b) digestive gland(c,d) gills; (e,H
foot; (g,h) siphon;(i,j) mantle ofScrobicularia plana.

citric-sodium citrate and 190 mM glycine NaOH
at the optimum pH for each orgatissue. To
calculate the apparent kinetic parametéks, and
Vmax), @ hon-linear regression was employed at
optimum pH and 30C, with substrate concentra-
tions between 0.5 and 40 mM. The determinations
of enzyme activity in the different orgapisssues
were performed at their optimum pH, a tempera-
ture of 30C and an incubation time of 30 min.
The substrate concentrations selected were
10X K,, for each orgayitissue. At the end of
incubation period, the reaction was stopped imme-
diately by placing the tubes on ice and adding 2
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Fig. 5. Thermal inactivation curve®, 30 °C; O, 40°C; B, 50°C; [0 60°C; A, 70°C) of acid and alkaline phosphatase activities in the
orgarytissue ofScrobicularia plana: (a,b) digestive gland{c,d) gills; (e,p foot; (g,h) siphon;(i,j) mantle.

ml 0.1 N NaOH. The absorbance pfitrophenol
released was recorded at 405 nm. Results are
expressed as unitg (1 unit=1 pwmol p-nitrophen-
ol min=?1). The molar extinction coefficient of 4-
nitrophenol used for the calculation was 1g.mol
cm~?2) (Walter and Schutt, 1974

Results were analysed using the software pack-
age STATGRAPHIC PLUs for Windows 3.3 (Stat-
graphics, 1998 Data were compared using
Student’sr-test. A probability level of P<0.05
was used in all test hypotheses. The kinetic para-

meters were calculated according to a non-linear
regression model.

3. Reaults

Fig. 1 shows pH vs. enzymatic activity in
homogenates of the gill, digestive gland, foot,
mantle and siphon ofcrobicularia plana. Two
peaks were apparent in all tissues, the first at pH
5.5 for gills, foot, siphon and mantle, and pH 4.0
for digestive gland(AcP) and the second at pH
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ApparentK,,, and V.. of acid and alkaline phosphatase activities in the ofissues of the clanScrobicularia plana

Orgary'tissue AcP ALP

Vo (Ug™) K, (mM) V,(Ug™ K., (mM)
D. gland 11.62 1.23 0.78 2.48
Gills 1.20 4.41 0.50 4.52
Foot 0.86 7.66 0.27 1.51
Siphon 0.77 9.92 0.25 2.48
Mantle 0.40 2.62 0.24 2.88

8.5 for digestive gland, gills, siphon, mantle and
at pH 9.5 for foot(ALP). The activity of acid
phosphatase was higher than that of alkaline phos-
phatase in all tissue analysed.

The influence of incubation time vs. acid and
alkaline phosphatase is shown in Fig. 2. In all
tissues, both enzymatic activities displayed linear
responses in the range 0—120 min. The effect of
substrate concentration on enzymatic activities in
the tissues is shown in Fig. 3. The results showed
a good fit to a Michaelis—Menten modél-?
ranged between 0.962 and 0.992 for AcP and
0.943 and 0.993 for ALP The apparenk,, and
Vmax Values are reported in Table 1. The lowest
K., is found in the digestive gland for AcP, and
the highest in the siphon, whereas for ALP, the
lowest value is observed in the foot and the highest
in the gills. With relation to thé/,,.,, the highest
values were found in the digestive gland for both
enzymatic activities. Hill coefficientn,) (Dixon
and Webb, 197Pwas obtained from a least squares
linear regression plot of l0@v/ Vimax—v) Vvs. log
[PNPH. The results for all organdissues showed
values close to I(for AcP, this ranged between
1.35 in digestive gland and 0.89 in siphon and for
ALP, between 0.99 in digestive gland and 0.96 for
mantle, indicating that there was no allosteric
behaviour for either enzymatic activities.

Table 2

Apparent energy of activatiof,) for acid phosphatasé\cP)
and alkaline phosphata$8LP) activities in the orgaftissues
of Scrobicularia plana

With regard to the effect of temperatut€ig.
4), the optimum apparent temperature ranged in
the intervals 30—60C for AcP and 30-40C for
ALP, the highest value was found for AcP in the
digestive gland. The optimum temperatures were
higher for AcP than for ALP, in general. The
siphons showed the opposite behaviour. The appar-
ent activation energy was determined from an
Arrhenius plot. The results expressed as kcal
mol~* are shown in Table 2. The thermal denatur-
alisation for both enzymatic activities is shown in
Fig. 5, for all tissues. They are not fitted to a first
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Fig. 6. Distribution of acid and alkaline phosphatase activities
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Fig. 7. Effect of heavy metaléHg, Cd, Cu and Zhon acid
and alkaline phosphatase activities in the digestive gland of
Scrobicularia plana.

order kinetic model. In foot, siphon and mantle,
the exposure at 60 and 7€ for 5 min provoked
the loss of enzymatic activities, while in the gills
and digestive gland a decrease of the enzymatic
activity was reported at 70C, although a residual
activity was observed at 6TC.

The specific activity of AcP and ALRunits mg
protein 1) in the organgtissues is shown in Fig.
6. For both enzymatic activities, the highest values
were found in the digestive gland. Nevertheless,
for AcP activity, the values in gills were approxi-
mately 10 times lower than in the digestive gland,
whereas for ALP activity, the values in the gills
are lower than in the digestive gland, although of
the same order.

The effect of the heavy metalHg?", Cd*,
Zn**and Cd*) on acid and alkaline phosphatase
activities in the digestive gland and gills are plotted
in Figs. 7 and 8. For Hg , AcP and ALP activities

show a significant decreas&<0.05 between
control and homogenates incubated with metal.
The inhibition was high for both enzymatic activ-
ities, in the assayed concentration range, although
differences were observed depending on the ana-
lysed tissue. For Cd , the behaviour was different
from that of HF™* ; thus in the digestive gland, the
decrease of AcP activity was only 7%, and this
metal did not exert any effect on ALP activity. In
the gills, at 1.0 mM, the AcP activity remaining
was 76% with respect to the control, whereas ALP
activity decreased to 39%. For Zn , the effect as
inhibitor or activator was dependent on the organ
/tissue; thus ALP activity decreased by approxi-
mately 30% with respect to the control in the gill,
mantle and siphon. For G , ALP activity was
inhibited more than AcP activity, except in the

140

120*‘
Cu
100 4
% Zn
> 807 cd
=
g |
2 60
R
40
Hg
20 4
0 . ; ; . . .
00 02 04 06 08 10 12
120
100
% 80
N Cu
S 60 -
< cd
® 407 Zn
20 Hg
0

0.0 0.2 0.4 0.6 0.8 1.0 1.2
[M] (Cd, Zn, Cu mM; Hg*10 mM)

Fig. 8. Effect of heavy metaléHg, Cd, Cu and Zhon acid
and alkaline phosphatase activities in the gillSafobicularia
plana.
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Fig. 9. Lineweaver—Burk plots of acith,0) and alkaline(b,d) phosphatase activities in the digestive gland and gills, respectively, at
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digestive gland where a degree of inhibition was
observed.

For H* the kinetic analysis of inhibition was
carried out in the digestive gland and gills. The
Lineweaver—Burk plots for both enzymatic activ-
ities and these tissues are shown in Fig. 9. The
parameters,, and V., were modified when the
inhibitor concentration increased, indicating a
mixed type of inhibition.

4. Discussion

The range of optimum pH values for both
enzymatic activities, in each of the tissues, are
similar to those found in other species, thus for
acid phosphatase, the pH lies between 4.0 and 6.0;
e.g. 4.5 inRuditapes philippinarum (Blasco et al.,
1993); 4.75 for Chelon labrosus gill (Belloc and
Galllis, 1980. The peaks for ALP activity in the
tissues are similar to those in the same tissues of
R. philippinarum (10.5) (Blasco et al., 1998and
to the kidney and intestine of carp, eels, mice
(Yora and Sakagishi, 198@&nd whole body hom-
ogenates oVenus gallina (Carpene et al., 1979

The pH profile is recognised as one of the

factors used for characterisation of isoenzymes;
the pattern of pH profile was similar in the gills,
mantle, foot and siphon, whereas the digestive
gland showed a different profile, possibly indica-
tive of another type of isoenzyme. The comparison
of optimal pH between species must be carried
out with caution because factors such as substrate
concentration(Asgeirsson et al., 1995the nature
of the buffer(Curti et al., 1988, and purity of the
enzyme all have an influence on the optimum pH.
The high value found for AcP activity in the
digestive gland indicates that it plays a functional
lysosomal role. This enzyme is also involved in
shell deposition. In higher animals, ALP activity
is known to be involved in bone formation and in
transport membrane activities. In the blue crab,
Callinectes sapidus, ALP activity is involved in
the modulation of the osmoregulatory response
(Lovett et al., 1994 The low levels found for
ALP activity in clams suggest that membranes are
an ineffective barrier to most molecular substances
in this specieqChambers et al., 1975The acid
phosphatase activity in the digestive gland Sof
plana is located in the intestinal epithelium and
diverticules and the alkaline phosphatase activity
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in the epithelium tubules and digestive diverticules
(Mazorra, 1998 These enzymatic activities
decrease in line with larger size in the clakn
philippinarum, reflecting a decrease in shell dep-
osition as the organisms ag¢Blasco et al., 1998
K., values varied between organs for both enzy-
matic activities, although they are of the same
magnitude and similar to those shown by the clam
R. philippinarum (Blasco et al., 1998and in the
same range as trout intestinal alkaline phosphatase
(Whitmore and Goldberg, 19723, talthough high-
er than for the crab(. spidus (Lovett et al., 1994
Nevertheless, the comparison of kinetic constants
must, in general, take into consideration the buffer
substance used and its concentration, since tran-
sphosphorylation leads to higher reaction velocities
(Asgeirsson et al., 1995

The optimum temperature for AcP is higher
than for ALP activity. This behaviour is the same
for the clamR. philippinarum (Blasco et al., 1998
and the kidney ofSparus aurata (Establier et al.,
1984). The optimum values for phosphatase activ-
ities are known to be species-dependent. The
calculated E, for acid and alkaline phosphatase
ranged between 5.4 and 12.5, and 5.2 and 10.0
kcal molt in the tissues and are in the same
range as that found by other authors in other
species(Blasco et al., 1993; Lien and Knutsen,
1973; Mgiller et al., 1975; Whitmore and Goldberg,
1972a,p. Low values of activation energy are
associated with hydrophobic interactions between
substrate and enzyméHiwada and Wachsmith,
1974). In S. plana, the thermal denaturalisation
did not follow a first order kinetic model and the
reduced structural stability in the enzymatic activ-
ities may be related to optimisation of the balance
between stability and activity at low temperatures.

The effect of heavy metals was dependent on
the orgartissue and the enzymatic activity ana-
lysed. This finding may be a consequence of the
difference in structure. Hg is a strong inhibitor of
enzymatic activity due to the high affinity for
proteins shown by the —SH grouBastry and
Sharma, 197Pand is the result of the presence of
this group in the enzyme. The kinetic analysis of
Hg inhibition in digestive gland and gills showed
a mixed type of inhibition, indicating that the
enzymes may be interacting in different ways with
several groups. The cadmium and copper inhibition
were quite different between tissues for the two
types of enzymatic activity; this may be the result
of the different structure of the enzyme molecules

M.T. Mazorra et al. / Comparative Biochemistry and Physiology Part B 131 (2002) 241-249

and their possible interaction with the metal. All
highly purified alkaline phosphatases have proved
to be Zn(ll)metalloenzymeqColeman and Get-
tings, 1983; the role of this metal as activator is
related to the saturation of Zh) binding sites.
Nevertheless, this behaviour was not observed in
the tissues analysed, since there were no significant
differences between the control and the assayed
range of concentration@ <0.05). However, gill,
mantle and siphon showed a slight inhibition. This
may be a consequence of excessive Zn replacing
Mg at binding sites in the ALFLan et al., 1995.

For fish, in laboratory conditions, liver alkaline
phosphatase activity changes in response to water-
borne metalLan et al., 199% making it useful as
indicator of heavy metal exposure. The variation
in properties between the two types of enzymatic
activity suggests that they are not expressed by
the same enzyme. More knowledge of the physico-
chemical and kinetic characteristics of these
enzyme activities in the clarficrobicularia plana

is necessary before they can be employed as
biochemical indicators of stress due to heavy
metals.
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