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Vertical distribution of bacterial community in sediments of
freshwater lake Puma Yumco and saline lake AWongco on the
Tibetan Plateau
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Abstract: [Objective] Lake sediments store huge amount of specific microorganisms that greatly
contribute to biogeochemical processes in lake ecosystems. However, there is little information
about the vertical distribution of microbial community along lake sediment profile. In this study,
we investigated the abundance and structure of pristine sediment bacterial communities along a
depth gradient (0—20 cm) in a freshwater lake Puma Yumco and a saline lake AWongco on the
Tibetan Plateau. [Methods] Real-time quantitative PCR (qPCR) and denaturant gradient gel
electrophoresis (DGGE) were used to determine the bacterial abundance and community structure,
respectively. [Results] Bacterial abundance consistently decreased along vertical depth in the two
lake sediments and the abundance decreased from 10" to 10'° in freshwater lake and from 10" to
10% in saline lake, respectively. Bacterial abundances in freshwater lake were one order of
magnitude higher than those in saline lake at each vertical depth. DGGE analysis showed that the
bacterial richness was significantly higher (P=0.014) in freshwater lake than saline lake sediments;
the bacterial community composition was clearly different between these two lake sediments, and
the communities differed between upper (0—7 cm) and lower (7-20 cm) depths. Phylogenetic
analysis showed that Gamma-proteobacteria, Bacteroidetes, Deinococcus-Thermus and
Cyanobacteria were present in saline sediments while Delta- and Beta-proteobactria, Acidobacteria
and Chloroflexi were only detected in freshwater sediment. [Conclusion] These results indicated
that bacterial abundance and community structure differed dramatically between freshwater lake
and saline lake sediments, and the microbial community composition also differed along the depth
of sediments. Our results could provide the scientific base on how microbes in lake ecosystems
respond to climate change on the Tibetan Plateau.

Keywords: Real time PCR, DGGE, Tibetan Plateau, Lake sediment, Bacterial community, Vertical
distribution
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Table 1 Physicochemical propterties in the sediments of Lakes AWongco and Puma Yumco along depth

Puma Yumco AWongco
it (i) TC (%) N (%) CN  pH TC (%) N (%) CN  pH

0-1 3.23 0.23 14.04 8.60 4.97 0.26 19.12 9.29

1-2 3.14 0.22 14.27 8.49 4.59 0.19 24.16 9.43

2-3 3.23 0.22 14.68 8.52 4.88 0.22 22.18 9.50

3—4 3.20 0.20 16.00 8.40 5.12 0.23 22.26 9.68

5-6 3.22 0.20 16.10 8.46 4.11 0.19 21.63 9.24

7-8 3.50 0.20 17.50 8.41 4.94 0.14 35.29 9.39

9-10 3.65 0.21 17.38 8.25 3.91 0.16 24.44 9.32

11-12 3.51 0.21 16.71 8.29 4.77 0.14 34.07 9.38

15—-16 3.44 0.23 14.96 8.28 3.98 0.17 19.90 9.32

19-20 3.53 0.24 14.71 8.25 4.69 0.18 26.06 9.29
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Figure 1 Bacterial abundance determined by qPCR in
the sediments of Lakes AWongco and Puma Yumco
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Figure 2 PCR-DGGE analyses of bacterial communities

in the sediments of Lake AWongco and Puma Yumco
(0—20 cm)

Note: Numbers above each lane indicate depths (0—20 cm) where
the samples were collected. Labeled bands were excised and
sequenced.
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Table 2 DGGE band numbers in the sediments of
lake AWongco and Puma Yumco along depth

Depth (cm) Lake Puma Yumco Lake AWongco
0-1 7 11
1-2 10 7
2-3 11 9
3—4 13 8
5-6 14 9
7-8 14 10
9-10 12 7
11-12 11 9
15-16 9 8
19-20 10 7
0.8
= Awongco 0—6 cm
0.6 v Awongco 8-20 cm
ePuma Yunco 0—6 cm
0.4 aPuma Yunco 8-20 ¢
0.2
N
S
2 0.0
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Figure 3 Nonmetric multidimensional scaling plots (NMDS)
of DGGE profiles based on a presence/absence binary matrix
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Figure 4 Neighbor-Joining tree showed the phylogenetic relationships of bacterial 16S rRNA gene sequences cloned from
the Lake AWongco and Puma Yunco samples to the related sequences from the GenBank database
0.05

Note: GenBank accession numbers are shown in parentheses. The scale bar represents an estimated 5% divergence.

http://journals.im.ac.cn/wswxtbcn



2386 WA B4R Microbiol. China 2014, Vol.41, No.11

[17]

( <2.5 mol/L)!'¥
Gamma- Delta-
Beta- Gamma-
Delta- Beta-
[15]
DGGE
DNA

[19]

[20]

[21]

[22]

2 % X Wk

[1] Nealson K, Berelson W. Layered microbial communities

http://journals.im.ac.cn/wswxtbcn

(2]

(4]

(3]

(6]

(7]

[10]

[11]

[12]

[13]

[14]

and the search for life in the universe[J].
Geomicrobiology Journal, 2003, 20(5): 451-462.
Bernasconi SM, Barbieri A, Simona M. Carbon and
nitrogen isotope variations in sedimentingorganic matter
in Lake Lugano[J]. Association for the Sciences of
Limnology and Oceanography, 1997, 42(8): 1755-1765.
Meyers PA. Applications of organic geochemistry to
paleolimnological reconstructions: a summary of
examples from the Laurentian Great Lakes[J]. Organic
Geochemistry, 2003, 34(2): 261-289.

Routh J, Meyers PA, Gustafsson O, et al. Sedimentary
geochemical record of human-induced environmental
changes in the Lake Brunnsviken watershed, Sweden[J].
Association for the Sciences of Limnology and
Oceanography, 2004, 49(5): 1560-1569.

Casamayor EO, Massana R, Benlloch S, et al. Changes in
archaeal, bacterial and eukaryal assemblages along a
salinity gradient by comparison of genetic fingerprinting
methods in a multipond solar saltern[J]. Environmental
Microbiology, 2002, 4(6): 338-348.

Langenheder S, Kisand V, Wikner J, et al. Salinity as a
structuring factor for the composition and performance of
bacterioplankton degrading riverine DOC[J]. FEMS
Microbiology Ecology, 2003, 45(2): 189-202.

Henriques IS, Alves A, Tacao M, et al. Seasonal and
spatial variability of free-living bacterial community
composition along an estuarine gradient (Ria de Aveiro,
Portugal)[J]. Estuarine Coastal Shelf Science, 2006,
68(1/2): 139-148.

Swan BK, Ehrhardt CJ, Reifel KM, et al. Archaeal and
bacterial  communities  respond  differently  to
environmental gradients in anoxic sediments of a
California Hypersaline Lake, the Salton Sea[J]. Applied
and Environmental Microbiology, 2010, 76(3): 757-768.
Zhang Y, Jiao NZ, Cottrell MT, et al. Contribution of
major bacterial groups to bacterial biomass production
along a salinity gradient in the South China Sea[J].
Aquatic Microbial Ecology, 2006, 43(3): 233-241.

Jiang HC, Dong HL, Zhang GG, et al. Microbial diversity
in water and sediment of Lake Chaka, an athalassohaline
lake in  northwestern  China[J]. Applied and
Environmental Microbiology, 2006, 72(6): 3832-3845.
Jiang HC, Dong HL, Yu BS, et al. Microbial response to
salinity change in Lake Chaka, a hypersaline lake on
Tibetan Plateau[J]. Environmental Microbiology, 2007,
9(10): 2603-2621.

Muyzer G, Smalla K. Application of denaturing gradient
gel electrophoresis (DGGE) andtemperature gradient gel
electrophoresis (TGGE) in microbial ecology[J]. Antonie
van Leeuwenhoek, 1998, 73(1): 127-141.

Biddle JF, Fitz-Gibbon S, Schuster SC, et al.
Metagenomic  signatures of the Peru Margin
subseafloorbiosphere show a genetically distinct
environment[J]. Proceedings National Academy of
Sciences of United States of America, 2008, 105(30):
10583-10588.

Chan OC, Claus P, Casper P, et al. Vertical distribution of
structure and function of the methanogenic archaeal
community in Lake Dagow sediment[J]. Environmental



2387

[15]

[16]

[17]

[18]

[19]

Microbiology, 2005, 7(8): 1139-1149.

Wu QL, Zwart G, Schauer M, et al. Bacterioplankton
community composition along a salinity gradient of
sixteen high-mountain lakes located on the Tibetan
Plateau, China[J]. Applied Environmental Microbiology,
2006, 72(8): 5478-5485.

Langenheder S, Kisand V, Wikner J, et al. Salinity as a
structuring factor for the composition and performance of
bacterioplankton degrading riverine DOC[J]. FEMS
Microbiology Ecology, 2003, 45(2): 189-202.

Frontier S. Diversity and structure in aquatic ecosystems[J].

Oceanography and Marine Biology, 1995, 23: 253-312.
Ventosa A, Marquez M, Garabito C, et al. Moderately
halophilic Gram-positive bacterial diversity in hypersaline
environments[J]. Extremophiles, 1998, 2(3): 297-304.
Cottrell MT, Kirchman DL. Natural assemblages of marine
proteobacteria and members of the Cytophaga-Flavobacter

(20]

(21]

(22]

cluster consuming low- and high-molecular-weight
dissolved organic matter[J]. Applied Environmental
Microbiology, 2000, 66(4): 1692-1697.

Kieft TL, Fredrickson JK, Onstott TC, et al. Dissimilatory
reduction of Fe(mr) and other electron acceptors by a
Thermus isolate[J]. Applied Environmental Microbiology,
1999, 65(3): 1214-1221.

Barns SM, Takala SL, Kuske CR. Wide distribution and
diversity of members of the bacterial kingdom
Acidobacterium  in  the environment[J].  Applied
Environmental Microbiology, 1999, 65(4): 1731-1737.
Inagaki F, Nunoura T, Nakagawa S, et al. Biogeographical
distribution and diversity of microbes in methane
hydrate-bearing deep marine sediments on the Pacific
Ocean Margin[J]. Proceedings of National Academy of
Sciences of United States of America, 2006, 103(8):
2815-2820.

AR Ry HRY Ry R Y RY oY) Y HRY Y RY HY Y oY Y HRY Y Y oY Y AR Y ARY oY) RY oY) Y AR Y ARY oY) Y oY Y HRY Ry ARY oY) RY oY Ry ARY Y HRY Y Y oY Y ARY oY) R oY Y oY Ry Y Y

(

33
33.1

5)

3.3.2

4.1

4.2
4.2.1
422

423
4.2.4
4.3

43.1

432

p.2377)

iE A OE N

1)

DNA RNA
(Accession No.)

Tel 010-64807511
E-mail tongbao@im.ac.cn

http://journals.im.ac.cn/wswxtbcn

3)

DNA ATP

2)
4)

6)

EMBL ( )  GenBank ( ) DDBIJ (

2 E-mail

(100101)

http://journals.im.ac.cn/wswxtbcn



