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Table 1. Bacterial strains isolated from seawater and solar saltern
ponds

Growth at

Colony Gram Isolation

No. Strain Color" Stain Moulity NaCl(%) Temp.(°)C)  Site
1 KK5 Y - + 2-10 15-45  Gageo-Do
2  KK6 Y - + 2-7 15-41  Gageo-Do
3 KK7 P + - 2-20 4-45  Gageo-Do
4 KKI5 Y - + 3-10 10-41  Gageo-Do
5 KKI7 O - + 3-8 10-40  Gageo-Do
6 KK20 Y - + 2-8 10-41  Gageo-Do
7 KK22 Y - + 2-8 10-40  Gageo-Do
8 KK23 O - + 2-8 10-45  Gageo-Do
9 KK24 O - + 2-8 10-45  Gageo-Do
10 MNS5 Y - + 2-15 10-45 Moonyo-Do”
11 MN27 O + + 2-25 10-45  Moonyo-Do
12 MN35 Y - + 2-8 10-41  Moonyo-Do
13 MN46 O + + 2-25 10-45 Moonyo-Do
14 MN52 O + + 2-25 10-45 Moonyo-Do
15 MN57 Y + + 2-25 10-45 Moonyo-Do
16 MN65-2 O + + 2-25 10-45 Moonyo-Do
17 MN65-3 O + + 2-25 10-45 Moonyo-Do
18 KI3 B - + 2-7 10-45  Geoje-Do
19 KI5 B - + 2-8 10-45  Geoje-Do
20 KJI Y - + 29 10-41  Geoje-Do
21 KI16 0} - + 2-7 1041 Geoje-Do
22 KIi7 B - + 2-5 10-40  Geoje-Do
23 KJ18 Y - + 2-10 10-37  Geoje-Do
24 KIJI9 O - + 2-20 10-41  Geoje-Do
25 K31 Y - + 2-10 10-41  Geoje-Do
26 KIJ33 0 - + 2-15 10-40  Geoje-Do
27 KIJ37 O - + 2-7 10-40  Geoje-Do
28 KI38 Y - + 2-10 10-45  Geoje-Do
29 KJ40 B - + 2-15 10-41  Geoje-Do
30 JUL R - + 2-7 10-41  Cheju-Do
31 Ju2 G - + 2-7 10-37  Cheju-Do
32 JU3 Y - + 29 10-45  Cheju-Do
33 Ju4 R - + 29 10-41  Cheju-Do
34 JU6 Y - + 29 10-45  Cheju-Do
35 JU7 Y - + 2-9 10-45  Cheju-Do
36 JU8 R - + 2-7 10-45  Cheju-Do
37 JU9 B - + 2-7 10-41  Cheju-Do
38 JUI0 G - + 2-7 10-37  Cheju-Do
39 JUll B - + 2-9 10-37  Cheju-Do
40 JUl4 Y - + 2-10 10-41  Cheju-Do

% B, brown; G, Light green; O, orange; P, pink; R, red; Y, yellow; +,
positive; -, negative, °, solar saltern pond
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Fig. 1. UPGMA dendrogram obtained after treatment of the
amplified 16S rDNA with restriction enzymes, Haelll, Rsal, Mspl,
and Cfol.
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Fig. 2. Phylogenetic tree as determined from comparative 16S ribosomal DNA sequencing. Rooted tree was constructed by neighbor-joining
method, which is showing the phylogenetic relationship between pigment-producing halophilic bacteria and some reference bacteria.
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Table 2. Phylogeny and RFLP profiles of the bacterial isolates

Strain %: 16S rDNA Identification Si:sﬁa‘fgc("% )
Gamma subdivision of Proteobacteria
MN5 A Pseudoalteromonas pisicicida 99
JU3 A Pseudoalteromonas pisicicida 99
KJ33 A Pseudoalteromonas sp. 99
MN35 F Photobacterium sp. 99
KJ18 G Vibrio sp. 99
Gram positive branch
MN65-2 B Halobacillus sp. 99
MN46 C Bacillus sp. 99
KK7 E Salinicoccus roseus 96
Flexibacter-Bacteroides-Cytophaga phylum
KK6 D Tenacibaculum mesophilus 97
KK15 1 Flavobacterium sp. 99
Alpha subdivision of Proteobacteria
JU6 H Paracoccus sp. 99

AHNAM BE]g 8 dF F 6 57} Gram positive bacteria
o X&=%11L, Halobacillus(B type)®} Bacillus(C type)oll T3}
o 2zt 9% FA=E UEWIAY.  Halobacillus 452
Sporosarcing A A BFE 4072, o] £ AH4EL 05~
30%9] NaClo] XFHE oA AFske 294 Aloez, o=
A MAE S, oA o] dAEE Aldos A
ATHO).

PCR-RFLP2] D% 1 typedll &58l= 3TF= Flexibacter-
Bacteroides-Cytophaga phylum (FBC phylum)dl 43} =t D
typel &8 KK6TF= Tenacibaculum mesophilus™ 97%<]
FAEE YT 3 WA Tenacibaculum 58 YE-9] sjigt
oA F3g AT w2HERE HEE A o At
cellulose, agar, chitin?} 7= 1 EA} E2L Ea6l= 7oz ¢
#HA o, ¢& LAANE u= FFZ carotenoid AE 2
zeaxanthin® TF3CH10, 14). KK5} KK6 HA] QA=) 8-S )

Bacillus firmus
Bacilus  jeotoalii
Bacilusrmethandlicus
Bacillus ficheniformis
Brevibictsrium incertum
Listeria orayii
Listeria ivanovii
Kotgaibacilus halotdlerans
Salinicocous alkaliphilus
Salinicoceus hispanicus
KK?
Salincocous roseuss ¥94559
Salinicocous roseusX66101
Saphylococcus hominds
Vibrio alginolyticus

002
Fig. 3. Phylogenetic relationship between KK7 and genus Salinicoccus,
and other closely related bacteria, which was constructed by using the
neighbour-joining method.

My

Ak A4 594 AT O 3

S

[oX

= TFER carotenoid AlGe] MAE THIA e A2
ERdTh(H] E5E AR, E nped] KK7 w5 B7IAE #4
) AlZ 7bsAdo] U W2, Salinicoccus roseusSt 96%S) G-
AleE HehSlor, 28 &2 S alkaliphilus, S. hispanicus®}
93%2] W& FAEE BYT}. Salinicoccus= F2 Fo| EA3}
= @A NA M= AT CZE Ventosa(13)0] 23l FxE Fa
o, "WAA] S, alkaliphilus, S. costicola, S. hispanicus, S.
roseus?’t LH A UYTHT). F typeol] &3 T Photobacterium
%, G typeoll &8 FFE Vibrio £ 9%2] FAIES Bt
H typed] <38 JU6TFT alpha Proteobacteria®l 43t
Paracoccus M 010} Paracoccus carotinifacien®] 735
astaxanthin® AABh= AlFog afjofollA] Bol ALE Al
2o 3z A Al 1 typedl &Hd= FFE
Flavobacteria®t 99%2) FAEE R0, YAl FBC complex
o &3ttt

AFze] s e Beg Ao gl d7tel daks)dl
&b, B89 #5F 5 high G+C Gram positive”} 59%E. 7}
o] S0, alpha Proteobacteria (33%), gamma Proteobacteria
(5%), low G+C Gram positive (3%) AlTe] ¢0.8 E¥sl= A
2 Yepgorh £ =79 I o aRE 2 Ay
3G Mol 49, BelE TF9 80%7} gamma Proteobacteria
% Pseudoalteromonas %; Al < ASE YER, Lee 5(5)¢]
ATelA Bad AT $4F R diHTe UE X E
VFERHATE BESE Ventosa(12) 52 TEIA Alvte] ¢HFS
a8 Ao, 2H53 Al B9 Vibrio%T} Pseudo-
monas&o|, 12YR Ad?) %B-F-, Halobacillusé3}; Bacillus %
9] Mlito] $H3= Ao E RISy B AqollAl dARolA
B AAE WA 18 MY 7S, HalobacillusS}
Bacillus 7 0] TAHAET], ©]5 Ventosa(12) 9] 5 U4
a3 g 8F g Rare} dX|ste Afolrt. =g
ARG AT tiF-Eo] oW ¢ ATEFH EL 16S
IDNA 971X 4E S Ueidigied), ole &3] dukyoe=
A2 AT Fo] Ma WSS 2] RSl Aoz
H, A2 40 5o g B A7 2, Mlde] A4 A
A AlEl A-8dte BF AEE obd A& ddEn.

i

HAtel &

o] =& 20033PAE FEist shadATEAR Aol &

3o Ao, ojoll ZA=HU

¥
o

int:

1L HE s, AEE, s, 7%, 94, 971 1999.
UM A EZHE FIRH =02 Y40 LS 98 F
HZ3. J. Korean Soc. Food Sci. Nutr. 28, 1239-1243.

2. 3%, wrE R, visA, 1EY, FAe, FAL. 199%.
SAGONN B3 Vibrio sp7h 4TSRS H A0} BA .
Korean Soc. Food Sci. Nutr. 25, 294-300.



306 Hae-Young Yong and Jin-Sook Park

3.

FHE, ZA9A. 2000. Colloidal Chiting A}3}5}= %
Aoz R HAMa0l WAL Kor J. Appl. Microbiol.
Biotechnol. 28, 264-269.

HeYd, 497]. 1999. TAMTLZRE F&3 FIZH
roje AMAo) QYAHA. J Korean Soc. Food Sci. Nutr 28,
1405-1407.

.Lee, J.H., HH. Shin, D.S. Lee, K.K. Kwon, S.J. Kim, and HK.

Lee. 1999. Bacterial diversity of culturable isolates from seawater
and a marine coral, Plexauridae sp., near Mun-Sum, Cheju-island.
J. Microbiol. 37, 193-199.

. Madigan, M.T., J.M. Martinko, and J. Parker. 2003. Brock Biology

of Microorganisms. 10th Ed., p. 553-535, Prentice Hill, USA.

. Mellado, E., E.R.B. Moore, ].J. Nieto, and A. Ventosa. 1996. Anal-

ysis of 16S rRNA gene sequences of Vibrio costicola strains :
Description of Salinicoccus costicola gen. nov., comb. nov. Int. J.
Syst. Bacteriol. 46, 817-821.

. Saito, H. and K. Miura. 1963. Preparation of transforming deox-

yribonucleic acid by phenol treatment. Biochem. Biophys. Acta
72, 619-629.

. Spring, S., W. Ludwig, M.C. Marquez, A. Ventosa, and K.H.

Schleifer. 1996. Halobacillus gen. nov., with descriptions of Halo-
bacillus litoralis sp. nov. and Halobacillus trueperi. sp. nov., and
transfer of Sporosarcina halophila to Halobacillus halophilus

10.

Kor. J. Microbiol

comb. nov. Int. J. Syst. Bacteriol. 46, 492-496.

Suzuki, M., Y. Nakagawa, S. Harayama, and S. Yamamoto. 2001.
Phylogenetic analysis and taxonomic study of marine Cytophaga-
like bacteria: Proposal for Tenacibaculum gen. nov. with Tenaci-
baculum maritimum comb. nov. and Tenacibaculum ovolyticus
comb. nov. and description of Tenacibaculum mesophilum sp. nov.
and Tenacibaculum amylolyticum sp. nov. Int. J. Syst. Evol. Micro-
biol. 51, 1639-1652

11. Tsubokura, A., H. Yoneda, and H. Mizuta. 1999. Paracoccus caro-

12.

13.

tinifaciens sp. nov., a new aerobic Gram-negative astaxanthin-pro-
ducing bacterium. Int. J. Syst. Bacteriol. 49, 277-282.

Ventosa, A., J.J. Nieto, and A. Oren. 1998. Biology of moderately
halophilic aerobic bacteria. Microbiol. Mol. Biol. Rev. 62, 504-544.
Ventosa, A., M.C. Marquez, M. Kocur, and B. Tindall. 1993. Com-
parative study of Micrococcus sp. strains CCM 158 and CCM
1405 and members of the genus Salinicoccus. Int. J. Syst. Bacte-
riol. 43, 245-248.

14. Yoon, J.H., K.H. Kang, and Y.H Park. 2003. Halobacillus salinus

sp. nov., isolated from a salt lake on the coast of the East Sea in
Korea. Int. J. Syst. Evol. Microbiol. 53, 687-693.

(Received October 27, 2004/Accepted November 22, 2004)

ABSTRACT : Diversity of Pigment-Producing Halophilic Bacteria Isolated from Coastal Seawater and

Solar Saltern in Korea

Hae-Young Yong and Jin-Sook Park* (Department of Microbiology, Hannam University,

Daejeon 306-791, Korea)

A total of forty strains of pigment-producing halophilic bacteria were isolated from the solar saltern and coastal
seawater in Korea. The diversity of those bacteria were determined on the basis of PCR-RFLP and 16S rDNA
sequences. The isolated strains were clssified into nine genera: Pseudoalteromonas, Photobacterium, Vibrio,
Halobacillus, Bacillus, Paracoccus, Salinicoccus, Tenacilbaculum, and Flavobacterium. While more than 80%
of the pigment-producing halophilic bacteria isolated from the coastal scawater were classified as gram-negative
Pseudolateromonas, most of the strains isolated from the solar saltern were classified into gram-positive Halo-
bacillus. The other strain was KK7, which may be identified as novel species belonging to the genus, Salini-

coccus.



