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Abstract Fish are ubiquitous organisms that have many
features that designate their potential as a biomarker of
heavy metals pollution. Thus, an investigation was done to
detect the effect of heavy metals on cholinesterase (ChE)
activity from Lates calcarifer organs which were gill and
muscle. Ammonium sulphate precipitation was performed
along with ion exchange chromatography to purify the
enzyme. In the substrate specificity study, ChE from L.
calcarifer gills was capable of breaking down acetylthio-
choline iodide (ATC) at a faster rate compared to the other
two synthetic substrates, which are butyrylthiocholine
iodide (BTC) and propionylthiocholine iodide (PTC). In
contrast, the muscle ChE has a higher affinity towards
PTC. The maximum activity of ChE observed at the tem-
perature ranging from 20 to 30 °C in Tris—HCI buffer pH 8.
ChE from the two organs of L. calcarifer showed an
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inhibitive reaction towards heavy metals, but with different
effects. ATC from gills showed 50 % inhibition by Cu, Hg
and Pb, while PTC from muscle showed 50 % inhibition by
Pb. The variation of inhibitory effect that was shown by
ChE from L. calcarifer organs can be further studied in
designing a biosensor kit that is sensitive towards heavy
metal.
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Heavy metals

1 Introduction

Pollution of aquatic ecosystems can have serious conse-
quences over time when it reaches a point at which it may
be too late to take effective countermeasures. Development
of a range of biological responses measured in number of
different species has been done because of the increasing
need to detect and assess the impact of pollutants, partic-
ularly at low, sub lethal concentrations, on environmental
quality (Livingstone and Goldfarb 1998; Fent 2004).
Changes in molecular, physiological or behavioural
responses, prior to death or overt sickness indicate the
response to stress by organisms. A growing interest in
cholinesterase based biomarker in the last two decades has
been observed as it provides an integrative measurement of
the overall neurotoxic risk that arise in contaminated areas
by several classes of pollutants (Lionetto et al. 2013;
Shukor et al. 2013).

According to Carajaville et al. (2000), a sensitive tool
for biological effect measurement in environmental
quality assessment has been introduced with the use of
biomarkers measured at the molecular level. Acetyl-
choline is the primary neurotransmitter in the sensory and
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neuromuscular system of fish. The activity of this system
is important for normal behaviour and muscular function
(Payne et al. 1996). Cholinesterase (ChE) based
biomarkers are well-developed markers of neurotoxicity
that was being applied in invertebrates and fish for pol-
lution monitoring studies (Kirby et al. 2000; Porte et al.
2002; Lionetto et al. 2004). In the muscle tissues of
marine fish species, pseudocholinesterases such as
butyrylcholinesterase (BChE) and propionylcholine-
sterase (PChE) (EC 3.1.1.8) are also present along with
AChE. Sturm et al. (2000) stated that in some cases,
pseudocholinesterases are more sensitive to anti-ChE
chemicals. Thus, this study aimed to assess the fish
muscle tissue cholinesterase inhibition by pesticides and
heavy metals as there is abundance of cholinesterase in
that organ.

2 Materials and method
2.1 Extraction and purification

The fish was obtained from Pusat Sains Marin UPM in
Telok Kemang, Port Dickson. The gills of L. calcarifer
were dissected and then weighed. Homogenisation of the
sample was performed using Ultra-Turrax T25 Homo-
geniser in 0.1 M sodium phosphate buffer pH 7.5 con-
taining 1 mM phenylmethylsulfonyl fluoride with the ratio
of 1:4 (w/v). The sample was later centrifuged at
10,000x g for 30 min at 4 °C. Collected supernatant was
stored at —20 °C for the purification process. The next step
was done by leaving the sample to thaw at the ambient
temperature followed by loading 15 mL of the supernatant
into the ion exchange column containing DEAE-Cellulose
with the dimensions of 5 cm diameter and 80 cm height.
1.5 L of 25 mM sodium phosphate buffer pH 7, which is
the washing buffer, was filled into the column with the flow
rate calibrated at 0.1 mL min~'. The unbounded protein
need to be eradicated. The ChE of L. calcarifer bounded to
the matrix was eluted by loading 25 mM sodium phosphate
buffer pH 7 containing 1 M NaCl into the column. 1 mL
fractions were collected and assayed for enzyme activity
and protein concentration determination. The fraction that
shows the maximum activity was later concentrated using
Sartorius Vivaspin 20 at 5000xg at 4 °C for 10 min.
Purified ChE was stored at —20 °C (Hayat et al. 2015).
Native polyacrylamide gel electrophoresis (Native-PAGE)
was done to see the efficiency of the ChE purification as
described by Laemmli (1970). Proteins that have been
separated were stained using Coomasie Brilliant Blue
G-250.
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2.2 ChE activity and protein content determination

A slight modification of Ellman et al. (1961) method was
used to determine the enzyme activity of L. calcarifer
using 96-well microplate at the wavelength of 405 nm.
200 pL of sodium phosphate buffer (0.1 M, pH 7.0), 20 uL
of DTNB (0.1 mM) and 10 pL. ChE were loaded into the
microplate wells and incubated for 15 min. 20 pL of the
substrates (5.0 mM ATC, BTC and PTC) were then added
to the mixture and incubated for 10 min. ChE activity was
specified as the amount of substrate (uM) broken down by
ChE per minute (U) with the extinction coefficient of
13.6 mM ™" cm ™' while the specific activity is expressed as
pmole/min/mg of protein or U mg~' of protein. Protein
content determination was calculated as described by
Bradford (1976). Bovine serum albumin (BSA) was used as
standard. The assays were run in the dark and all of the
tests were carried out in triplicates.

2.3 Optimal substrate specificity

The substrate specificity for L. calcarifer ChE was deter-
mined at the ambient temperature with three different
synthetic substrates, which are ATC, BTC and PTC, with
concentrations ranging from 0.1, 0.5, 1, 2, 5 and 10 mM of
the substrates in sodium phosphate buffer (0.1 M, pH 7).
The substrate was added into reaction mixture and the
reading of absorbance at 405 nm was recorded after
10 min. Graph Pad Prism Software version 5 was used to
plot Michaelis—Menten curves to determine the maximal
velocity (Viyax) of ChE activity and biomolecular constant
(Kin) (Sabullah et al. 2015a).

2.4 Optimal pH and temperature profile

Lates calcarifer ChE was incubated with an overlapping
buffer system consisting of 0.1 M acetate buffer (pH 3-5),
0.1 M sodium phosphate buffer (pH 6-8), and 0.1 M Tris—
HCI buffer (pH 7-10) to determine the optimum pH for the
enzyme. The reaction mixture was incubated in different
temperatures ranging from 15 to 50 °C. The optimal tem-
perature of the enzyme was then determined. Beyond this
range of temperature, ChE was considered fully denatured.

2.5 The effect of metal ion

Ten types of heavy metals, namely silver (Ag), arsenic (As),
cadmium (Cd), chromium (Cr), cobalt (Co), copper (Cu),
mercury (Hg), nickel (Ni), lead (Pb) and zinc (Zn) were
tested on L. calcarifer ChE to study the effect of these metal
ions on the enzyme activity. These metals were selected
because of their capability to give an adverse impact to the
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environment. The reaction mixture contains 150 pL of
sodium phosphate buffer (0.1 M, pH 7.5), 50 puL of the
metal ion with the final concentration of 10 mg L™, 20 puL
of DTNB (0.1 mM), and 10 pL. of ChE. The reaction
mixture was then incubated for 15 min followed by the
addition of 20 pL of the substrate into the mixture. The
mixture was left for another 10 min of incubation before the
absorbance was recorded at the end of the incubation time at
the wavelength of 405 nm. The sample was then incubated
for 30 min with selected heavy metals. An enzyme assay
was performed to determine ICs, value for the sample.

3 Results and discussion
3.1 Sample extraction and purification

Lates calcarifer was chosen to be the source of the ChE
because it is one of the most economically important species
among our native Malaysian fishes. Most Asian sea bass are
produced by commercial aquaculture in many Asian coun-
tries such as Malaysia, Taiwan, Thailand and Indonesia. It is
also a relatively hardy species that can tolerate crowding and
has wide physiological tolerances. There are other types of
fish such as Tilapia mossambica (Al-Ghais 2013), Os-
teochillus hasselti (Sabullah et al. 2013) and Puntius
Jjavanicus (Sabullah et al. 2014) that were reported to be a
sensitive biomarker with toxicants especially heavy metals.
Thus, fish is considered as a sensitive biomarker tool and a
highly sensitive enzyme such as ChE allows the detection of
lower contamination levels of pollution (Sabullah et al.
2015b). In this study, the extraction of ChE from the gill and
muscle of L. calcarifer was done using ammonium sulphate
precipitation and ion exchange chromatography steps. Gills
are normally full of blood that contains ‘WChE, thus the gill
was extensively washed before homogenization process to
ensure that WChE activity did not alter the activity or
properties of the enzyme studied. While performing the ion
exchange chromatography, DEAE-Cellulose was chosen to
be the matrix. Enzyme recovery of 7.79 % was recorded at
the end of this study and the purified gill ChE displayed a
specific activity of 4.254 U mg™' with purification folds of
30 (Table 1). While in muscle, enzyme recovery of 8.32 %
with 26 purification folds was obtained at the end of this
study (Table 1). The enzyme recovery for both gill and
muscle ChE were rather low with almost 90 % of the
activity lost throughout the purification process. This
purification approach is necessary as the purified enzyme is
more sensitive toward inhibitors compared to the crude
enzyme. The molecular weight for the purified ChE was
determined after the graph of log,y (kDa) that was plotted.
Based from the results, the molecular weight obtained for
gill was 136 kDa (Fig. 1a). The result was in contrast with

the study done by Bocquene et al. (1997), in which the
molecular weight of gill ChE extracted from the common
oyster (Crassostrea gigas) was in the range of 200-330 kDa
when electrophoresis was performed in non-denaturing
conditions. While for muscle ChE, the molecular weights
obtained were 18 and 16 kDa, respectively (Fig. 1b). The
two different molecular weights that were obtained for
muscle were the same monomers, but with different aggre-
gation. There is no recent study on the molecular weight of
muscle ChE, thus no comparison can be made on the native
form of muscle ChE. However, the variation of gill and
muscle ChE activity has been proved by Tu et al. (2009) in
which they show different activity and inhibition frequencies
after exposed with serine, iso-OMPA, BW284c51 and also
pesticides. The purification process does not affect the
enzyme activity although it seems to modify the molecular
structure. The enzyme activity only can be affected by
temperature, pH and concentration of the enzyme and sub-
strate. These results proved that purified ChE was elec-
trophoretically homogenous. In the study, the specific
activity of the enzyme increases throughout the purification
process at the end of the experiment.

3.2 Kinetic study

ATC, BTC, and PTC were used at various concentrations to
study the specificity of the ChE towards the substrate.
Figure 2a, b shows a Michaelis—Menten kinetics curves that
was obeyed and this result explained the hydrolysation of
the substrate by ChE. An increase in substrate concentration
will increase the activity of the enzyme until the maximum
points reached. Above 5 mM substrate concentration, the
enzyme, however, displayed a plateau state. A comparison
was made among the three substrates and it was concluded
that ATC showed the lowest K,,, value, which is 0.2345 mM
and the highest V.« value of 0.0354 pmol min ! mg_1 as
shown in Table 2 for gill ChE. On the other hand, in muscle
tissue, the purified ChE showed a preference for the sub-
strate PTC, as seen by the maximum hydrolysis rates and
greater catalytic efficiencies of ChE with this substrate as
displayed in Table 2. Furthermore, when the purified sam-
ple was incubated with PTC, there was a maximum ChE
activity of 8.431 pmol min~' mg~' protein at 5 mM of
PTC. Furthermore, the highest catalytic efficiency (Vax/
K.,) was shown by ATC and PTC. Figure 3a, b also proved
that purified ChE from the gill and muscle of L. calcarifer
had a strong affinity towards substrate ATC and PTC,
respectively, as they showed the highest V,,.x and lowest
K., value. These results were in agreement with the study
reported by Srivastava et al. (2013) as the highest ratio of
Vimax/ K was obtained in this study explaining that the
purified ChE hydrolysed ATC and PTC with a maximum
efficiency.
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Table 1 ChE from L. calcarifer gill and muscle purification table

Procedure Total protein (mg) Total ChE activity (U) Specific activity (U/mg) Purification fold Yield (%)

G M G G M G M G M
Crude 103.20  47.60 14.73 15.51 0.14 0.33 1 1 100 100
Ammonium sulphate precipitation 3.20 2.36 2.78 6.38 0.87 2.70 6 8 18.89 41.13
DEAE-cellulose 0.27 0.15 1.15 1.29 4.25 8.43 30 26 7.79 8.32

The specific activity from each step of purification is displayed in (U mg™")

G gill, M muscle

Fig. 1 The molecular weight of
the purified ChE from L.
calcarifer by interpolation of
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3.3 Optimal pH and temperature

Acetate, phosphate, and Tris—HCI buffer were used with a
different range of pH to determine the optimal pH of ChE.
The activity of ChE was at maximum in between pH 7 and
8 of potassium phosphate and Tris—HCl buffer as shown in

@ Springer
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Fig. 3a, b. Tris—HCI buffer (0.1 M, pH 8) has been deter-
mined to be the best buffer as the ChE activity was the
highest and showed the highest value. Tris—HCl buffer
gave an optimum condition for the purified ChE as the
highest mean point of data that was showed when the
results from two types of buffer were compared. According
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Fig. 2 Incubation of purified ChE from L. calcarifer a gill; b muscle
in different synthetic substrates; ATC, BTC and PTC with different
concentrations

to (Masson et al. 1996), changes in pH caused protonation
of imidazole group of histidine that exist at the catalytic
triad thus affect the formation of enzyme-substrate
complex.

Figure 4 shows different temperatures displayed differ-
ent effects on ChE activity. The optimum ChE activity was
determined to be at 25 °C. At lower temperature, minimum
activity of ChE was observed. As the temperature increa-
ses, the activity rose and reached maximum value where
the given velocity was reached and a bell shaped curve was
later demonstrated. However, at higher temperatures the
ChE activity decreased abruptly. The maximum activity of

L. calcarifer ChE was achieved at the range of 20-30 °C.
Gaudy et al. (2000) reported that the protein will undergo
denaturation process when at higher temperature resulting
loss of protein stability. Hence, this theory explained the
sudden decrease in enzyme activity at temperature above
30 °C shown in Fig. 4.

3.4 Metal ion inhibition study

In aquatic species, ChE activity has been widely studied and
employed as a biomarker for chemical exposure detection in
natural ecosystem (Dellali et al. 2001; Roméo et al. 2003;
Lavado et al. 2006). AChE is mainly considered to be a
biomarker for the detection of exposure to organophosphate
(OP) and carbamate (CB) pesticides, other than that, heavy
metals, other pesticides, polycyclic aromatic hydrocarbons,
detergents, and components of complex mixtures of con-
taminants are also able to inhibit ChE activity as reported in
recent years, (Lionetto et al. 2004; Jebali et al. 2006; Vio-
que-Fernandez et al. 2007; Kopecka-Pilarczyk 2009). Thus,
in this study, we aim to study the inhibitory effects of heavy
metals on ChE activity. Silver (Ag), arsenic (As), cadmium
(Cd), chromium (Cr), cobalt (Co), copper (Cu), lead (Pb),
mercury (Hg), nickel (Ni) and zinc (Zn) with the concen-
tration of 10 ppm were selected and incubated with gill
samples from L. calcarifer. Only Cu, Hg and Pb showed
50 % inhibition when the samples were treated with ATC as
the substrate (Fig. 5a). On the other hand, when BTC was
used, all of heavy metals selected showed inhibition.
However, the effect of heavy metals on ChE activity differs
when PTC was used as substrate. Based on the results, Cu
and Pb showed an inhibition towards the purified ChE
activity. Among all of the selected heavy metals, only three
heavy metals showed >50 % inhibition which were Cu, Hg
and Pb. The in vitro studies of muscle ChE as shown in
Fig. 5b displayed that muscle inhibited almost all of
selected heavy metals when ATC and BTC were used as the
substrates. On the other hand, only Pb showed inhibition
of >50 % after the ChE muscle was incubated with PTC as
the activity was lowered to 8.113 %. When gill and muscle
ChE was incubated in specific substrate, they were inhibited
by Cu, Hg and Pb. Pb>" is an important in vitro inhibitor of
ChE activity in which they stated that the maximum
decrease observed was up to 65 % in earthworms, 49 % in

Table 2 Comparison of

. . ATC BTC PTC
maximum velocity (Vi,,) and
biomolecular constant (K,,) for G M G M G M
ATC, BTC and PTC of ChE
from L. calcarifer gill and Vinax (mol/min/mg) 0.0354 0.0164 0.0288 0.0230 0.0251 0.0241
muscle K, (mM) 0.2345 0.2641 0.2844 0.4926 0.2600 0.2391
Vinax/Km 0.1508 0.0622 0.1012 0.0466 0.0965 0.1009

G gill, M muscle
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clams, and 35 % in fish for the dose of 2.5 g Pb L!
(Labrot et al. 1996).

Three selected heavy metals were then incubated again
for 30 min with ChE for ICs, value determination. The
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Temperature (°C)

IC5 value of gill ChE for Cu was at 1 ppm and the enzyme
fully inhibited at higher concentrations (Fig. 6a). 1Csq
value for Hg was determined to be at 0.5 ppm as shown in
Fig. 6b. On the other hand, Fig. 6¢ shows the ICs value to
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Fig. 5 Effect of different types A 0.16
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be at 1 ppm when gill ChE was incubated with Pb. Con-
trariwise, Fig. 7 demonstrated the half maximal inhibitory
concentration (ICsy) of muscle ChE by Pb. The enzyme
activity was inhibited >50 % at concentration of 0.1 ppm.
The activity was further inhibited by Pb as the concentra-
tion was increased.

Different species showed different sensitivity results
when tested with toxicants as reported in the recent studies
(Kuca et al. 2005; Gbaye et al. 2012; Santarpia et al. 2013).
Fish was chosen as a favoured tool for the early detection
of toxicants as they were sensitive towards toxicants
(Oliveira et al. 2007; Tham et al. 2009). Additional studies
are needed to identify any alternative source of biosensors
that are sensitive towards toxicant especially heavy metals
and give rapid results. The level of heavy metals pollution
is rising due to the abundance of metal-related industries in
Malaysia (Shukor et al. 2006). In Malaysia, the use of real-
time monitoring of heavy metals was lacking because of
conventional chemical assays require numerous large
instruments and a longer time period is needed to obtain the
results (Lopez-Roldan et al. 2012). An exciting trend has

1 B0 BA BN B B
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As Cd Cr Cu Co Hg
Heavy metals (10 ppm)

-
Ni

Pb

o
Zn

ATC EBTC OPTC
o *
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Ton | bzl | g&l | -l | oz Lokl | =kl | I_Iil Tan |

As Cd Cr Cu Co Hg N Pb Zn

Heavy metals (10 ppm)

emerged recently, as reported by Girotti et al. (2008) which
is near-real-time biomonitoring of heavy metals. The
presence of amino acid residues promoted the toxicant to
bind at either the active or allosteric sites of ChE. After the
structure of the enzymes was altered by the interactions of
heavy metals with negatively charged amino acids, the
enzyme will be inhibited. Another reason for the inhibition
to occur was the cleavage of the enzyme disulfide bonds
(Masson et al. 1996; Najimi et al. 1997; Abdelhamid et al.
2007; Frasco et al. 2007).

Jonz and Zaccone (2009) reported that fish gill is a
sophisticated organ that performs many processes includ-
ing respiration and receives extensive innervations from
nervous system in the form of sensory and motor pathways.
Fish gills also illustrated a quick recovery and it has been
determined as one of the organ that is sensitive to pesticide
and toxicant effects according to the study done by
McHenery et al. (1997). They also observed that fast
recovery of the ChE activity from the gills of Mytilus edulis
occurred when ChE was exposed to serial concentrations of
dichlorvos (10, 100 and 1000 pg/L) and then replaced in
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Fig. 6 Effect of a Cu; b Hg; ¢ Pb concentrations on ChE activity
from L. calcarifer gill

clean media for 7 days. Kopecka-Pilarczyk (2009) reported
that as for the sensibility of various tissues, gills seem to be
the best tissue as a biomarker of pesticides and heavy
metals exposure because AChE from gills proved to be the
most susceptible to inhibition by the pollutants tested.
Purified ChE from L. calcarifer gill and muscle have the
ability to show inhibition of activity by selected heavy
metals with different levels of inhibition, which later can
be expanded and developed into an alternative method for
biosensoring based from these results. Heavy metals such
as copper, mercury and lead showed significant inhibition
towards gill ChE activity as they reduced to half of its
activity. These results proved that at some concentrations
of heavy metals, the activity of ChE extracted from L.
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Fig. 7 Effect of Pb concentrations on ChE activity from muscle
sample of L. calcarifer. The inhibitor with a different concentration
was mixed with ChE sample and the activity was determined after the
mixture was incubated for 30 min

calcarifer was inhibited in vitro, in agreement with study
done by Bocquene et al. (1990). Hence, this study suggests
that L. calcarifer ChE could be a possible new source of
ChE to replace the existing commercial ChE.

4 Conclusions

The optimal assay parameters for purified ChE from L.
calcarifer namely pH and temperature were successfully
determined. In this study, ATC and PTC were chosen as
the preferred specific synthetic substrate for L. calcarifer
gill and muscle, respectively. A promising biosensor kit for
heavy metals detection was suggested to reduce the pol-
lution in marine environment after studying the sensitivity
of ChE inhibition by selected heavy metals. Investigation
on the capability of purified ChE to detect other contami-
nants such as detergents, dyes, pesticides and drugs is
suggested for further study on this field.

Acknowledgments This project was supported by fund from The
Ministry of Science, Technology and Innovation (MOSTI), Malaysia,
under FRGS Grant No. 02-02-13-1256FR (FRGS/2/2013/SG05/UPM/
02/16), Sciencefund (02-01-04-sf1473) and Pusat Sains Marin, UPM,
Telok Kemang, Port Dickson, Malaysia.

References

Abdelhamid RF, Obara Y, Uchida Y (2007) m-7 interaction between
aromatic ring and copper-coordinated His81 imidazole regulates
the blue copper active-site structure. J Biol Inorg Chem
12:165-173

Al-Ghais SM (2013) Acetylcholinesterase, glutathione and hepatoso-
matic index as potential biomarkers of sewage pollution and
depuration in fish. Mar Pollut Bull 74:183-186



Rend. Fis. Acc. Lincei (2016) 27:463-472

471

Bocquene G, Galgani F, Truquet P (1990) Characterization and assay
conditions for use of AChE activity from several marine species
in pollution monitoring. Mar Environ Res 30:75-89

Bocquene G, Roig A, Fournier D (1997) Cholinesterases from the
common oyster (Crassostrea gigas): evidence for the presence of
a soluble acetylcholinesterase insensitive to organophosphate
and carbamate inhibitors. FEBS Lett 407:261-266

Bradford MM (1976) Rapid and sensitive method for quantitation of
microgram quantities of protein utilizing principle of protein dye
binding. Anal Biochem 72:248-254

Carajaville MP, Bebianno MJ, Blasco J et al (2000) The use of
biomarkers to assess the impact of pollution in coastal environ-
ments of the Iberian Peninsula: a practical approach. Sci Total
Environ 247:295-311

Dellali M, Gnassia-Barelli M, Romeo M et al (2001) The use of
acetylcholinesterase activity in Ruditapes decussatus and Mytilus
galloprovincialis in the biomonitoring of Bizerta lagoon. Comp
Biochem Physiol 130:227-235

Ellman GL, Courtney KD, Andres V et al (1961) A new and rapid
colorimetric determination of acetylcholinesterase activity.
Biochem Pharmacol 7:88-95

Fent K (2004) Ecotoxicological effects at contaminated sites. Toxicol
205:223-240

Frasco MF, Colletier JP, Weik M (2007) Mechanisms of cholinester-
ase inhibition by inorganic mercury. FEBS J 274:1849-1861

Gaudy R, Cervetto G, Pagano M (2000) Comparison of the
metabolism of Acartia clause and A. tonsa: influence of
temperature and salinity. J Exp Mar Biol Ecol 247:51-65

Gbaye OA, Holloway GJ, Callaghan A (2012) Variation in the
sensitivity of Callosobruchus (Coleoptera: Bruchidae) acetyl-
cholinesterase to the organophosphate insecticide malaoxon:
effect of species, geographical strain and food type. Pest Manag
Sci 68:1265-1271

Girotti S, Ferri EN, Fumo MG et al (2008) Monitoring of
environmental pollutants by bioluminescent bacteria. Anal Chim
Acta 608:2-29

Hayat NM, Shamaan NA, Shukor MY et al (2015) Cholinesterase-
based biosensor using Lates calcarifer (Asian Seabass) brain for
detection of heavy metals. J Chem Pharm Sci 8:376-381

Jebali J, Banni M, Guerbej H et al (2006) Effects of malathion and
cadmium on acetylcholinesterase activity and metallothionein
levels in the fish Seriola dumerilli. Fish Physiol Biochem
32:93-98

Jonz MG, Zaccone G (2009) Nervous control of the gills. Acta
Histochem 111:207-216

Kirby MF, Morris S, Hurst M et al (2000) The use of cholinesterase
activity in flounder (Platichthys flesus) muscle tissue as a
biomarker of neurotoxic contamination in UK estuaries. Mar
Pollut Bull 40:780-791

Kopecka-Pilarczyk J (2009) In vitro effects of pesticides and metals
on the activity of acetylcholinesterase (AChE) from different
tissues of the blue mussel, Mytilus trossulus L. J Environ Sci
Health B 45:46-52

Kuca K, Cabal J, Kassa J et al (2005) In vitro reactivation of sarin-
inhibited brain acetylcholinesterase from different species by
various oximes. J Enzyme Inhib Med Chem 20:227-232

Labrot F, Ribera D, Denis MS et al (1996) In vitro and in vivo studies
of potential biomarkers of lead and uranium contamination: lipid
peroxidation, acetylcholinesterase, catalase and glutathione per-
oxidase activities in three non-mammalian species. Biomarkers
1:21-28

Laemmli UK (1970) Cleavage of structural proteins during assembly
of head of bacteriophage-T4. Nature 227:680-685

Lavado R, Urefia R, Martin-Skilton R et al (2006) The combined use
of chemical and biochemical markers to assess water quality
along the Ebro River. Environ Pollut 139:330-339

Lionetto MG, Caricato R, Giordano MRE et al (2004) Biomarker
application for the study of chemical contamination risk on
marine organisms in the Taranto marine coastal area. Chem Ecol
20:333-343

Lionetto MG, Caricato R, Calisi A et al (2013) Acetylcholinesterase
as a biomarker in environmental and occupational medicine: new
insights and future perspectives. Biomed Res Intl. doi:10.1155/
2013/321213

Livingstone DR, Goldfarb PS (1998) Biomonitoring in the aquatic
environment: use of cytochrome P4501A and other molecular
biomarkers in fish and mussels. In: Lynch JM, Wiseman A (eds)
Environmental Biomonitoring: the biotechnology ecotoxicology
interface. Cambridge University Press, Cambridge, pp 101-129

Lopez-Roldan Kazlauskaite RL, Ribo J et al (2012) Cortina: evaluation
of an automated luminescent bacteria assay for in situ aquatic
toxicity determination. Sci Total Environ 440:307-313

Masson P, Froment MT, Bartels CF et al (1996) Asp 70 in the
peripheral anionic site of human butyrylcholinesterase. Euro J
Biochem 235:36-48

McHenery JG, Linley-Adams GE, Moore DC et al (1997) Exper-
imental and field study of effects of dichlorvos exposure on
acetylcholinesterase activity in the gills of the mussel, Mytilus
edulis L. Aquat Toxicol 38:125-143

Najimi S, Bouhaimi A, Daubéze M et al (1997) Use of acetyl-
cholinesterase in Perna perna and Mytilus galloprovincialis as a
biomarker of pollution in Agadir Marine Bay (South of
Morocco). Bull Environ Cont Toxicol 58:901-908

Oliveira MM, Silva Filho MV, Cunha Bastos VL et al (2007) Brain
acetylcholinesterase as a marine pesticide biomarker using
Brazilian fishes. Mar Environ Res 63:303-312

Payne JF, Mathieu A, Melvin W et al (1996) Acetylcholinesterase, an
old biomarker with a new future? Field trials in association with
two urban rivers and a paper mill in Newfoundland. Mar Pollut
Bull 1996:225-231

Porte C, Escartin E, Parra LMGDL et al (2002) Assessment of coastal
pollution by combined determination of chemical and biochem-
ical markers in Mullus barbatus. Mar Ecol Progr Ser 235:205-216

Roméo M, Hoarau P, Garello G et al (2003) Mussel transplantation
and biomarkers as useful tools for assessing water quality in the
NW Mediterranean. Environ Pollut 122:369-378

Sabullah MK, Ahmad SA, Ishak I et al (2013) An inhibitive assay for
insecticides using the acetylcholinesterase from Osteochillus
hasselti. Bull Environ Sci Manag 1:1-4

Sabullah MK, Sulaiman MR, Shukor MYA et al (2014) The
assessment of cholinesterase from the liver of Puntius javanicus
as detection of metal ion. Scientific World J. doi:10.1155/2014/
571094

Sabullah MK, Ahmad SA, Shukor MY et al (2015a) Heavy metal
biomarker: fish behavior, cellular alteration, enzymatic reaction
and proteomics approaches. Intl Food Res J 22:435-454

Sabullah MK, Sulaiman MR, Shukor MS et al (2015b) In vitro and
in vivo effects of Puntius javanicus cholinesterase by copper.
Fresen Environ Bull 24:4615-4621

Santarpia L, Grandone I, Contaldo F et al (2013) Butyryl-
cholinesterase as a prognostic marker: a review of the literature.
J Cachexia Sarcopenia Muscle 4:31-39

Shukor Y, Baharom NA, Rahman FA et al (2006) Development of a
heavy metals enzymatic-based assay using papain. Anal Chim
Acta 566:283-289

Shukor MY, Tham LG, Halmi MIE et al (2013) Development of an
inhibitive assay using commercial electrophorus electricus
acetylcholinesterase for heavy metal detection. J Environ Biol
34:967-970

Srivastava N, Nigam AK, Kumari U et al (2013) Inhibition and
recovery of acetylcholinesterase activity in the gills of the carp,
Cirrhinus mrigala exposed to ‘Nuvan®. Int J Zool Res 3:1-10

@ Springer


http://dx.doi.org/10.1155/2013/321213
http://dx.doi.org/10.1155/2013/321213
http://dx.doi.org/10.1155/2014/571094
http://dx.doi.org/10.1155/2014/571094

472

Rend. Fis. Acc. Lincei (2016) 27:463-472

Sturm A, Wogram J, Segner H (2000) Different sensitivity to
organophosphates  of  acetylcholinesterase and  butyryl-
cholinesterase from three-spined stickleback (Gasterosteus
aculeatus): application in biomonitoring. Environ Toxicol Chem
19:1607-1615

Tham LG, Perumal N, Syed MA et al (2009) Assessment of Clarias
batrachus as a source of acetylcholinesterase (AChE) for the
detection of insecticides. J Environ Biol 30:135-138

@ Springer

Tu HT, Silvestre F, Scippo ML et al (2009) Acetylcholinesterase
activity as a biomarker of exposure to antibiotics and pesticides
in the black tiger shrimp (Penaeus monodon). Ecotoxicol
Environ Saf 72:1463-1470

Vioque-Fernandez A, De Almeida EA, Ballesteros J et al (2007)
Donana National Park survey using crayfish (Procambarus
clarkii) as bioindicator: esterase inhibition and pollutant levels.
Toxicol Lett 168:260-268



	The use of Lates calcarifer as a biomarker for heavy metals detection
	Abstract
	Introduction
	Materials and method
	Extraction and purification
	ChE activity and protein content determination
	Optimal substrate specificity
	Optimal pH and temperature profile
	The effect of metal ion

	Results and discussion
	Sample extraction and purification
	Kinetic study
	Optimal pH and temperature
	Metal ion inhibition study

	Conclusions
	Acknowledgments
	References




