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Analysis of Bacterial Diversity in Fermented Skate Using Culture-dependent and Culture-independent
Approaches. Lee, Eun-Jung, Tae-Hyung Kim, Ha-Kun Kim*, Jung-Kee Lee, Hahn-Shik Kwak, and
Jong-Soo Lee. Department of Life Science and Genetic Engineering, Paichai University, Daejeon 302-735,
Korea — Fermented skate is a traditional Korean food popular in Southwestern area of Korea. It has a charac-
teristic flavor and alkaline pH. In this study we tried to determine the microbial flora in fermented skate using
two different approaches. In culture-independent method, we amplified V2 region of 16S rRNA gene by PCR
and cloned them into pUCI18 plasmid to construct 16S rDNA fragment library. BLAST searches for the
sequences obtained from this library revealed that uncultured bacterium clone 054E11.b was the most domi-
nant flora in this fermented fish. In culture-dependent method, we diluted suspension of skate and spreaded on
MRS, PCA, and MacConkey plates. We identified colonies grown on those plates by using PCR amplification
of V2 region of 16S rRNA and DNA sequencing. BLAST searches of those DNA sequences resulted in totally
different species with the observations from the 16S rDNA library analysis. Discrepancies of results obtained
from both approaches suggest that the agar plates used in culture-dependent method may be different from the
real condition of fermented skate. Therefore, results from culture-independent approach using 16S rDNA

fragment library analysis may reflect real microbial flora in fermented skate.
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1).
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Table 1. Bacterial flora of fermented skate identified from the 16S rDNA fragment library.

Putative Species Clone No. Relastzgu(eirelgfank SIHE;Smy PI‘O](Z)(;)I;IOH

Uncultured bacterium clone PDTRITOCT054 2,28, 40, 49 GU185674.1 100 4/63=6.3
Uncultured bacterium clone 054E11.b 3,4,6,10,11, 14,15, 16, 20, 25, 29,

30,31, 32, 33,34,37,38,41,42,43,

45, 46, 50, 51. 56, 57, 58. 60, 62, 63, EU837945.1 95 36/63=57.1

64, 68,69, 71,72
Uncultured bacterium clone 13/4/10H 7,8,21,22,54,59 FJ380169.1 100 6/63=9.5
Uncultured bacterium clone nbt229e07 9 EU538425.1 100 1/63=1.6
Adelie penguin guano bacterium 97 12 AY377492.1 100 1/63=1.6
Uncultured bacterium clone 004F02.b 18 EU837649.1 99 1/63=1.6
Uncultured bacterium 005F01.b 23 EU837694.1 99 1/63=1.6
Uncultured bacterium clone R2B18H 26 GQ423829.1 100 1/63=1.6
Uncultured bacterium clone 043F04.g 35 EU837382.1 100 1/63=1.6
Uncultured bacterium clone 001H10.g 52 EU837539.1 98 1/63=1.6
Serpens flexibilis strain ATCC29606 55,66, GU269546.1 94 2/63=3.2
Psychrobacter sp. 1466 67 GQ370385.1 98 1/63=1.6
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Fig. 1. Phylogenic tree for the 16S rDNA sequences from the analysis of 16S rDNA fragment library which are constructed from
suspension of fermented skate. Numbers above each node are confidence levels(%) generated from 1,000 bootstrap trees. The scale bar is
in fixed nucleotide substitutions per sequence position. Individual clones are shown in numbers.



326 LEE etal.

ST ofsf BAE Tz 24

WEEe] (Fol 3)pl ARSI HAEES 2eis) 99,
SolstE PBS A4S Aask] sl A o) W
S 107107912 LB brotn olste] 2143148 gt
e ABES TRSAATS A wjF 5 9l

MacConkey ﬂﬂ ATkl =], FAkre] AH o= AAst
© o MRS DRHWAA, ez WA ATEol 4
4 gl PCA AT ThAel Z7e] B4 wjgell A 244
=g F 30°C wjF7]ell 36X17F gt ket

7h7e] gAY HAE Aot 4% T2z 2
2lste], A2 G T A = %7% LS = F
23] AREE ERISIIAL, o5 AISE 338F¢t 518R
Zato|n] A ES o] &3t 21 PCR HF-S $3)3}e] 181
bp =71¢] 16S 1DNA AHES $F313. 553 DNA
ARSE oplEs AoA A7]98eS ¥ F QIAEX IIE
AMsled 395510] DNA A7149S Akt 23)e] 2
2EHE] $39 16S rDNA zé{‘é S M3 A 14%
7ol 971195 25 4 2tk NCBI®] BLASTE |4
sl AFAL AR RH FolFlo] AR nPEES
A BLASToﬂ ofsf AsAds wlast Az, 4"
ute| 2| o} 5> Pseudomonas sp. KC-EP-S13, Salmonella
enterica subsp. Enterica serovar typhimurium str. 140288,

Salmonella enterica subsp. Enterica serovar Typhi strain
SRDF10, uncultured bacterium clone R4J3M4-H2, Psychro-
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70, uncultured Leuconostoc sp. Clone TKL42, Staphylo-
Psychrobacter sp. J466,
uncultured bacterium clone R2J7M4 E4, uncultured bac-
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Table 2. Bacterial flora of fermented skate identified from the colonies grown on various plates.

Putative Species Clone No. Related GenBank Similarity

sequence (%)
Pseudomonas sp. KC-EP-S13 M1, M3, M9 FJ711216.1 98
Salmonella enterica subsp. Enterica serovar typhimurium str. 14028S M2, P1 CP001363.1 99
Salmonella enterica subsp. Enterica serovar Typhi strain SRDF10 R3 GU826691.1 99
Uncultured bacterium clone R4J3M4-H2 M4, M6, M7, P3, P5, P10 GQ467782.1 98
Psychrobacter sp. HTGH24 M5 GQ169118.1 99
Uncultured bacterium clone LaYa5a-70 R1 GU291521.1 98
Uncultured Leuconostoc sp. Clone TKL42 R2 DQ103579.1 98
Staphylococcus equorum strain SIP12 RS EU919275.1 97
Psychrobacter sp. 1466 R6 GQ370385.1 98
Uncultured bacterium clone R2J7M4 E4 P4,P12 GQ467443.1 99
Uncultured bacterium clone nbw709f07c1 P6 GQ103092.1 98
Staphylococcus sp. DHHS4 P7 DQ659036.1 98
Uncultured bacterium clone OKHOTSK-Bac-B38 P11 GQ201939.1 99
Uncultured bacterium clone PDTRI1OCT044 P13 GU185652.1 98

*M, R, and P represent colonies obtained on MacConkey, MRS, and PCA plate respectively.
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Fig. 2. Phylogenic tree for the colonies grown on various agar plates. M, R, and P represent colonies grown on MacConkey, MRS, and
PCA plate respectively. Numbers above each node are confidence levels (%) generated from 1,000 bootstrap trees. The scale bar is in fixed

nucleotide substitutions per sequence position.

T ARIMYE HIEE AARRISES W, HEE (T3] el
+= uncultured bacterium clone 054E11.b7} 57.1% el
L2 AT eR EAEkaL vkl FAE. =8t wE
F0] (%01 3)) =S sHuR]o] =dsle] YA TS
F24Y PCRE 483} & W, Pseudomonas sp. KC-EP-
S13 5 12 F2 vtelgler TR wioF o2 vy
I ek wjejEH W o g Fois)E BAMS W, Pyy-
chrobacter sp. J4665F0] 5 71A] Hb{o|A 2% A&

eiA] wejelelse) #E-L Aelalsict.

REFERENCES

1. Amann, R. I., W. Ludwig, and K-H. Schleifer. 1995. Phylo-
genetic identification and in situ detection of individual
microbial cells without cultivation. Microbiol. Rev. 59: 143-
169.

2. Cho, H. S. and K. H. Kim. 2008a. Quality characteristics of
commercial slices of Skate Raja Kenojei. J. East Asian Soc.
Dietary Life 18: 214-220.

3. Cho, H. S. and K. H. Kim. 2008b. Quality characteristics of



328 LEE etal.

10.

11.

. Ercolini,

cookies fortified with Skate (Raja Kenojei) Powder. Korean
J. Food Culture 23: 771-778.

. Cho, K. M. and W. T. Seo. 2007. Bacterial diversity in a

Korean traditional soybean fermented foods (Doenjang and
Gangang) by 16S rRNA gene sequence analysis. Food Sci.
Biotechnol. 16: 320-324.

D. 2004. PCR-DGGE fingerprinting: novel
strategies for detection of microbes in food. J. Microbiol.
Methods 56: 297-314.

. Felske, A. L., A. D. Akkermans, and W. M. de Vos. 1998.

Quantification of 16S rRNAs in complex bacterial commu-
nities by multiple competitive reverse transcription-PCR in
temperature gradient gel electrophoresis fingerprintings.
Appl. Environ. Microbiol. 64, 4581-4587.

. Ferris, M. J., G Muyzer, and D. M. Ward. 1996. Denaturing

gradient gel electrophoresis profiles of 16S rRNA-defined
populations inhabiting a hot spring microbial mat commu-
nity. Appl. Environ. Microbiol. 62: 340-346.

. Kim, S. Y. and Y. Adachi. 2007. Biological and genetic

classification of canine intestinal lactic acid bacteria and
bifidobacteria. Microbiol. Immunol. 51: 919-928.

. Kim, K. H. and H. S. Cho. 2008. Physicochemical and

microbiological properties of Skate (Raja kenojei) Kimchi
on the market. Korean J. Food Culture 23: 235-242.

Lee, E. J., J. E. Seo, J. K. Lee, S. W. Oh, and Y. J. Kim.
2008. Microbial and Chemical properties of Ready-to-eat
Skate in Korean Market. J. Food Hyg. Safety 23: 137-141.
Lee, J. S., G Y. Heo, J. W. Lee, Y. J. Oh, J. A. Park, Y. H.

12.

13.

14.

15.

16.

Park, Y. R. Pyun, and J. S. Ahn. 2005. Analysis of kimchi
microflora using denaturing gradient gel electrophoresis. /nt.
J. Food Microbiol. 102, 143-150.

Ludwig, W., O. Strunk, S. Klugbauer, N. Klugbauer, M.
Weizenegger, J. Neumaier, M. Bachleitner, and K. H.
Schleifer. 1998. Bacterial phylogeny based on comparative
sequence analysis. Electrophoresis. 19: 554-568.

Muyzer, G, E. C. De Waal, and A. G Uitterlinden. 1993.
Profiling of complex microbial populations by denaturing
gradient gel electrophoresis analysis of polymerase chain
reaction-amplified genes coding for 16S rRNA. Appl.
Environ. Microbiol. 59: 695-700.

Nbel, U., B. Engelen, A. Fleske, J. Snadir, A. Wieshuber, R.
Amann, W. Ludwig, and H. Backhaus. 1996. Sequence
heterogeneities of genes encoding 16S rRNAs in
Paenibacillus polymyxa detected by temperature gradient gel
electrophoresis. J. Bacteriol. 178, 5636-5643.

Sheffield, V. C., D. R. Cox, L. S. Lerman, and R. M. Meyers.
1989. Attachment of a 40-base-pair G+C-rich sequence
(GC-clamp) to genomic DNA fragments by polymerase
chain reaction resulted in improved detection of single-base
changes. Proc. Natl. Acad. Sci. USA. 86, 232-236.

Staley, J. T. and A. Konopka. 1985. Measurement of in situ
activities nonphotosynthetic microorganisms in aquatic and
terrestrial habitats. Annu. Rev. Microbiol. 39: 321-346.

(Received August 5, 2010/Accepted September 4, 2010)



