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een stations were established in the Fugong mangrove (117°54′-117°55′E, 24°22′-
24°24′N) of the Jiulong River Estuary, Fujian, China. Besides geochemical characterization and estimation of
bacterial abundances, the distribution ofα- and β-glucosidase activity was studied to explore the degradation
of carbohydrates which can be expected to occur in high quantities in mangrove systems. The distribution
pattern of microbial α-glucosidase and β-glucosidase activities was investigated using a fluorogenic model
substrate (FMS) technique in order to allow better understanding of in situ enzyme activities, as well as their
relation to bacterial biomass, metabolic activity and environmental factors inmangrove sediments. The results
showed that the enzyme activities of α-glucosidase (10.83~100.86 µmol g-1 h-1) and β-glucosidase
(39.60~222.75 µmol g-1 h-1) varied among the different stations, and the enzyme activities of β-glucosidase
were higher than those of α-glucosidase at all stations. The extracellular enzyme activities were positively
related to organic C, organic matter and bacterial abundance. In addition, the use of the FMS technique to
measure extracellular enzyme activities of mangrove sediments could help us to evaluate their catabolic
behavior in situ and so lead to a better understanding of the bacterial role inmaterial cycle ofmangrove swamp
ecosystems.

© 2008 Elsevier B.V. All rights reserved.
1. Introduction
Mangrove is an important inter-tidal estuarine wetland, which occurs
along the coastlines of many tropical countries, and mangrove forests,
which, when adjacent to human activities, maybe very organic rich
environments, and accumulate large quantities of anthropogenic pollu-
tants (Tam, 1998). Enzymatic catalysis may potentially play an important
role in the flow of material and energy in ecosystems. Some substance
transforming processes would not be completed without extracellular
enzymes (Münster, 1991), and heterotrophic microbes, especially hetero-
trophic bacteria, fungi are the primary producers of extracellular enzymes
(Chróst, 1989). Some natural high molecular weight substances such as
polysaccharide, proteinandnucleic acidundergoenzymatichydrolyzation
byextracellular enzymes to form lowmolecularweight substances,which
can then be transferred through the cell membrane and utilized(Chróst,
1989). This key biochemical process results in changes to the composition
of organicmatter and its biological availability(Hoppe,1983). On the other
hand, those microbes living in the sediment environment would also be
fluctuated greatly by some environmental factors such as temperature,
oxygen content, nutrients, and dissolved organic matter (DOM).

There is abundant organic matter in mangrove sediments which
delivered to the coastal zone are often very fine-grained and can have
l.: +86 592 2184866; fax: +86
2 2184528.
wzh@xmu.edu.cn (T. Zheng).
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high concentration of terrestrial organic carbon and other pollutants
(Alongi, 1994; Lovelock et al., 2007). In the present study we were
particularly interested in the degradation of carbohydrates, which are
common structural and storage polymers in aquatic organisms and
represent the major form of photosynthetically fixed carbon. From the
saccharidases which take part in the carbon cycle and energy flow in
mangrove swamps, we have studiedα-glucosidase and β-glucosidase.
Amylum and cellulose are two important polysaccharides in natural
environments, including the mangrove ecosystem, and maltose and
inosite are produced during theirmetabolism. Highα-glucosidase and
β-glucosidase activity mean high hydrolyzing rate to the relevant
substances - maltose and inosite(Rulík and Spácil, 1999). Through the
control-induce mechanism, variation in the ingredients of DOM can
control the synthesis of extracellular enzymes in the cell, and thus
promote bacterial adaptation varying with the environment.

Fluorogenic substrates have been widely used since the early 1980s
to assess extracellular enzyme activity in water and sediment (Chróst
and Velimirov, 1991). Extracellular enzyme activity can be measured by
monitoring the hydrolysis of specific fluorogenic substrates which
produce highly fluorescent end products, such as 7-amino-4-methyl-
coumarin (AMC) or methylumbelliferone (MUF) which can be easily
quantifiedbyfluoro- etry (Hoppe,1983). Theuse offluorogenic substrate
analogs have yield new insights into the regulation of sediment carbon
flow (Hakulinen et al., 2005; Wittmann et al., 2004).

In this study, we evaluated the physical, chemical and microbiolo-
gical factors involved in regulation enzymatic reactions in mangrove
sediments, and applied the FMSmethod for assayingα-glucosidase and
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Fig. 1. Geographical location showing sampling stations of the mangrove swamp in this study.
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β-glucosidase activities characterizedwith respect to spatial parameters
including, organic carbon, organic matter, electron transport system
activity (ETSA).

2. Materials and methods

2.1. Study sites and sampling

The Jiulong River Estuary is one of the largest river/estuary systems
in south China, with a length of 285 km and an area of 14741 km2. It is
the major source of freshwater to Xiamen coastal seas. The estuary is
characterised by intense agricultural activities and rapid industrial de-
velopment, and represents a potential major source of pollutants in the
form of the Xiamen Economic Special Zone which, since 1986, has
resulted in significant stress to Xiamen Harbour and its surrounding
environments (Maskaoui et al., 2005), and to a steady increase inorganic
pollution in Xiamen coastal waters over recent years (Hong et al., 1995).
Fugongmangrove (117°54′-117°55′E, 24°22′-24°24′N)(Ge et al., 2005) is
located to the south of the Jiulong River Estuary, and is a mangrove
nature conservation area of Fugong, Fujian Province of China (Lin et al.,
2005). The area of the mangrove community is about 670 km2 (Chen
et al., 1996). On account of its geographical location, it has been affected
by ship wastes, and the discharge of industrial, livestock, mariculture
and household waste and wastewater.



Table 1
The physical, chemical and biological properties of mangrove sediments

Site pH Salt
(‰)

Fine
sand (%)

Temp
(°C)

OC
(%)

OM
(%)

Bacteria
(×106 CFU g-1)

ETSA (µgO2

g-1 min-1

1 6.73 10.0 55.00 25.60 1.74 3.00 206.50 47.09
2 6.86 12.0 54.00 24.10 1.60 2.76 143.50 82.48
3 7.06 20.0 49.00 24.20 1.85 3.19 258.50 55.43
4 6.57 19.5 51.00 24.10 2.33 4.01 279.00 39.44
5 6.49 16.0 57.00 24.00 1.85 3.20 500.50 49.93
6 6.36 20.5 70.00 23.40 3.41 5.87 274.00 84.98
7 6.50 24.0 54.00 23.00 1.81 3.13 333.00 57.39
8 6.60 20.0 51.00 22.10 1.59 2.73 205.00 61.66
9 6.73 21.5 48.40 25.30 3.17 5.47 140.00 83.05
10 6.49 29.0 58.40 24.50 1.52 2.62 434.00 103.23
11 6.48 20.0 60.60 22.30 1.74 3.01 383.50 55.02
12 6.65 20.5 49.40 25.80 1.13 1.95 398.00 70.58
13 6.62 18.0 54.00 25.30 1.52 2.61 371.00 91.61
14 6.44 24.0 61.40 24.40 3.88 6.70 450.00 126.79
15 6.65 21.0 55.40 22.30 2.43 4.18 669.00 102.64
16 6.78 23.0 57.00 25.20 1.31 2.26 450.00 100.79

OC, Organic carbon; OM, Organic matter.

Fig. 2. Comparison of extracellular enzyme activities for α-glucosidase and β-
glucosidase at different stations in mangrove sediments.
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Four transects including sixteen stations running across different
parts of the tidal coastline/zone were selected (Fig. 1). Station 1 was
mud-flats which have not been covered with mangrove forests;
Station 2 was located at the start of themangrove; Transect 1 (stations
3, 4 and 5) was the nearest the river mouth; Transect 2 (stations 6, 7
and 8) was sited at the top of the Jiulong Estuarymangrove; Transect 3
(stations 9, 10 and 11) was at the middle of the mangrove; Station 12
was also mud-flats among the mangroves which were not covered
with plants; Transect 4 (station 13, 14 and 15) was a more wide
mangrove region along the tidal channel; and Station 16 was at the
end of the mangrove swamps and was not covered with plants. The
dominant species in this region of mangrove forest is Kandelia candel
(Chen et al., 1996).

Mangrove swamp surface sediments were sampled in November
2006. The surface sediment samples (0-5 cm) were randomly col-
lected, in triplicate, from an area of around 1 m2 at the each station
during low tide (Guo et al., 2005).Wemixed them together as a sample
from one station. 500 g sediment samples were collected in every
station. Sediment samples were packed on-site into sealed polythene
bags, and transported to the laboratory in a box with ice (Al-Sayed
et al., 2005) for ectoenzyme activities and microbiological analysis
within 24 h of collection.

2.2. Physical, chemical and microbiological factors

Temperature, pHand salinitymeasurementsweremade in situusing
a digital glass thermometer, a battery operated pH meter, and a refrac-
tometer, respectively. Physical and chemical analysis was performed on
air-dried and sieved (b2 mm) sediment samples. Sediment organic C
and organic matter were determined using the dichromate oxidation
method (Andreoni et al., 2004).

The spray-plate method was used to enumerate cultivable hetero-
trophic bacteria (Kästner et al., 1994). 10 g of each sediment sample
was suspended in 90 mL sterilised in situ seawater in a 250mL conical
flask including several glass beads for 1 h on a shaker bed, in order to
separate bacteria from sediment particles. 1 mL of the well mixed
liquid obtained was then 10-fold serially diluted in 9 mL sterilised in
situ seawater in tubes. Appropriate dilutions were plated onto 1%
2216E agar medium (5 g Peptone, 1 g Yeast Extract, 0.01 g FePO4, 1.0%
Agar in 1000 mL of 0.45 µm Millipore-filtered seawater, pH 7.6-7.8,
autoclaved at 121 °C for 20 min) for heterotrophic bacterial counts
(Maeda et al., 2001;Martinez et al.,1996; Zheng et al., 2005). The plates
were incubated at 25 °C for 8 days and then the numbers of colony-
forming units (CFU) counted (Andreoni et al., 2004); all enumerations
were performed with three replicates (Margesin et al., 2000).
2.3. Measurements of in situ extracellular enzyme activity

The stock and the working solutions of enzyme substrates and the
fluorogenic standardMUF (Sigma, Chemical) were prepared in ethylene
glycol monomethyl ether, due to the low solubility of the compounds in
water (Palmroth et al., 2006).

Standards of MUF were prepared in duplicate in sediment slurries
separately for each sampling station to take into account possible
quenching of the fluorescence by sediment particles. The correlation
coefficient of the calibration curve was r=0.998 for the model MUF.
Excellent linear correlation (rN0.99) was shown over the concentration
range tested.

The activity of microbial extracellular enzymes in the mangrove
sedimentswas determined as follows: A 10 gwet sediment samplewas
shaken (150 rpm) for 1 hour with 90 mL sterile filtered (0.2 µm) in situ
seawater (King, 1986) (6.5 pH and 19.0‰ salinity) in a 250 mL Erlen-
meyer flask at 25 °C. 1 mL sediment suspension was transferred to
1.5 mL centrifugation tube and amended with MUF-α-glucosidase
and MUF-β-glucosidase (Sigma, Chemical) in the final concentrations
250 µmol/L substrate, which had been tested in advance (Zheng et al.,
2002). The samples were incubated in the dark at 25 °C (in situ
temperature) with different MUF substrates. After 1 hour of incuba-
tion, the slurry with fluorescent substrate was boiled at 100 °C for
10 min to terminate the enzyme reaction, these sediment slurry sam-
ples were then cooled rapidly (2 min) in a cold water bath and placed
in a clinical centrifuge (King, 1986; Parham and Deng, 2000; Sakami
et al., 2005). Every sediment slurry sample in tubes were centrifu-
ged at 2500 ×g for 15 min (Belanger et al., 1997). The fluorescence
of the hydrolysed model substrates in the supernatant was mea-
sured with a fluorometer immediately at 355 nm excitation and
460 nmemission. The rates atwhich enzyme substratewas hydrolysed
[µmol MUF/1×g sediment×h] were calculated for dry sediment to
enable comparison of sediment samples with different moisture
contents.

All reagents used were analytical grade (Sigma). Solutions of rea-
gents were made with ultra-pure water from a Millipore-Q water
purification system. All glassware was cleaned with detergent, rinsed
withMillipore-Q water, and autoclaved at 121 °C for 20min before use
(Parham and Deng, 2000).

2.4. Determination of ETSA

Packard's method was applied to measure phytoplankton ETSA. The
main agent usedwas 2-p-iodophenyl-3-p-nitrophenyle-5-phenyl tetra-
zolium chloride (INT) (Sigma, Chemical). The measurement procedure
was as follows.



Fig. 3. The relationship between α-GlcA and β-GlcA.

Table 2
Analysis of relationships between the extracellular enzyme activity and environmental
factors

pH Salt Size Temp OC OM Bacteria ETSA α-
GlcA

β-
GlcA

α-
GlcA

r -0.34 0.27 0.19 -0.35 0.60 0.60 0.52 0.36 1.00 0.91
p 0.20 0.31 0.48 0.18 0.01⁎⁎ 0.01⁎⁎ 0.04⁎ 0.17 0.00⁎⁎

β-
GlcA

r -0.33 0.09 0.20 -0.22 0.56 0.56 0.59 0.30 0.91 1.00
p 0.21 0.74 0.45 0.42 0.03⁎ 0.02⁎ 0.02⁎ 0.26 0.00⁎⁎

⁎⁎ Correlation is significant at the 0.01 level (2-tailed).
⁎ Correlation is significant at the 0.05 level (2-tailed).
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250 µL of sediment suspension (from 2.2 sediment blending)
together with 500 µL INT were allowed to interact for 30 min at room
temperature (25 °C) in the dark, then 50 µL of formalin was used to
stop the reaction. The mixture was centrifuged (10,000 ×g/min, 5 min)
in a Hitachi SCR20BC centrifuge. The supernatant was removed, and
500 µL methanol added into the reaction tube. Centrifugation for
5 min at 10,000 ×g with a micro-12 centrifuge was repeated after the
mixture was homogenized, and then the reaction tube was put into
an ice bath. Absorbance was measured at 495 nm using a spectro-
photometer. ETSA in μgO2/g/min was calculated from the following
formula (Huang et al., 2005):

ETSAðμgO2g
�1min�1Þ ¼ ðAb=15:9Þ � V� 32=2� l=S:t

where, Ab is absorbance; V is final reaction volume (mL) (methanol
volume); S is the sample amount (g or mL); t is the incubation time
(min); 32/2 is constant; and 15.9 is the molar absorbance of formazan.

2.5. Data analysis

Unless otherwise specified, all results reported are averages of
triplicate determinations. All results are expressed on a sediment dry
weight basis. Moisture was determined after drying at 105 °C for 12 h.
Statistical analyseswere performed using the Statistical Package for Social
Sciences (SPSS) version 13.0 for windows (SPSS Inc, Chicago, IL, USA).

3. Results

3.1. Physico-chemical and microbiological properties of mangrove
sediments

Table 1 summarizes different abiotic and biotic factors character-
izing mangrove sediments.

Major variations inmangrove sedimentpropertieshavebeenobserved
in salinity, organic C and others. The pH values and temperature differed
only slightly in all stations. The pH values, ranging from 6.36-7.06, indi-
cated a sub- to moderately-acid mangrove sediment. Differences of pH
amounted only 0.7. The sediment pH can provide valuable information
on the availability and toxicity of several elements, including Fe, Al, Mn,
Cu, Cd and others, to plants and microorganisms. At the same time, it
also can provide a suitable condition for sediment extracellular enzymatic
activities.

Temperature appeared to be rather similar in the 16 stations.
Temperatures of 22.10 °C, 22.30 °C and 22.30 °C were measured at
someoffshore stations (8,11 and15) inshore stations had temperatures
of 23.40 °C, 25.30 °C and 25.30 °C (6, 9 and 13). Therewas no significant
difference between sediment particle size and temperature at any of
the stations, indicating the same temperature conditions in these
areas. In addition, all the stations also showed a salinity variation from
10.0‰ to 29.0‰. Salinity is one of the most variable environmental
factors in mangrove sediments. Salinity periodically fluctuates in
response to tides and freshwater inputs from rivers and landward
discharges (Tam et al., 2002).

The superficial sedimentwas very rich inOM (meanof 3.54±1.36%).
Moreover, the concentration OM fluctuated between 1.95% and 6.70%,
in addition, the concentration of OC varied from 1.13% to 3.88%,
respectively.

The number of heterotrophs in mangrove sediments significantly
varied between 1.40×108 and 6.69×108 CFU g-1 among different sta-
tions, Heterotrophic bacterial numbers were the highest at station 15.

Highest ETSA values of 126.79 µgO2 g-1 min-1were found at station
14, a station with a high proportion of fine-grained sediment and
organic content. Lowest ETSA occurred at station 4, where the values
of these parameters were much lower.

3.2. The distribution of α-GlcA and β-GlcA and their relation to
extracellular enzyme activities

The mean extracellular enzyme activity of α-glucosidase per g
mangrove sediment was around 36.13 µmol g-1 h-1 and ranged from
10.63 to 100.86 µmol g-1 h-1. These values were significantly lower
than those for the β-glucosidase, which had mean extracellular
enzyme activity of 102.08 µmol g-1 h-1 and ranged from 39.60 µmol
g-1 h-1 to 222.75 µmol g-1 h-1. The results indicated that significant
spatial variations occurred both between transects and between sta-
tions (Fig. 2). The highest values of α-glucosidase were found at
stations 14 and 15, in addition, and the same was true for the β-
glucosidase in the mangrove sediments. The lowest values of enzyme
activities for α-glucosidase and β-glucosidase were found at station 7.
Station 12 has similar values like stations 1,2, 3 and 8. The highest
extracellular enzyme activities were found at transect 4 (station 13,
station14 and station 15)where the density of coveringwithmangrove
plants was highest, which also had a large number of heterotrophic
bacteria and a high organic C content.

Fig. 2 also reveals that different enzyme activities of α-glucosidase
and β-glucosidasewere found at the same transect. In transect 1, there
were higher glucosidase activities in the offshore stations 4 and 5 than
that in inshore station 3. The same tendency had been found in
transect 4 that high glucosidase activities in offshore stations 14 and
15 in comparison to the inshore values at station 13.

The relationship between the enzyme activities of α-glucosidase
and β-glucosidase at the 16 stations in the mangrove sediments are
shown in Fig. 3. When comparing α-GlcA with β-GlcA, a similar
tendency was seen at all stations, and significant positive relationship
(r=0.91, Pb0.01) was found between them.

The relationships between various sediment characteristics and
the enzyme activities of α-glucosidase and β-glucosidase are
indicated in Table 2. No correlation was found between α-GlcA and
pH, salinity, particle size, temperature and ETSA at the different
stations, and the same results were seen between β-GlcA and these
sediment characteristics. However, the α-GlcA was positively related
to organic C (r=0.60, Pb0.01), organic matter (r=0.60, Pb0.01) and
the number of cultivable heterotrophic bacteria (r=0.52, Pb0.05). The
organic C (r=0.56, Pb0.05), organic matter (r=0.56, Pb0.05) and



Table 3
Comparison of enzymatic activities (α-GlcA and β-GlcA) in water bodies and sediments environment from various studies

Habitat Enzymatic activities Reference

α-GlcA β-GlcA phosphatase LAP# Chitobiase Lipase

Water body environment
Nant Waen, Wales, GB 0.05-0.25a 1
River Clywedog, Wales, GB 0.02-0.48a 1
Breitenbach, Germany 0.54-0.77a 2
Sitka stream, interstitial water 0.002-0.24a 0.002-0.25a 3
Natural waters, Germany 1.1-291c 9.2 – 320c 5.8 – 1560c 4
Kiel Fjord surface water 0.01a 0.005a 0.05a 0.005a 5
Taiwan strait, China 0.031-8.07 csummer 0.34-1.89c winter 6
Sediment environment
Oberer Seebach, Austria 5.2-67.4b 8.3-179.7b 2
Baltic Sea, 3.5 m average 1-55d 5-140d 7
Gokasho Bay, Aquaculture area, 17 m 13-206d 15-137d 7
Sitka stream, bed sediments 0.66-3.36b 1.02-9.1b 3
Deep sea sediments 0.006b 0.089b 0.05b 0.36b 0.075b 5
Intertidal sediments 23.22 354b 8
superficial sediment of Eutrophic lake 15.1±6.2d 30.7±11.0d 9
Mangrove sediments 10.83-100.86 b 39.60-222.75 b This study

aµmol l-1 h-1; bµmol g-1 h-1; cnmol l-1 h-1; dnmol g-1 h-1; #Leucine aminopeptidase 1, (Jones and Lock, 1989); 2, (Marxsen and Fiebig, 1993); 3, (Rulík and Spácil, 1999); 4, (Hendel and
Marxsen, 1997); 5, (Boetius, 1995); 6, (Zheng et al., 2002); 7, (Sakami et al., 2005); 8, (King, 1986); 9, (Mallet and Debroas, 2001).
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bacterial numbers (r=0.59, Pb0.05) showed a similar pattern with β-
GlcA at all stations.

4. Discussion

In the mangrove environment, it can be expected that glucosidase
activities have a significant importance in degradation in carbohydrates.
The extracellular hydrolytic activity for converting highmolecular weight
organic compounds to smaller molecules is performed predominantly by
bacterial extracellular enzymes (Belanger et al., 1997). In order to fully
understand their ecological significance, it is necessary to measure extra-
cellular enzyme activity rates in situ (Chróst and Velimirov, 1991). In this
study, the use of afluorogenicmodel substrate and slurryconditions cause
this assay to provide a reasonable estimate of potential in situ extracellular
enzyme activities. In addition, use of these fluorometric methods, which
are more sensitive than colorimetric assays, will reduce the incubation
times necessary for extracellular enzyme activity assays from days to
hours. So, this method is most suitable for measuring of extracellular
enzyme activity in natural samples (Hendel and Marxsen, 1997).

Potential extracellular enzyme activities may be interpreted as
approximate indicators of the relative importance of various or-
ganic carbon components to bacterial metabolism (Sinsabaugh and
Linkins,1988). Unfortunately, no related reported aboutα-glucosidase
and β-glucosidase activities with FMS measured have been published
at present in mangrove ecosystem. Most published values of EEA
measured either in lake ecosystems or in marine ecosystems
(Mallet and Debroas, 2001). The enzyme activities presented in this
work are compared with published data from other water bodies and
sediments in Table 3. From this table, the two glucosidase activities are
higher in themangrove ecosystem than those in the other ecosystems.
It would maybe contribute to mangrove's unique features of high
primary productivity, abundant detritus, rich organic carbon and
anoxic/reduced conditions (Bernard et al., 1996). In the other hand, in
order to fully understand the characteristic of extracellular enzyme in
mangrove ecosystem, it is also necessary to consider the other enzyme
activities, e.g., phosphatase, peptidase from the study area and other
estuarine system.

If the production of hydrolytic enzymes is induced by their res-
pective organic substrates, the potential enzyme activities are related
to substrate concentration and activity profiles should mirror the
distribution of the substrates (Boetius, 1995). In our results, it shows
that α-glucosidase presented low values of activity at all the stations
in comparison with the β-glucosidase activity tested. It would have
been attributed to the idea that OM reaching sediment would be low
in easily degradable organic compounds such as starch, leading to a
decreased requirement for amylase activity, whereas the other de-
gradable compounds such as cellulose derived from the leaf fall and
decaying materials of mangrove plants which are commonly found
within this area are more to reach the sediments. It also suggests that
cellulose depolymerisation is more active in mangrove sediment. The
enzyme activities of α-glucosidase and β-glucosidase were higher in
the offshore stations of transects 1 (stations 4 and 5) and 4 (stations 14
and 15), respectively, in comparison to the inshore values in the same
transect (station 3 on transect 1 and station 13 on transect 4). This
suggested that there was more organic matter offshore than inshore.
This organic matter was not only from land (including anthropogenic
pollutants), but also from the marine (including ship transport).

Extracellular enzyme activities in the natural environment, includ-
ing mangrove swamps, are influenced strongly by a wide variety of
abiotic and biotic factors including pH, temperature, sediment type,
organic and inorganic matter, all types of nutrients, sediment to-
xicity, physico-chemical properties, microbial number and status
(Andreoni et al., 2004; Margesin et al., 2000; Sakami et al., 2005). The
chemical and physical properties of a sediment as well as the eva-
luation of its degree of pollution may help to estimate the impact
of pollutants on the quality of the soil under investigation, if they
are complemented with the measurement of biological properties
(Margesin et al., 2000). The degradation of organic material is a com-
mon feature of heterotrophic bacteria via the production of hydroly-
tic enzymes. Therefore, data related to different environmental factors
can be compared with the production of these enzymes. The pH,
salinity and temperature optima would tend to reflect the in situ
values for α-glucosidase and β-glucosidase activities. α-glucosidase
and β-glucosidase would effect on organic carbon cycle in mangrove
ecosystem. In our results, none of these investigated sediment pa-
rameters (except the organic matter content) had a predominant
influence on glucosidase activities, It would maybe attribute to no
obvious change value of pH, temperature, salinity, particle size in
different stations, also suggest that these are not the limiting factors to
α-GlcA and β-GlcA in our study areas. No correlation was found
between ETSA and enzyme activities, it would maybe contribution of
impact from not only marine bacteria but also the phytoplankton,
zooplankton and other organisms in mangrove ecosystem. The ab-
sence of the correlation between both parameters also can be an
indication that glucosidase and metabolic activities were regulated by
different mechanisms.
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On the contrary, there was significant correlation between α-GlcA
and β-GlcA. In addition, there were also correlations between enzyme
activities and organic C, organic matter and bacterial numbers.
Microorganisms play the key role in the decomposition processes of
organic matter in mangrove ecosystem. The microbial decomposition
of themore resistant organicmatterwill be considerably stimulated by
the availability of easily decomposable organic substances. Hetero-
trophic bacteria are themajor producers of the enzymes (Chróst,1989).
They were able to react with stimulation of enzyme production when
decomposable organic material became available. The sediment with
high organic C stimulated microbial activity and provided a more
conductive environment for enzyme synthesis and accumulation in
the sedimentmatrixof themangrove(Dinesh et al.,1998).This suggests
that predominantly active bacteria are closely related with extra-
cellular enzyme activities. It would also be hypothesized, therefore,
that the potential for decomposition of particulate organic matter in
natural sediments is related to bacterial growth and multiplication.
From the results of this investigation, there was a close correlation
between availability of organic substrates and the production of
microbial hydrolytic enzyme. Thus, the idea of a close correlation
between potential enzyme activities and the availability of organic
substances in mangrove sediments can be supported. However, there
are low correlation coefficients between extracellular enzyme activ-
ities and total number of cultivable heterotrophic bacteria although
they are significant (Pb0.05). It would attribute to bacteria may not be
the sole source of extracellular glycosidase activities, and invertebrate
animals, fungi, and other eukaryotes (diatoms, protozoa etc.) must be
considered as possible enzyme producers (Vrba et al., 2004). On the
other hand, it also suggests that not all the cells of planktonic bacteria
are active. If the other producers of extracellular enzymes may con-
tribute to the total enzyme activity detected in all the samples, they
may spoil any correlation between bacterial number and enzyme
activity (Vrba et al., 2004). As a direct consequence of our findings,
future studies would be carried out in mangrove swamp ecosystem.

5. Conclusions

(1) The use of a fluorogenic model substrate technique is sensitive
enough to measure extracellular enzyme activities of α-
glucosidase and β-glucosidase which effect on the bacterial
role in carbon cycle of mangrove sediments.

(2) A significant positive relationship between the enzyme
activities of α-glucosidase and β-glucosidase was found at
the 16 stations, and β-glucosidase was more active than α-
glucosidase in the mangrove sediments.

(3) The activities of α-glucosidase and β-glucosidase were posi-
tively related to organic C, organic matter and bacterial
abundance, but no correlationwas found between extracellular
enzyme activities and the other environmental factors. Future
studies will, hopefully, clarify the effect of various environ-
mental factors, including physico-chemical properties and
biological characters, on extracellular enzyme activity.

By utilizing the information obtained from enzyme activities of α-
glucosidase and β-glucosidase, efforts are being made to determine
other extracellular enzyme activities would help us to evaluate their in
situ catabolic behavior and lead to a better understanding of the
bacterial role in material cycle of mangrove swamp ecosystems.
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