J. Korean Soc. Appl. Biol. Chem. 50(4), 268-275 (2007)

Eelioh 4 DjdEe| M=Ee|gs &4 ¥ 16S rDNA E4{0]

UARY - 2y - AT - w3 UEs - Y B
AL AN ABRARE, AAATN S AT

Microbial Population Diversity of the Mud Flat in Suncheon Bay Based
on 16S rDNA Sequences and Extracellular Enzyme Activities

Yu-Jeong Kim, Sung Kyum Kim, Eun-Ju Kwon, Keun Sik Baik', Jungho Kim and Hoon Kim*

Department of Agricultural Chemistry, Sunchon National University, Suncheon 540-742, Korea
'Department of Biology, Sunchon National University, Suncheon 540-742, Korea

Received November 9, 2007; Accepted November 13, 2007

Diversity of the mud flat microbial population in Suncheon Bay was investigated by studying extra-
cellular enzyme activities and 16S rDNA sequences. Four culturable bacterial strains with CMCase,
xylanase and protease activities were isolated from the wetland and the mud flat. All the strains
produced more xylanase activity than CMCase or protease activity, and the properties of the isolate
enzymes from the wetland were similar to those from the mud flat. About 2,000 clones were
obtained with the 16S rDNA amplified from the metagenomic DNA isolated from the mud sam-
ples. Based on the restriction pattern(s), seventeen clones were selected for base sequence analysis.
Of the 17 clones, only 35% (6 clones) were found to be cultured strains and 65% (11 clones) to
be uncultured strains. The similarities in the base sequences of the clones ranged from 91.0% to
99.9% with an average similarity of 97.3%. The clones could be divided into 7 groups, Proteobac-
teria (9 clones, 52.9%), Firmicutes (3 clones, 17.6%), Bacteroidetes (1 clone), Flavobacteria (1 clone),
Verrucomicrobia (1 clone), Acidobacteria (1 clone), and Chloroflexi (1 clone). Most of the Proteobac-
teria clones were gamma Proteobacteria associated with oxidation-reduction of sulfur.
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Table 1. Ratio of active colonies to total colonies*

Site Total colony Active colony Ratio (%)
Wetland soil 99 45 454
Mud flat 119 73 61.3

* active colony: colony with CMCase, xylanase and protease activity in
107 dilution sample.
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Fig. 1. Enzyme activity of the isolates 2, 3, 27, and 30 from the
wetland soil and the mud flat of Suncheon Bay.
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Fig. 2. Effect of temperature on the CMCase (A), xylanase (B),
and protease (C) activities of the isolates 2, 3, 27, and 30 from the
wetland soil and the mud flat of Suncheon Bay.
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Fig. 3. Effect of pH on the xylanase activities of the isolates 2, 3, 27, and 30 from the wetland soil and the mud flat of Suncheon Bay.

Fig. 4. Agarose gel electrophoresis of the total DNA extracted from
the mud flat (A) and the amplified PCR products from the
metagenome (B). Lane 1 in A, Lamda DNA as size markers; Lane 2
in A, metagenome isolated from the mud flat; Lane 3 in A, isolated
metagenome after dialysis; Lane 4 in A and Lane 1 in B, 1kb ladder
as size markers; Lane 2 in B, the amplified 16S rDNA fragments.
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Table 2. Nearest neighbour of the 16S rDNA clones
Clone Length of Closest relative based on Similarity .
sequence . 2 Sources Taxonomic rank
No. (bp) partial sequence homology (%)
. . . Gamma
1 707 uncultured bacterium b28r (DQ462285) deep-sea sediments of the South China Sea 98.6 .
proteobacteria
4 687 Staphylococcus warneri ATCC 27836" (L37603)  human skin 99.9 Firmicutes
5 686 uncultured marine bacterium SJC3.21 (DQ071119) surface water 98.4 Verrucomicrobia
Bacillus subtilis subsp. subtilis NBRC 137197 . _
7 696 (AB271744) soil 99.1 Firmicutes
9 682 bacterium DG976 (AY258126) seawater (algal bloom, dinoflagellate) 98.0 Bacteroidetes
17 717 uncultured bacterium JH10_C41 (AY568798) the intertidal flat of Ganghwa island 99.2 Gamma .
proteobacteria
22 688 uncultured bacterium JH12_C13 (AY568855) the intertidal flat of Ganghwa island 972 Gamma .
proteobacteria
33 679 uncultured Pseudomonas sp. VHS-B4-54 harbor sediment (China: Victoria Harbour, 98.4 Gamma
(DQ395002) HK) ’ proteobacteria
. . . biofilm at hydrothermal vent orifice
46 663 uncultured dcidobacteria bacterium MS12 (New Zealand: Brothers Seamount, 93.2 Acidobacteria
(AM712325)
Kermadec Arc)
uncultured delta proteobacterium Belgica 2005/10- . . Delta
81 1180 130-15 (DQ351760) marine sediments 973 proteobacteria
97 693 uncultured bacterium subsurface water (South Africa: Kalahari 8.0 Gamma
EV818BHEB5102502SAR27F42 (DQ256312)  Shield) ) proteobacteria
98 709 uncultured bacterium JH12_C13 (AY568855) the intertidal flat of Ganghwa island 975 Gamma
proteobacteria
101 694 Nitrincola lacisaponensis 4CAT (AY567473) decayed wood (alkaline, saline lake) 91.0 Gamma
proteobacteria
104 693 Lutibacter litoralis ICM 13034" (AY962293) tidal flat sediment 98.7 Flavobacteria
106 591 uncultured bacterium DB-33 (DQ836753) denitrifying bioreactor 912 Chloroflexi
Bacillus subtilis subsp. subtilis NBRC 13719" L
107 657 (AB271744) 99.5 Firmicutes
108 654 uncultured gamma proteobacterium Belgica 2005/ heavy metal contaminated marine sediments 98.5 Gamma

10-130-12 (DQ351758)

proteobacteria

aThe closest matching sequence from a cultivated and characterized strain was identified using the Blast search.
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Fig. S. Neighbor-joining tree based on the partial 16S rRNA gene sequences showing relationships between isolated strains, members of the
Eubacteria. The numerals represent the rDNA clone numbers. The percentages at the nodes are the levels of bootstrap support >50% based on
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