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Denaturing Gradient Gel Electrophoresis and Culture-based Analysis of the
Bacterial Community in Cheonggukjang, a Korean Traditional
Fermented Soybean Food from Gangwon Province
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Abstract Bacterial communities derived from cheonggukjang and raw rice straw collected from a Mireuksan farm and
a Heungup cheonggukjang in Gangwon province were investigated using both culture-based method and denaturing
gradient gel electrophoresis (DGGE) analysis. Pure cultures, which were isolated from raw rice straw and cheonggukjang
and cultured on tryptic soy agar plates (53-76 colonies per plate), were identified by analysis of 16S rRNA sequences.
The traditional culture-based method and analysis of PCR-amplified 16S rRNA by DGGE revealed that for samples
collected from the Mireuksan farm, Pantoea agglomerans and Bacillus subtilis were the predominant species in the raw
rice-straw and cheonggukjang, respectively. For samples collected from the Heungup cheonggukjang, Bacillus amyloliquefaciens
was the predominant species in both raw rice straw and cheonggukjang. Other microorganisms, including members of
Pantoea, Bacillus, Enterococcus, Enterobacter, Pseudomonas, Rhodococcus, and Acinetobacter, were also present in the
raw rice-straw and cheonggukjang, as were bacteria that could not be cultured.
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Table 1. Identification of microorganisms isolated from raw rice-straw and cheonggukjang

Source* Closest relative GenBank accession no. Identity (%) Prog;:;tlon
Pantoea agglomerans EU239137 98 65
Raw rice-straw Pantoea ananatis HQ236020 97 30
A Bacillus subtilis HQ268531 97 5
Bacillus subtilis HQ268531 97 60
Cheonggukjang Bacillus circulans Y13064 97 28
Bacillus amyloliquefaciens GU323369 98 12
Bacillus amyloliquefaciens JF412546 99 57
Raw rice-straw Acinetobacter sp. JF710649 97 29
Pantoea ananatis IN613378 97 14
B Bacillus amyloliquefaciens JF412546 99 52
Ch i Bacillus circulans AY294319 98 26
conggugang Bacillus licheniformis JX912559 97 18
Acinetobacter sp. JF710649 97 4

*A, Mireuksan farm; B, Heungup cheonggukjang

The isolates were selected from tryptic soy agar plates with 53-76 colonies and identified by 16S rRNA sequence analysis. The highest similarity
matches are presented. Basic Local Alignment Search Tool (BLAST) homology represents the percent identity and accession number of the

sequence of the closest relative in the GenBank database.
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Fig. 1. Denaturing gradient gel electrophoresis analysis of
polymerase chain reaction-amplified 16S rRNA fragments from
raw rice-straw and cheonggukjang. A, Mireuksan farm; B,
Heungup cheonggukjang; Lane 1 and 3, raw rice-straw; lane 2 and 4,
cheonggukjang. Polymerase chain reaction (PCR) amplification of
the 16S rRNA sequences was performed with the primers 341F¢C
and SI8R (see text for sequence). Denaturing gradient gel
electrophoresis (DGGE) analysis was performed with a 30-70%
denaturing gradient.
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Pseudomonas fulva, P. agglomerans, Acinetobacter sp., P anana-
tis, Bacillus sp., B. subtilis, B. licheniformis, B. amyloliquefa-
ciens® 43R oH, H= AEERH= 1Y band= 2|3}
A3 vAE FAHAI, Acinetobacter sp., Bacillus sp., uncultured
bacterium, B. subtilis, B. circulans, B. licheniformis, B. amy-
loliquefaciens=. &7 3} tH(Table 2B).
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Table 2. Diversity of microorganisms identified from raw rice-straw and cheonggukjang by denaturing gradient gel electrophoresis

analysis

101 Pantoea sp. FJ872514 96 3.0

102 Enterococcus durans GU360731 95 2.7

103 Enterobacter sp. FJ493047 97 4.5
104 Pantoea agglomerans EU239137 97 20.6

1 105 Uncultured bacterium EF444059 95 4.8
106 Pantoea ananatis HQ236020 97 74

107 Bacillus subtilis HQ268531 98 5.6

108 Bacillus sp. FJ930067 96 43

109 Rhodococcus sp. GU391522 97 3.6

A 201 Uncultured bacterium EF444059 96 4.8
202 Bacillus licheniformis GQ392052 97 42

203 Uncultured Bacillus sp. FJ435676 96 2.1

204 Bacillus subtilis EF488088 98 2.8

2 205 Bacillus sp. GQ392045 97 25
206 Bacillus licheniformis EU882848 97 1.6
207 Bacillus subtilis HQ268531 97 25.7

208 Bacillus amyloliquefaciens GU323369 96 59

209 Bacillus circulans Y 13064 98 6.4

301 Pseudomonas fulva JQ229796 97 42

302 Pantoea agglomerans AY 941841 95 4.0

303 Acinetobacter sp. JF710649 98 4.8

304 Pantoea ananatis IN613378 97 8.1

3 305 Bacillus sp. JX575605 98 43
306 Bacillus subtilis IN400257 97 4.0

307 Bacillus licheniformis JX912559 96 6.1
308 Bacillus amyloliquefaciens JF412546 97 273

B 401 Acinetobacter sp. JF710649 98 52
402 Bacillus sp. HM566751 96 39

403 Bacillus sp. JX575605 98 3.6

404 Uncultured bacterium FJ848513 96 3.8

4 405 Bacillus subtilis IN400257 97 3.7
406 Bacillus circulans AY294319 96 6.3

407 Bacillus licheniformis JX912559 97 6.1
408 Bacillus amyloliquefaciens JF412546 98 26.4

*A, Mireuksan farm; B, Heungup cheonggukjang; Lane 1 and 3, raw rice-straw; lane 2 and 4, cheonggukjang.
The 16S rRNA sequences from the isolated strains and the 16S rRNA fragments from the DGGE bands were aligned with GenBank reference
sequences (http://www.ncbi.nlm.nih.gov) by using the Basic Local Alignment Search Tool (BLAST) program (http:/blast.ncbi.nlm.nih.gov/

Blast.cgi).
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