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Abstract

To validate the utilization of organic matter, mainly composed of cellulose derived from mangrove
trees by bivalves, we analyzed the cellulase activity in blood cockles (Anadara granosa) in the Man-
tang Mangrove Forest Reserve, Malaysia. In an agar plate assay, unstained circles due to cellulase ac-
tivity were clearly detected in the extract of blood cockle digestive organs. Additionally, SDS-PAGE
zymographic analysis revealed intensive active bands at 9.5 kDa and weak smear bands above 24.5
kDa. These results clearly showed that the blood cockle, the dominant mangrove bivalve species, pos-
sesses cellulase activity used to break down cellulose derived from mangrove trees. The present pa-
per first reports the occurrence of the cellulose breakdown function in a mangrove bivalve, blood
cockle, via biochemical analyses and suggests the possible ecological function of this species in the

mangrove food chain.
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Introduction

Mangrove areas exhibit especially high biological
production due to their specific ecological properties.
This may be attributable to their complicated root struc-
tures, which appeal as places for larval fish to hide, and
mangrove liter nutritionally utilized for mangrove ani-
mals as a carbon source*. Proper understanding of the
ecological system is important to maintain fishery re-
sources and ensure efficient fisheries in mangrove areas.
However, it remains unclear whether mangrove liter is
actually assimilated by benthic animals in mangroves.
The Matang Mangrove Forest Reserve (MMFR) is one of
the largest of its kind in Peninsular Malaysia (40,151 ha),
within which mangrove crabs, shrimps and bivalves are
captured. The blood cockle (Anadara granosa), which
has hemoglobin and effectively adapts to the prevailing
low oxygen condition, is a dominant benthic animal in
the MMFR estuaries, where it is cultured'?and one of the
key fishery bivalves'?. However, it is unknown whether

the blood cockle can assimilate mangrove liters.
Cellulose, a major component of mangrove trees, is
a glucose polysaccharide with a high molecular weight;
bound by B-1,4 linkage and biochemically stable com-
pared with starch, in which glucose is bound by a-1,4 and
a-1,6 linkages®. Cellulose degradation proceeds follow-
ing two steps?. Cellulose is initially hydrolyzed by endo-
B-1,4-glucanase and/or cellobiohydrolase to form cello-
dextrin and cellobiose, which are furthered degraded to
glucose by B-glucosidase. Cellulase is the collective name
for the enzymes involved in the above steps. Conversely,
herbivores have been assumed to digest cellulose by cel-
lulases derived from symbiotic microorganisms before
1998 when the endogenous cellulase gene of the termite
was validated to be encoded on the termite chromosome
DNA?S. Since this time, proof that various cellulase genes
are encoded on the chromosomes of herbivores has been
establihed*!:152123, These findings suggested that the
blood cockle possesses cellulase activity and assimilates
mangrove liter as a carbon source. In the present study,
we attempted to detect cellulase activity in this species to
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implicate it in cellulose breakdown systems in mangrove
areas.

Materials and methods

1. Materials

Blood cockles were collected in MMFR in Perak,
Malaysia in September 2010. Figure 1 shows details of
the collection sites. Blood cockles were carried alive to
the laboratory in Penang City and kept for two days in the
aquatic tank to completely excrete the contents of the di-
gestive tract. They were then dissected on ice, whereupon
their digestive glands, including the hepatopancreas,
were respectively identified. Three volumes (volume/
weight) of iced phosphate buffered saline (PBS) contain-
ing 140 mM NaCl, 2.7 mM KCl, 8 mM Na,HPO, and 1.5
mM KH,PO, (pH 7.4) was added to the dissected organs
and homogenized for each blood cockle. The homoge-
nates were then centrifuged at 9,100xg for 10 min, and
the supernatants were used as the enzyme solution. The
protein concentration of the enzyme solution was mea-
sured using the Bradford method?, adjusted at 1 mg ml!
with PBS and stored at -30°C till the enzyme activity as-
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say. Bovine serum albumin was used as the standard to
determine the protein concentration.

2. Detection of cellulase activity by agar plate assay

An agar plate assay was performed according to the
method of Sakamoto et al.?° with slight modifications. A
mixture containing 1.5% agar (Wako Pure Chemical In-
dustries, Osaka, Japan) and 0.5% carboxymethylcellulose
(CMC) (Sigma, St. Louis, MO, USA) dissolved in 100
mM sodium acetate buffer (pH 5.5) was heated and
soaked into a plastic plate. After cooling, wells of 4.0 mm
diameter ware punched into the plates. Twenty five micro
liters of the enzyme solution (1 mg/ml) was deposited
into the wells, and the plate was incubated at 37°C over-
night. Subsequently, the plate was stained by Congo Red
(0.1%) for 3 h, and destained with 1 M NaCl.

3. Detection of cellulase activity by SDS-PAGE
zymographic analysis
Cellulase zymographic analysis was performed us-
ing 7.5 or 10% SDS-PAGE gel containing 0.5% CMC.
Electrophoresis was performed by using the ATTO AE-
6500. Following electrophoresis, the gels were soaked in
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Fig. 1. Collection sites of blood cockles in the Matang Mangrove Forest Reserve in Malaysia
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10 mM acetate buffer (pH 5.5) containing 0.1% Tri-
tonX-100 for 30 min to remove SDS from the gels. The
gels were then transferred to 10 mM acetate buffer (pH
5.5), incubated at 37°C overnight, and then stained with
0.1% Congo Red. The gels were destained using 1 M
NaCl. The active bands were detected as non-stained
bands.

4. Evaluation of cellulase activities by measuring the
releasing glucose

Glucose releasing activity from CMC was evaluated
in accordance with the method of Hayano et al.? by using
tetrazolium as a coloring agent®. Five micro liters of en-
zyme solution, 5 pl of sodium acetate buffer (pH 5.5) and
40 pl of 1% CMC were added and incubated in a water-
bath at 37°C for 10 min. The same reaction mixture con-
taining water instead of CMC solution was taken as a
control. After incubation, the tubes were heated at 100 °C
for 3 min to deactivate the enzyme. One milliliter of tet-
razolium was added to the tube and heated at 100°C for 4
min in a block incubator (LSE digital dry block, Corning
Co. Ltd) and the absorbance at 660 nm was measured af-
ter cooling by a spectrophotometer (Lambda 20, Perkin
Elmer Co. Ltd). The value of the absorbance was convert-
ed to glucose concentration using a standard glucose
curve (0-180 pg ml'), which was made at the same time.
The activity was expressed in the form of released pmol
glucose min! mg-protein.

Results

1. Detection of cellulase activity by plate assay and
SDS-PAGE zymography

As shown in Fig. 2, an unstained circle that demon-
strated cellulase activity was clearly detected in the ex-
tract of blood cockle digestive organs, including the he-
patopancreas. SDS-PAGE zymographic analysis revealed
intensive active bands at 9.5 kDa and weak smear bands
above 24.5 kDa respectively (Fig. 3).

2. Evaluation of cellulase activities by releasing
glucose
As shown in Fig. 4, the average amounts of glucose
formed were 0.16 umol min' mg-protein’. In comparison
with each activity level, blood cockles collected at R3
showed significantly lower values (0.082 umol min! mg-
protein') than other sites (sites R5, R4, C1, C2, SI).

Discussion

The present study was carried out using SDS-PAGE
zymographic analysis and assessment of glucose releas-
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ing activity to validate whether blood cockles possess
cellulase activities. Recent stable isotopic analysis
showed that a brackish water clam, Corbicula japonica,
consumes land-derived organic materials mainly com-
posed of cellulose™®. Identification of the intrinsic cellu-
lase gene and immunological detection of the enzyme
protein in C. japonica strongly suggest that C. japonica
plays an important role in the process of degradation of
cellulose in rivers '5-°,

Cellulases from bacteria3, filamentous fungi 2, ba-
sidiomycete®, myxomycete'* and protozoan' have been
elaborately studied, and the occurrence of cellulase,
genes of which are encoded on chromosomes of their

Fig. 2. Agar plate assay of blood cockle digestive organ
cellulase
Fenneropenaeus merguiensis cellulase was used as
a positive control, while phosphate buffered saline
(PBS) was used as a negative control.

R5 R3 R1 Cl Cc2

« 24.5 kDa
« 9.5 kDa

Fig. 3. SDS-PAGE zymographic analysis of digestive organ
cellulases of blood cockles collected from different
sites

Cl1, C2, R1, R3 and R5 show the locations of the
collection sites referred to in Fig. 1.
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Fig. 4. Glucose releasing activity of digestive organ cellulases of blood cockles collected from different sites
Different letters in the figure show how the level of activity differed significantly based on Turkey’s HSD test (P<0.05).
C1, C2, R1,R2, R3, R4, R5 and S1 show the locations of the collection sites referred to in Fig. 1.

own, have been reported from termites?® and nematoda®”.
The occurrence of these cellulases of endogenous origin
has also reported from aquatic invertebrates such as the
abalone, sea urchin and brackish clam'-1>2,

In an agar plate assay and SDS-PAGE zymographic
analysis, endo-B-1,4-glucanase activity was mainly de-
tected, while all cellulase activities, including endo-f-
1,4-glucanase, cellobiohydrolase and B-glucosidase, were
estimated in quantitative analysis to measure released
glucose. As shown in Fig. 3, the blood cockle showed cel-
lulase activity corresponding to endo-f-1,4-glucanase ac-
tivity at 9.5 and 24.5 kDa as intensive and smear broad
bands respectively. In some blood cockles, other smear
bands of higher molecular size were observed, as seen in
Fig. 3. These smear bands were possibly because the cel-
lulase responsible for the activity was glycoprotein. As
shown in Fig. 4, the extract of the digestive organs of
blood cockle could hydrolyze CMC to glucose, suggest-
ing that the blood cockle has the ability to digest man-
grove-derived cellulose to glucose owing to B-glucosidase.
The activity level of blood cockle was almost equivalent
to that of Corbicula japonica, but lower than those of Ru-
ditapes philippinarum and Anodonta woodianal®. It
should be stressed that the blood cockle collected at R3,
which is located from the river mouth to the coastal area,
demonstrated slightly lower cellulase activity (Fig. 4).
This might be due to the lower amount of mangrove-de-
rived cellulose in the sediment'?, but further study is re-
quired to determine the relation between the cellulase ac-
tivity level and the amount of mangrove-derived cellulose
in the sediment.
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Recently, our studies showed hemi-cellulase, includ-
ing mannanase, xylanase, xyloglucanase, and licheni-
nase, all of which are required for the complete digestion
of hard-degradable plant polysaccharides, are distributed
among various aquatic invertebrates in addition to cellu-
lase'. There will be a need to study these hemi-cellulases
in blood cockles to understand the digestive mechanisms
of this species. It is also necessary to determine the iden-
tity of the gene, the enzyme of which the endo-B-1,4-
glucanase activity detected in the present study is as-
cribed, encoded on the chromosomes of blood cockles
similar to other bivalves®!°, We are now trying to isolate
cellulase genes from blood cockles to validate its endog-
enous origin in this species.
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