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Abstract Phylogenetic diversity of the marine bacterio-
plankton in Kongsfjorden (Spitsbergen) was investigated by
16S rRNA gene analysis. Community Wngerprint analysis
by PCR-denaturing gradient gel electrophoresis revealed
that there was no apparent diVerence of bacterioplankton
community composition between sampling locations in the
fjord. A higher biodiversity was observed in bottom water of
station 3 in the central part of the fjord. By 16S rRNA gene
clone library analysis, sequences detected both in surface
and bottom water of station 3 fell into eight putative divi-
sions, including Proteobacteria (Alpha, Beta, Gamma and
Delta), Bacteroidetes, Actinobacteria, Verrucomicrobia and
unidentiWed bacteria, in addition to chloroplasts of algae.
Sequences representing Planctomycetes were only observed
in bottom water. Compared to the preponderance of clones
representing Gammaproteobacteria (36.5%) and Alphapro-
teobacteria (29.4%) in bottom water, Alphaproteobacteria
(43.6%) and algae (27.7%) constituted two dominant frac-
tions in surface water. Cloned sequences showed 82.1–100%
similarity to those described sequences. It suggests that,
attributing to the inXuence of ocean currents as well as

freshwater input in the summer, the bacterial community in
Kongsfjorden may consist of a mixture of cosmopolitan and
uniquely endemic phylotypes.

Keywords Biodiversity · Bacterioplankton · Denaturing 
gradient gel electrophoresis · Clone library · Spitsbergen

Introduction

Kongsfjorden, located on the west coast of the Spitsbergen
(Svalbard) archipelago at 79°N, is a glacial and open fjord
in the Arctic. The water column in Kongsfjorden is strongly
inXuenced both by Atlantic and Arctic water masses (Hop
et al. 2002). At the same time, tidal glaciers at the head of
the fjord discharge freshwater and suspended loads that
cause steep environmental gradients in salinity, temperature
and sedimentation rates along the length of this fjord, as
well as aVecting bottom sediment composition, and thus
conditions change from a stable marine system at the fjord
entrance to a very unstable brackish system in the inner
fjord basin (Weslawski et al. 2000). Due to its location as a
border area between the Atlantic and Arctic biogeographical
zones, Kongsfjorden has received much research attention
in the recent past. The current interest in the fjord is primar-
ily based on the fact that Kongsfjorden is highly suitable as
a site for exploring the impacts of possible climate change,
with both Atlantic water inXux and melting of tidal glaciers
being linked to climate variability (Hop et al. 2002).

Marine diversity is currently one of the most studied top-
ics in ecology especially under the framework of global and
regional environmental changes. Habitat and environmental
heterogeneity generally favor biodiversity (Laudien et al.
2007). Being major components of food webs, bacterio-
plankton play key roles in biogeochemical cycles and

Y. Zeng
Institute of Applied and Environmental Microbiology, 
School of Life Sciences, Xiamen University, 
Xiamen 361005, China
e-mail: yxzeng@yahoo.com

Y. Zeng · H. Li
Key Laboratory for Polar Science of State 
Oceanic Administration, Polar Research Institute of China, 
Shanghai 200136, China

T. Zheng (&)
State Key Laboratory of Marine Environmental Science, 
School of Life Sciences, Xiamen University, 
Xiamen 361005, China
e-mail: microzh@xmu.edu.cn
123



1448 Polar Biol (2009) 32:1447–1460
energy Xow in marine ecosystems, especially in the assimi-
lation and mineralization of dissolved organic carbon in the
ocean carbon cycle (Mou et al. 2008). In Kongsfjorden, the
average bacterial abundance in the outer and inner part is
2.29 £ 108 and 3.52 £ 108 cells l¡1, respectively, and the
mean biomass distribution for all investigated stations is
82.58% for bacteria (Jiang et al. 2005). However, to date
there is little information concerning the phylogenetic
composition of the bacterioplankton community in this
fjord. A better understanding of the bacterial community
composition would yield insight into the potential impact of
global climate changes on the marine biodiversity in this
ecosystem.

Recently developed techniques of molecular biology
permit microbiologists to estimate microbial community
composition and diversity in complex habitats. With the
introduction of these methods, it has become possible to
carry out detailed evaluations of the biodiversity of aquatic
microbial communities via 16S rRNA gene cloning and
sequencing (Dorigo et al. 2005). Several recent studies
have used these techniques to analyze the composition and
diversity of marine bacteria in Svalbard. In cold fjords of
Svalbard the bacterial isolates associated with sea ice fall
into Wve phylogenetic groups, which are the alpha and
gamma subclasses of Proteobacteria, low and high G+C
Gram positives and the Cytophaga–Flavobacterium–Bacte-
roides (CFB) group (Groudieva et al. 2004). The phyloge-
netic composition of the bacterial community in sediments
includes Beta-, Gamma- and Deltaproteobacteria, CFB and
Planctomycetales (Ravenschlag et al. 2001). Strains iso-
lated from the seasonal snow pack in Spitsbergen around
Ny-Alesund belong to the Alpha-, Beta- and Gammaprote-
obacteria, Firmicutes and Actinobacteria (Amato et al.
2007).

Using a combination of denaturing gradient gel electro-
phoresis (DGGE), ampliWed ribosomal DNA restriction
analysis (ARDRA) and 16S rRNA gene clone library, the
aim of the present work was to investigate the community
composition of bacterioplankton in Kongsfjorden by analy-
sis of its 16S rRNA gene sequences. This is a beginning
toward an understanding of the planktonic microbial com-
munities in Kongsfjorden, Spitsbergen.

Materials and methods

Sample collection and DNA extraction

Water samples were collected at the surface and bottom
depths during the Chinese Arctic Yellow River Station
Expedition 2007 (10 July to 10 August 2007) to investigate
the phylogenetic composition of the bacterioplankton com-
munity in Kongsfjorden, Spitsbergen. Station locations are

shown in Fig. 1. Table 1 gives the characteristics of water
samples for bacterial community analysis. Surface water sam-
ples were collected by a bucket, while bottom water samples
were collected with Niskin bottles; 1.5–2 l of water was
pressure-Wltered through 0.2-�m pore size polycarbonate
membrane Wlters (Whatman, UK). The Wlters were placed
in sterile 2-ml centrifuge tubes and covered with 1.5 ml
lysis buVer (Bosshard et al. 2000). After processing, the
tubes were immediately frozen and stored at ¡20°C until
used. Total community DNA extraction was carried out as
described by Bosshard et al. (2000) and Bano and Hollibaugh
(2000). The molecular weight and concentration of DNA in
extracts were determined by ethidium bromide-UV detec-
tion on 1% (w/v) agarose gel. Nucleic acid extracts from
each sample were also analyzed spectrophotometrically at
260 and 280 nm using a DU800 spectrophotometer
(Beckman Coulter, Fullerton, CA, USA).

PCR–DGGE analysis

Variation in bacterial community composition was assessed
by PCR–DGGE. The v3 region of the eubacterial 16S
rRNA gene was ampliWed using forward primer 341f with
GC clamp (5�-CGC CCG CCG CGC GCG GCG GGC
GGG GCG GGG GCA CGG GGG GCC TAC GGG AGG
CAG CAG-3�) and a universal reverse primer 534r (5�-ATT
ACC GCG GCT GCT GG-3�) (Li et al. 2006; Muyzer et al.
1993). At least 1 ng of genomic DNA was used as a tem-
plate in a 50 �l PCR reaction mixture containing 50 �M
dNTPs, 0.2 �M of each described primers, 5 �l of 10£
PCR buVer and 1 U Taq DNA polymerase (Takara, Dalian,
China). PCR ampliWcation was performed under the fol-
lowing conditions: initial denaturation of the template DNA
at 94°C for 5 min, a touchdown PCR using ten cycles con-
sisting of denaturation at 94°C for 1 min, annealing at 65°C
(the temperature was decreased by 1°C every second cycle
until the touchdown temperature of 56°C was reached) for

Fig. 1 Location of sampling stations in Kongsfjorden, Spitsbergen
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1 min and primer extension at 72°C for 45 s, and then 20
cycles of denaturation at 94°C for 1 min, annealing at 55°C
for 1 min and extension at 72°C for 45 s, with a Wnal exten-
sion at 72°C for 8 min. DGGE was performed using a
DCode™ Universal Mutation Detection System (Bio-Rad,
Hercules, CA, USA). For each sample, 400 ng of PCR
product of v3 region was loaded on an 8% (w/v) polyacryl-
amide gel with a gradient of denaturant between 40 and
60%. A denaturing gradient consisting of 100% denaturant
is deWned as 7 M urea with 40% (v/v) formamide. Electro-
phoresis was carried out at 170 V for 5 h (with an initial
30 min at 40 V) at 60°C in 1£ TAE buVer. Gels were
stained with ethidium bromide for 30 min and visualized
under UV irradiance. Gel images were captured with a Gel
Doc XR documentation system. DGGE bands migrating to
the same position in diVerent lanes in the gel were consid-
ered to have the same sequence. The banding patterns of
DGGE proWles were analyzed by Quantity One 4.6 soft-
ware (Bio-Rad, Hercules, CA, USA).

16S rRNA gene PCR

The extracted DNA from the seawater was suitable for
direct use as a PCR template. Almost full-length 16S rRNA
gene was ampliWed from genomic DNA by PCR with a uni-
versal bacterial primer pair 8f (5�-AGA GTT TGA TCC
TGG CTC AG-3�) and 1492r (5�-GGT TAC CTT GTT
ACG ACT T-3�) (Bosshard et al. 2000). AmpliWcation was
carried out in 50-�l reactions with an Eppendorf Mastercy-
cler Gradient (Eppendorf, Hamburg, Germany) as described
by Zeng et al. (2007). The success of PCRs was determined
by electrophoresis of 4 �l of the reaction mixture in 1% (w/
v) agarose gel in 0.5£ TAE buVer with a 2,000-bp DNA
ladder (Takara, Dalian, China) as a size marker. Gels were
stained with ethidium bromide and examined using a Gel
Doc XR documentation system (Bio-Rad, Hercules, CA,
USA).

Clone library construction

The 16S rRNA gene-PCR products of the total community
were ligated to the vector pMD-18T (Takara, Dalian,
China), and used to transform Escherichia coli DH5� com-
petent host cells. The transformed cells were plated on
Luria–Bertani (LB) plates containing 100 �g ml¡1 of ampi-
cillin. About 150 colonies were randomly selected from the
plates for each library and grown overnight in LB broth
containing 100 �g ml¡1 of ampicillin. Clone inserts were
PCR ampliWed with vector-speciWc standard M13 primers
(M13forGT: 5�-TGT AAA ACG ACG GCC AGT and
M13rev-C: 5�-CAG GAA ACA GCT ATG ACC) to deter-
mine the presence and size of the inserts. For the PCR, 3 �l
of each clone culture was used directly as a DNA template
in a 25-�l PCR reaction mixture containing 100 �M
dNTPs, 0.4 �M of each described primers, 2.5 �l of 10£
PCR buVer and 1 U Taq DNA polymerase. The PCR reac-
tion started with pre-denaturation at 95°C for 8 min fol-
lowed by 25 cycles of denaturation at 94°C for 30 s,
annealing at 50°C for 30 s and extension at 68°C for 1 min,
with a Wnal extension at 68°C for 10 min. PCR products
were determined using 1% (w/v) agarose gel electrophore-
sis. Clones that produced a band with an approximate size
of 1,500 bp, which corresponded with the expected size of
the cloned 16S rRNA gene fragment, were chosen for
ARDRA.

ARDRA of a clone library

For screening the clone library for unique types, ARDRA
of the PCR products was performed. AmpliWcation prod-
ucts of target size were digested with 10 U of the restriction
endonuclease AluI (Takara, Dalian, China) for 4 h at 37°C.
The resulting bands were then analyzed by 2% (w/v) aga-
rose gel electrophoresis (Zeng et al. 2007). Clones with
identical ARDRA pattern were considered members of the

Table 1 Characteristics of 
water samples for bacterial 
community analysis

Station 
code

Latitude 
(N)

Longitude (E) Sampling 
depth (m)

Temperature
(°C)

Salinity Chl a 
(�g l¡1)

Stn. 1 (s) 78°59�29� 11°39�60� 0 8.5 31.7 0.65

Stn. 1 (b) 200 5.3 34.9 –

Stn. 2 (s) 78°58� 11°49�69� 0 5.6 30 0.78

Stn. 2 (b) 200 4.7 34.9 –

Stn. 3 (s) 78°57�73.2� 11°54�25.6� 0 6.5 31.5 0.67

Stn. 3 (b) 200 4.9 34.9 –

Stn. 4 (s) 78°55�47� 12°08�75� 0 5.4 30.9 0.27

Stn. 4 (b) 75 5.3 34.8 –

Stn. 5 (s) 78°54�29� 12°17�80� 0 5.7 31.0 0.31

Stn. 5 (b) 30 5.5 34.5 0.03
s surface water, b bottom water
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same operational taxonomy unit (OTU). At least one clone
of each representative OTU was sequenced.

Sequencing of 16S rRNA gene PCR fragments

A selected DGGE band, representative of bands with the
same mobility in the gel, was excised from the gel. Excised
band was re-ampliWed and cloned as described by Li et al.
(2005). Clone was checked on the DGGE to ensure the cor-
rect mobility. The cloned DGGE bands, as well as clones of
each representative OTU described above, were sequenced
using M13 primers with an ABI Prism 3730 DNA analyzer
(PE Applied Biosystems, Foster City, CA, USA).

Phylogenetic analysis

The 16S rRNA gene sequences obtained were checked for
chimeras with Chimera Check from the ribosomal database
project (RDP) II (Maidak et al. 2001), and compared to
those in GenBank using BLAST search (http://
www.ncbi.nlm.nih.gov) and to those in the RDP using
SEQUENCE MATCH tool (http://rdp.cme.msu.edu). The
closest matches were aligned together with the clone
sequences using CLUSTALX 1.81 program (Thompson
et al. 1997). A phylogenetic tree was inferred using the
PHYLIP v.3.5c software package (Felsenstein 1993). Evo-
lutionary distance matrices, generated by DNADIST, were
constructed following the method of Kimura (1980). The
matrices were used to infer dendrograms using the neigh-
bor-joining method (Saitou and Nei 1987). Tree Wgures

were generated using NJplot version 2.1 (Perrière and Gouy
1996).

Nucleotide sequence accession number

Sequences reported in this study have been deposited in the
GenBank database and assigned GenBank accession num-
bers: EU919753–EU919862.

Results

Bacterial community composition as assessed 
by PCR–DGGE

As shown in Fig. 2a, most DGGE bands were shared by
Wve water samples, indicating the similar bacterial commu-
nity composition of the surface seawater from the outer to
the inner part of Kongsfjorden. However, some DGGE
bands, for example, represented by bands s10 and s13,
showed a diVerence in band strength between sampling
locations (higher in stations 1 and 5).

The bacterial community proWles of the Wve investigated
sites were compared by cluster analysis. The resulting dendro-
gram of DGGE patterns from surface water samples showed
two clusters (Fig. 3a). Community composition of the inner
part (station 5) was more similar to the outer part (station 1)
than to the middle region (stations 2, 3 and 4) of the fjord.

As shown in Fig. 2b, DGGE proWles of bottom water
showed that many bands, represented by bands from b1 to

Fig. 2 Denaturing gradient 
gel electrophoresis Wngerprints 
of bacterial communities in 
water samples collected in 
Kongsfjorden, western 
Spitsbergen. Bands indicated by 
a small letter and number were 
excised for sequencing. 
a Surface water, b bottom water
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b11 as well as bands from b17 to b21, were common to the
Wve samples, indicating the similar community composition
of bacteria in bottom water from the outer to the inner part
of Kongsfjorden. At the same time, compared to the outer
parts of stations 1 and 2, samples from the central (station
3) and inner parts (stations 4 and 5) of Kongsfjorden con-
tained additional bands, such as bands b14 and b15, sug-
gesting a relatively higher diversity of bacteria in these
locations.

The dendrogram of DGGE patterns from bottom water
samples (Fig. 3b) showed that bacterial communities of sta-
tions 1 and 2 formed a cluster separated from the cluster
consisting of stations 3, 4 and 5.

Phylogenetic analysis of DGGE bands

A total of 39 individual bands, consisting of 18 from sur-
face water and 21 from bottom water, were obtained from
the DGGE gel (Fig. 2). The lengths of the resolved partial
16S rRNA gene sequences varied from 164 to 192 nucleo-
tides. Table 2 presents the phylogenetic aYliations and
similarity values of the most closely related GenBank
sequences for all sequences of DGGE bands obtained in
this study. DGGE bands were similar (92.2–100%) to their
closely related GenBank sequences that all originated from
uncultured organisms and most (82%) from aquatic envi-
ronments, while 15% were related to Arctic bacteria.

Sequences of DGGE bands from surface water fell into
seven bacterial phylogenetic clusters: Alpha-, Gamma- and
Epsilonproteobacteria, Bacteroidetes, Actinobacteria, Fir-
micutes and cyanobacteria. Based on the number of DGGE
bands, Alphaproteobacteria (22.2% of total bands), Gam-
maproteobacteria (22.2%) and Bacteroidetes (22.2%) were
the three major bacterial components in surface water.

It is worth mentioning that the surface water contained
chloroplasts, including members of the Prasinophycean

and Ostreococcus (Table 2). In addition, sequences of
bands s14 and s18 showed 98 and 99% similarity to two
Roseobacter bacteria (Table 2), respectively.

Sequences of DGGE bands from bottom water fell into
six major bacterial divisions: Alpha-, Beta- and Gammapro-
teobacteria, Bacteroidetes, Actinobacteria and Verrucomicro-
bia. Alphaproteobacteria (33.3%), Gammaproteobacteria
(19.0%) and Bacteroidetes (28.5%) were also the three
major bacterial components in bottom water. However,
sequences related to phototrophic microorganisms, includ-
ing cyanobacteria and algae, were not found in bottom
water.

The community composition of bacteria in the sea water
at station 3, which showed the possibility of higher biodi-
versity based on DGGE Wngerprints (Fig. 2), were further
investigated using 16S rRNA gene clone library analysis.

16S rRNA gene clone library

Two 16S rRNA gene clone libraries were constructed from
environmental DNA of surface and bottom water from sta-
tion 3. The randomly selected 151 and 150 recombinants
from surface and bottom water resulted in 94 and 126
clones showing a single band of approximately 1,500 bp,
respectively.

ARDRA of the clone library

Figure 4 shows an example of the ARDRA patterns
obtained. Each ARDRA pattern corresponded to one OTU,
or a particular phylotype. Analysis of AluI restriction pat-
terns of 16S rRNA gene allowed the grouping of 94 and
126 clones from the surface and bottom water, respectively,
into 41 and 76 diVerent OTUs. Most of ARDRA patterns
were composed by only one or two clones, suggesting a
high degree of interspeciWc genetic diversity (Michaud

Fig. 3 Cluster analysis of DGGE patterns of bacterial communities in water samples. a Surface water, b bottom water
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et al. 2004). Values of the Simpson’s diversity index of
clone library from surface and bottom water were 0.899 and
0.971, respectively, suggesting a higher diversity in bottom
water than that in surface water. In addition, there were
seven ARDRA patterns shared by the two clone libraries,
indicating that seven bacterial phylotypes were distributed
both in surface and bottom water at station 3.

Phylogenetic analysis of the clone library

Representative clones showing unique ARDRA patterns
were sequenced. The inserted 16S rRNA gene sequences
from the clones were aligned to the most similar ones avail-
able in the GenBank database. Results showed that the
cloned sequences were similar (with similarity values rang-
ing from 82.1 to 100%) to their closely related GenBank
sequences, >91% originating from uncultured organisms
and most from aquatic environments. The percentage of
cloned sequences for which the highest similarity was
below 98% and below 93% was 12.7 and 3.2%, respec-
tively.

Coverage (C) was used to quantify how much the envi-
ronmental diversity was described by a clone library. It was
estimated by the equation C = [1¡(n1/N)] £ 100%, where
N is the number of clones being examined and n1 represents
the number of clone types occurring only once (Giovannoni
et al. 1995). The estimation of coverage was 71.3 and
61.9% for surface and bottom water, respectively, indicat-
ing that most of the bacteria groups could be detected from
the 16S rRNA gene clone library.

As shown in Fig. 5, consistent with DGGE proWles, 16S
rRNA gene clone library from surface water showed that
Alphaproteobacteria, Gammaproteobacteria, Bacteroidetes
and algae were the four major components of the microbial
community of surface water in Kongsfjorden.

Compared to DGGE proWles, a higher microbial diversity
was observed in bottom water by 16S rRNA gene clone
library analysis (Fig. 5). Gamma- and Alphaproteobacteria
constituted the two dominant fractions in bottom water, con-
sistent with the results of DGGE proWles. However, Bacter-
oidetes only occupied a small fraction of the local
community in bottom water shown by clone library analysis.

Similar sequences were detected between DGGE and
clone library analysis: in surface water, sequences of bands
s7 and s12 showed 100% similarity to clone s111 within the
Gammaproteobacteria, and clone s32 within the algae,
respectively. Sequence of band b10 from bottom water
shared 100% similarity to clone b149 within the Actinobac-
teria.

All seven clones clustered within the Planctomycetes and
only detected in bottom water were very similar (98.3–99.5%)
to reported sequences from marine environments, including
PaciWc Ocean water and deep-sea octacoral (data from
GenBank). Two cloned sequences, represented by clone
b47 (EU919776), showed 99.3% similarity to uncultured
Blastopirellula sp. S25_997 (EF574653). However, sequence
speciWc for anammox Planctomycetes (Schmid et al. 2000)
was not detected in the seven clones.

The phylogenetic positions of clones belonging to diVer-
ent OTUs are shown in Fig. 6. Clones s1 (82.1% similarity)
and s10 (83% similarity) from surface water, and clone b40
(88.2% similarity) from bottom water formed a separate
cluster of unidentiWed bacteria in phylogenetic trees, indi-
cating the existence of novel microbial species.

A total of 16 clones (17% of the total clones) in clone
library of surface water, represented by clone s32
(EU919837), showed 98% similarity to alga Mantoniella
squamata (X90641). Chloroplasts from algae possessed
27.7% of the clones from surface water, while the propor-
tional value decreased to 0.8% in bottom water (Fig. 5).
This result is consistent with DGGE proWles indicating that
algae live in surface water and are not in bottom water.

In clone library of surface water (Fig. 6a), a total of 23
clones (24.5%), represented by clone s3 (EU919824) aYli-
ated with the order Rhizobiales in the Alphaproteobacteria,

Fig. 4 Example of ARDRA patterns of ampliWed 16S rRNA gene
digested with endonuclease AluI. M DNA marker DL2000 (Takara,
Dalian, China)

Fig. 5 Clone library composition for surface and bottom water
collected from station 3 in Kongsfjorden. Prokaryotes were displayed
at the division level (and also subdivision level for Proteobacteria)
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showed the same sequence. They were closely related
(99.8% similarity) to one uncultured bacterial clone
2C228566 (EU800458) from Delaware Bay in America
(Shaw et al. 2008). In clone library of bottom water (Fig. 6b),
14 clones (11.1%), represented by clone b23, had the same
sequence with clone s3, indicating that this Rhizobiales spe-
cies was abundant both in surface and bottom water.

Two cloned sequences within the family Oceanospirilla-
ceae in the Gammaproteobacteria, represented by clone s28
(EU919834) from surface water, were 100% identical to
seven cloned sequences (represented by clone b39) from
bottom water (Fig. 6), indicating that some bacterial species
were distributed throughout the whole water column.
Sequences of these clones were closely related (99.7%

Fig. 6 Phylogenetic trees showing the aYliation of 16S rRNA gene
clones with selected sequences in GenBank database. a Surface water,
b bottom water. The total number of clones showing the same
sequence is given in square brackets. Asterisk in the phylogenetic trees

indicates sequence found both in surface and bottom water. The scale
bar indicates evolutionary distance, as calculated using Kimura’s two-
parameter distance calculation (substitutions per nucleotide)
123
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similarity) to one uncultured marine bacterium Ant4D3
(DQ295237) from Antarctic seawater (Grzymski et al.
2006). Represented by clone b60 (EU919782) from bottom
water, another seven clones with the same sequence
aYliated with the Gammaproteobacteria, showed 99.9%
similarity to an uncultured organism clone ctg_NISAA05
(DQ396099) from deep-sea octacoral. These two Gamma-
proteobacteria species were relatively abundant in bottom
water.

By using RDP ClassiWer to identify the cloned
sequences, a greater microbial diversity of the diVerent
microbial taxa at the genus level was found in bottom water
than that in surface water (Fig. 6). For instance, compared
to one genus Methylophilus in the Betaproteobacteria
detected in surface water clone library, additional four gen-
era Aquabacterium, Curvibacter, Limnobacter and Thioba-
cillus within the same class were found in bottom water
clone library.

At the same time, diVerence in bacterial taxa at the genus
level was observed between the surface and bottom water
(Fig. 6). For instance, genus Desulfocapsa was detected in
surface water, while genus Nitrospina within the same class
Deltaproteobacteria was found in bottom water.

Discussion

As an open fjord, Kongsfjorden is inXuenced both by
Atlantic and Arctic waters, as well as the glacial melt in
summer time (MacLachlan et al. 2007). Compared to the
values of bottom water (in the range 34.5–34.9), salinity
values of surface water in the Wve investigated locations
varied from 30.0 to 31.7 (Table 1), indicating an apparent
inXuence by fresh water in upper water layers. Wind and
fresh water are the most important factors inXuencing water
masses in the upper water column layer (Harmes et al.
2007). The zooplankton community has been shown to be
largely inXuenced by advection (Basedow et al. 2004).
Similar bacterial community composition in surface water
from the outer to the inner part of the fjord was observed by
PCR–DGGE. At the same time, diVerence in DGGE band
strength between sampling locations was found. For the
limited sensitivity of detection of rare community members
by DGGE (Vallaeys et al. 1997), the diVerence in DGGE
proWles of surface water in this fjord may be attributed to
the variation of species abundance, which contributes to the
template concentration for PCR and further aVects the
DGGE analysis (Delong and Pace 2001).

DiVerent from surface water, the inXuence of freshwater
on bottom water tended to decrease with the increasing of
depth from the inner (station 5; 30 m) to the outer part (sta-
tion 1; 200 m) in the fjord (Table 1). Though similar bacte-
rial community composition in bottom water from the outer

to the inner part of the fjord was also observed (Fig. 2b),
bacterial communities of the outer part (stations 1 and 2 at
depth 200 m) formed a cluster separately from the cluster
of inner (station 4 at depth 75 m and station 5 at depth
30 m) and central (station 3 at depth 200 m) parts by cluster
analysis (Fig. 3b). It suggests that, for bottom water, station
3 in the central part of the fjord is a remote area aVected by
freshwater input in the summer.

Showing close phylogenetic relationship, DGGE bands
s8 and s12 were 96 and 99% similar, respectively, to chlo-
roplast sequences of Ostreococcus tauri strain RCC116 and
uncultured Prasinophycean EBAC36H07, both from
marine environments (Table 2). Represented by clones s29
(EU919835) from surface water and b78 (EU919793) from
bottom water, a total of 27 clones showed 89–99% similar-
ity to chloroplast sequences of phototrophic eukaryotes
from diVerent sea areas, including the Arabian Sea, Biscay
Bay, Cape Hatteras and Liaodong Gulf (data from GenBank),
suggesting that algae detected in Kongsfjorden originated
from marine environments.

Phototrophic microorganisms usually distribute in upper
water layers and have higher abundance in summer
(Murphy and Haugen 1985; Keck et al. 1999; Hop et al.
2002). In this study, chloroplasts from algae possessed
27.7% of the clones from surface water, while the propor-
tional value decreased to 0.8% in bottom water. This result
was consistent with the chlorophyll a concentration in waters:
chlorophyll a concentration in surface water was 0.67 �g l¡1

(Table 1), while the value decreased to 0.01 �g l¡1 at a
depth of 44 m.

Represented by band s18 and clone s9 (EU919826),
sequences within the Roseobacter clade were detected in
surface water both by DGGE and clone library with simi-
larity values >99%. However, sequence aYliated with the
Roseobacter clade was not found in bottom water. Mem-
bers of the Roseobacter lineage have the trait of aerobic
anoxygenic photosynthesis, oxidize carbon monoxide, and
produce the climate-relevant gas dimethylsulWde through
the degradation of algal osmolytes (Wagner-Döbler and
Biebl 2006). It suggests that the distribution of Roseobacter
bacteria in surface water has a relationship with the algae.

Alphaproteobacteria, Gammaproteobacteria and Bacter-
oidetes were the three major bacterial populations both in
surface and bottom water in Kongsfjorden, accounting for
63.8 and 71.5% of clones from surface and bottom water,
respectively. Similar dominant bacterial populations are
also reported in previous studies of the Arctic Ocean or
North Sea: Alphaproteobacteria, Gammaproteobacteria and
CFB account for 77% of the clones from Central Arctic
Ocean samples (Bano and Hollibaugh 2002). At the same
time, sequences related to Alphaproteobacteria are abun-
dant (52%) in the mixed layer, while sequences related to
Gammaproteobacteria are more abundant (44%) in halocline
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samples (Bano and Hollibaugh 2002). In this study, Alpha-
proteobacteria were abundant (43.6%) in surface water,
while Gammaproteobacteria were more abundant (36.5%)
in bottom water at 200-m depth. In the North Sea, Alpha-
proteobacteria, Gammaproteobacteria and CFB account for
72% of 410 isolates (UphoV et al. 2001). However, over
70% of isolates from fjords of Spitsbergen were aYliated
with the Gammaproteobacteria (Groudieva et al. 2004), but
this may be attributed to the limitation of culture tech-
niques.

Betaproteobacteria usually constitute a dominant frac-
tion in freshwater systems (Glöckner et al. 1999).
Sequences of clones b37 (EU919774), b52 (EU919778),
b54 (EU919779) and b91 (EU919798) shared 99.7, 99.5,
98.4 and 99.9% similarity, respectively, to uncultured bac-
terial clone BG.c1 (DQ228368) from Bench Glacier, uncul-
tured bacterial clone 5C231166 (EU803577) from Lake
Gatun, uncultured beta proteobacterial clone ADK-SGh02-35
(EF520485) from Adirondack Lake, and uncultured
bacterial clone D8A_5 (AY768825) from a deep terrestrial
fracture system. On the other hand, close relationships were
also found between our clones and sequences from a num-
ber of marine environments: sequences of clones s71
(EU919843), b4 (EU919755) and b32 (EU919771) showed
signiWcant (99.7, 99.9 and 99.8%) similarity, respectively,
to uncultured organism clone ctg_NISA163 (DQ396081)
from deep-sea octacoral, uncultured bacterial clone B78-37
(EU287001) from PaciWc arctic surface sediment, and
uncultured bacterial clone S25_1562 (EF575218) from
Coco’s Island. With a higher proportion (7.1%) in bottom
water, Betaproteobacteria were detected both in surface and
bottom water in Kongsfjorden (Fig. 5). It suggests that the
bacterioplankton community in Kongsfjorden is inXuenced
by ocean currents as well as freshwater input in summer
time.

Represented by clones b132 (EU919813) and b10
(EU919757), a total of six clones from bottom water
showed 98.7–99.7% similarity to sequences of Deltaproteo-
bacteria from marine environments (data from GenBank).
At the same time, the sequence of clone s21 (EU919830)
from surface water showed 96.5% similarity to an uncul-
tured Desulfocapsa sp. WM24 (DQ133914) from the Fra-
sassi cave system in Italy (Macalady et al. 2006), indicating
a novel bacterial species originating from the terrestrial
environment. A higher proportion of Deltaproteobacteria,
including orders Desulfobacterales (clone b10) and Desul-
furomonales (clone b132), was detected in bottom water
(4.7%) than that in surface water (1.1%). Including the
sulfur-reducing bacteria, the Deltaproteobacteria are a
group of chemotrophic bacteria, which constitute an impor-
tant fraction in bacterial communities of marine sediments,
from hydrothermal sediments in the Guaymas Basin to
permanently cold marine sediments in Spitsbergen

(Ravenschlag et al. 1999; Teske et al. 2002). This suggests
that the existence of Deltaproteobacteria in the bottom
water of Kongsfjorden may be related to the sulfur cycle in
natural anaerobic waters.

In surface water, sequence of DGGE band s16 within the
Gammaproteobacteria showed 95% similarity to a sulfur-
oxidizing bacterium NDII1.2 (Table 2). At the same time,
represented by DGGE bands s4 and b17, sequences aYli-
ated with the SulWtobacter group in the Alphaproteobacte-
ria were detected both in surface and bottom water.
However, no cloned sequence aYliated with the SulWtob-
acter group was detected in bottom water by clone library
analysis, although a total of six clones in surface water
clone library, represented by clone s13 (EU919828), were
closely related to SulWtobacter bacteria. Members of the
genus SulWtobacter specialize on sulWte oxidation (Park
et al. 2007). It suggests that the marine bacteria participat-
ing in the sulfur cycle by oxidation usually distribute in
upper water layers in Kongsfjorden.

With similarity values ranging from 94.3 to 99.5% to the
sequences of several other clones obtained from a number
of aquatic environments, including sea ice-melt pond,
saline lake and deep sea (data from GenBank), sequences
aYliated with the Actinobacteria were detected both in sur-
face and bottom water in Kongsfjorden (Fig. 5). Members
of the Verrucomicrobia phylum were also detected both in
surface and bottom water in Kongsfjorden. Cloned
sequences showed 92.2–99.2% similarity to reported
sequences from marine environments. It suggests that the
Actinobacteria and Verrucomicrobia in this fjord originated
from marine environments.

Cloned sequences that clustered with diVerent taxa,
including the Alphaproteobacteria, Gammaproteobacteria,
Bacteroidetes and Actinobacteria were found to be closely
related to previous reported sequences originating from
Antarctic aquatic environments. Three cloned sequences
(s9, b8 and b94) belonging to the Alphaproteobacteria were
very similar (99.6%) to one uncultured marine bacterial
clone AntCL1E1 (DQ906726) from Antarctic sea water
near Anvers Island. Clustered with the Bacteroidetes,
sequence of clone b56 shared 99.1% similarity to uncul-
tured marine bacterial clone AntCL1F9 (DQ906733) from
the same Antarctic area. Represented by clone s5, nine
cloned sequences clustered with the Gammaproteobacteria
were 99.7% similar to uncultured marine bacterium
Ant4D3 (DQ295237) from Antarctic coastal water. In addi-
tion, sequence of clone s121, clustered with the Actinobac-
teria, showed 99.3% similarity to uncultured bacterial clone
ELB16-004 (DQ015796) from the Lake Bonney, Antarc-
tica. These results suggest the bipolar distribution of cos-
mopolitan bacteria at the species level. However, analysis
at the conservative gene level of 16S rRNA was not suY-
cient to determine if the same species occurred at both
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poles, and other analytical methods, including DNA–DNA
hybridization and gyrB gene sequencing, are required to
elucidate diversity that is not detectable by 16S rRNA gene
sequencing (Brinkmeyer et al. 2003).

Compared to DGGE proWles, additional Betaproteobac-
teria, Deltaproteobacteria and Verrucomicrobia were
observed in surface water by 16S rRNA gene clone library
analysis, though Epsilonproteobacteria, Firmicutes and
cyanobacteria were absent. In bottom water, a higher
microbial diversity was detected by 16S rRNA gene clone
library analysis. The diVerences in bacterial community
composition detected by DGGE and 16S rRNA gene
library reXect the strengths and limitations of the two meth-
ods. It suggests that a strategy presented in this study, com-
bining DGGE analysis with the construction of clone
library, is an attractive method for investigation of marine
bacterial communities.

Cloned sequences showed 82.1–100% similarity to those
described sequences, and the percentage of cloned
sequences with similarity below 98 was 12.7% in this
study. According to a criterion that higher than 93 and 98%
similarities correspond to a taxonomic grouping at the
genus and species levels, respectively (Mullins et al. 1995;
Devereux et al. 1990), it indicates that, attributing to the
inXuence of ocean currents as well as freshwater input in
the summer, the bacterial community in Kongsfjorden may
consist of a mixture of cosmopolitan and uniquely endemic
phylotypes.

In summary, attempts have been made in this study to
investigate the community composition of bacterioplankton
in arctic glacial Kongsfjorden. No signiWcant variation in
bacterial community composition was observed between
sampling locations on the basis of PCR-DGGE. By 16S
rRNA gene clone library analysis, sequences related to Pro-
teobacteria (Alpha, Beta, Gamma and Delta), Bacteroide-
tes, Actinobacteria and Verrucomicrobia, as well as
chloroplasts from algae, were detected both in surface and
bottom water of station 3 in the central part of the fjord,
although sequences representing Planctomycetes were only
detected in bottom water. Clones with the same 16S rRNA
gene sequence were observed both in surface and bottom
water, suggesting that some bacterial species were distrib-
uted throughout the whole water column. At the same time,
there is also a possibility that some bacterial DNA has been
sampled in bottom water actually originated from dead
cells which sank to the bottom. Gammaproteobacteria and
Alphaproteobacteria dominated the planktonic bacteria in
bottom water, while Alphaproteobacteria (including
Roseobacter group) and algae constituted two dominant
fractions in surface water, indicating that phototrophic
microorganisms were an important composition in surface
water of the fjord during the summer time.
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