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In order to investigate the spatial and vertical change of bacteria community structure in the Pearl River
estuary sediment, denaturing gradient gel electrophoresis (DGGE) and multivariate statistical analyses
were carried out in this study. Results of multidimensional scaling analyses (MDS) were in good
agreement with the DGGE band patterns suggesting that vertical depth had a significant impact on
sediment bacterial community structure except sample A2. Canonical correspondence analysis (CCA)
was also conducted to infer the relationship between environmental variables and bacterial community
structure. Bacterial phylotypes in different stations were closely related uniquely to the overlying water
environment. Salinity, pH, ammonium, phosphate and silicate were considered to be the key factors
driving the changes in bacterial community composition. The neighbour-joining analysis divided
bacteria sequences into eight groups, Proteobacteria, Acidobacteria, Bacteroidetes, Chloroflexi,
Actinobacteria, Firmicutes, Planctomycetales and Cyanobacteria. Sequencing analysis results
suggested that Proteobacteria and Bacteroidetes were the dominant bacterial groups in the four
sediment samples.

Key words: Bacterial community structure, the Pearl River estuary, denaturing gradient gel electrophoresis

(DGGE), multivariate statistical analysis.

INTRODUCTION

Particles from runoff and suspended sediments are
transported, stored, and modified in estuaries, a buffer
zone where freshwater meets saltwater (Jay and Musiak,
1994; Arzayus and Canuel, 2005). Estuary ecosystems
often include different habitat types and are subject to
physical and meteorological influences. Microbial
communities play important roles on the rates of a number
of processes including particulate carbon flux, nutrient
regeneration and biochemical cycling in estuaries
(Binnerup et al., 1992; Sinsabaugh and Findlay, 1995;
Pinckney et al., 2001; Yokokawa and Nagata, 2010). On
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Abbreviations: DGGE, Denaturing gradient gel electrophresis;
MDS, multidimensional scaling; CCA, canonical
correspondence analysis.

the other hand, coastal microbial communities can
change rapidly in response to the change of environ-
mental variables such as nutrients (Hollander and Smith,
2001; Pimenov et al., 2010).

In past decade, distributional patterns of bacterial
communities in coastal environments have been well
documented (Crump et al.,, 1999; Scala and Kerkhof,
2000; King et al., 2000; Pernthaler et al., 2002; Bernhard
et al., 2005; Freitag et al., 2006). However, studies for
understanding the mechanisms of environmental influen-
ce on diversity and biogeography of bacterial communities
in coastal ecosystems are not equally progressed.
Apparently, new field studies are needed to focus on
understanding the relationship between microorganisms
and the change of ambient environmental properties
(Bostrém et al., 1988; Rauch and Denis, 2008; Hollander
and Smith, 2001; Pimenov et al., 2010). It is generally
known that microorganisms are important for cycling of
nutrients in sediments and overlying water (Clavero et al.,



1999; Spears et al., 2007). Since both microbial commu-
nities and their living environments are very diverse,
statistical analyses of complex linkages between them is
thus essential for understanding the field observations.
Statistical approaches commonly used to assess the
interaction of microorganisms with environmental factors
are multidimensional scaling analysis (MDS) and
canonical correspondence analysis (CCA). Application of
these multivariate statistical techniques in coastal
sediment studies suggested that the activities and
structures of bacterial communities are strongly
influenced by environ- mental change (Rooney-Varga et
al., 2005; Henriques et al., 2006; Mosier and Francis,
2008).

The Pearl River estuary, which is located offshore from
the mouth of the Pearl River, is an area where freshwater
is mixed with seawater. As an interface of land, freshwater
and marine environments, estuarine system is extremely
complicated and dynamic. In recent decades, the rapid
increase of human activities along the Pearl River due to
the explosive economic development has become a
serious challenge on local environments. For example,
water quality of the Pearl River estuary has been signifi-
cantly influenced by increase anthropogenic discharge of
organic nutrients and pollutants into the estuary (Mai et al.,
2002; Zhang et al., 2002, 2009; Fu et al., 2003). The high
organic matter deposition in coastal systems also
promotes rapid digenetic processes in the sediment—
water interface, which affects the biogeochemical cycling
of carbon, nutrients and many other chemical elements in
coastal oceans (Hedges and Keil, 1995). To the best our
knowledge, statistical understanding of the relationship
between sediment bacteria and the overlying water
biogeochemistry however, has not yet been conducted in
these regions.

Phylogenetic analysis of 16S rRNA genes using
denaturing gradient gel electrophoresis (DGGE) is one
of the most valuable tools for studying bacterial commu-
nity structures in complex systems such as estuarine
sediments (Muyzer and Smalla, 1998). One common bias
of this technique is the separation of DNA fragment of the
same size with different base-pair sequences (Muyzer et
al., 1993). The sensitivity of PCR-denaturing gradient gel
electrophoresis (PCR-DGGE)technique can however be
impacted by low DNA concentrations or by the presence
of high concentrations of competing DNA (Ogier et al.,
2002). Despite these problems, PCR-DGGE method
remains a powerful technique and has been routinely
employed for monitoring microbial diversity under the
changing environments (Davies et al., 2004).

In this study, we apply PCR-DGGE method to track the
vertical diversity of the bacterial community in the Pearl
River estuary sediment. Our major goals were to: (1)
Understand the geographic pattern of sediment bacterial
community in different layers along the Pearl River
estuary; (2) Identify the major bacterial phylogenetic
groups and their diversity based on culture independent
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techniques; and (3) Assess the impacts of environmental
changes such as nutrient variations on the microbial
community structure using multivariate analysis.

MATERIALS AND METHODS
Field samples collection

Sediment samples were collected during August 2009, and
geographic locations of sampling sites are shown in Figure 1. In
each site, sediment samples collected three times with core sampler
was firstly separated into six sections with 2 cm interval from top
surface down to a depth of approximately 24 cm. The sediment core
was separated into four zones: 0to 2, 4t0 6, 8to 12 and 18t0 22 cm.
Then sixteen (16) sediment samples were preserved at -20°C
freezer. Overlying water samples for physicochemical parameters
analysis were also collected using 10 cm syringe for four different
sites. These samples were filtered online through 0.45 pm
membrane and preserved at -20°C.

Overlying water physicochemical parameters

Dissolved oxygen (DO), salinity and pH were determined in situ
using the YSI 6600 V2 Sonde water quality monitoring system (YSI
Incorporated, USA). Concentrations of ammonium (NHs-N), nitrate
(NOs-N), nitrite (NO2-N), silicate (SiO3-Si) and phosphate (POs-P)
were determined in standard analytical methods described in “The
specialties for marine monitoring” (GB17378.4-1998, China) and
Wang et al. (2008).

Total community DNA extraction

DNA samples for total community were extracted from 1.0 g of
replication wet samples using the Soil DNA Kit (Biomiga, Inc.). The
extracted DNA was re-dissolved in 30 pl of TE buffer (10 mM
Tris—HCI, 1 mM Naz;EDTA, pH 8.0), and then three replications DNA
extracted in same station were equally mixed together. The quantity
and quality of DNA extracted were estimated by electrophoresis of
2.5 pl aliquots on a 0.8% agarose gel and compared to a molecular
weight standard (stained using ethidium bromide). The extracted
DNA samples were stored at -20°C prior to analysis.

Analysis of the bacteria community structure in the sediment

PCR was used for 16S rRNA gene amplification using a PTC-200
thermal cycler (Bio-Rad laboratories, USA). PCR was performed
using primers 341F and 907R to amplify bacterial 16S rRNA genes
(Muyzer and Ramsing, 1995). A 40 bp GC-clamp (cgc ccg ccg cgc
gcg gcg ggc ggg gcg ggg gca cgg ggg g) was added to primer 341F
to increase the separation of DNA bands in DGGE gel (Muyzer et al.,
1993). The thermal PCR profile was as follows: Initial denaturation
at 95°C for 5 min followed by 30 cycles of primer annealing at 55°C
for 30 s, chain extension for 30 s at 72°C, denaturation for 30 s at
94°C and a final extension at 72°C for 10 min. PCR products was
confirmed by analyzing 2.5 pl of the PCR product on 1.5% (w/v)
agarose gel, stained with ethidium bromide (EB) and visualized
using the Alpha Imager (Alpha innotech, Japan).

Denaturing gradient gel electrophoresis (DGGE)

A INGENYphorU-2 system (Ingeny International BV,Goes, NL) was
used to perform DGGE analysis. 50 pl of the PCR products were



2258 Afr. J. Biotechnol.

T T T T T T
(] P -
T S I VR RN R WOt ]
: 4
Guahgzh o Chinaé
B4 .............. . \ ............... B Booannnoosnnoonsond ....................... 4
: : 2N & : : :
g 5 Fa : §
szt — - DRI H— . T ]
i i N\ . Shenzhen
= A0 f Yoy
22°N | o S AR R V>
30.00 | 5 | g ey
: b 2 fongkong /" \
! : AR ﬂqt.'-'
18+ GQ b“a _
\ .. ‘%cau : RS m o &
E “ \ ” B4 o Qfg’ Zii?’ h: 0
§ et - ”“é e DR
5 ..... e @(P‘ ...... el Ly ST 4
T 4 "k : Al4 o i :
> N1 e
=~ g -
PRI . G : :
54! f%“ ....... Oy ST P a__/;, ......... ....................... _
: : : f :
1 130E 1|2' 2l|-' 3|6' 4|3' 1 140E 1I2' 24‘1-'

Figure 1. Sampling stations in the Pearl River estuary.

loaded into 8% wt/vol acrylamide gels in 1xTAE buffer (40 mM  Tris
base, 20 mM acetic acid, and 1 mM disodium EDTA, pH 8.0)
containing a linear chemical gradient of 40 to 70% denaturant
(100% denaturant is defined as a mixture of 7 M urea and 40%
deionized formamide). Gels were pre-run at 80 V in 1x TAE for 30
min at 60 °C before the samples were loaded, and then run at 100 V
for 18 h at 60°C. Subsequently, gels were stained with ethidium
bromide solution and rinsed with distilled water prior to viewing
under UV light in an Alphalmager imaging system.

Analysis of DGGE patterns

DGGE banding patterns were digitized and processed using the
BandScan software 5.0 and manually corrected for further analysis.
Bands were visually identified and distinguished by the distance
migrated and intensity in the gel. Base on these, each band was
numbered and scored in each of the sediment samples. To assess
changes in the genetic diversity of bacterial communities in different
sediment samples, DGGE banding patterns were analyzed by
multi-dimensional scaling (MDS) analysis (Muckian et al., 2007). For
this purpose, the dissimilarity indices were recorded in a binary
matrix, which was then analyzed with the program SPSS 18.0 for
Windows. The resulting graphical representation, MDS map,
showed every band pattern as one plot, and relative changes in
community structure were visualized and interpreted as the distance
among the plots. The closer the plots were to each other, the more
similar were the DGGE banding patterns.

Canonical correspondence analysis (CCA) (CANOCO 4.5;
Biometris,Wageningen, the Netherlands) was performed on a

statistical analysis of the DGGE profiles versus the environmental
variables. The variables included in the analysis (salinity, tempe-
rature, dissolved oxygen, ammonium, nitrate, nitrite, silicate, phos-
phate) were transformed when necessary to correct for deviations
from normality. Ordination biplots including the environmental
variables and DGGE samples (bands) were used to explain our data.
The resulting ordination biplot approximated the weighted average
of each species with respect to environmental variables, which were
represented as arrows. The length of these arrows indicated the
relative importance of that environmental factor in explaining
variation in bacterial profiles, while the angle between the arrows
indicated the degree to which they were correlated. The bacterial
phylotypes was represented as triangles. A Monte-Carlo
permutation test based on 499 random permutations was used to
test the null hypothesis that bacterial profiles were unrelated to
environmental variables.

Cloning of 16S rRNA fragments after DGGE analysis

Dominant bands in the DGGE were excised using a scalpel blade
and incubated at 4 °C overnight in 20 pl of TE buffer (10 mM Tris and
1 mM EDTA, pH 8.0) before they were re-amplified. The positions of
the excised bands in the DGGE gel were confirmed with repeated
DGGE. Bands showing the expected melting position were amplified
with the secondary primer without GC-clamp. The PCR products
were purified with the PCR Purification kit (Takara Co. Ltd) and
subsequently cloned into pMD18-T plasmid Vector and E. coli DH5a
cells using pMD18-T cloning vector kit according to manufacturer’s
instructions (Takara Co. Ltd). Positive clones were identified by PCR



amplification with pMD-18T Vector primer pairs T7 (5V-TAA TAC
GAC TCA CTA TAG GG-3V) and M13 (5V-CAG GAA ACA GCT
ATG ACC-3V), using the same program as 16S rRNA amplification.

DNA sequencing and phylogenetic tree

Positive recombinants were then submitted for sequencing using an
ABI3730 DNA Sequencer (USA) with M13 primer (Shanghai major
Biotech Co. Ltd). Nucleotide sequences were compared with those
in the GenBank database by BLAST algorithm for tentative
identifications. All the sequences obtained in this study have been
assigned to the GenBank nucleic acid sequence database with
accession numbers HQ010545-HQ010596. Phylogenetic trees of
16S rRNA gene partial sequences were generated using the
neighbour-joining algorithms in Mega 4.1 software. The level of
support for the phylogenies derived from neighbour-joining analysis
was gauged by 1000 bootstrap replicates.

RESULTS
DGGE fingerprint profiles

Analysis of DGGE gel (Figure 2) resulted in a total of 186
detectable bands in 66 different positions (Table 1). The
number of bands per sample varied between 4 and 16,
indicating a diverse bacterial assemblage in estuary sedi-
ments. A total of 52 bands was excised and successfully
sequenced (Figure 2). The indices of H, reflecting the
structural diversity of the bacterial community, were
calculated on the basis of the number and relative
intensities of bands on the gel track. Based on Table 1,
the results suggested that sites A2 had a slightly higher
Shannon index and more microbial species than other
sites. A2 DGGE type at different depths was similar to
each other compared with other stations. A10 and A14
DGGE types are particularly dramatic changes at all
depths.

MDS analysis of DGGE banding pattern

Two-dimensional plots of MDS scores for sediment
samples are depicted in Figure 3. The results revealed
that the vertical had a significant impact on sediment
bacterial community structure. The profiles from cluster
A2 site were differentiated from other sites, with an MDS
stress value of 0.18 (stress values of below 0.2 indicate
that an MDS ordination plot is a good spatial represen-
tation of differences between data). The four banding
pattern of samples A10 (a, b, ¢, d), were scattered from
each other, it indicated that bacteria in different depths
had low similarity.

Bacterial community composition in relation to

environmental variables

Table 2 shows the physicochemical parameters of
overlying water samples. The CCA biplot is shown in
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Figure 4. The nitrogen nutrient-associated and DO factors
were placed in the same quadrant, showing strong
correlation among them. Phylotype-envrionment correla-
tions were especially high for axes 1 and 2 (0.969 and
0.970), indicating a strong relationship between phylotype
and environment factors. Each environmental variable is
represented by an arrow, which determines an axis. The
projection of a taxon (indicated as triangles) on this axis
shows the level of the variable where the taxon is most
abundant. It is clear that most bacterial phylotypes have a
positive correlation with NH4-N, PO4-P, S and SiOs-Si,
which was distributed on the both sides of the biplot,
including the most sequenced bacterial phylotypes
(Figure 2). Bacterial phylotypes of cluster | (most bands
belonged to A10 and A14 stations) were positively corre-
lated with S and pH. Bacterial phylotypes of cluster Il
(most bands belonged to A10 station) showed a
significant positive correlation with SiOs-Si. Bacterial
phylotypes of cluster Ill (bands belonged to A2 station)
showed a significant positive correlation with NH4-N.

Identification and phylogenetic analysis of the
predominant bacterial phylotypes based on 16S rRNA
gene sequences

Most of the sequences were similar to 16S rRNA
sequences reported from uncultured organisms present in
environmental samples from sources such as marine
sediment, soil, sludge and water.

For phylogenetic analysis, the 16s rRNA gene
sequences of the 52 clones in this study were comparable
to those from GenBank database. The neighbour-joining
analysis divided these bacteria sequences into eleven
groups, Proteobacteria (y, B, a and & subdivisions),
Acidobacteria, Bacteroidetes, Chloroflexi, Actinobacteria,
Firmicutes, Planctomycetales and Cyanobacterium
(Figure 5). Bands sequences (19, 22, 25, 29, 35, 43 and
52) are identical to cultivable bacteria.

In the y-Proteobacteria cluster, band 51 had 99%
similarity with uncultured Acidobacteriaceae bacterium at
the DNA level. In the a-Proteobacteria cluster, Bands 46
and 20 were 99 and 97% identical to 16S rRNA gene
sequences of Hyphomicrobium vulgare and Rhodo-
bacteraceae bacterium. Bands 19, 29 and 43 had 100%
similarity with Brevundimonas sp. Methylobacterium
radiotolerans and Sulfitobacter sp., respectively. Bands
44 and 25 had 99 to 100% similarities with Limnobacter
thioxidans, which fallen into B-Proteobacteria cluster. In
Firmicutes cluster, Bands 38 and 52 was 99 to 100%
identical to 16S rRNA gene sequences of Planomicrobium
sp. and Bacillus okhensis strain. Bands 11, 17, 23, 50 and
55 were clustered in the Actinobacteria, and had 95
t099% similarity with Actinobacteria bacterium. Bands (27,
30, 39, 40, 41, 47, 49 and 56) with 94 to 99% similarity to
uncultured Bacteroidetes bacterium were belonging into
Bacteroidetes cluster. Sequences 21, 26, 28 and 53 had
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Figure 2. DGGE analyses of bacteria in the Pearl River Estuary sediment. Labels of A2
to B4 at the top of the lanes represent corresponding sampling sites. Predominant
bands have been highlighted. The letters of a, b, ¢ and d after station names represent 0
to 2,410 6, 8to 12 and 18 to 22 cm, respectively.

Table 1. Comparison of the microbial diversity in sediment samples (the H was
calculated on the basis of the number and relative intensities of bands on the gel

track).

Sample (cm)

Shannon-weaver index (H)

DGGE band number

A2 (0-2)
A2 (4-6)
A2 (8-12)
A2 (18-22)
A10 (0-2)
A10 (4-6)
A10 (8-12)
A10 (18-22)
A14 (0-2)
A14 (4-6)
A14 (8-12)
A14 (18-22)
B4 (0-2)

B4 (4-6)
B4 (8-12)
B4 (18-22)

2.427533
2.043275
2.373919
2.427235
2.260979
1.529079
1.140823
1.612296
2.208765
2.363362
2.089545
2.372631
2.296491
1.696156
1.310013
2.261902

13
10
15
16
12
8
4
12
10
11
14
14
11
14
6
14
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Figure 3. Two-dimensional plots of MDS analyses from DGGE patterns to compare
broad-scale differences in bacterial communities.

Table 2. Overlying water characteristics of the Pearl River estuary.

Station Location NH;-N  SiOs-Si POsP NOs-N NO-N oH s DO
(mgll) (mgL) (mg/L) (mglL) (mg/L) (ppt) (mg/L)
A2 113.4333E 23.0867N 241  0.835 0.052 1528 0.169 7.21 0.7 1256
A10 118.75E  22.51N 0.17 1665 0.009 1.603 0.073 7.8 16.94 11.73
A14 118.722E  22.12N 0.30  1.005 0.020 1.087 0.071 7.96 30.34 5.04
B4 118.615E  22.215N 018  1.155 0.047 1199 0.005 7.59 14.07 4.77

Locations were determined using global positioning system (GPS); SiO3-Si, silicate; PO4-P, phosphate; NH4-N, ammonium;
NOs-N, nitrate; NO,-N, nitrite; DO, dissolved oxygen; S, salinity.

98 to 100% similarity with uncultured cyanobacterium.

The bacterial community structure comparison based
on DGGE pattern

The result of bacterial community structure from DGGE is
summarized in Figure 6a, and the structure comparison
among the four vertical stations is displayed in Figure 6b,
in percentage of individual group over total community
based on the density of their correlated DGGE bands. For
all the samples, o-proteobacteria (29.8%), PB-proteo-
bacteria (18.6%), y-proteobacteria (14.76%) and Bacter-
oidetes (10.59%) generally dominated the DGGE profile.
The DGGE profile of the four layers A2 produced 13,
10, 15 and 16 bands. a-proteobacteria, B-proteobacteria
and vy-aproteobacteria were the predominant groups,
which accounted for on average 18.47, 41.63 and 26% of

the total A2 DGGE intensity. The DGGE profile of the four
A10 layers produced 12, 8, 4 and 12 bands, representing
nine bacterial groups in this study. The predominant
groups were o-proteobacteria (49.4%), Firmicutes (21.6%),
Bacteroidetes (55.6%), and a-proteobacteria (37.6%) in
each layer, respectively. There were 49 bands in the
DGGE profile of A14 layers covering ten bacterial groups.
The percentage of a-proteobacteria over the total DGGE
intensity dramatically increased to 34.5% in this station.
There were 45 bands in the DGGE profile of B4 layers
covering seven bacterial groups. The predominant shared
groups were o-proteobacteria (31.3%) and Bacteroidetes
(19.9%) in this station.

DISCUSSION

DGGE analyses of the whole microbial communities in
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A2 had a slightly higher Shannon index and more
microbial species than other sites. Salinity was an
important parameter in grouping bacterial communities (Jr
and Ducklow, 2000; del Giorgio and Bouvier, 2002).
Some freshwater bacteria were inhibited by variations of
salinity (Hart et al., 1991; Bernhard et al., 2005). MDS
analysis suggested the plots A2 (a, b, ¢ and d) were
closer to each other, which indicated that they had similar
bacterial community structure. One possible explanation
for the observed similarity between surface and deeper
layers of the sediment in term of community structure may
be the bounding and subsequent deposition of micro-
organisms on sediment particles (Novitsky, 1990). B4
stations are all coastal stations showing similar DGGE
band types and bacterial groups in each layer. Various
layers of other sites, such as A10, were far away from
each other, suggesting that they had different bacterial
community structure. However, A10 station, located in a
zone of mixing freshwater and seawater, had a unique
bacterial community distribution in each layer significantly
different from other stations. Our analyses also showed
that difference in microbial distributional patterns between
stations and layers was caused by the difference of their
ambient water environments.

CCA analyses of bacterial communities and environ-
mental conditions suggested that compositions of
bacterial communities varied with the spatial positions of
each sites and their depths, and were strongly correlated
with the environmental variables. Our results suggested
that the contents of ammonium and phosphate signifi-
cantly determined the microbial community structures in
the sediments of the Pearl River estuary, which are not
surprising because nitrogen limitation of low-trophic
ecosystem are a common feature in coastal oceans as
driven by the overload of phosphorus-contained pollutions
(Howarth, 1988; Howarth and Marino, 2006). Heterotro-
phic bacteria are able to take up dissolved inorganic
nitrogen in the form of ammonium and nitrate, although,
with a lower preference for the latter (Kirchman et al.,
1992). Furthermore, it was suggested that ammonium
could sometimes be the dominant N source for marine
bacteria (Jorgensen et al., 1994) in certain areas where
nitrogen was limited (Zweifel et al., 1993). Fresh water in
the inner section of the Pearl River estuary carries a large
number of inorganic and organic nutrients, which could
have a large impact on the distribution of bacteria.
Interestingly, our data indicated that pH and salinity are
important factors controlling the bacterial community
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Figure 6. Community structure comparison based on DGGE pattern: a: Analyses of the total DGGE detected bacterial groups; b:
Spatial and vertical patterns of the DGGE detected bacterial community structure along the four stations. Similar to Figure 2, the
letters of a, b, ¢ and d represent 0 to 2, 4 to 6, 8 to 12 and 18 to 22 cm, respectively. Percentage of each bacterial group (shown by
different colors in b section) over total community is based on the density of the correlated DGGE bands.

patterns in estuarine sediments. CCA analysis showed
that most bacterial phylotype had positive correlations
with pH and S, which suggested that pH and S were the
most important factor influencing bacterial distributions
and diversities. It is generally believed that pH and S
plays an important role on the activiies of benthic
microbial communities through changing the bio-

availability of the major nutrient elements and trace
metals as well as their biogeochemical transformation in
sediments (Yannarell and Triplett, 2005). Our finding of
significant correlation of pH with microbial phylotype
supports the recent argument that fluctuation in pH could
lead to substantial change of microbial communities by
direct microbiological mechanisms (Stepanauskas et al.,



2003; Yannarell and Triplett, 2005). It is also clear that
estuaries are subject to the dual impacts from both
freshwater and seawater. Therefore, water quality plays
an important role on structuring the bacterial communities
in sediments. The results here agreed with previous
findings that substances required for bacterial growth in
coastal and estuarine ecosystems could come from
various processes, such as terrestrial runoff (Shiah and
Ducklow, 1995).

Phylogenetic analyses based on excising and
sequencing the DGGE bands indicated that the fifty-two
16S rRNA gene sequences from this field investigation
could be clustered into different taxonomic groups,
including Proteobacteria (y, B, a and & subdivisions),
Acidobacteria, Bacteroidetes, Chloroflexi, Actinobacteria ,
Firmicutes, Planctomycetales and Cyanobacteria (Figure
5). These results revealed a high diversity of predominant
bacteria in the sediments of the Pearl River estuary, which
are similar to that found in the sediment of changjiang
estuary (Feng et al., 2009). Sequence derived from a-, -,
y-and &- Proteobacteria was commonly found in our field
sites. Proteobacteria are typically abundant in aquatic
systems (Rappé et al.,, 1997). Three subclasses of
proteobacteria (a, B, and y subdivisions) were equally
distributed in coastal samples, while a-proteobacteria was
more abundant in estuarine samples. These findings are
consistent with those found in the Delaware Bay (Cottrell
and Kirchman, 2000). Dominance of Proteobacteria (a-,
B-, y-) in the sediments of the Pearl River estuary is
expected as this group of bacteria plays a critical role in
biogeochemical cycling of nitrogen, phosphorous, and
sulfur in marine environments. We also found
Bacteroidetes (band 27, 30, 39, 40, 41, 47, 49 and 56) in
our studied sites. As a phylogenetically diverse group,
Bacteroidetes is known as one of the hydrolytically
fermentative degraders for complex polymers in anae-
robic habitats, such as freshwater sediments (Rossello-
Mora et al., 1999).

In conclusion, our results have clearly showed the
spatial and vertical heterogeneity of the bacteria
community structure in the sediments of the Pearl River
estuary. In particular, we found significant correlations
between the individual bacterial phylotypes with the
concentrations of NHs;-N, POs,-P, S and pH of the
overlying water. These findings suggested that water
quality is an important player on regulating bacterial
community structures in sediments. Moreover, our results
suggested that a phylogenetical diversisty of bacteria
ranging from Proteobacteria to Cyanobacteria was a
common feature of the sediments in the Pearl River
estuary.
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