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Abstract

In this study, we investigated bacterial diversity of intertidal zone in
summer season of Jeju Island, They were characterized by determining
morphological and physio—biochemical properties, and subjected to comparative
analysis of partial 16S rRNA gene sequences. The phylogenic relationship of
the domain Bacteria was investigated by performing a comparative sequence
analysis of PCR—amplified 16S ribosomal RNA in organism of intertidal zone.
Microorganisms isolated from marine organisms and investigated analysis of
16S rRNA sequence. The 16S rRNA genes were amplified by using
oligonucleotide primers (27F and 1492R). Phylogenetic diversity and taxonomic
position of pigment-producing, protease-producing and lipase—producing
bacterial isolates were discussed.

A total of 850 marine bacteria were isolated from various substrates. Among
them, 136 strains produced several kinds of pigments, 35 strains produced
protease, and 9 strains were lipase—producer. They showed growth in the
various range of temperture, pH and NaCl. By comparative study of partial
16S rRNA gene sequences, 136 isolates were divided into 6 major groups:
Proteobacteria/Gammaproteobacteria (64 %), Bacteroidetes/Flavobacteria (13
%), Firmicutes/Bacilli (10.8 %), Proteobacteria/Alphaproteobacteria (8 %),
Bacteroidetes/Sphingobacteria (2.1 %) and  Bacteroidetes/Actinobacteria (2.1 %).
35 protease-producing strains were divided into 3 major groups:
Proteobacteria/Gammaproteobacteria (914 %), Proteobacteria/Alphaproteobacteria
(2.8 %) and Firmicutes/Bacilli (5.8 %).

Among these, Gammaproteobacteria group was the largest and distributed in
the genera Pseudoalteromonas (10 strains), Vibrio (21 strains)( and Ferrania
1 strain). All of the lipase-producers (9 isolates) were contained in several

genera of the Gammaproteobacteria. Shewanella (1 strain), Vibrio (2 strains),
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Alteromonas (4 strains), Paeudoalteromonas (1 strain) and Agarivorans (1
strain).

On the other hand, it was strongly suggested that 8 isolates was candidates
of new species based on low 16S rRNA gene sequence similarity. They were
distributed in the families Alteromonasdaceae (JJM10 and JJM57),
Pseudoalteromonadaceae (JJM39 and JJM137) and Shewanellaceae (JJM25
and JJM33) of the order Alteromonadales (the class Gammaproteobacteria).
Strain  JJM&84 belonged to the family Flavobacteriaceae of the order
Flavobacteriales, the class Flavobacteria. On the other hand, strains JJM&85
represented a novel species of the genus Loktanella in the family
Rhodobacteraceae (the class Alphaproteobacteria) on this basis of the
phenotypic features and phylogenetic evidence, for the name Loktanella

pyoseonensis sp. nov. is proposed.
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Phylogenetic Analysis of Marine Microorganisms
from Intertidal Zone in Summer Season of

Jeju Island



ABSTRACT

A total of 850 strains of marine microorganisms were isolated from intertidal
zone of Jeju Island. They were characterized by determining morphological,
physiological and biochemical properties, and subjected to comparative
analysis of partial 16S rRNA gene sequences. The 16S rRNA genes were
amplified by using oligonucleotide primers (27F and 1492R). Phylogenetic
diversity and taxonomic position of pigment-producing, protease—producing
and lipase—producing bacterial isolates were discussed. They showed growth
in the various range of temperture, pH and NaCl. By comparative study of
partial 16S rRNA gene sequences, 136 isolates were divided into 6 major
groups: Proteobacteria/Gammaproteobacteria (64%), Bacteroidetes/Flavobacteria
(13%), Firmicutes/Bacilli (10.8%), Proteobacteria/Alphaproteobacteria (8%),
Bacteroidetes/Sphingobacteria (21%) and  Bacteroidetes/Actinobacteria (2.1%).
Protease—producers including 35 isolates were divided into 3 major groups:
Proteobacteria/Gammaproteobacteria (91.4%), Proteobacteria/Alphaproteobacteria
(28 %) and Firmicutes/Bacilli (5.8%). Among these, Gammaproteobacteria
group was the largest and contained strains distributed in the genera
Pseudoalteromonas (10 strains), Vibrio (21 ‘strains) and Ferrania (1 strain). All
of the lipase-producers (9 isolates) were contained in several genera of the
Gammaproteobacteria: Shewanella (1 strain), Vibrio (2 strains), Alteromonas (4
strains), Paeudoalteromonas (1 strain) and Agarivorans (1 strain). On the other
hand, it was strongly suggested that 8 isolates was candidates of new species
based on low 16S rRNA gene sequence similarity. They were distributed in the
families Alteromonasdaceae (JJM10 and JJM57), Pseudoalteromonadaceae
(JJM39 and JJM137) and Shewanellaceae (JJM25 and JJM33) of the order
Alteromonadales (the class Gammaproteobacteria). Strain JJM84 belonged to
the family Flavobacteriaceae of the order Flavobacteriales, the class

Flavobacteria.
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Fig. 1-1. Ecology of intertidal zone
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Astar ok 3 G2 2 v Finical 158 dfo Az EHE B3
Streptomyces sp.Z4%E 8Z+d lactones 7} octalactins< 2] 3} tH(Tapiolas

et al, 1991). Octalactine Ax Z&3F & g32 velArt. 28] 22 Deep-sea

()

sediment coreZ%-E ¢ 3+ gram positive strain C2372%-E] macrolideAd %
3

rr

¢l macrolactinsS 43Tt o= 7€ HAEA TAFE wir}

24-membered lactones 7}FA|+ macrolactinst® U A E, ¥t &3t 3
HSA-1, -0, HIV G dste] Z=Egk sufolyi~ a3E Yehdido
(Gustafson et al., 1989). T35+ ldgle] xwHAA &l streptomyceteZ F-E

ol
IR
b
B

Q
fol
_\711

i
¥
luj
)
e
At
|
r
o
of
kl
)
(o

epsipeptides ¢! salinamides”} 2

Aol A2 AdAzA Adsta s 5 B2 A77F ol FAAL . o

ot

X Y A=A A A= Y4F ool s, AGREA, VI

Ao EAletE Wdd Avd @48 AdEe] Sols A
SAE A Aol S835H7] A "] A7k FAE o Sk (Collins and
Jones., 1981, Weiner et al., 1985, Kloos et al., 1986, Honrichsen et al, 1994).
T3 mAEY BAstE A MEE ol &t el & Aol 7t
A HHE FH2 AFES A ANE F do] mAES o] &3 A o
g Aol =a kA di A4tk Bel o]FofAa UtH(Ryu and Kim,
2000, Choi and Jeong., 1999, Madigan et al., 2003).

ERE HZol B0 Il AF mAEd W 54 =&el 53] FUketa
ot TAHo R nAE EiF S| x 2 7F A9 A+ International Journal of
Systematic and Evolutionary Microbiologyell =W "o &wtslA Wk s
Atk 53], fFrlEe]l Wi veket vA A4S Ay s AEeA b B
AFe mAEe] AT dlgelA  EEl® AlFOo == Halomonas
marisflavae, Sporosarcina aquimarine, Bacillus hwajinpoensis, Alteromonas

marina, Marinobacter litoralis, Erythrobacter flavus7} 0o.W Al&o0 2= A%

0

rulo

5SS =o|= Kordia algicida(Sohn et al., 2004)7} 2t A<k B A Eo A= A
A FE A= A% 02 Hahella chejuensis(Lee et al.,, 2001)7F H.al5

ke
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St A of| A = A& 08 Aestuariibacter  salexigens,  Hongiella
mannitolivorans, Zooshikella ganhwensis7} w2 HIiIHJAL AFo2+=
Bacillus marisflavi, B. aquimaris, Shewanella gaetbuli, Alterononas litorea s
gkt mAES] Ee BaEAth

T3 AFggdn ATEHAME  Ho 39z AFE sde] A AEA
Kineococcus marinus, Brevibacterium samyangense, Blastococcus jejuensis,
Tamlana crocina, Lewinella agarilytica, Marmoricola aequoreus, Devosia
subaequoris, Tessaracoccus flavescens, 3| X oA  Nocardia harenae,
Nocardioides marinisabuli, Nocardioides furvisabuli, 315~ Aeromicrobium
ponti, Nocardioides hwasunensis, Brevibacterium marinum 13| il 8l Z 5ol A
Phycicoccus jejuensis, Labedella gwakjiensis, Agrococcus jejuensis, Phycicola
gilvus &9 AMEL A& AFY vAES £ HASATHIJSEM, 2006,
¥ Hlawske] s BEA B

o]
7
Fol 4 wof thd ABFol AN Wik oje off WA RF TR

AR 3 HAel FHAX e vAe E AFE 2 e A Aol
e gEae] Fusk e 493 Al gl 417k Hu

2 970l @ Relvh aesty] WEd AFERE ok} Selvtetel A A4
S n AR 492 Busty 488 VYEAL] de, A5 543
RAYRSE JBE Husti ol dE@NT 4¥TY BYe e uehur

FA ol e Zolg Bk a#u okdztA AA S m AR

ol
i
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2. A5 2 Hy
2.1. 43R 9 /M3

AFEE A37) Fgol AAE olF A4zl S4E 0T
T $e sabdelth 74 126° 097 ~ 127° 00, &9 33° 10" ~ 34° 05 <
Welol 91X @ Heol WAL 184536 ki o™ slerale] Aol 3063 kmolth A
o mge gagelr], F5e] WL FRE ~ AgAolth AFEe AL

C o S g AAbolm, EAW L 5

e
il
)
s
to
>
=2
ot
[

5
Arw ok 33 AAE ol Fa Stk AFES AHAL HAYS (sedimentary
rock)¥ HAF Y4 (Basalt), WA}  (trachyandesite-hawaiite), =W
(trachyte) %9 3}akeli¢} 7] A 3kakoll A B3 34k ok (phroclastic rocks)
TOoE FAEHS Jdom, dF AW HAbA EYS AlLstd thRio] A
o] 348 E (volcanic ash soil)@ Ho] 9t}
AFes A5 st 729 duatz: 4L g 7155 Helll= vF AFA

8T, 89 H#7]= 258l d H|a}o

&
=2,
N
[40
rot
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o,
E
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do)
{o)
&
Y
4}4
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rlr
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et
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|
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rlr
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rlo
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il
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X
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o 223 ode AESo] AHAE o]Fx i ZolthFig. 1-4).
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AEETIT olrhz WAo] Thas] e o

F3IA gholob @k AF driel Az gdd R 447 ek A4A

l
N
N
2,
=
)
e
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N
]
i)

g meser, vhelslel, Asler aem AHAGOR FRY & Y, v
O shmel JFL AH WE A, AW A el gouA w3
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e @ osfeh, Eeek wpeir EA sl = Sk, shd el Hel e &g
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FA A AAEA Ao thro] AFA Ade FRAED, 9@, 7
4@, @) AFALELE, AYE, FPDoR AALA A EF AR
A (4A®, NG, v FREHED, Fel@) Aoz FREe] 7 2
sk @AE ozl A AmE A% S ThFig 1-5).

= i

Intertidal zone

©2008 Googe - Imagery G208 Termakietncs, Wa cats 62008 ZINAN - [arms ot Use B

Fig. 1-4. Map for collection of organisms in Jeju Island. Dotted circles

indicate the sampling sites.

1; Sin-chon, 2; Ham-duck, 3; Kim-nyeong, 4; Weol-jung, 5; Ae-wol, 6; Gwi-dok, 7; Han-lim,

8, Sung-san, 9; Pyo-seon, 10; Wi-mi, 11; Ha-mo, 12; Ha-ye
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22. AE AE AF ¥

ATH(r, 1976; E &, 1993; #, 1992). A A= A E+= Hir ¥ polypropylene
bottleo] Hol 4 TE FAsIe AgAz2 ntsle] nAES Est=d A&}

At

:

& 3 pHx YSI 600QSE o] &3ate] dAelA SAsialom
(DO)= @A DO meters Ab&ste]l SAst= WHI Ao angsie] 4
Fd=2 & % Winkler-Azide %<& Hdsto] SA8ATHAPHA, AWWA.
WPCF. 1993). 3}st2 22 Q2 7 #(COD)2 Carberg(Carberg, 1972)WHel whe}t
wAstAT a8l FAAT-Ne dEYolkd HANH:-N), ZAHg 24
(NOs-N), oF&Aikd AANO-N)o o=z yeldlal, SARHS Strickland <}
Parson(Strickland & Parsons, 1972) 2 37 o dFAA A (745, 1995)9
el A s ek Qlakd 1(POs-P) Y Ffr =2 (SS) =9 Rl 9

3 =4kt

O+

2

e
o

24. FEIEAT £4

Aol A whxAl sFE AFste] = @3 (spread plate method) &2 7Hg A o
2 A A5 es Fudo® 4TE FX38le] Ad4d=z &7 F 10
o

A B olgato] 0.85% FwAe sl A4 F MA £Us

£
Do
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5ColA 297 v & =& colonyE= AlFstdth. wiA Ao =83 %

(colony forming unit; cfu)E& F A5 Hel|l w2} A3k

«

25. AE &9

2ol A A sl AEe FA e FASe] AESE nAdE SO
A <& Marine agar(Difco)(Table 1-1)5 A}g3te] ¥l =3

ool REss AYA SdRon 97vd wddrdas 44 YRS

B>
o

o]

0
i

FN

T3] 918l ZS medium (Table 1-2)3 XA g4 A HAES 22817
el ZT medium (Table 1-3)5 AR&3stitt. S A E s a4 Aiksts A&
skim milk H7PA|(ZS)el A TS HElE 55 st
2 AakstE v A ELS Tributyrin (TBN, Sigma)s 71gE wjx]& E&lst= v

AES] G4 colonyE 7] EujA| o] EHdte] =g 3k
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Table 1-1. Composition of marine agar

Peptone 50¢g
Yeast extract 10 g
Ferric citrate 01¢g
Sodium chloride 1945 g
Magnesium chloride 88 ¢g
Sodium sulfate 324 g
Calcium chloride 18 g
Potassium chloride 055 g
Sodium bicarbonate 0.16 g
Potassium bromide 0.08 g
Agar 159 ¢
Strontium chloride 34.0 mg
Boric acid 22.0 mg
Sodium silicate 4.0 mg
Sodium fluoride 2.4 mg
Ammonium nitrate 1.6 mg
Disodium phosphate 8.0 mg
pH 7.0

Table 1-2. Composition of ZS medium (Zobell 2216e + Skim milk)

Peptone (Difco) 5¢g
Yeast extract (Difco) lg
FePO4 (Sigma) 0.01 g
Ages sea water 750 ml
D.W 250 ml
pH 9.0
+
Skim milk (Difco) 1.0%
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Table 1-3. Composition of ZT medium (Zobell 2216e + Tributyrin)

Peptone (Difco) 5¢
Yeast extract (Difco) 1¢g
FePO4 (Sigma) 0.01 g
Ages sea water 750 ml
D.W 250 ml
pH 7.0
+
Tributyrin (Sigma) 1.0%
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26. FIAE &7 WY

AFE Aot 2ol FRED A BB A, V1A, P SFUE U

2 2 25 $doloA ARAE AlRES Hird polypropylene bottles o] &
alo] A58 F marine agar (Difco)loll AMAAEE A Aol FE st

AHE A& 1 g8 50 ml conical tubeo] Eita4 5 mlE o] 583 EAAIA

TARS e Og FAEAS 1830 AAXA AEFTH FTeE FYsar 1

B2 AAA B8 F=H A 0.1 mlE Marine agar®t Marine broth (MB,
—Z

Difco)oll HE3 T =wsle] 25Tl 1-343F 8l &Fsle] colonyES =4 =2ld}

262. ¥ BEAZFEH AE £

Z7H

NE

Z4 Wl AFHE AEAES homogenizerE Ab&3Fo] B3 &
B 100 W= Zobell 2216 agar(Difco)= 7| EHjA =2 3 & ©42UOo =2 skim
milk(Difco)E 1% # 7}t ZS medium} Tributlyrin (Sigma)< 1% #7}sk ZT

mediumo] €#EE T 25T A 1-3U7 vy colonyS =5 22tk

263. AF HHE AE2RYH UAE £

20 W 24 Yol % HAHE = E#lE box core BE grabs 9]
f3ato] A 2 L HAES FW 1-2 em FES whirl-packel] 200 ¢ A%
AHA3FATH AR 1 g2 50 ml conical tubedl %7 F o3 Hit3dk 4 5 ml

Hol 5 B3k ¥4 A7l & 187 AAAAL 55 100 @ MA w45 g
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© 2 skim milk(Difco)E 1% # 7}t ZS medium, &= S ©4 YU S =2 tributyrin
(Sigma)S 1% #7}3 ZT mediumo] =w3te] 25TCoA 1-3¥93F wj sl
colony ## &4 s

By 558 =5 2y wjA e 50% glycerols #H7bsle] -80 TolA H#s)

T FEgk wel o] WS 9] databasest T

27. 27 MAEY Fu 2 4 - AH}E S=A

2.7.1. Gram staining, Oxidase and Catalase test

Gram staining< Buck(1982)¢] Wy o2 g AokS Alg3sl#] il 3% KOH A

ok
2

ftlo
<4

|3te] FASAT. dxdFE2E 19Y$d] Bacillus subtitlis 1AM
121887 ¢} 18X E coli KCTC 1116 o] &3ttt Oxidase AL
Bactident-Oxidase test strips(Merck)= ©]-§3lo] SA4sATE H2dF2E &

& Pseudomanas aeruginosa KCTC 1750'S &AL E coli KCTC 1116&
o] &ak3ltt. Catalase &AL 3% H:0.5 ©l&ste] SAsA=d 3% HO0 &
1-2 W& Astside # 7|27 28 A AR Adsdi. dxdF

2% E coli KCTC 1116< ©] &3}t

272. 8% 2% % pH 4 ¥

Ao A3 54, 10, 15, 20, 25, 30, 35, 40 CT) % pH(, 4, 5, 6, 7, 8, 9,
10, 11, 12)9 3 marine agar(BD)2} marine broth(BD)S o]-&3}e] ZA}sHS T}

2.73. 9% 49

&

i)

T A mA= o

off

H
S

A YA HAAEAAE dolr 7] 9
3] NaCleo] 1 - 14% (1% &% 7t4)S #7F ¥ nutrient agar(BD)(beef extract

M



3.0 g, peptone 5.0 g, agar 15.0 g)ollA #F AFS ZAFEA

2.74. £34 AN¥

By mAgEe] 54 AFe A uf A H(semisolid medium)™ &2 T E

H(hanging drop) 27F4& AF&3te] 274 WHA A EF Fd o2 Yehyd

g4l At Aow Aussin. w

Mo

22

A A S agars 0.3 ~ 05% H7}3

al
A A (semisolid medium)E AF&3H, WA 7} TE HAS w LEAo

kI [
A, AARER o] gt EAdo] glv oE o T Skt a8l dF
FEHE cover glass Ul E5o]9] baseline Z&% 42 3 cover glass &%

WeS "ojrmy] Q& I 7l slide glass(hole
al

A FA H% 23

=y
e
o,
X0
rlr
of\
o
2
to
X
)

iy

2.75. Tween 40 2 80 7I+&38 A%

Tween 407} 809 7}l A2 AAEH a4 lipased s A A &3

olr

(lipolytic activity)S #zat= Zlo|tl. Tween 40, 80°] 3H¥ 3 vl A (heart

infusion agar)ol 2 HF3dtaL 30T A 24417 vl &3t

o
Q
=N
@]
=]
<
"
)
=2
r&ot
b

3k(opaquehalo)©] YEFY=d] o] A4S Tween 40, 800 7l+-#3s] & Aoz HAdt
st U W FEZIF 2 Serratia marcescens (KCCM 21204)9F &4 iz
2 Escherichia coli (KCCM 40880)5 AF-& 3191t}

2.7.6. API kit& o] &3 sy EA XA}

Y B3 A8 S API 20NE (bioMerieux)& ©] &3}
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277. 34 F&

2al® v AE-S marine brothol]l HAE3sF3 25T Al 24A17F vl ekst & 2435}

of MlgtZ3} oAl =(7:2) 1 ml H7bske] AAEeE] & § ofF& oM deds

=)

A 2¢ tubel %7 UV/VIS Spectrophotometer(survey scan)® 350 ~ 900 n
o] WA FHEE =43} carotenoid =+ bacteiochlorophylle] 55 3

Q15herh,
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2.8. 16S rRNA 97144 &4

2.8.1. Genomic DNA #3&

m A& 9] 16S rRNA #2412 Z47F 15 % NaCle] % 7Fe MB(Difco, USA) Hl ]
5 mlell F&3}o] Shacking incubatorE ©]83slo] 25TCo|A 200 rpmo = 2443+
Hj okl wjokolS 15 ml microcentrifuge tube® 2714 16000 xgoll A 1&#7F <
AEste] A5dS AAF F 2obx bacteria pelletd 3R] Wizard®
Genomic DNA Purification Kit (Promega, USA)S AF83}lo] genomic DNAES
#2 3 & Unicam UV/VIS Spectrophotometer (Helhios . Unicam Ltd,
United Kingdom)Z AF-&3te] 3% 260 nmol A DNAS =S =74 51t}

2.82. 16S tRNA §AA ZZ

PCR HF-$2 bacterial genomic DNA 100 ng, 1 uM®l universal primer pairs
(27F forward primer; 5 -~AGAGTTTGATCCTGGCTCAG-3 ", 1492R reverse
primer; 5 -GGTTACCTTGTTACGACTT-3 "), 10 mM dNTPs, 10X PCR
buffer, 5 Unit Taq polymerase (TAKARA, Japan) =3%tdo] Hitd SH{HIFE
HA7Fste] HFH9E 50 pl® 2w, PTC-150 Minicycler (M]J Research)=
Ab-8-3f ZZ&Adrt. FZ IAHLES 94T predenaturation 2%, 94T
denaturation 45%, 55C annealing 45%, 72C extension 13#¢ W3S 303 &
oF F3atdar, mpAE 72T oA 5E37F extensiond AAlE o FZwE PCR
product= 1% agarose(Agarose LE, Promega Co.) gelS 05 pg/ml ethdium

bromide® 9 4a}e] EHela e},

2.8.3. 16S rRNA ¥7I14 € 234

ZZo] g% PCR product= (F)&HEAHDajeon, Korea)oll ©]#3to] ABI

M

prismT‘ BigdyeTM

terminator cycle sequencing Ready reaction kit V.3.1
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(Flurescent dye terminators method)®t ABI 3730XL capillary DNA Sequencer

£ AR&3ste]l PCR product®] 9714 <E 45 330t

29. A% &4

A7IG e FAIEE #elslr] Y8l BLAST (Basic Local Alignment Search
Tool) search program= ©]€3Fe] NCBI (National Center for Biotechnology
Information)2] Genbank2} EMBL Nucleotide Sequence Database®l A +A}st

ZINEE vHlaste] 7P A&y FoE YEYe AEE FEdskAn. g
Ribosomal Databace Project I (RDP HO)wol] A% o] A& bacteria 16S
rRNA F82 971487 Hugo=zn AFEwed FA#dAE S35

B odAgdA 2" EYEFe 9714 LD3 databaseol @3 HZIAM LS
PHYDIT program (ver 3.2; http://plaza.snu.ac.kr/~iphydit/phydit)el] >~3t¥
Clustal W multiple alignment® A =ZslAt. A7]A4E 4 CLUSTAL X
software (Thompson et al, 1997)= ©]&3}o] Neighbor-joining (Saitou and
Nei, 1987) ®Hel & EAstAH. 9714 E 4 Al Bootstrap< 1000%] ]
replications % -83}o] tree topology e B7} 7|50 & Al&slo] AEFE AA e
At 7197 AEAYE Jukes & Cantor (Jukes and Cantor, 1969) = &S
o] g-alo] ALkt Th
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Table 2. List of an organisms and inorganic substrates used for bacterial

isolation (Site A)

Isolation site Species name Korean name
Sea sand A
Omphalius pfeifferi carpenteri o] 15
Ulva pertusa g 21} 2
A-1
Pachygrapsus crassipes uh9] A
Laurencia okamurae ko] A A
Galaxaura falcata Kjellman oAU e =T
Actinia equina A e |
Sea sand A
A-2 Cellana toreuma o) 7] At 2t 2= 7h
Capitulum mitella 5
Monodonta labio confusa 7 el Al
Hizikia fusiformis =
Cryptopleura membranacea BEQ] =
A-3 Chondracanthus tenellus = 7HAH
Codium arabicum % zh
Monodonta neritoides 7k A AlE
Sea sand A}
Myelophycus simplex nlt] &= 0]
A-4
Capitulum mitella AEE
Nerita(Heminerita) Japonica Eagn
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Table 3. List of an organisms and inorganic substrates used for bacterial

isolation (Site B)

Isolation site

Species name

Korean name

Sea sand

Balanus albicostatus

Sargassum horneri

7Y o] ELApt

B-5
Ischnochiton comptus AT
Cucumaria chronhjelmi S 7t
Hypselodoris festiva SF AN GG ol
Sea sand S| A}
Lithophyllum okamurae S=9
Codium arabicum w2zt
Halichondria japonica Tkl

B-6
Petrosia ushitsuensis ul9] &
Chromodoris orientalis AT s o]
Haloa japonica Pilsbry XA
Ophiarachnella gorgonia Wl A 1] & 7FALE]
Sea sand A

B-7 Colpomenia sinuosa 24712

Chlorostoma turbinata
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Table 4. List of an organisms and inorganic substrates used for bacterial

isolation (Site C)

Isolation site Species name Korean name

Lomentaria catenata EIR= RS
Sea sand S A}

C-8
Capitulum mitella AB&E
Heminerita Japonica Z4iE
Nassarius livescens FAFY 1S
Batillus cornutus TeaE

C-9
Sea sand S A}
Galaxaura falcata Kjellman of g7} ¢ <=k
Chlorostoma turbinata THYE
Sea sand 3f A

C-10 Acanthoceras zachariasii of]
Lithophyllum okamurae s =9
Aplysia kurodai T4
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Table 5. List of an organisms and inorganic substrates used for bacterial

isolation (Site D)

Isolation site

Species name

Korean name

Sargassum thunbergii

Aplysia juliana

Sea sediment

Sea sand

Anthopleura midort

D-11
Chlorostoma turbinata THE AL
Halichondria japonica Fekukef e
Haliclona permollis R ]
Nerita(Heminerita) Japonica aiF
Hypselodoris festiva g AN G ol
Sea sand A}
Haliclona permollis Hepsd

D-12 Ischnochiton comptus AT
Halichondria panicea 3] A uk ¢y sl

Chlorostoma turbinata
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AA =

LHER ST

E_o]:ll o]

=

=

(O

Aol

2 o}F 2

= oFdvtE| A

o
- =
s le)
11—

815 ~ 856 WA= Huk

-

A F22 258 ~ 286T=E 72+ A

kth pH

\.—_mﬂo

el

314 ~ 32.88 %, A}

[e)

L

B 5o B FEE 325~343 Y AEAH EAKY

o

]

o
il

=

A

0

)

£ e

ol & W3}

Jepeh sha

=

=

Site C-8°14 7.9 mg/mL

R
.

BOD$F &9 = 7]
?—:]E'_]‘;g, o =2 KMHO4, chr2079']' e A3 Zﬂ

[e)

LEblem il

27 %(COD)

LEAA2D0) TEE ZARXY HE AyEd A sE+= Site B-691A4 5.88

3.22. &L 384 AL T H

mg/mL

o,

o
B

el

!

el

& o9

=
=

g o]

-

1

St

Site B-7, C-9, C-11°A
[}

[e)
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Table 6. Environmental factors and bacterial count according to sampling

sites.

Bacterial
Tem Salinity DO COD SS TIN T-P
Factor count
T) (%0) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

(CFU/ ml)

Site
27.6 314 825 683 0.87 3.9 0.954 0.065 40 x 10°

A-1

Site
28.6 324 815 683 0.88 8.0 0.932 0.074 36 x 10°

A-2

Site
2768 3181 856 5.88 0.84 2.6 0.707 0.007 50 x 10°

A-3

Site
2838 3265 836 6.08 0.81 2.83 0.624 0.065 3.0 x 10°

A-4

Site
28.6 324 835 687 0.91 3.2 0.954 0.065 50 % 10°

B-5

Site
i 2768 3185 826 5.8 0.84 2.6 0.827 0.057 50 x 10°

B_

Site
2623 3283 834 6.78 0.48 1.03 0.743 0.018 2.0 % 10°

B-7

Site
2382 3272 823 79 0.56 0.89 0.629 0.021 3.0 x 10°

C-8

Site
cog 26.9 3257 821 7.29 0.48 1.01 0.693 0.01 25 x 10°

Site
2738 3265 822 7.04 0.62 2.11 0.72 0.012 50 x 10°

C-10
Site .
2623 3283 824 6.78 0.48 0.98 0.68 0.01 4.0 x 10°

D-11

Site
12 2583 3267 825 674 0.75 0.83 0.683 0.018 3.0 x 10°

D_
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Table 7. Bacteria strains isolated in site A.

Isolation  Strain Gram Growth at
No. Colony color Motility
site No. stain NaCl(%) Temp.(C)

1 JJM24 Yellow - + 1.0 -90 10 - 37
2 JJM25 Pink - + 1.0 -60 10 - 30
3 JIM56 Orange & = 1.0 - 60 10 40
4 Site A-1 JIM57 Orange - + 05-10 4 - 40
5 JIM77 Orange - + 10 -70 4 - 37
6 JIM78 Bright Orange + - 20 - 14 10 - 40
7 JJM133  Orange - + 6.0 - 90 10 - 37
8 JIM26 Pink - i 1.0 - 50 10 - 40
9 JIM27 Pink - ¥ 05-70 4-37
10 JJM28 Beige - = 10 -60 4 -30
11 Site A-2 JIM79 Orange 3 ¥ 10 -60 4 -30
12 JIM&0 Yellow = # 40 - 11.0 10 - 37
13 JJM117  Orange - + 10 -70 4 - 37
14 JIM118  Yellow = + 40 - 11.0 10 - 37
15 JIM29 Bright Orange - ™ 05 -60 4-30
16 Site A-3 JIM30 Orange - + 10 -70 4 - 37
17 JJM58 Orange - + 1.0 -10 10 - 37
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Table 8. Bacteria strain isolated in site B.

Isolation Strain Gram Growth at
No. Colony color Motility
site No. stain NaCl(%) Temp.(C)

1 JJM3 Yellow - + 10 -60 10 - 35
2 JIM6 Pink - - 1.0 -90 10 - 37
3 JIM7 Yellow - + 10 - 70 15 - 40
4 JJMS Yellow - + 1.0 - 70 4 - 37
5 JIM9 Pink 3 - 10 -50 10 - 30
6 JJM10 Yellow . " 1.0 -90 10 - 37
7 JIM11 Orange - - 10 - 60 10 - 45
8 JIM12 Yellow + - 1.0 =70 10 - 40
9 JJM36 Orange - + 6.0 - 90 10 - 37
10 JJM37 Orange - + 0-60 10 - 30
11 Site B-5 JIM38 Incarnadine - + 1.0 - 70 4 - 37
12 JJM39 Violet - + 1.0 -90 10 - 30
13 JJM64 Orange N i 1.0 - 10 1O 3 7
14 JJM65 Orange - ¥ 05 - 10 10 - 37
15 JJM66 Yellow - ¥ 05 - 10 10 - 37
16 JIM92 Creamy - = 1.0 - 6.0 4 90
17 JJM93 Orange - ¥ 6.0 - 90 10 - 37
18 JJIM94 Violet - ¥ 1.0 - 40 4 - 30
19 JJIM95 Creamy = ¥ 40 - 110 10 - 37
20 JIM126 Yellow 1 + 05 - 10 10 - 37
21 JM127 Orange - Fr 10 -90 10 - 37
22 JJM14 Creamy - + 10 -70 15 - 37
23 JIM15 Violet = + 0-10 10 - 37
24 JIM16 Bright yellow - + 1.0 - 70 10 - 40
25 JJM40 Yellow 3 + 1.0 - 6.0 4 - 37
26 JJMA41 Brown - + 6.0 - 90 10 - 37
27 Site B-6 JIM42 Brown - + 20 -70 10 - 37
28 JJM43 Orange - + 1.0 - 6.0 4 - 37
29 JJM67 Brown - + 1.0 - 6.0 4 - 30
30 JIM96 Pink + + 1.0 - 14 10 - 40
31 JJIM97 Orange - + 1.0 - 6.0 4 - 30
32 JJM98 Yellow - + 1.0 -90 10 - 37
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Table 8. Continue.

o. Isol‘ation Strain Colony color Gra'm Motility Growth at
site No. stain NaCl(%) Temp.(C)

33 JIM99 Yellow - + 1.0 - 70 10 - 37
34 JIM100 Orange - + 1.0 - 70 4 - 37
35 JJM128 Yellow 3 = 2.0 - 5.0 4 - 30
37 Site B-6 JJM129 Creamy - + 1.0 - 9.0 10 - 37
38 JIM136 Orange - + 1.0 - 90 10 - 37
39 JIM137 Yellow - + 1.0 - 80 10 - 40
40 JJM138 Yellow - + 05 - 10 10 - 37
41 JIM17 Yellow - # 05 - 10 10 - 37
42 JJM18 Brown - ¥ 1.0 - 9.0 4 - 37
43 JJM44 Orange = ¥ 1.0 - 9.0 10 - 37
44 JJM45 Bright yellow = + 1.0 - 6.0 4 & 37
45 JJIM102 Orange + + 0-12 4 - 40
46  Site B-7 JJM103 Yellow = + 0-70 4 - 40
47 JIM104 Brown - + 1.0 - 7.0 10 - 37
48 JIM130 Incarnadine - + 1.0 - 10 4 - 40
49 JJM131 Yellow - + 1.0 - 10 10 - 37
50 JJM132 Orange - + 1.0 - 70 4 - 37
51 JJM139 Green - + 1.0 - 10 4 - 40
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Table 9. Bacteria strain isolated in site C.

Isolation  Strain Gram . Growth at
© site No. Colony color stain Motility NaCl(%) Temp.(T)
1 JiM1 Yellow + - 1.0 - 70 10 - 40
2 JIM32 Orange - + 1.0 - 10 10 - 37
3 JJM33 Orange - + 1.0 - 70 4 - 37
4 JIM59 Yellow + + 0-12 4 - 40
5 JIM60 Orange 3 + 1.0 - 10 10 - 37
6 JJM61 Orange * + 1.0 - 70 4 - 37
7 Site C-8  JJM&2 Green - + 10 -70 10 - 37
8 JJM&3 Yellow - + 1.0 - 6.0 4 - 37
9 JJM84 Orange - + 1.0 - 6.0 4 - 37
10 JIM85 Pink - - 1.0 -12 10 - 40
11 JJMB86 Bright Orange + + 1.0 - 14 10 - 40
12 JJM87 Orange + + 1.0 - 14 10 - 40
13 JIM119 Orange - i 1.0 - 7.0 4 - 37
14 JIM120 Yellow - = 2.0 - 5.0 4 - 30
15 JJM121 Yellow - ¥ 0-40 102287
16 JIM122 Creamy - - 1.0 - 12 10 - 37
17 JJM123 Orange + + 0-14 10 - 45
18 pite C-9 JIM124 Pale yellow o + 0-14 10 = 45
19 JIM125 Orange = + 1.0 - 12 4 - 40
20 JJM135 Brown r # 1.0 -90 10 - 37
21 JIM134 Orange - 5 0-50 4 - 37
22 JIM2 Creamy = + 10 -60 10 - 35
23 JJM34 Yellow = + 1.0 -90 10 - 37
24 JIM35 Light Green - + 1.0 - 10 10 - 37
25 JIM62 Deep Yellow — - 1.0 - 7.0 4 - 40
26 Site C-10 JJM63 Yellow - + 0-50 10 - 37
27 JJM88 Bright Green - + 1.0 -70 15 - 40
28 JJM&9 Yellow - - 1.0 - 70 4 - 40
29 JJIM90 Green - + 1.0 - 6.0 4 - 30
30 JIMO1 Incarnadine - + 1.0 - 8.0 4 - 40
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Table 10. Bacteria strain isolated in site D.

No. Isol‘ation Strain No. Colony color Gra'm Motility Growth at
site stain NaCl(%) Temp.(C)
1 JJM4 Orange-yellow + + 2.0 - 10 10 - 40
2 JIM19 Beige + + 0-70 4 - 40
3 JIM20 Creamy + + 1.0 - 12 10 - 40
4 JIM21 Creamy + + 1.0 - 10 10 - 40
5 JIM22 Creamy 3 + 1.0 - 10 10 - 40
6 JJM46 Orange-yellow - & 1.0 - 70 4 - 37
7 JIM47 Orange-yellow - + 1.0 - 70 4 - 37
8 JIM48 Bright red - + 0-60 4 - 40
9 JIM49 Red - + 1.0 - 6.0 4 -30
10 JIM50 Yellow - + 1.0 - 9.0 10 - 37
11 JIM51 Yellow - + 05 - 10 10 - 37
12 JIM68 Pink - + 1.0 - 80 4 2830
13 Site JIM69 Orange - 4 1.0 - 6.0 4 =30
14 D-11 JIM70 Pink - + 1.0 - 10 10 - 37
15 JIM71-1 Green - + 1.0 - 12 2 ="37
16 JIM71-2 Pink - + 1.0 - 80 4 - 30
17 JIM72 Yellow = + 1.0 - 6.0 10 - 40
18 JIM73 Yellow + 1.0 - 6.0 10 - 40
19 JIM74 Ivory + 1.0 - 6.0 10 - 40
20 JIM105 Bright red - + 0-60 4 - 40
21 JIM106 Creamy - + 1.0 - 80 10 - 40
22 JIM107 Pink = + 1.0 - 10 10 - 37
23 JIM108 Yellow + + 1.0 - 12 10 - 45
24 JIM109 Yellow + + 1.0 - 12 10 - 45
25 JIM110 Red - + 05 - 10 10 - 37
26 JIM111 Yellow + = 1.0 - 70 10 - 40
27 JJM23 Creamy + - 1.0 - 14 10 - 40
28 JIM52 Yellow - + 05 - 10 10 - 37
29 Site JIM53 Green - + 1.0 - 10 10 - 37
30 D-l12 JIM54 Pink - + 10 - 70 10 - 40
31 JIM55 Yellow - + 0-70 4 - 40
32 JIM75 Orange - + 1.0 - 9.0 10 - 37
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Table 10. Continue.

Isolation Strain Gram Growth at

No. ] Colony color ] Motility

site No. stain NaCl(%) Temp.(T)
33 JIM76 Bright yellow - + 30 - 14 10 - 40
34 JIM112 Yellow - + 20 - 12 10 - 40
35 JIM113 Yellow 1 + 1.0 - 6.0 4 - 30

Site
37 JIM114 Orange - + 10 - 70 10 - 40

D-12
38 JIM115 Yellow - + 30 - 14 10 - 40
39 JIM116 Orange - + 1.0 - 6.0 4 - 30
40 JIM140 Yellow - + 05 - 10 10 - 37
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Table. 11. Physiologocal characteristics of pigment—producing isolates.

Strain Hydrolysis of: Utilization of:
Oxi Cat Tween Tween
No. Gelatin Starch Urea Agar Man Suc Glu Lac
40 30
JJM24 - + - + - - + + - + + -
JIM25 + + - - + - + + - + - -
JJMbB6 - + - + - - + + - + + -
JJMb7 + + - + - - - + - - + -
JIM77 + + + e - - — + - - - -
JIM78 + + - + - - - - +/- 4+ + -
JJM133 + + o + - - - + - + + -
JIM26 + + + + - - + + = - - -
JIM27 + + - - + - + + - + - -
JIM28 i + - - 4 3 - - + F F -
JIM79 + + + = = = - + - - + -
JIMS0 + + + = - - - - - = - -
JJM117  + + + 4 . = - aia - - = .
JIM118  + + + = b - - - - - - -
JIM29 + + + 4 = = - = - - = =
JIM30 + + i + = - - 4 - - - =
JJMbB8 - + = R = - + e - + + 3
JJM3 + + E = = = + e - + + =
M6+ o+ - - - - - s - - "L
JJM7 + + - =3 i ) - 4 - - L -
JJM&8 - + o + - k- - - - + - -
JJM9 - + - e - =3 3 + + - - -
JJM10 + + - + + - & + + + + -
JIM11 - + - + + - + - - - + -
JIM12 + - ~ + - - - = - - - -
JIM36 + - + + = = = + =~ + + -
JIM37 - + + B = r + . - - + -
JJM38 + + - + - E - + - + - -
JIM39 - + - + + - + - - - + -
JIM64 - + - + - - - - - + + -
JIM65 - + - + - - + + +/- - + -
JIM66 - + - + + - + - - - + -
JIM92 + + - + + - - - + - - -
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Table. 11. Continue.

Strain Hydrolysis of: Utilization of:

Oxi Cat Tween Tween
No. Gelatin Starch Urea Agar Man Suc Glu Lac
40

JJM93 +
JIM94 -
JIM95 +
JIM126 -
JIM127 -
JIM14 +
JIM15 -
JIM16 +
JJM40 -
JIM41 +
JIM42

JJM43 -
JIM67

JIM96

JIM97

JIM98 -
JIM99

JJM100

JIM128

JIM129 -
JIM136 -
JJM137  +
JJM138 -
JIM17 -
JIM18 -
JiM44 =
JJM45 -
JJM102
JJM103
JIM104
JJM130
JJM131 -
JJM132

JJM139

JIM1

JIM32 -
JJM33 +
JJIM5B9

JIM60 -
JJIM61 +
JJIMS82

JJMB3 -
JJIMB4 + + -

+ + - - - + - + + -

- + + - + - - - + -
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Table. 11. Continue.

Strain Hydrolysis of: Utilization of:
Oxi Cat Tween Tween
No. Gelatin Starch Urea Agar Man Suc Glu Lac
40 30

JIMBS + + - - - - - - - - - -
JIMS86 + + - + - - - - +/- 4+ + -
JIMS&7 - + - - + - - - + - - +
JJM119 + + - + - - - + - + - -
JIM120 + + - i + = E - + - - -
JJM121 + + + + + 2 - + - + + -
JIM122 + + R E + - - + - + + -
JJM123 - b - + - - - + - + + -
JJM124 - + - + - - - + i + + -
JIM125 - + - + b - + - = b + -
JJM134 = + - + 4 = + - + - + -
JJM135 + + - = = = - - + i + +
JJM2 + + - i = = + + - + + -
JIM34 - + - i + = + - - - + -
JIM35 - + - = 4 = + = - + + E
JIM62 + + - = = = - = + + + +
JJM63 + + + 4+ = = - 4 - + = —
JIMS88 + + + F - - - - - - & =
JIM&9 + + = = = - - = + + + +
JIM90 + + 4 = = = - 4 - - + -
JJM91 + + - + + = - = + - — =
JJM4 + + b + - ol - = - + + -
JJM19 + + + = + - + 5 - - s -
JIM20 - + - - - - - + - + + -
JIM21 + + - + - = = + - + + -
JIM22 + + - + = = = + - + + -
JIM46 - s - + + - + - - - + -
JM47 - + — + + - + - 7 - + -
JJM48 - ™ + B + + + + + + + +
JJM49 + + + - = & e + - - + -
JIM50 - + - - + T + - - + + -
JIM51 - + - + + - + - - + + -
JIM68 + + - - + - - - - - + -
JIM69 + + + - - - - + - - + -
JJM70 - + - - + - + - - + + -
JIMT71-1 + + + - - - - + - - + -
JIM71-2 + + - - + - - - - - + -
JIM72 + + + + - - - - + - + -
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Table. 11. Continue.

Strain Hydrolysis of: Utilization of:
No. Oxi  Cat Gelatin Starch Urea Agar Tween  Tween Man Suc Glu Lac
40 80

JIM73 + + + + - - - - + - -
JIM74 + - + + - - - + + - T -
JIM105 - + + - + - + + + + + -
JIM106 - + - + + L + + — + + _
JjM107 - - + - + + - + + . n ¥ .
JM108  + + - + - - - - ey . .
JJM109 + + - + - L - + s " ¥ _
JjMi110 - + - - + - + - - e i -
JIM111 + + - + - = - - _ _ _ _
JIM23 + + - g - - - + - + + .
JIM52 - + - + + = + = - ¥ + |
JIM53 - + - - + - + = - + - =
JIM54 + - + + + + - 4 + + ) _
JIMB5 -+ + ] + + L = _ . AT ¥
JIM75 - + - + + - + + - + L. _
JIM76 + + + 4 - = . = - - _ _
JjMi112 + + + - - e g . - _ _ _
JJM113 + + + - - - - i 3 _ + _
JIM114 + - + - + + & + + + - -
JIM115 + + + - - 1 - - - - _ _
JJM116 + + + - - - - n - _ + _
JjM140 - + - + + - + + - n ¥ .

#Abbreviations: Oxi, oxidase; Cat, catalase; Man, mannose: Suc, sucrose; Glu, glucose; Lac,

lactose.
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bacteiochlorophyll®] %5 &213AtH(Fig. 2, Table 12). 7l2E o] =& A<

o= AHAE ¥gsla, o] #F7|2 A3 cyclic =& acyclic®] xanthophyll=
B = gt mAdEddl lolA, carotenoid= 714 e RV FIA
Z5, 218 B2 #F o EAgT. Carotenoide BIEFY Aol A&
Az Z&S o, =3 H2ol F8l 24 AAE AAs = s a9t V)&
of <&l HlER E Bl 5008] FHold o] sl A WA FFREE wol=e] AFT}
AT e JYE Yo AAAE R Fe RHY JEREHR=o:= (B
—carotene, lycopene, astaxanthin, canthaxanthin, [B-apo-8-carotenal, @3
—apo-8-carotenal-ester)Rko] gstH o g A = W E F3| AL, AA

AN = @A A2 Aol FEH o FPHor A sith AT

22 vAE oA B B AFA grd AAYA uAAE 1367 F
57757} carotenoid®] &% <l 450-540 nmoll A peaks YeEFU S tH(Fig. 3).

a9

Db Chlorophylle Sl vlavls(Mg)e] e AtolE8 HEZI E(cyclic

tetrapyrrole) =30 o @@l Ay} dHlF{AH o2 AZA o] Qlrh Cyanobacteria®l

chlorophyll chlorophyll a2 4] g2 &3 2 8o F3tAd AEA A T
Ax= A3 2ol Purple 2 green bacterias thE a0 FatA AME Ao &

AstA] %= bacteriochlorophyllS 7}A 3L 91t} BacteriochlorophyllS 34382 =
Zol wet a b, g9 ¢, d, e 2719 class® YE 4 St} Purple bacteriav &
of w} bacteriochlophyll at} bacteriochlophyll b & 712 geEwkE 7122 gl
t}. o] & AR pigment antennadl] A5, Y 2= reaction centerol] = A

3kt}. Green bacteriax= F 7FA dH]9] bacteriochlophylle] tt& oz &3}
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=4, ¥ dHE bacteriochlophyll ¢, d =¥ egEA o|AL & FFsts 9
S 8t A9 El= bacteriochlophyll aZ# ©] A2 reaction centerd] <=3k

=3

Green bacteria®] 3709} bacteriochlorophyll(bacteriochlophyll ¢, d, = e)o] 3}38}
Ho g zolE Yell Rk B335 A He W5 cyanobacteria®l chlorophyll a
oF wj9- FAFSFCHE A 9] H = oF 800-900 nm). FE % S & purple bacteria
9] bacteriochlophyll a¥= C3¢F C4 9 X °ll, bacteriochlophyll b+= Csoll H-7F4 <1 H
ool Ao = C3 Cy Aol o]F Aol otd & Aol FAH U
(saturated; ¥3}Fojlom) oA wio] tE chlorophyll¥s ©& #3333
AAE etk st Z2AbE A AT thsiA] Bacteriochlorophyll®] &%
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Cyanobacterium :
chlorophyll a &
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.
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==
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400 S0o0o 200 1,000 1,100
chlorophylls phycobiliproteins carotenoids

Fig. 2. Absorption spectra of various pigments showing the differences in

absorption maxima.
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Fig. 3. Absortion spectra of methanolic extracts of isolates having carotenoids.

A; JJM49 (red-colored colony), B; JJM62 (yellow-colored colony)
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Table 12. Absortion spectrum of methanolic extracts of the isolates.

NO. Strain No. Amax(nm) NO. Strain No. Amax(nm) NO. Strain No. Amax(nm)
1 JIM24 453 47 JIM96 ND 93  JJM63 ND
2 JIM25 ND 48 JIM97 453 94  JJMS8S ND
3 JIM56 453 49 JIM98 ND 95  JIMRK9 ND
4 JIM57 453 50 JIM99 ND 96  JJMO90 ND
5 JIM77 453 51 JIM100 ND 97  JIMO91 ND
6 JIM78 ND 52 JJM128 526 98  JIM4 453
7 JJM133 ND 53 JJM129 ND 99  JJIM19 ND
8 JIM26 ND 54 JIM136 ND 100 JJMZ20 ND
9 JIM27 ND 55 JIM137 ND 101 JJM21 ND
10 JIM28 453 56 JJM138 453 102 JJM22 ND
11 JIM79 453 57 JM17 453 103 JJM46 ND
12 JJIMB80 453 58 JIM18 ND 104 JJM47 ND
13 JIM117 453 59 JJM44 450 105 JJM48 ND
14 JIM118 453 60 JIM45 450 106 JJM49 534
15 JIM29 ND 61 JJM102 453 107 JJM50 453
16 JIM30 ND 62 JJM103 453 108 JJM51 453
17 JIM58 ND 63 JIM104 526 109  JJM68 ND
18 JIM3 453 64 JIM130 ND 110 JJM69 ND
19 JJIM6 ND 65 JJM131 ND 111 JJM70 ND
20 JIM7 ND 66 JJM132 ND 112 JJM71-1 ND
21 JJM8 ND 67 JJM139 534 113 JJM71-2 ND
22 JIM9 ND 63 JJM1 ND 114  JJM72 453
23 JJIM10 453 69 JIM32 ND 115 JJM73 453
24 JJM11 453 70 JJM33 453 116 JJM74 ND
25 JJIM12 453 71 JIM59 453 117  JJM105 456
26 JIM36 526 72 JIM60 453 118  JJM106 ND
27 JIM37 526 73 JIMe61 526 119  JJM107 ND
28 JIM38 ND 74 JIM&2 ND 120  JJM108 ND
29 JIM39 ND 75 JJM83 ND 121  JJM109 ND
30 JIM64 453 76 JIM&4 ND 122 JJM110 456
31 JIM65 453 77 JIMS&5 ND 123 JJM111 ND
32 JIM66 453 78 JIMS86 526 124 JJM23 ND
33 JIM92 ND 79 JIM&7 526 125 JJMb2 ND
34 JIM93 ND 80 JIM119 ND 126 JJM53 534
35 JIM94 ND 81 JJM120 ND 127  JJMb54 ND
36 JIM95 ND 82 JIM121 ND 128  JJM55 ND
37 JIM126 526 83 JIM122 ND 129  JJM75 453
38 JIM127 453 &4 JIM123 453 130 JJM76 ND
39 JIM14 ND 85 JIM124 ND 131 JJM112 453
40 JIM15 ND 86 JIM125 ND 132 JJM113 453
41 JIM16 526 87 JJM135 ND 133 JJM114 ND
42 JIM40 453 88 JJM134 ND 134 JJM115 ND
43 JJM41 470 89 JIM2 ND 135 JJM116 ND
44 JJM42 470 90 JIM34 453 136 JJM140 ND
45 JJM43 ND 91 JIM35 453
46 JIM67 470 92 JIM62 453

#Abbreviations: ND, not detect; Amax, absorbance maxima.
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3.31.2. 16S rRNA A7 €714 €E 4 H ATEA

ATFE 2o Fed AAAAY vAE9 16S rRNA F32F 7144 &4
S B3 AEREFSH R oW divisiono] &£3EXE <l dto] B Ax AF
Al FHEAE 27l wyE AAYEAY vAEELS Proteobacteria

(3)/Gammuaproteobacteria(’3) 2] Pseudoalteromonasss 3  (JJM24, JJMb563}
JIMBR), Shewanella?;y 815 (JJM25, JJM27, JJM29, JJM30, JJM77, JIM79, JJM117%}
JIM133) Oceanisphaerass 13t (JJM57), Vibrio% 135 (JJM28), Proteobacteria
(st)/Alphaproteobacteria(’d) 2]  Kordiimonass: 115=(JJM26), Firmicutes(:t-)/Bacilli
ALY Bacillus% 11 (JJM78),  Bacteroidetes()/Flavobacteria(7) €]
Tenacibaculum?: 275 (JJMR0Z} JIM118)7F 2] = AthFig. 4). Blast searchE %
al 3FE b 2 A7IE AR @2 Table 133 2tk AlFA] 54
A1 & Site A-4 AJolXE ARG mAA=o] E27t HA Sk JIM24,
JIM563  JJMA82  P. marina (AY563031), P. atlantica (AF173963)% P.
haloplanktis (X67024)2F Zt7F 99.0%, 99.5% ¥ 99.0%<] 16S rRNA A=} A7]
AE FAIEE Ho FAY Shewanella < 5 JJM25 (S. baltica (AJ000214)),
JIM27 (S. pacifica (AF500075)), JJM29 (S. oneidensis (AY831235)), JJM30 (S.
gaetbuii (AY190533)), JIM77 (S. gaetbuii (AY190533)), JJM79 (S. waksmanii
(AY170366)), JIMI117 (S. gaetbuii (AY190533))3 JJM133 (S. japonica
(AF145921)) ztzte] i+ S 7149 A= E AAtssls o JJM25 #55
A e]til= 99%0]%  similarity #hs WERHATE WEH  JIM25% S, baltica
(AJ000214)¢F 97.02%°] €714 E FAH=E B AF FEHUAS AASAH.
JIM572  O. donghaensis (DQ190441) 12l O. litoralis (AJ550470)eF 247+
98.02%, 97.710%° F71XYE FAH=E Yol & & AF FHYUS Kol F
St} JIM282 V. comitans (DQ922915) 2t 99.80%, JIM262 K. gwangyangensis
(AY682384) ¢} 99% 12]il JJM78< B. hwajinpoensis (AF541966)<} 100% 1A}
EE HAFAY. JIMI0H JIM1182 z+zt T. discolor (AM411030)2F 99.06%,
99.08%¢] fFAHES HERRLAL JJMBOZ JJM118 Abelell M= 99.72%9] frAlES
HolFo] JIM80H JIM118E T, discolorel] A& H#FEUAS A|ALEA T
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Fig. 4. Neighbor-joining tree based on 16S rRNA gene sequences of
pigment-producing bacteria Isolated from Site A(1, 2, 3, 4). The sequences
were collected from 17 pigment-producing bacteria isolated in this study and

representative species selected from Ribosomal Database.
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Table 13. 16S rRNA gene sequence similarity values between pigment—producing

bacteria (Site A) between their closest relatives.

Strain Isolation Similarity
Isolation sample The closest species

No. site (%)
JIM24 Ulva pertusa Pseudoalteromonas marina 98%
JIM25 Laurencia okamurae Shewanella baltica 96%
JIM56 Omphalius pfeifferi carpenteri Pseudoalteromonas atlantica 98%
JIM57 A-1  Laurencia okamurae Oceanisphaera litoralis 96%
JIM77 Laurencia okamurae Shewanella gaetbuli 98%
JIM78 Ulva pertusa Bacillus hwajinpoensis 98%
JIM133 Laurencia okamurae Shewanella japonica 98%
JIM26 Actinia equina Kordiimonas gwangyangensis 98%
JIM27 Sea sand Shewanella pacifica 98%
JIM28 cellana toreuma Vibrio comitans 98%
JJM79 A-2  Sea sand Shewanella waksmanii 98%
JIM80 Sea sand Tenacibaculum discolor 97%
JIM117 Sea sand Shewanella gaetbuli 98%
JIM118 Monodonta labio confusa Tenacibaculum discolor 97%
JIM29 Monodonta neritoides Shewanella oneidensis 98%
JIM30 A-3  Monodonta neritoides Shewanella gaetbuli 98%
JIM58 Hizikia fusiformis Pseudoalteromonas haloplanktis 98%
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AFA AFEAY Z0UAE Proteobacteria(-)/Gammaproteobacteria(7d) )
Pseudoalteromonas<y 165t5=(JJM11, JJMI17, JJM39, JJM44, JIM64, JJM6E5, JJM66,
JIMO4, JIMOS, JIMI126, JJMI127, JJM129, JJM131, JJM136, JJMI137=} JJMI3R),
Galciecola?y  17t5(JJM10), ShewanellaZ; 8vt(JJM36, JJM38, JJM4l, JJM67,
JIM93,  JJM97, JIM100 JJMI132), Vibrio% 3+r=(JJM92, JIMI103%}  JJMI12R),
Alteromonas<; 3T (JJM99, JIM1302} JIM139), Proteobacteria
(¥)/Alphaproteobacteria(7}) e Loktanella® 1:1t(JJM6), Tateyamarias 115
(JJM9), Roseobacterss 11t5(JJM14), Rhodovulum=: 13t5(JJMI15), Pseudovibrioss
17F(JJM42), Phaeobacters: 17F(JJMI1S8), Bacteroidetes(3-)/Flavobacteria(s) 2]
Winogradskyella: 13t5(JJM3), Cellulophagas 17(JJMS), Formosas 13t
(JJM37), Tenacibaculum=s 43t5=(JJM7, JJMI16, JJM9B3} JJM104), Polaribacters;: 3
T (JJMAO, JJM43, JIM45), Actonobacteria(3)/Actinobacteria(%)/
Actinobacteridae(sub”}) 2] Micrococcusss 13F(JJM12), Firmcutes(3-)/Bacilli(Y) 2
Bacilus%: 175(JJM96), Exiguobacterium<s 11t=(JJM102)7} w215 AtH Fig. 5-7).

Blast searchE &3l 3% 714 2AdFH9] 9714 <E FAE k2 Table 149}

Bo® MAAA #F 229 16S rRNA 971 ES Jukes & Cantor 2ES
ol&3to]l E FH FAIEE AAdEIRE W JIMIL [(P. spongiae (AY769918)],
JIM17 [(P. flavipulchra (AF297958)]1, JJM39 [(P. haloplanktis (X67024)], JJM44
[(P. spongiae (AY769918)], JIM64 [(P. haloplanktis (X67024)], JJM65 [(P.
flavipulchra (AF297958)], JIM66 [(P. flavipulchra (AF297958)]1, JJM94 [(P.
tunicata (DQO0590R)], JIMIB [(P. piscicida (X82215)], JJMI126 [(P. flavipulchra
(AF297958)], JIM127 [(P. spongiae (AY769918)], JJMI129 [(P. marina
(AY563031)], JJM131 [(P. haloplanktis (X67024)], JJM136 [(P. spongiae
(AY769918)], JJMI137 [(P. Iuteoviolacea (X82144)], JJM138 [(P. flavipulchra
(AF297958)1% JJM39, JJMI131¥ JMI137s Alelstals maw29F 99.42%01d YA
SFATE JIM39¢} JJIM1312 type strain®l P. haloplanktis (X67024)3} 27} 97.05%
o d7IMd A= E UEol AF FEAS AT E=F JJM39¢)
JIMI131& A& 9950% A71ME FALEE dEldle]l $dFe w552 dd

J

ro
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=3

JIM1372 type strain P. luteoviolacea (X82144)¢} 97.0% 47144 HFA=E e
o] = g2 AFERZ Ko At} Shewanellad 377 JJM36, JJM38, JJM4l,
JIM67, JJM93, JJIM97, JIM1002} JJMI132-2 S. japonica (AF145921)%} JJM(36, 41
¥ 93)2 S gaetbuii (AY190533)9} JJM(38, 100¥} 102) S. waksmanii
(AY170366)2F JIM(67% 97)2 16S rRNA 97|Axdo] Z}7; 9945 % o] dx
SEA Tk E JIM(36, 413 93), JJM(38, 10034 102), JIM(673% 97)> ztzte] ¢
ZIA g dial 99.80%, 99.70%, 99, 50% HLXSFATE Vibrios 3dT JJM92,
JIM1032 JJM128<2 V. comitans (DQ922915), V. parahaemolyticus (DQ164802)
2 V. shilonii (AF007115)¢F  ZH7ZF 99.50%, 100%, 99.80% A X|33ith
Alteromonas<;y 31t JJM99, JJM1302} JJM1392 A. macleodii (AJ414399) 12|11
A. genoviensis (AM8R5866)2F Z+ZF 99.80%, 99.50% =&AL JIM130<}
JIMI39E A2 99.80% 9714 E FAIEE YEUo] 5dFe] T2 A
Loktanella? %1 JIM6< L. agnita (AY682198)2F 99.89% & |3} t}.
Tateyamaria?; w5 JJM9, Roseobacters 5 JJMI14, Rhodovulum=s = JJMI5,

Ay}

Pseudovibrio%: 5 JJM42, Phaeobacters: 5 JJMILS, Winogradskyellad:
JIM3, Cellulophaga% 5 JIMS, FormosaZ: v+ JJM37, Micrococcus%:
JIM12, Bacilus%: 5 JJM96 18|13l Exiguobacterium=s it JJM102+= Z42+9] %
=17 T omphalii (AB193438), R. gallaeciensis (Y13244), R. sulfidophilum
(D16423), P. ascidiaceicola (AB175663), P. inhibens (AY177712), W. eximia
(AY521225), C. lytica (D12666), F. algae (AY771766), M. luteus (AF542073),
B. infantis (AY904032) —L&]a E. oxidotolerans (AB105164)¢} 99.50% o)A
&9}, Tenacibaculum: = JIM72 T. mesophilum (AB032501)3} 99.70%,
JM16  T. mesophilum (AB032501)3 98.20%, JIM9%+= T. gallaicum
(AM176578) 3} 98.20%, JIM1042> T. mesophilum (AB032501)2} 98.10%<] ¢ 714
d FAHEE YERE JIM73 JJMI6, JJM73F JJM104¢] 719D FAHE =
Z+7} 98.80%, 98.75% 1¥]al JJM163 JJM104+= 99.80%= JJMI163 JJM104+=
FAFe] FFEZ BHHEY. Polaribacterss 33T JJM40, JIM433} JJM45E P
dokdonensis (DQ004686)<} Z}7} 98.30%, 99.90%, 98.30% |3} o.™ JIM40+}
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JIM45= 99.90% dAlste] FUdFe] dFE= Addn

Galciecola%s 521 JIMI0S (. nitratrieducens (AY737042)¢F 96.01%, G.
pallidula (URH854)2} 95.43% 183l G. punicea (UR5853)%} 93.63% 471 A<

=

do
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Table 14. 16S rRNA gene sequence similarity values between pigment—producing

bacteria (Site B) between their closest relatives.

Strain  Isolation . . Similarity
. Isolation sample The closest species

No. site (%)
JIM3 Sea sand Winogradskyella eximia. 98%
JIM6 Sea sand Loktanella agnita 99%
JIM7 Sea sand Tenacibaculum mesophilum 98%
JIMS8 Sea sand Cellulophga Iytica 99%
JIM9 Sea sand Tateyamaria omphalii 98%
JIM10 Balanus albicostatus Glaciecola nitratireducens 94%
JIM11 Ischnochiton comptus Pseudoalteromonas spongiae 98%
JIM12 Hypselodoris festiva Micrococcus luteus 99%
JIM36 Sea sand Shewanella japonica 97%
JIM37 Balanus albicostatus Formosa algae 97%
JIM38 B-5 Balanus albicostatus Shewanella gaetbuli 98%
JIM39 Hypselodoris festiva Pseudoalteromonas flavipulchra 96%
JIM64 Hypselodoris festiva Pseudoalteromonas haloplanktis 98%
JIM65 Hypselodoris festiva Pseudoalteromonas flavipulchra 99%
JIM66 Hypselodoris festiva Pseudoalteromonas flavipulchra 99%
JIM92 Sea sand Vibrio comitans 99%
JIM93 Balanus albicostatus Shewanella japonica 98%
JIM94 Balanus albicostatus Pseudoalteromonas tunicata 96%
JIM95 Cucumaria chronhjelmi Tenacibaculum gallaicum 9696
JIM126 Cucumaria chronhjelmi Pseudoalteromonas flavipulchra 99%
JIM127 Hypselodoris festiva Pseudoalteromonas spongiae 98%
JIM14 Halichondria japonica Roseobacter gallaeciensis 99%
JIM15 Petrosia ushitsuensis Rhodovulum sulfidophilum 98%
JIM16 Chromodoris orientalis Tenacibaculum mesophilum 96%
JIM40 Sea sand Polaribacter dokdonensis 97%
JJMA41 Petrosia ushitsuensis Shewanella japonica 98%
JIMA42 B-6 Petrosia ushitsuensis Pseudovibrio ascidiaceicola 98%
JJM43 Ophiarachnella gorgonia Polaribacter dokdonensis 99%
JIM67 Petrosia ushitsuensis Shewanella waksmanii 99%
JIM96 Sea sand Bacillus infantis 98%
JIM97 Lithophyllum okamurae Shewanella waksmanii 98%
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Table 14. Continue

Strain Isolation Similarity
Isolation sample The closest species

No. site (%)
JIM9O8 Codium arabicum Pseudoalteromonas piscicida 99%
JIM99 Halichondria japonica Alteromonas macleodii 98%
JIM100 Petrosia ushitsuensis Shewanella gaetbuli 98%
JIM128 Petrosia ushitsuensis Vibrio shilonii 99%

B-6

JIM129 Chromodoris orientalis Pseudoalteromonas marina 99%
JIM136 Petrosia ushitsuensis Pseudoalteromonas spongiae 96%
JJM137 Petrosia ushitsuensis Pseudoalteromonas [uteoviolacea 93%
JIM138 Petrosia ushitsuensis Pseudoalteromonas flavipulchra 99%
JIM17 Sea sand Pseudoalteromonas flavipulchra 99%
JIM18 Chlorostoma turbinata Phaeobacter inhibens 98%
JIM44 Colpomenia sinuosa Pseudoalteromonas spongiae 98%
JIM45 Chlorostoma turbinata Polaribacter dokdonensis 97%
JIM102 Sea sand Exgubacterium oxidotolerans 99%
JIM103 B-7 Colpomenia sinuosa Vibrio parahaemolyticus 99%
JIM104 Chlorostoma turbinata Tenacibaculum mesophilum 96%
JIM130 Chlorostoma turbinata Alteromonas genoviensis 98%
JIM131 Chlorostoma turbinata Pseudoalteromonas haloplanktis 96%
JIM132 Chlorostoma turbinata Shewanella gaetbuli 97%
JIM139 Chlorostoma turbinata Alteromonas genoviensis 98%
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MAE FFAGeA FEEZl MR wAES BFE 2 A¥ Proteobacteria
(3%)/Gammaproteobacteria(’}) 2] Pseudoalteromonas<:9ll 3= += 677=(JJM32, JJM34,
JIM35,  JJME0, JIMI25%F  JJM134), Shewanellay  4+t(JJM33, JJM61,  JJMO02}
JIML19),  Pseudomonas®:  2xt5+(JJM6E3¥} JJMI121),  Microbulbifers;  13t=+(JJM122),
Vibrios  2vF5(JJMO1¥  JIMI120),  Alteromonass 1M 7 85k
Proteobacteria(-)/Alphaproteobacteria( %) 2] LoktanellaZ:°1 A 17(JJMBD),
Paracoccus%s 3v=(JJM62, JIMB9<} JIM135)71 w2l E Atk Firmicutes((%)/Bacilli(7) 2]
Bacillus%oll 4 3w(JJMS6,  JIM123%  JIM124),  Exiguobacterium<s  175+(JJMVB9),
Marinibacillus=s — 1or(JJM8N7F =AY Actonobacteria(<%)/Actinobacteria
()/Actinobacteridae(©Vd) 2] MicrococcusZoNX= 10=5+JJMD 7} 22=SIt). Bacteroidetes
D)/ Flavobacteria(H 2] Polaribaacteria?s  15t1JJVB3),  Dongloearnas  13(JJVIR4),
Winogradskyellas 17+ JJVR), Tenacibaculumésollx] 1d5(JJVR)7F 2] =AUt (Fig. 8).
Table 15% blast search® &3l YEIYG 7H SdFHe] A7IAE FALE #H&

et 22l M8 F5F 4244 16S rRNA 84 A71HE S Jukes
& Cantor EE& o]&3te] 7k ZAT9 mEFTe vustyd B OAY

Pseudoalteromonassy 5= JJM32, JIM34, JIM3b5, JIM60, JIM125¢F JIM134+= P.
haloplanktis (X67024), P. piscicida (X82215), P. atlantica (AF173963), P.

spongiae (AY769918)¢} Z}7F 99.20% ol Aol dA|stAtt. 1 F JIM32,
JIM35¢} JJMB0+= blast search’dollA P. haloplanktis (X67024)2} <+AF o2 744
ol HA=d ztztel e dF78 @714E A7IAE FALEE AAtee] Bk
= M E 99.60%°]d LAt TUFY wFEE AdHT. Shewanellat T
2 OERFE JIM33, JIM61 JIMI19% ShewanellaZ; S. gaetbuii (AY190533)9F 72}
92.30%, 99.50%, 99.54%¢] A7IME FAIEE UEUAT JIM33 2 D5
Shewanella®:2] A& Y 7lsd& AAEH JIM613  JIM119= S, gaetbuil
(AY190533)¢}  &LEFe HTF= ool Hrh  JIMI902 S waksmanii
(AY170366)2] 16S rRNA #d4F M3} 9950 % LA a0t

Pseudomonas%: w5 JJM633 JJMI121, Microbulbifers: w5 JJM122, Vibrio%:
JIMOL# JJM120, Alteromonas®; w5 JJM82, Paracoccus®: it JJM62, JJMB9<}
JIM135, Bacillussr v JJM&6, JIMI1233} JJMI24, Exiguobacterium; =+ JJMVEB9,

_60_



Marinibacillus% ¥+ JJMB7, Micrococcus% = JJMI, Polaribaacteria? 17 JJVIS3,
Teracibaculum?s T JIMRE 21219 #5591 P oryzihabitans  (AF288732), P,
argentinensis (AYEI1118), M cystodytense (AJo20879), V. harveyi (EU21520), V. shilonii
(AF007115), A. macleodii (AJ414399), P. kamogawaensis (AB275604), P.
marcusii (AF194399), B. aquimaris (AF483625), E. oxidotolerans (AB105164),
M. marinus (AJ237708), M. luteus (AF542073), P. dokdonensis (DQ004686), T.
mesophilum (AB032501)8} 712} 99.45% o] A do] U3}t

WA Donghaeanas 5 JIVBASE Winogradskyella®: =+ JINRE 2H2te] 2 D
dokdonesis (DQOLIT0ID)®F W. eximia (AY521225) 16S rRNA #3# 47144
95.00% ~ 96.02%° @71ME FAEE YEdol AFYd ThsdSs AAbs AT
T3 JJM8 e H$+=  Loktanella%9  species®  HilEolx L
hongkongensis (AY600300)2} 95.99%, L. marincola (EF202613)¢} 94.1%, L.
rosea (AY682199)9} 93.88%, L. koreensis (DQ34498)2} 93.88%, L. agnita
(AY682198)¢} 93.79%, L. salsilacus (AJ440997)°F 93.73%, L. fryxellensis
(AJ582225)%} 93.35%, L. atrilutea (AB246747)9} 93.58% 18]l L. vestfoldensis
(AY7T71771)¢}F 93.12% H71M 4 fFAI=E UElde] ASFH #F2 ddd
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Fig. 8. Neighbor—joining tree based on 16S

rRNA gene sequences of

pigment-producing bacteria isolated from Site C(8, 9, 10). The sequences

were collected from 30 pigment-producing bacteria isolated in this study and

representative species selected from Ribosomal Database.

_62_



Table 15. 16S rRNA gene sequence similarity values between pigment—producing

bacteria (Site C) between their closest relatives.

Strain Isolation . . Similarity
No. site Isolation sample The closest species (%)
JIM1 Lomentaria catenata Micrococcus luteus 98%
JIM32 Heminerita Japonica Pseudoalteromonas haloplanktis 98%
JIM33 Heminerita Japonica Shewnella gaetbuli 90%
JIM59 Sea sand Exiguobacterium oxidotolerans 98%
JIM60 Nassarius livescens Pseudoalteromonas haloplanktis 99%
JIM61 Nassarius livescens Shewnella gaetbuli 98%
JIM82 C-8 Nassarius livescens Alteromonas macleodii 98%
JIM83 Batillus cornutus Polaribacter dokdonensis 97%
JIM84 Batillus cornutus Donghaeana dokdonensis 95%
JIM85 Sea sand Loktanella hongkongensis 94%
JIM86 Sea sand Bacillus aquimaris 99%
JIM87 Sea sand Marinibcillus marinus 98%
JIM119 Nassarius livescens Shewnella gaetbuli 98%
JIM120 Batillus cornutus Vibrio shilonii 99%
JIM121 Sea sand Pseudomonas argentinensis 98%
JIM122 Sea sand Microbulbifer hydrolyticus 98%
JIM123 Sea sand Bacillus aquimaris 98%
JIM124 c8 Sea sand Bacillus aquimaris 98%
JIM125 Aplysia kurodai Pseudoalteromonas atlantica 99%
JIM134 Chlorostoma turbinata Pseudoalteromonas spongiae 97%
JIM135 Batillus cornutus Paracoccus marcusii 99%
JIM2 Aplysia kurodai Winogradskyella sp. 95%
JIM34 Lithophyllum okamurae Pseudoalteromonas piscicida 98%
JIM35 Aplysia kurodai Pseudoalteromonas haloplanktis 98%
JIM62 Chlorostoma turbinata Paracoccus kamogawaensis 98%
JIM63 C-9 Aplysia kurodai Pseudomonas oryzihabitans 98%
JIM88 Chlorostoma turbinata Tenacibaculum mesophilum 99%
JIM8&9 Sea sand Paracoccus kamogawaensis 99%
JIM90 Aplysia kurodai Shewnella waksmanii 98%
JIM91 Aplysia kurodai Vibrio harveyi 98%
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MAZ AFAG Z3hgelA  Zejuolxl MAMAE wA=EES Proteobacteria
()/Gammaproteobacteria(’)2]  Pseudoalteromonas<:2]  127F=(JJVI46,  JIM473}
JIM50, JIMB5L, JIM52, JIM53, JIM70, JIM75, JJMI106, JJMI107, JJM1103 JJM140),
Shewanella?;  63t=(JJM49, JJM68, JJM69, JIM71-2, JJM1133}  JJM116),
Alteromonas<; 3u-(JJM72, JJM732} JJM74), Serratiass 2+t(JJM48=}F JJM105),
Vibrio%r 15t5(JJM65)7F 8] =t} Firmicutes(E)/Bacilli(7Y) ] Bacillus% 61t
(JIM4, JJIM20, JJM21, JJM22, JJM1082F JJMI109), SporosarcinaZ; 13t+(JJM19),
Bacteroidetes(i-)/Flavobacteria®$) 2] Tenacibaculum?; — 31-+(JJM76,  JJMI112%}+
JJM115),  Bacteroidetes(-)/Sphingobacteria(7) 2]  Flexibacters 13 (JJM71-1),
Persicobacterss 27tF(JJMb4} JIM114)7F 28] = thFig. 9). Table 162 blast
searchs &3l Y 7Hd AR 97149 FAHE g2 dEhde. £
H AR v AE Z+7+o] 16S rRNA F3 A 9714 €S Jukes & Cantor =&
= o]&3%t Zt 2T FZEdFEd Haste] & Ad JJIM46, JIM47, JJIMS0,
JIMBL,  JIM52,  JJMB3,  JJM70, JIM75, JJM106, JJMI07, JIM1103  JJM140%
Peudoalteromonas<; P. citrea (AF083563), P. piscicida (X82215), P. flavipulchra
(AF297958), P. viridis (AB231329), P. luteoviolacea (X82144), P. spongiae
(AY769918)¢} 99.25% ~ 99.89%7+A @714 4E FAMEES Ko F3Uoh JM49,
JIM6S,  JIM69, JIM71-2, JJMI113¥} JJM116+= Shewanellass S. waksmanii
(AY170366), S. fidelia (AY170369)2} 99.80%°]’ 16S rRNA = A de] <
A& Th JIM72, JIM733 JJM74% Alteromonas?: A litorea (AY428573)3F 99.69
% o dASAL JIM72, JIM73F JIM74 A =] fAVIME A= 99.50% ~
99.89% d=A|sle] FAFo T2 FITHET JIM48Y JJMI05E S marcescens
(AY927645) 16S rRNA 44 @713t 9.89% LA|ste] sLdFo w52 dhd
o}

Vibrio%s 1+ JJMB5, Sporosarcina®y 15 JJMI19, Tenacibaculum; 5= JJMT6,
JIM112, JJM115), Flexibacter <t JJM71-1, Persicobacters 5 JJMb4,
JIM114+= Z+-2ve]l F=a21 V. parahaemolyticus (DQ164802), S. saromensis
(AB243859), T. cellulophagum (AF469612), T. mesophilum (AB032501),
Flexibacter echinicida (AY006466), Persicobacter diffluens (M58765)¢} 99.65%
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dRste] FAdF] dFE FAGHIRAY. Badllus$ o2 EFEO w5 JIM4AE
B. aquimaris (AF483625)¢} 99.80% JIM202 B. megaterium (EU169176)%} 99.78%,
JIM213 JIM22¥= B, pumilus  (AB098578)¢F  99.83%, JIMI108=} JJM109+= B.
circulans (EU124560)¢} 9.78%°] H7IA4¥E fFA=EE WEeERAS. E=3 JJM213%
JIM22¢] 16S rRNA F32F A7 E A= 99.89%, JIM1082 JJMI109+= 99.90%
o] A7IME FAHEE HEo TdFe e ddEn
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Fig. 9. Neighbor—joining tree based on 16S

100 entzberudun faonba REITSIC)

rRNA gene sequences of

pigment-producing bacteria isolated from Site D(11, 12). The sequences were

collected from 38 pigment-producing bacteria

isolated in this

representative species selected from Ribosomal Database.
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Table 16. 16S rRNA gene sequence similarity values between pigment—producing

bacteria (Site D) between their closest relatives.

Strain Isolation . . Similarity

No. site Isolation sample The closest species (%)
JJMA4 Sea sediment Bacillus aquimaris 100%
JIM19 Sea sediment Sporosarcina saromensis 99%
JIM20 Sea sediment Bacillus megaterium 99%
JIM21 Sea sand Bacillus pumilus 99%
JIM22 Sea sand Bacillus pumilus 99%
JIM46 Sargassum thunbergii Pseudoalteromonas citrea 99%
JIMA47 Sargassum thunbergii Pseudoalteromonas citrea 98%
JIM48 Aplysia juliana Serratia marcescens 98%
JIM49 Chlorostoma turbinata Shewnella waksmanii 99%
JIM50 Chlorostoma turbinata Pseudoalteromonas piscicida 98%
JJM51 Nerita(Heminerita) Japonica Pseudoalteromonas flavipulchra 98%
JIM68 Anthopleura midori Shewnella fidelia 99%
JIM69 Chlorostoma turbinata Shewnella waksmanii 99%
JIM70 H Chlorostoma turbinata Pseudoalteromonas viridis 99%
JIM71-1 Halichondria japonica Flexibacter echinicida 99%
JIM71-2 Halichondria japonica Shewnella fidelia 99%
JIM72 Haliclona permollis Alteromonas litorea 99%
JIM73 Nerita(Heminerita) Japonica Alteromonas litorea 98%
JIM74 Nerita(Heminerita) Japonica Alteromonas litorea 98%
JIM105 Sargassum thunbergii Serratia marcescens 99%
JIM106 Sea sediment Pseudoalteromonas Iluteoviolacea 98%
JIM107 Chlorostoma turbinata Pseudoalteromonas viridis 99%
JIM108 Halichondria japonica Bacillus circulans 99%
JIM109 Halichondria japonica Bacillus circulans 99%
JIM110 Sea sand Pseudoalteromonas flavipulchra 99%
JIM111 Nerita(Heminerita) Japonica Micrococcus luteus 99%
JIM23 Sea sand Bacillus baekryungensis 99%
JIM52 Sea sand Pseudoalteromonas flavipulchra 98%
JIM53 D-12 Sea sand Pseudoalteromonas viridis 97%
JIM54 Ischnochiton comptus Persicobacter diffluens 98%
JIM55 Halichondria panicea Vibrio parahaemolyticus 99%
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Table 16. Continue.

Strain Isolation Similarity
Isolation sample The closest species

No. site (%)
JIM75 Sea sand Pseudoalteromonas spongiae 98%
JIM76 Ischnochiton comptus Tenacibaculum cellulophagum 97%
JIM112 Sea sand Tenacibaculum japonica 99%
JIM113 Sea sand Shewnella waksmanii 99%

D-12

JIM114 Ischnochiton comptus Persicobacter diffluens 97%
JIM115 Ischnochiton comptus Tenacibaculum cellulophagum 97%
JIM116 Halichondria panicea Shewnella waksmanii 99%
JIM140 Halichondria panicea Pseudoalteromonas flavipulchra 99%
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Fig. 10. Phylogenetic composition of pigment-producing bacteria group Iin

intertidal zone of Jeju.

Z}7be] 5 1uS genus HE o] BHW oy o] Yo B S 9t o
W AT A R EHA MAAY WAEAA T Be FF 28(64.0%) =

o] 2 Proteobacteriai-2] Gammaproteobacteria 7 Wl A+ Pseudoalteromonas
Zo] 420%E  AAsFaL 5902  Shewanella%:°] 295%, Alteromonass;: 3}

Vibrio %°] 102%%5 AAeta YA £2 3% vliko] Al th(Fig. 11).
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Fig. 11. Phylogenetic composition of Gammaproteobacteria group among

pigment-producer.
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Fig. 12. Phylogenetic composition of Flavobacteria group among pigment—producer.
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AFE Z7HgeA 28 Holxl wAE F 108%E AAS=  Firmicutesi©l
Bacilli 7Y M += Bacillus%2l 73.3%%2 7H¢ ®S HES X sl tgso=
Exiguobacterium%:2] 13.3% %5 A3+, Marinibacillus%:2} Sporosarcina <
< Z+H7F 6.71% 5 AHA 8 vH(Fig. 13).
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Exiguobacteriunt sp.
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Fig. 13. Phylogenetic composition of Bacilli group among pigment—producer.
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18.2%,  Kordiimonas<:, Tateyamariass, Roseobacters:, Rhodovulum=s,

Pseudovibrio%;, Phaeobacter< ¢l 247} 9.1%% *} 48t HH(Fig. 14).
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Fig. 14. Phylogenetic composition of Alphaproteobacteria group among

pigment-producer.
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Table. 17. Physiologocal characteristics of protease-producing isolates.

) ) Colony color  Gram - Growth at
Strain  Site . . Motility
(ZS medium)  stain NaCl (%) Temp.(T) pH

No45 A-1 beige - + 1-4 10 - 30 6 - 10
No47 A-1 creamy - + 1-5 10 - 37 6 - 10
No64 C-9 beige - + 1-5 10 - 30 7 - 10
JJ46 D-11 pale yellow - + 1-6 10 - 37 6 - 10
No49 A-2 whitish - + 1-9 5-37 7-1
No67 C-10 creamy - + 1-9 5 - 37 6 - 11
JJ15 D-11 creamy E + 1 - 10 5 - 40 6 - 12
JJ56 D-11 creamy - + 05 - 10 B 6 - 12
JJ6e7 D-12 creamy . + 1-10 10 - 40 6 - 11
No55 B-5 beige 3 + 1-11 5% 37 6 - 10
No51 A-3 creamy - + 1 -8 10 - 37 7 - 11
No61 B-7 creamy - + 1 -7 10 - 37 6 - 11
No53 A-4 beige 3 # 1-38 4 - 37 7 - 10
No60 B-7 beige 3 + 1 -8 4 - 37 6 - 11
No62 C-8 beige = + 1 -8 4 - 37 6 - 11
No66 C-10 beige E 1 1 -8 4 - 37 7-11
No57 B-5 creamy = + 1 - 10 4 - 30 7-11
JJ57 D-11 creamy = + 1-10 4 - 30 T IO
JJ68 D-12 creamy = s 1-10 4 - 30 7 - 11
JJ71 D-12 creamy - + 1-10 4 - 30 6 - 11
No52 A-3 beige - + 1-8 4 - 30 6 - 10
No63 C-8 beige - i 1-8 4 - 30 6% 0
No58 B-7 creamy - + 1 -7 10 - 40 6 - 11
JJ45 D-11 creamy - + 1 il 10 - 37 6 - 11
JJ47 D-11 creamy - s 1-8 10 - 40 7 - 11
JJ58 D-12 creamy - + 1-8 10 - 37 6 - 11
No48 A-2 creamy - + 2-10 4 - 37 7-11
JJ73 D-12 creamy - + 2 -0 4 - 37 6 - 11
No54 B-5 creamy - i 1 -8 10 - 30 6 - 10
No56 B-5 creamy - b 1 -8 10 - 37 7-11
No68 C-10 beige - - 1-7 4 - 30 6 - 10
No50 A-3 white - + 2-10 4 - 40 5-12
JJ14 C-10 brownish - + 1-7 10 - 30 6 - 10
No65 C-8 creamy + + 1-6 4 - 40 6 - 10
JJ13 C-10 pale yellow + - 1-5 10 - 40 7-9
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Table 17. Continue.

Hydrolysis of: Utilization of:
Strain
Oxi Cat Tween Tween
No. Gelatin Starch Urea Agar Man Suc Glu Lac
40 80

No45 + + + + - - - + - + + +
Nod7 + + + + - - - + + + + +
No64 + + + + - - - + - + + +
JJ46 + + + + - - - + + + + +
No49 + + - + - + - + + + - -
No67 + + + + - + - + + + - -
JJ15 + + + + - - - + - + + -
JJ56 + + + + - - - + + + + -
JJ67 + + + + - - - + - + + -
Nob5 + + - + - + - + + + + +
Nobl + + - + - + - + + + - -
No61 + + - + - + - + + + - -
Nob3 + + + + - - + + + - - -
No60 + + + + - - + + + - - -
No62 + + + + - - + + + - - -
No66 + + + + - - + + + - - -
No57 + + + + - - - + + + - -
JJ57 + + + + - - - + + + - -
JJ68 + + + + - - - + + + - -
JJ71 + + + + - - - + + + - -
Nob2 + + + + + - + + + - + +
No63 + + + + + - + + + - + +
Nob8 + + + + - - - + + - - -
JJ45 + + + + - - - + + - - -
JJ47 + + + + - - - + + - - -
JJ58 + + + + - - - + + - - -
No48 + + - + + + + + + + + +
JJ73 + + - + + + + + + + + +
Nob4 + + + + - - + + + + + +
Nob6 + + + + - - - + + + + -
No68 + + + + - + - + + - + -
Nob0 + + + - - - - - + + + +
JJ14 + + - - - - - - - + + -
No65 - + + + + + + + + + + +
JJ13 - + + + + + + + + + + +

w

#Abbreviations: Oxi, oxidase; Cat, catalase; Man, mannose: Suc, sucrose;, Glu, glucose; Lac,

lactose.
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3.3.2.2. 16S rRNA #F3 A @7IA<E &4 £ AFEH

AFE 2o e adRadas A4 A= 35 779 16S rRNA
F3t] AF R os ofd divisiondl &st=AE g9l &

o £ A3} Proteobacteria(x)/Gammaproteobacteria(Z) 2] Pseudoalteromonas?; 10

==, Vibrio% 213t57, Ferrania®: 131=F, Proteobacteria(}-)/Alphaproteobacteria

(ZH) el Phaeobacterss 130, Firmicutes(+-)/Bacilli(7) 2] Bacillus% 2107} w2 5

S tH(Fig. 15, 16, 17, Table 18).

G AR arE WA= A group AElststd SAolu 16S rRNA ¢ 714

d 2 " Fo] Pseudoalteromonas <0 A& dFE AyZto] Huy EdF9

2

7143} Pseudoalteromonas sp.2] T G711 D79 FABAS FALSH
A} Pseudoalteromonas elyakovii 022" (AF116183)9} 9471 A < A= 7F 99.80
~ 9989%= 7V 7V7he 2AF SR YERSTE B groupe NCBIO| Blastn 724
S B fFAEES 2AMEE A3 P oganghwensis®t 99.95 ~ 99.95 % o] 4 U x|E
RO o] T4 16S rRNA 32 @714 4w Buzk Hojgla SA w1
v S g7t gldlTh gele=® VY ke 2 P mariniglutinosa KMM
3635" (AJ507251)% 9898 ~ 99.12% A=A &4Art. C groupe P. flavipulchra
NCIMB 2033" (AF297958)¢} A@lststd EA4olu 16S rRNA @744
similarity (99.79 ~ 99.84%)7} 7134 7l7h k. Nos5beE P atlantica 1AM 12927°

-

(X82134)¢}F 16S rRNA @7[Ado] 9989%= HA|stAt}. Pseudoalteromonas
sp.e AFMAB=E YT Austery EAS VA A3k diE HAgo o
3 Wl glom ASS 9] dES HeR = EAS 7MY (Gauthier et
al., 1995).

AN G2 ] A x E(algae)ot 2 AEsH Aol wel =RE
ol XA (algicide)® S5A4S dHeEHT  HiEAo(Doucette, 1995,
Mayali and Azam, 2004). Pseudoalteromonas sp.©] 74$-ol% AzAe EA&
Hol(Lee et al., 2000., Lovejoy et al., 1998) =L 1<lo] Aoz R3] g Ao}
APo] gt B a7l dvhlee et al, 2000). L#]BE o] AfolA FHEF

Pseudoalteromonas 49 S8 dFEE AETSHA HWA|FHo RO o

ofo
N
N
olr
oX,
=
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sl o A7k dastrta Az ozt

ol AtolA HEld d@MARFHEs A MAE F M BE F2LET, 60
%)5 #A3k= D ~ 1 group? Nob4, No567 No68S Al shst4] 54 ot 16S
rRNA 32k 7192 nFo] Vibrio %o &3t #5752 ddHth 16S
RNA #4824 A7 el 7123 Algsts FA3AE 2ARE 23 D group
Vibrio harveyi ATCC 14126" (X56578)¢} 99.97 ~ 99.90%, E groupe V.
parahaemolyticus ATCC 17802" (X56530)¢F 99.85 ~ 99.98%, F group< V.
alginolyticus ATCC 17749" (X56576)¢F 99.83 ~ 99.90%, G group< V. gigants
CAIM 25" (EF09488)9} 99.80 ~ 99.84%, H group< V. proteolyticus ATCC
153387 (X56579)¢F 99.82 ~ 99.89%, I groupe V. cyclitrophicus LMG 21359"
(AM162565)9F 99.86 ~ 99.87%, No54= V. coralliilyticus LMG  20984"
(AJ440005) ¢+ 99.87%, No56S V. splendidus ATCC 33125" (X74724)%F 98.86%,
No68< V. comitatus GHG21" (DQ922915)9F 99.89 %2°] 16S rRNA +#2 7]
Md fFAEE B F3loh

QAA7TA S Gl A EE=HAR Vibrio fref G A EaE ol #3 AFH I+

Vibrio anguillarum (Denkin and Nelson, 1999)3} Vibrio vulnificus (Kothary

8 PAER BEFHA 1 groupe £3F= Vibrio cyclitrophicus LMG
21359" (Brian and James, 2001)E ZA%228 2 U(creosote)o] 9 %
ADAEANA A F@ Aoz dWld FHashs 4TS =8 oS
EF3l= 4 (polycyclic aromatic hydrocarbons(PAH)E #&idt= sjdrn Q&= <&
HA drh w2 Aol s FEREHI T group #FES FF PAH
el 7hsAdol tigk A+ dastrhar gzbE o

Proteobacteria(iZ)/Gammaproteobacteria(’3) 2] FerraniaZr 2.2 dA 74 &/
B EolR F& Ferrania halotolerans MACLOL' (AY551089) 7} 3k o
t}. NoS0 @5 F. halotolerans MACLO1"¢F 16S rRNA F#d7 &7]4 <3}
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98.36%9] FAF=E YERNSITH
JJ14+= Proteobacteria(¥)/Alphaproteobacteria(Z+) 2] Phaeobacter3:oll 43}
Phaeobacter gallaeciensis X6' (AJ867253)9F 99.85 %< A7|Ad HFAEE Y
B} AT}, Phaeobacter gallaeciensis 72 7d-$-+ Ruiz-Ponte et al. (1998)9] <]
3 215 Rhodobacteraless Rhodobacteraceae® 2] Roseobacter gallaeciensis@
Hawo] oy Torben et al (2006)°] 9& 9 family(¥Hh A&l
Phaeobacter gallaeciensis® A &5 o]z o]t}

No659} JJ132 Z+2t Bacillus subtilis®t B. hwajinpoensis®t 99.10%, 99.28% 2]
16S rRNA #4d2 9714 <d FALES HoAFA

X2

A

Proteaset™ 5 -2 &3 A, #%o], &

s
52
flo
rO
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N
N
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it}
=
X0,
=
oy
Q
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=
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dpx
EY
N
rlr
ox
Ho
o
o
fol
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=
s
o2
o
dlmt

e AL M FAA B/ 24 s, 29 AYddes FHA ATEL
3

Ao Bacillus 225 E 478X protease’}t AE o] T2 A4 Ao

B
A ghEolt. &4l proteased] #H3F A2 F Horikoshi (1971)7} Bacillus
sp. w5t 3AEgH EASE =¥ 3 ol% B brevis, B

A=

stearothermophilus, B. cereus &= X33t o1& Bacillus % o571 &

v}

Rl

A]
2t} (Banerjee et al., 1999., Banika et al, 2004., Dhandapani et al, 1994). ¥ <
T ¥ Bacillus 75 & A5% A% W17 4% <2y 99

pHoll Al Aol of 2 o]FoA= Ao yeyn, adB2s d4dd diste F
o A7t o]FojzthH A AH O R F83F proteaseS ol F QS Ao

ot}

o
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Preudoalteromaonas espejiana NCIMB 21277 (X82143)

99
- Nos3

98
Preudoalteromonas atlantica TAM 129277 (X82134)
86 | Pseudoalteromonas carrageenovora ATCC 126627 (X82136)

Psaudoalizromonas elyarovii 0227 (AF116188)

100 _|'
4 \Bredoalteromaonas distinetz KMM638T (AF082564)

% SroupA

Fseudealteromonas mariniglifinoss KMM 36357 (AT507251)

0 — groupB

100 L Pseudonlteromonas ganghwensis FR1302T (DQ011614)

—Pseudoalteromonas peplidolytica F12-50-A1T (AF007286)

i -Pseudoalteromonas maricaloris KMM636T (AF144036)

9 Preudoalteromonas flavipulchra NCIMB2033T (AF297958)

—

971 groupC

Alteromonas macleodii TAM 129207 (X82143)

0.01

Fig. 15. Neighbour—joining tree showing the phylogenetic position of
Pseudoalteromonas—like protease—producers, based on 16S rRNA gene
sequencers. The tree was constructed from evolutionary distances by using
neighbour—joining method (Saitou & Neil, 1987) and the model of Juke &
Cantor (1969). The sequence of Alteromonas macleodii TAM 12920" (X82145)
was used an outgroup. Bootstrap support values (>50%) are shown at branch

points. Bar, 0.01 substitutions per nucleotide position.
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Vibrio harveyi ATCC 141267 (X56578)

groupD
Vibrio natriegens ATCC 140487 (X56581)

groupE

Vibrio parahaemolyticus ATCC 178027 (X56580)
Vibrio alginolyticus ATCC 177497 (X56576)
groupF
Vibrio vuinificus ATCC 275627 (X56582)
76 groupH
57 100" vibrio proteolyticus ATCC 153387 (X56579)
Vibrio anguillarum ATCC 129647 (X16895)
98 groupG
28 301 * vibrio gicantis CAIM 25T (EF094888)
Vibrio tasmaniensis LMG 215747 (AT514912)

Vibrio splendidus ATCC 331257 (X74724)

Nos6

groupl

Vibrio cyclitrophicus LMG 213597 (AM162656)

71

69

100

47
99

[ No34
100 L Vibrio corallitlytions LMG 209847 (AJ440005)

| No68
100' Vibrio comitatus GHG21T (DQ922915)
Vikrio cholerae CECT 5147 (X76337)

0.005

Fig. 16. Neighbour—joining tree showing the phylogenetic position of
Vibrio-like protease-producers, based on 16S rRNA gene sequencers. The
tree was constructed from evolutionary distances by using neighbour—joining
method (Saitou & Neil, 1987) and the model of Juke & Cantor (1969). The
sequence of Vibrio cholerae CECT 514 (X76337) was used an outgroup.
Bootstrap support values (>50%) are shown at branch points. Bar, 0.005

substitutions per nucleotide position.
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7 No30

85 Ferrania halotolerans MACLOIT (AY551089)

199 Photobacterium ganghwense FR1311T (AY960847)

Fhotobacterium rosenbergii LMG 222237 (AT842344)

— Phaaobacter daeponensis TF-218T (DQ981486)

Fhaeobacter inhibens TST (AY177712)

100

1114
100
Fhaeobacter gallaeciensis X6T (AT867253)

100 Noé65

Bacillus subfilis CICCHLT Q60T (EF528280)

100| ——— Bacilius decolorationis LMG 195077 (AJ315075)

3

73
100! Bacillus hwajinpoensis SW-72T (AF541966)

0.02

Fig. 17. Neighbour—joining tree showing the phylogenetic position of
Bacillus—, Phaeobacter—, and Ferrania-like protease—producers, based on 16S
rRNA gene sequencers. The tree was constructed from evolutionary distances
by using neighbour—joining method (Saitou & Neil, 1987) and the model of
Juke & Cantor (1969). Bootstrap support values (>50%) are shown at branch

points. Bar, 0.02 substitutions per nucleotide position.
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Table 18. Levels of 16S rRNA gene

and their closest neighbors.

sequence similarity between protease—producers

Similarity

Strain Site Species name The closest species %)
No4d5 A-1 Ulva pertusa Pseudoalteromonas elyakovii (A) 99.80
No47 A-1 Ulva pertusa Pseudoalteromonas elyakovii (A) 99.80
Nob4  C-9 Batillus cornutus Pseudoalteromonas elyakovii (A) 99.89
JJ46  D-11 Sargassum thunbergii Pseudoalteromonas elyakovii (A) 99.80
] ; Pseudoalteromonas ganghwensis (B) 99.98

Nod9 A-2 Capitulum mitella il )
Pseudoalteromonas mariniglutinosa 99.12
] Pseudoalteromonas ganghwensis (B) 99.95

No67 C-10 Chlorostoma turbinata . .
Pseudoalteromonas mariniglutinosa 98.98
JJ15  D-11 Sargassum thunbergii Pseudoalteromonas flavipulchra (C) 99.84
JJ56  D-11 Hypselodoris festiva Pseudoalteromonas flavipulchra (C) 99.85
JJ67  D-12 Ischnochiton comptus Pseudoalteromonas flavipulchra (C) 99.79
No55 B-5 Ischnochiton comptus Pseudoalteromonas atlantica 99.89
Nobl  A-3 Chondracanthus tenellus Vibrio harveyi (D) 99.90
No6l B-7 Chlorostoma turbinata Vibrio harveyi (D) 99.97
No53  A-4 Capitulum mitella Vibrio parahaemolyticus (E) 99.98
No60 B-7 Chlorostoma turbinata Vibrio parahaemolyticus (E) 99.87
No62 C-8 Capitulum mitella Vibrio parahaemolyticus (E) 99.85
No66 C-10 Sea sand Vibrio parahaemolyticus (E) 99.90
No57 B-5 Ischnochiton comptus Vibro alginolyticus (F) 99.89
JJ57  D-11 Hypselodoris festiva Vibro alginolyticus (F) 99.83
JJ68  D-12 Chlorostoma turbinata Vibro alginolyticus (F) 99.85
JJ71  D-12 Halichondria panicea Vibro alginolyticus (F) 99.90
No52  A-3 Chondracanthus tenellus  Vibrio gigantis (Q) 99.84
No63 C-8 Capitulum mitella Vibrio gigantis (Q) 99.80
No58  B-7 Chlorostoma turbinata Vibrio proteolyticus (H) 99.89
JJ45  D-11 Sargassum thunbergii Vibrio proteolyticus (H) 99.82
JJ47  D-11 Hypselodoris festiva Vibrio proteolyticus (H) 99.87
JJ58  D-12 Ischnochiton comptus Vibrio proteolyticus (H) 99.89
No48 A-2 Actinia equina Vibrio cyclitrophicus (I) 93.80
JJ73  D-12 Halichondria panicea Vibrio cyclitrophicus (I) 98.86
No54 B-5 Sargassum horneri Vibrio corallilyticus 98.87
No56 B-5 Ischnochiton comptus Vibrio splendidus 98.86
No68  C-10 Chlorostoma turbinata Vibrio comitatus 98.89
Nob0  A-3 Hizikia fusiformis Ferrania halotolerans 98.36
JJ14  C-10 Aplysia kurodai Phaeobacter gallaeciensis 99.85
No6t5  C-8 Batillus cornutus Bacillus subtilis 99.10
JJ13 C-10 Aplysia kurodai Bacillus hwajinpoensis 99.28
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Table. 19. Physiologocal characteristics of lipase—producing isolates.

Growth at
Strain Site 00" color Gram ey
(ZT medium) stain NaCl (%) Temp.(T) pH

No69 C-8 brown - + 0-38 4 - 30 6 - 10
No70 C-9 beige - + ¥ I8 4 - 30 6 - 10
No72 C-9 creamy 5 + 1-38 W 7-1
No73 C-9 creamy = + 1-10 10 - 37 6 -9
No74 C-9 white - + 1-10 4 - 37 5 =ikp)
No76 D-11 pale yellow - + 3 - 12 4 - 37 6 -8
No77 D-11 white - o 1-8 4 - 37 6" 9
No78 D-11 creamy = + ), = B 4 - 40 6 -9
No81 D-12 white = " 1-5 4 - 40 5-9
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Table 19. Continue.

Hydrolysis of: Utilization of:
Strain ]
Oxi Cat Tween Tween
No. Gelatin Starch Urea Agar Man Suc Glu Lac
40 80

No69 + + + - + - + + - - + +
No70 + + " k. + - + 4 + - + +
No72 A b + + — + + + + + + -
No73 e + + + - = + + + + + +
No74 + + + + = + + 4 - + + +
No76 + + + i + N + 4 - - % .
No77 + + - = = + + 4 + - + +
No78 + + + o - E + + - + - +
No81 + + 4 + - - + + - + + +

#Abbreviations: Oxi, oxidase; Cat, catalase; Man, mannose: Suc, sucrose, Glu, glucose; Lac,

lactose.
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3.3.2.4. 16S rDNA 9714 € 4 4 ATEA

A4 7HA Aol AR APAor o]§Ha = MAE Al A EIAE
2% Fungi(A)/Ascomycota(o}5)/Saccharomycetes()dl 438t  Candida sp.,
Fungi(A)/Ascomycota(o}5-)/Leotiomycetes(Zd) ol 43}+= Sclerotinia sp., Fungi
(A)/Mucoromycotina(o}&)/Mucorales(35)o 43t Rhizopus sp., Mucor sp.,
Fungi(A))/Ascomycota(x-)/Eurotiomycetes(73)oll  &38l=  Aspergillus  sp.,
Firmicutes(¥)/Bacilli(Z})l %3+  Bacillus  sp., Staphylococcus  sp.,
Proteobacteria(i)/Gammaproteibacteria(Z) ol %3sl=  Pseudomonas — sp.,

Serratia sp., Acinetobacter sp.oll %3l HAEA EgHAEY oL A

k

B

3l chemoselectivity, regioselectivity, stereoselectivityS YEl™ EWH3 %3

b B glol wgo] o FIABE AYHOE AN B BAEA JEES

M

ofol 4 T3k A8t sl ri(Jaeger et al. 1994., Arpigny and Jaeger, 1999,
Janger and Eggert, 2002).
AFE 20delA 28 AZRsas A4 vA8E 9EFo] 16S rRNA 34
AL BAS F3lo] AEEFSH o2 ofu divisiond] %E=AZE el sl
2 A3 Proteobacteria(zt)/Gammaproteobacteria(74)e]  Pseudoalteromonas®: 1
5, Vibriog 2i, Alteromonas® 4305, Paeudoalteromonass 131,
Agarivorans% 13057} &2 5 2 th(Fig. 18, Table 20).
Ad Fl s A Jnob9w= Aelstes SA4olu 16S rRNA H7Id=
1) Fo]  Proteobacteria/Gammaproteobacteria/Alteromonadales,/Shewanellaceae
Shewnella %l £st= dF= Azto] Hw AR A7 DI Shewnella %2
type strains %] FABAE A AP Shewanella frigidimarina ACAM 591"
(UB5903)eF A7IA<E FAFEZF 9920 %= 7Y 77k A€o =2 YEYT S
frigidimarina ACAM 5917 Bowman et al., (1997)°] <3| Antarctic sea iceol
A xS EZ %o Eicosapentaenoic Acid (20:5,3)2 AATE EE protease®}
lipases Adst= A== Hazk HAvh Jno69 22 A= S frigidimarina
Aol 22 Aeststd 545 Ul oy d57ts 2RdA =

=2 30 ColM= A&l 7bestdtt. 232z £ ¥ Jno69

ACAM 5917

IS

N

[e)
=

kv

type strainX.



S lipase 7 o}yl EPA, protease ATl thdle] ZFFoF vjnli2A]o]
2750zl

Jno703  Jno72E NCBI2] Blastn #HAS S FAIEES AR 2y
Gammaproteobacteria®] Vibrio <o &3t w2 YENWYCY Vibrio sp.8 %

Eite] GABAES A A3 2z V. gigantis CAIM 25" (EF094838)
¢} V. harveyi ATCC 14162 (X56578)9} ¢47141< similarity7} 99.90 %, 99.29
%2 7V b ST E YENY. V. gigantist Le Roux et al., (2005)9
o3&l = (Crassostrea gigas)ol X A5 &8 HiaxAs=d AA7A V. gigants
o Al lipolytic activityel #e <15+ il glth V. harveyi™= Johnson and
Shunk (1936)°l &3 A %o AHES o7+ HABER A5 BEiHJ=H Liv

et al., (1996)= V. harveyi7} oo AHS doZd & Y& olf= & A

N

9] EAE AAkE] 7] wj&<ld o] @47} proteases, haemolysins, chitinases,
lipases “1# 31 phospholipasesttil H sttt 8t Jno703 <AFA V.
gigantis©l WA AA7EA A7 Fo] o] FoAA ekt 19 7] ujiel] &
A4 A el FF ATt Aol S AR Az E o

Ad Rl gas AAsE Jno73, Jno74, Jno78 LA Jno8le A2lEsty &

delt} . NCBI® Blastn #A& &3 FAESE xAE Ay

i

Gammaproteobacteria®l Alteromonas 9| %3l d5=2 YEeltor AAE
7193 Alteromonas sp.ol FEEd TS5 FATAES ZAE A3 A
stellipolaris LMG 218617 (AJ295715), A. addita RIOSW13" (AY682202), A.
marina SW-47" (AF529060) ¢} 2H2F 99.80 %, 99.30 %, 99.40 % , 99.10 %] ¢
7199 fAEE JERNAEL ©] F Jno78% Jno8le A. marina SW-47'9} 7}

TAFoE 747H 9940 % , 99.10 % FAE #HE Ho FRL T
T Abole] FAMEE 9870 %= UELSETE Alteromonas 42 Baumann et al
(1972)e ol AFoz BHuHJAARE ofH AFolA Eejd dF5Y TATE
2 F o 8 HuE F(Yoon et al, 2003, Van Trappen et al., 2004, Elena
et al., 2005)5=A AANA = 712AQ1 Befstets S gk A+-w o] Fo
Ak mek AATA Alteromonas= A A Al Ea ol dlEsl AL ATt

Ay A okt aBR ol Aol Ad Fasr FHS tal

haes
e
H
i)
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A= Jno73, Jno74, Jno78 123l Jno8lel tiste] & o AlFAQl &4 dF o)
Qs eEel A,
YT Jno76 7 A2 AEQJ FHYrIs (Chlorostoma turbinata)©l A

gr ozl mAgER NCBI® Blastn #HAS BTl fFARES =AM A3

M

o

Gammaproteobacteria®] Pseudoalteromonas %9 &3t T2 YEigton 2
A A7IMES 7R Pseudoalteromonas sp.2] 1w TE53e FAAAE
ZAbek A3 P marina monod' (AY563031)¢F 99.90 %9 d714E FALEE
ERATh P maring monod' = H el vl Sg tld Al FelE o
Hil(Nam et al, 20078 wAEe|th £8 #F Jno762e 49= Ay

EAolt} 16S rRNA 971449 §AL% Wl A P maring monod' ¢ SdF9]

T2 A9E®Y. AA7A Pseudoalteromonas oA A& EalEaihel HEE
A= HHS Aot agBE=E EEdT Jno76c A gL oigh 7t

Jno77e ETE A4 Efaisgdds il e EHE I dFE NCBIC
Blastn A4S T3 FAISES ZAMSE 23 Gammaproteobacteria®l Agarivorans
o) ol dFE YEWY S Agarivorans®] ZxdTEH] TAdAE ARG
A} Agarivorans albus MKT106" (AB076561)9} 16S rRNA <1714 < o] 99.50%
o] similarity® YEMNATE AgarivoransZols @AZA A albus MKT106"
(Kurahashi and Yokota, 2004) 3+ Fwto] #g] H s o] v} |7t Jno772] A
2s}s}4 EAolu 16S rRNA f7IAHell 71x38ke] A albus®] o2 #F2 oA
Zlt,

A& FZe] XA H3 g4+ serine hydrolysis®t catalytic moiety =4 & %]
3} sequence?! G-X1-S-X2-G (G=glycine, S=serine, Xl=histidine ¥ il
X2=glutamic or aspartic acid)E 3>¥3%t3tc}. 19 d active domain®] F=
G-X1-S-X2-G¢] o= # ofrjil wjdnte] Ao S 1 99 wjd
As g2k ZH7] e 7d Bold S HolA He 54 il S&Eokt A
2 Foidsit E=gh agSAdAdelA Ao AHE FalEaAe UiE
PseudomonasZ:oll A o] HAth. o™ Pseudomonas<; 2+ T &

agSAMTFAAN ALENEL S 2 vAEES] FRIFHNY] wEd

rO
-
=2
R
rir
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Jnot?
Shewanslla fgidimaring ACAM S T(UE5R05) i
Sewanella Brinsstamensds LMGIG866T (A TA0E54) Proteobarteria _
Shevanelia haltica HCTCI0735T (A DON21) Gammaprotzobacteria
62 | Shewanella meidensis MR-LT (AFDOS251) Alteromonadales
- 61 L Sawonslia puvafhcions LMG 260687 ($51625) Shewanellaceae
s SE2ET{ AFDIS248)
algz KTCC S192TCAFIDSHE)
| 100 R0
i,_[ Hbrio gigats CAIM 257 (EF054833)
Vibrio i ATOC 129647 (X16885) Proteobacteria
5| 8 [— Fibio parahaematius ATCC 1T6IET (X5656) Gammaprotzobacteria
Wibrio alginojysions ATCC 1THIT(I56576) Wibrionales
2 Hibrio wubnificus ATOC 27527 (156582) Vibrionaceas
Vibrio harveyi ATCC 141367 (E56578)
] o7l
a8 Preudoolteromonas angaretipa CECT 46647 (Z90338) Protecbacteria
— ’_EPamd’mhemms transhueida MM 5207 (A T040230) Gammaproteobacteria
100 o8 Alteromonadales
g5 [ Preudrabermonas marine marcAT (AT563031) Paendoalteromonadaceas
9 Psudoaltenmronas marne Manod (AT563032)
[T Proteobacteria
m L Ararivorans alus MET 108T( ARITASE]) Gamm aprote ohacteria
64 d la EMM 41T (A HEEIT) Alteromonadales
—mr‘ Glasteoopallidila ACAM 6137 (TE3854) Alteromonadaceae
Glacienols pamicea ACAM G11T(TIBSE5T)
o9 I8
20| L gl
1m 8 _
Altexmmonas marine SWATT (AFS5060)
Altanmronas Fovea TF-22T(AT4ZR573) Protechacteria
T 8 4 F TAM 120007 (X62145) Gammaproteobacteria
Alterrmonas syfernus GTTR5T (X85175) Alteromonadales
3 el Alteromonadaceae
Alteremonas stellpolaris LMG 21881 T(AT85715)
o
611 itermonas additn RI0SWIIT (ATeR2002)
001
Fig. 18. Neighbour—joining phylogenetic tree based on 16S rRNA gene
sequences, showing the position of lipolytic enzyme-producers within the

radiation including representatives of the class Gammaproteobacteria. The tree
was constructed from evolutionary distance matrix by using neighbour—joining
method (Saitou & Neil, 1987) and the model of Juke & Cantor (1969).

Bootstrap support values (>50%) are shown at branch points. Bar, 0.01

substitutions per nucleotide position.
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Table 20. 16S rRNA gene sequence identities between lipolytic

enzyme—producers and their closest relatives.

Similarity

Strain Site Species name The closest species

(%)
No69 C-8 Capitulum mitella Shewanella frigidimarina 99.20
No70 C-9  Nassarius livescens Vibrio gigantis 99.90
No72 C-9 Nassarius livescens Vibrio harveyi 99.29
No73 C-9  Batillus cornutus Alteromonas stellipolaris 99.80
No74 C-9  Batillus cornutus Alteromonas addita 99.30
No76 D-11 Chlorostoma turbinata  Pseudoalteromonas marina 99.90
No77 D-11 Chlorostoma turbinata  Agarivorans albus 99.50
No78 D-11 Chlorostoma turbinata  Alteromonas marina 99.40
No81 D-12 Ischnochiton comptus Alteromonas marina 99.10
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34. AF FH WABE

ofr

AFE 2T Fel Hoin Aagy vgR, BnATd s 44 g L 4

N
M
:(!)L_“
P01'

a2 A4 mAESY 165 rRNA #+32 @7]4 <45 NCBI (National Center
for Biotechnology Information)?] BLAST (Basic Local Alignment Search
Tool) search program= ©]-&3}o] FAsle] H S w 97 %uvte] FAIEE H
ol= TFES AVIAEL thA| 3 Genbank®t EMBL Nucleotide Sequence
Database°l Sl @714 Q3 Bluste] FARSE d7IMde sttt @744
=2 PHYDIT program®] ¥3t¥ Clustal W multiple alignment® % @3} 0¥,
AT 4 CLUSTAL X softwareE ©]&3}% Neighbor—joining W&ol 2] 3|
T AT Bootstrap #2412 10003] ] resamplinge 483} tree topology 2]

Hr7t NFow Agste] A

—

TTE AAdstden, 9471 AdEN fd4 Ade
Jukes & Cantor E&-& o]&3ste] 7A4tstHth(Table 21). Table 219419} 7o)
wHE AR HAE F 5 8T AEE TY ZhsAel W =4 vEw
o} olEd M E FF TAF type straing EEFRFol v EA e F
EA, A - Astets B4, g4 §A, BAAESE S B3 77 87

A,

i)
2
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Table 21. Candidates for novel species on the basis of 16S rRNA sequences.

Strain 16S rRNA sequence
The closest species
No. similarity (%)
Glaciecola nitratireducens (AY787042) 96.00
JIM10 Glaciecola pullidula (U85854) 95.43
Glaciecola punicea (U85853) 93.63
JIM25 Shewanella baltica (AJ000214) 97.02
JJM33 Shewanella gaetbuii (AY190533) 92.30
JIM39 Pseudoalteromonas haloplankis (X67024) 97.05
Oceanisphaera litoralis (AJ500470) 97.70
JIM57
Oceanisphera donghaensis (DQ190414) 97.02
JIM84 Donghaeana dokdonensis (DQ017015) 95.00
Loktanella hongkongensis (AY600300) 95.99
Loktanella marincola (EF202613) 94.10
Loktanella rosea (AY682199) 93.88
Loktanella koreensis (DQ34493) 93.88
JIM85 Loktanella agnita (AY682198) 93.79
Loktanella salsilacus (AJ440997) 93.79
Loktanella fryxellensis (AJ582225) 93.35
Loktanella atrilutea (AB264742) 93.53
Loktanella vestfoldensis (AY771771) 93.12
JJM137 Pseudoalteromonas luteoviolacea (AY217773) 93
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4. 89

ol¥l AT E AFE sletel FAse] gl b
= AR AQE ¥ 2dE AYse] 1
A7k ATE FAA7] A ARE AF A4 AFE AAE FA

oz AFA AGat AAEA AGem o] AFA AGe FHe ArAY
&)

g
pink, vilet §o.2 dFgom mAHow 1y e wol FEsdm Y
Z
T

g O st 2ot =& ¢ FhoAE dFo] Visstthe AE U & U Y
Aot EElE 1369 T2 MAE FE39 5 carotenoid X+ bacteiochlorophyll ]

]_
ol 5] peakZS vtERAATE HEH  bacteriochlorophyllel] AF-&-&h= w7 9o A=
&3 % peakE UEU = #2 AT AFA FHEAY 7oA EEE i
PA WA EELS Proteobacteria/ Gammaproteobacteria®] Pseudoalteromonas?s
31, Shewanella® 835, Oceanisphaera®: 135, Vibrio% 135,
Proteobacteria/Alphaproteobacteria®] Kordiimonas3: 135, Firmicutes/ Bacilli
9] Bacillus% 135, Bacteroidetes/Flavobacteria® Tenacibaculum?: 2357}
T E AT ATFA AFEAS 27t e| A= Proteobacteria/Gammaproteobacteria®)

Pseudoalteromonas?; 1635, Galciecola?y 135, Shewanella?; 81, Vibrio% 31
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=+, Alteromonas%: 315, Proteobacteria/Alphaproteobacteria®] Loktanellas 13,
Tateyamarias 13+, Roseobacterss 11, Rhodovulum?; 135, Pseudovibriossy 1
15+, Phaeobacters: 115, Bacteroidetes/Flavobacteria®l Winogradskyellass 13t
=+, Cellulophagass 13057, FormosaZ: 13057, Tenacibaculum?; 43+, Polaribacters:
37+, Actonobacteria/Actinobacteria/Actinobacteridae®  Micrococcusss 13t
Firmcutes/Bacilli®] Bacilus% 13057, Exiguobacterium?: 137} 2]t AH
F AN FEEolxl MAAAE mAES Eel & 23 Proteobacteria/
Gammaproteobacteria®] Pseudoalteromonas<:oll X3SHe|= 67, Shewanella®s 43,
Pseudomonasss 215, Microbulbifers: 13157, Vibrio < 211, Alteromonas%: 1307}
B2 5}k Proteobacteria/Alphaproteobacteria®)l  LoktanellaZ:o\ A1 135, Paracoccus
& 3957 BElE Aty Firmicutes/Bacilli®] BacillusZol A 375, Exiguobacteriumss 1
7, Marinibacillus%y 13057} 2= = ATh Actonobacteria/Actinobacteria/Actinobacteridae
9] Micrococcus<ollX= 11577} 2| =3It Bacteroidetes/Flavobacteria®l Polaribaacteriass
157, Donglaeanas 151, Winogradskyella?s 13-, Tenacibaculurdsolx 150771 22 &
Aot AFAEL AFAY Z3hgelA EEEo MARAE wAES Proteobacteria/
Gammaproteobacteria®]  Pseudoalteromonas<:2] 123, Shewanella®s 637,
Alteromonas%; 3¢, Serratia%s 21, Vibrio% 1:+57F ¥2 At} Firmicutes/
Bacilli®] Bacillus% 635, Sporosarcina®s 13t5, Bacteroidetes/Flavobacteria®]
Tenacibaculum?; 31+,  Bacteroidetes/Sphingobacteria® Flexibacters: 13,
Persicobacter; 2357} 22 HJth AFE 2300 1 A9 1278 A-HlA EelE o
2 136719] A A vAE S diiete] uAES Proteobacteria/Ganmaproteobacteria
TI564%)0 FEFe U0 % Baderoidetes/Flavobacteria ~155(13%), Proteobacteria/
Alphaproteobacteria = 13(8%),  Firmicutes/Bacilli  15(10.8%),  Bacteroidetes/
Sphingobacteria “155(2.1%) 133l Actinobacteria “15(2.1%20)°1 &38= A02 YERIT]

oA E4ton wuMd BaEs A4 MARe A9 wud Pons 24

o] 7t =& T = clear zoneol A7 20 mm ©|% UEE 3B/HETFE oF
2ostgdot. 298 #FE59Y v Ao A #ZgkS u colonyd MAFS creamy,

beige, pale yellow Solaom IxFAdro]l gFFeoldlern 337 F7 S5 S

ZEA AL Sl g FEE MAEES UYT 25 =2 ¢ v % pHOlA



of

L AFo] 7hedtthe Ale &l & 7 Al 16S rRNA 97149 &4=
ato] i Falad A vd=e] ATEFetHer ofd divisionol Ha=AE
gl skl 2 ZH3} Proteobacteria/Gammaproteobacteria®l Pseudoalteromonas <5
1037, Vibrio & 21357, Ferrania < 135, Proteobacteria/Alphaproteobacteria
9] Phaeobacter < 135, Firmicutes/Bacilli®] Bacillus < 27F7F &8 5% Stk
ol Aol A EElE wd RalEa A4 PAE T Vibrioskol 7MY B (21
T, 60 %)E AHAeATh Ad FalEs A4 s =3 A9 Ad Flan
/o] 7Hd =2 #F = clear zoneo] #74 20 mm ol HEUE 9HEFE =
= Bt #7529 wiR| ol AaES ul colony?] A4S creamy, beige,

pale yellow, brown, white s°lom ¥ BE w5 IHSAHToIUTh

54 Aol 97F BE £FHS AT A9tk 165 RNA G149 2
N Batol A4 waEk 44 AR AFEFEHOD ofd divisiondl Hak=

g

ste] E A3} Proteobacteria/Gammaproteobacteria®| Pseudoalteromonas

ol

& 135, Vibrio 210, Alteromonass 435+, Paeudoalteromonass 13,

Agarivorans% 137+57F B2 9 AT}

AFE oA 2 Holxl A A wAE dlAFs] g AL v AAE B A

AR E s A vAEL] 16S rRNA 971488 BAiste] 2 Axp A4

T ZT 8T AER T 7hsAol s =4 HERTE o5 tajM s oo

2 2dE Z2AF = type strainS = FRol vt A, Juy 54, A -
A

ﬂ.ﬁ—?@ _1::1_}\4, ﬂ.ﬁ—?ﬁ] _‘::T}\é, B A@%ﬁ]—?@ l::T}H.% ];]]ﬂ B A5} %3_7]_ Zé
,_—ll.
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PART II

A3t "Wl A E Loktanalla pyoseonensis sp. nov. £

SRR

Polyphasic taxonomy of Loktanalla pyoseonensis sp.

nov. in the family Rhodobacteraceae



ABSTRACT

A Gram-negative, aerobic, heterotrophic, rod-shaped bacterium, designated
strain JJMSST, was isolated from beach sand in Republic of Korea. Colonies
of the cell were pink in colour, convex, smooth and entire edge. Phylogenetic
analysis based on 16S rRNA gene sequences of the organism within the
Rhodobacter group of the a-subclass of the Proteobacteria. The nearest
neighbours were members of the genus Loktanella, with sequences similarity
values ranging from 94-5 to 95-5 9. The G+C content of the DNA was 68.9
mol%. The major fatty acid was C18:1 «7c (87.4%). Data on G+C and fatty
acid contents support the affiliation to the genus Loktanella. The organism
grows at pH.5.0-10.0 and 4-30°C, respectively and requires natural seawater
for growth. The phenotypic features and phylogenetic evidence show that
isolate constitutes a members of a novel species within the genus Loktanella.
The name Loktanella pyoseonensis sp. nov. is proposed, with the type strain

JIM8&5" (= KCTC 22372" = DSM 21424").

- 100 -



L1 =22 ALY F24

EEE

=
=

o)
N

BEolH, of AT

ako] 359 ¢]

o

=

+

I
5

2

ol
oy

)

o

N
Ny

ok, AL =3

s4 o] &5l A

)

A

4

o

iy
(o

w0

ol

e

W

il
H

= T E O]
Fa Qlek. sl QFol A Al

-

HA Aol7t

°

A ARE

o

Ok X

Fooluer AHAY o

HH
Lkl

7o
=0

A

o

1
[€)

AelA ] HE A7)

of wEbd AEA

o
4

EE R

Al
2

S A EjAl A

L

oLt B

}

0]
pul

IREC R

I EEEREE

+

<
!

!

el
o

b Qlek et v gL

S

HAe] 7]

)

n A =e oF 1% H

-

1

5}
ot} (Cowan. 2000). of

°

A

Aoz oA

=
L

}

te ZFA A ol

°

o Aol o

of Ao 7ew=AM o] 7t

=

—

R

il
e

)
G

i)

ol

it

o
ﬁo
o)
ﬁo
e

o

- 101 -



A A = MAAES 40008S R st = Aoz wrE b

(o 80%H%) ok elA gl A Ml

T uaA v FAALEY, ol H@ A F Y F FAROEA e

o
FE At e AL & drh 4= 59, vl Yellowstone2] &3 S0l A
TR Aol ostd, ok SR AT 12719 A EL Bacteria (division)<
24 59 = Hl (Hugenholtz et al. 1998), o]+ 1 A7kA] WA E 9o 79 50%°l
AFH = Aot AAAE 29 FS5olu e 2E€E Ao Yde=w
TAE BEA B o5 AWAYeR A MNstHAL vk w9l v U

AA] ofe] 7hA EAH Q46
AAY, AHAGe FFAZE

Ao JRAl, 4 JRAlE Sl Rol @A EE FHEE olFolA o AHAE AA



o
;Y

N
rir

1.2. A= A3}

AETAE9 o]Ho = BEAZS Al 7o A(kingdom), =, 2= (plants), 5
(animals), 7 (fungi), YA = (protists) L& 32 EUZHmonera) [HANAE
(prokaryotes)|Z & A ATk I8y ExAEsk o] tAl 7Y Al thA 9
T8 ASAE S Hetd= Ao] oty Abde] B i

A4 AE AYAE = d(domain)olgt £ ¢+ 7HA 8 AES o
gt Xalgon, 1 F 52 07 oA nAEY JdANEET FTAH 9]
(Fig. D(http://rdp.cme.msu.edu). Al HA Ao AP Eo] EHH HiE
Aeg Ao A AE 5 Fdhsta dv F 943 52 Al (Bacteria) 7
M3t (Archaea)el™, & =wQl2 A& (Eukarya)®let ZHTh ol &9
= AEY I =vde Aoty =vde 7 A9le AE ERTolth

A AE FTE T, dAAES 5 AIAE =oAdle A(kingdom)ol £3F

e

=

Bacteria Archaea : Eukarya

Animals

Green nonsulfur Entamoebae r?xlgl?jes
bactors Euryarchaeota
Methanosarcina

Methano- Extreme
Gram- Crenarchaeota Bacraainy

Protecbacteria | Positive | Thermoproteus halophiles
bacteria

Funai
Mitochondrien ungi

Plants
Methano-

Pyrodictium coccus Thermopiasma
Thermococcus

Giliates
Chiloroplast

Cyanobacteria
Flavobacteria 2]

Marine Flagellates

Crenarchaeota Pyrolobus  ppethan

Trichomonads

Korarchaeota
Thermotoga

Nanoarchaeota

Thermodesulfobacterium Microsporidia
Aquifex Diplomonads
(Giardia)

Fig. 1. The phylogenetic tree of cellular organisms
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Fig. 1olAd Yellls ASS5E ZE S #3 14 JAE Yeldy, T A
Lrld(domain)S #4938l WEtH I Stk WA AFTFe ¥E (root) = AT
AEsE RE AGA7L shte FEXRA, = HA XA (univeral ancestor)S &
e s GAte] RS
Martinko. 2006). 259 olles AEI AAATSF (Fig. 1) 283 ojH
AEL A (primitive) &2 oty dFEsts RE AEAE dd(modern) X =
o, 259 AEA Afol & AHSste] A HAFI Aot o5 BE F

owl AL AbA AW EI} F %2 (phenotyically) &2 H] =28, 224

0

i
o
g
=
=
o
=
3.

, T. Madigan and John M.

1 =L dolt}. Aquifex®t Methanopyrus©
2y 7y Alat 2 A Q] Ul A AlEae] BEdA] vluwF JPAl 7R E
o

Al AEL oYt} o]5L2 AU A Eo|Y, Proteobacteria [A 1 (Bacteria)l\t =
[ A7t (Archaea) | A AlST9 9 F2o2 2718 A& HF

=
s4ow 9 Ay AESo|

Al & (Bacteria)

ATt (Bacteria) =r9loll= Aoj= 40782 & (phylagt &tH, ©F= &)o] o] A
7HA A E Ao gyl Fa 3 Aol Fig. 18] AldA Sl YEHslth
B Al 50 24 SAANEY d7AD Teow HolHol Unk(Fig. 2). Al
(Bacteria) =wglel e dFATS FH A 2> ZAFHoRE daA
o] Aoyl FEZ T ALY, Proteobacteria’t =& o2lH], o] 179 AlFE9]

ZHAAL = A EAE ASHA 4y ndese 22 SA4E P A 9

o
d

g S HolEnh JAAAES 7|2 EE] Al (Bacteria)®] & 1594
Proteobacteria (Fig. 1), 7AA 2 Rhuzibium¥ Rickettsias®} =2 Aoz
FH BASAY. SHEAE o] AEES VEIZEZolA MY A AES)

At Fe HE Fe w8 AXWA Atk AAEH 4B BEsb Ak
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LAY FAEe st A5 & 5 kol d5AE AjbAT & (phylum)el
A sk th(Fig. 1). dol% Aldel 187FA F 2 Al Z(phylum)o] A& A wjok
of ArEFYH g Ao, AdA AAHEITEH 2EHE RNA FAd#e] 3]
2 ALAENS Sl B2 A5l FAHa Uk Fig. 2 = Aol AEsHA A
Q= ®oF1 v} (Michael, T. Madigan and John M. Martinko. 2006). ©] 7l
T AXdY e FHREF AW (small subunit, SSU)INA Aoz 16S

Cytophaga

Green nol st
bacteria

Thermotoga

= Q,\_‘ll trospira

Fig. 2. The phylogenetic tree of Domain Eubacteria

I AT (Archaea)

Algsr4 #WHoA A (Archaea) =M 12 Crenarchaeota, Euryarchaeota,
Korarchaeota, Nanoarchaeta®] 47] o= FAHY (Fig. 1), dA AEF9 ¥
oA mfg- 7gA 715 U A Thermoproteus, Pyrolobus, pyrodictium

¥ 2& 23124 Crenarchaeota®]th, 71 tho] webgA AN E = 5 A

AE 149 Euryarchaeota’} 0tk E4HA3, 5949 Alxd o] gle daAAES
Thermoplasma®s =334 AE 153 vtk Ay ot} Cranarchaeota Al
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(Fig. 1) (http://rdp.cme.msu.edu)s LF= A A0 A (S 2l B2E FHA
s SaAMNE dEA v aEy SVEARE, olHEs MdE2 Aw
Crenarchaeota®] A2 A= &#zl 2Holu; Asfe] nit; diE3el vl& 4
A gre 259 54 WalE v EE gl AMAste oA FdlEAd &=
t}2 Crenarchaeota M EEL B4 @49 3 AFANA depyich F4d 5o
2 Korarchaeota 2 B3] $3 9l M (Archaea) « A= A=Z2E o9
FA( Yellowstone Nationl Park) (7|3 Wyoming F)o A& 12 =
(Obsidian pool)oll Al W34 28 Crenarchaeota®t vFI7IAIZ v AE F+F &4

of olsfr FAHHATE Korarchaeota’} Zil2Aolgts ARA S W3] & =
A

o} 28 B R o5& 2124 Crenarchaeota®t FAFSH thAlE EAS 714 Aol
t}. Korarchaeota®] ofzfjol]l 933l 9= A2 Nanorchaetaz oA 7kA] = 2 2
Nanoarcheaum©®| &}+= 3+ F ko] & A Q). o] Za9k M Ignicoccusst &

e s aA7 7MoY, ¢8R e dAAE] FHAAT /M 2
AAZS 712 (Michael, T. Madigan and John M. Martinko. 2006). Fig. 3. 7|
e Axdd Jde HHEEFY 29 (small subunit, SSU)A] LdoJXl 16S

TRNA 9714 d9& vlgo 2 vtEojz Aot

Marine Euryarchaeota
o e ———OCUL Marine Crenarchaeota

Halobacterium Euryarchaeota

Halococcus Archaeoglobus

Extreme

Natronococcus
halophiles N

Methanobacterium Methanocaldococeus

Halophilic - Crenarchaeota

methanogen
Methanosarcina %
Methanospirillum
Thermoplasma
Picrophilus

Ferroplasma

b Extreme —— !
acidophiles

Methanothermus

Sulfolobus

Pyrodictiurm

Thermococcus/
Pyrococcus

Thermoproteus Hyperthermophiles

 Mthanopyrus.

Desulfurococcus

Korarchaeota

Nanocarchaeota

Fig. 3. The phylogenetic tree of Domain Archaea
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23 A & (Eukarya)

AN E (Eukarya) Z=wlQlol] &3k

o\

o] AEFE 16S rRNASH 93¢ 7%
Szt WIAE Axd 2HE9 18S rRNA g7 9258 ZAAHAY. =
719 AHAYEL A2 microsporidia®l diplomondset A S Aot} o A
EES 5 vAEA Qe ol27|7hA vreksh Ee] XA EI AA A

Aotz Al 7| AEoth(d, Ad7F WA Giardia® diplomonads L&

EAES] E3Ho] o UAE WELS VM T3 FRFHCEL M B3

JAABER] AEH T2 o289 2 dAES o]t (Fig. 1). A EL AT

g mAE o WS BAE AL Aok olel @ AN AR AT AE
A @R 2u9olA Aold 185 RNAS 971AL HuATE S5 2

2t (Fig. 4) (Michael, T. Madigan and John M. Martinko. 2006). th3-& 9] n
J= A= F7IA49e] Hlad+, 538 SSU rRNA® 71%3% &2 A7t
AM=AE A= ASSHY B33 adS adsdH Agsita o gy
ol HAMAEHTE AHME EHl-AdH Aol A X o Aot

Microsporidia
(Encephalitozoon)

——Amitochondriate Trypanos
(Trypanosoma) El}glenmdsi

uglen.

Diplomonads Rf
(Giardia) Parabasilids 2 Slime
g& (Trichomonas) mgeba molds
0‘\6 o5
o =
v NS Multi-
,s\);f(\ \5 \j‘“b O’ i a2 cellular
S et\do = == res i i Green algae | “Crown
& N e T ”
Blcterial | mse®
o

Fig. 4. The phylogenetic tree of Domain Eukarya
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1.3. 1| A E E7F (Microbial taxonomy)

v A &S #F(classification) &2 #F & (taxonomy)< "] &E38Fe] F+Q Hofo]
o gRES BFE Tt AR e PAERY FAdAE ¥, vAE

o e A AAYY AAE ATAE RHGS BF B FROR T

—r
N
ko
M
_\7:1
it
T
i
k%)
M
4
£

(identification)® ™8 " (nomenclature) |
(taxonomy)S 7% & (phylogeny)¥ F&steE A vl$- Fast EFsty A
& o] F &old ou7t AME 2 v2Y] wEoln. HAES EFcte WHE
HE&doz2 FdAY(phenotypic)?] FA el oJ&EstH, of7]dl= wAES] Y o
Al diAb 24 aga bgE oy 7HA =

(classical taxonomy)®|#} &+t

o
ully
o,
e
ot
)
O
o,
il
Kl
)
2
Mo
S
iRt

T AA EF(classical taxonomy)ol= o8] 74 ZTIFH EAES XM
71 Hlo]HE F(species)oll A =<l (domain) 74 &/ Alv o=

At AFES) ol de AR E = EFA 5EAEYdE FH, 94 A, A
A

947 £3AT %, AES ERe] 9A4E duAe A

& F(monothetic classification)® 5 A A7} HR&SHA o] Fo A At} 1
3 ofo gk ARHFE Hom =AWHol AlE Q AH(test error)oll ok T
S}(strain variation) & HA & & F §ivt= @S 7FA 3TH(Sneath,

1962). et wAdel BAL vAEe] 543 BRo ol 4ds Faw

AeS st vk sHAINE 1A FRY EAES sAsz] A& 2 kAo &
Fro] JEEAT. B HAEES 553 ToE(weight)7l Fold o8 o
$13 A (unit character)oll Wja] Al @dtiL AFEZS o] &) FulFon EFas
8 EF ¥ (unmerical taxonomy), AlXEU Al¥E EIFES 3stxor HAF o]
e AHRE 7 2 4o ol&ste= A E7/ 4 (chemotaxonomy)(©],

1984), 16S rRNA<9] A7/ <ES w] s A rDNA-DNA hybridization 52 W
HE ol &3t Az AR E HluEA st HAlES fFAAAE &

B2 S84 EF(molecular systematics) 5©] o] A E] EFo] o] &5

_]>~
_O|L
rlr
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1950 thof] o]

[e)

L

¢ EHF 9 (unmerical taxonomy)

oF
NV
K

o

44

s

al

—_
fite)

N

(Sneath, 1978) o &

il
|

il

ol

s

[e)

=

A (Characteristics)

¢}

(Operational Taxonomic Unit, OTU)e| s} 2 3

=

=
gl = OTUY

OTUREA 50%

0

o

| 71&°] ¥tH(Sneath,

A P BB ohe, 25 A

1

R

14 gl OTUel

I

27k o

s
=

=

Qt‘ﬂ—

3} tH(Sneath, 1972).

[e)

i

S

Nr

)

19708t o]

[e)

L

¥ (chemotaxonomy)

How

il
]

el

FefoF 2kt
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o BeH BR AEZ Bol FEHOAD Ut AORE AZH YR, AZy

FEAAYE 84 B (molecular systematics, molecular biological classification) &
AE R3S Bx FFolA dAFsts 222338 (molecular phylogeny)e] &
A THstEA AEst= PAES] oW ARE Tt AAERFYH A
ol2A HA=A BAS ZEHA HHA @A A4 A5E F GC content,
DNA-DNA pairing, 165 % 55 rRNA #4 A8E5& o]&ste] wAEY &7
2 TR agar AsaA (st #A)E st b= W ol (Fox and
Stackerbrandt, 1987). A+ <] AEE ol FHARE 7IA 1 JE DNASH
W FAge Fas RANZE dEH G-C contents (G-C mol%)2 A<
of th3t Guanine® Cytosine®] A9 H]
24 Tm (Melting Temperature)™, @345 (CsCHS AFESH W uf LA

Atk A o2 At

genomes T3 DNAS A 7]

oft

A, Pl-nucleaseE Al$3 HPLCH T o= =4
°] DNA G-C contentst 25~75% ¢ ol A =1

stk (Fig. 5). G-C contents’} 10% °] T & w5+ FHAHoR FUF
g g = gluh 28y A4 fo=rF =2 F #F ol G-C contents”t

ulZaithal A F el DNA d7idel 2oiae e & i

Organism
Prokaryotes
Bacteria S
Archaea [ .4l
Ryt -
Plants " 1
Algae ]
Fungi I
Protozoa 1
0] 10 20 30 40 50 60 70 80 90 100
GC (mol %)

Fig. 5. G-C (or guanine-cytosine content) contents
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webA DNA d71wiEe] A5AS <dolrr] ¢ DNA-DNA hybridization2

=7 o}
Y = Qlrh. RF ol e} conservativedt rRNA 542 = Qlste] thdst A&
7l 7hssty BAS ez Hud ¢ s AEe dAUud

= Holth. 53] rRNA ¥ 5S rRNA ¢} 16S rRNA7Z} A& & 7ol F= AH§ 5

AaL 9l
Organisms 1 Organisms 2
DNA DNA
fragmentation, labelling(-(®)) fragmentation
® OH® Foed Feed Beed Eeed
®H@Hgﬁ@ﬁ oot o R ot S
l denaturation ........... > _.
-® ® ® 2l IR it 1ot
®E a®7E ggﬁ §®E g B W = e
T T 7 7 "I'ne DNA of one organism is labeled, then mixed with the unlabelled DNA to be compared against
Hybridization
® ® ® ®
0 — B HH%H
DNA-DNA hybridization ( O )
. O ® ® ® it Peed
[xiZi—ek: H oF 4° oF 7F I~ £ i i
DNA DNA hybridization ( O ) DNA-DNA hybridization ( X )

Fig. 6. DNA-DNA hybridization
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100

80 |—

70 Ll L LT TP A PP e e % 8 &

60 f—....... S, E——— —_—
50 p—
40 — D

30 }— : geno species

Percent DNA homology (%)

: (geno) varieties species

208 =
: (geno) subspecies

T O ® B

: closely related genospecies

Fig. 7. Proposed taxonomic groupings based upon DNA homology data.

Phylogenic tree (A&, ASXs}F2)= AFS 7l =2 sl B2 At
234 BEZAAE 7123 A2 & Neighbor-joining (Saitou & Nei, 1987), least
squares (Maidak et al., 1996) maximum parsimony method (Kloge & Farris,
1969) A S Algste] BEY olE EUE vixe HAE 5EXS 5T 5
21t} Neighbor-joining< %% ¢l cluster analysisell A F#isty 2 A& &

43 SE2 A= 7 FA ¥ow, M Sdd8ATE Tk SR

of F-=alof st FAF profile™= <7} oluUm v Ao ® ALagFOoRHA F
ol FAdE Fola, 71E9 Mdd Eo7kA & At MAES AT 73

= Z7bskt} oA SH(polyphasic taxonomy) 70y S Colwell(1970)¢] 2] 3)

Aok a1, F<t Vandamme et al,. (1996)°] ol3] tA] ALg%7] A 25
Fig. 8o UEH niel Zo] /4 5HL E/FAFHE dSste] 1 F84
S YeErdaz o] A& S JddE o ERFY MEsE 28 5 9
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B2

do
)
by
il
o,
oo
ot
Mo
1%
N
G
ftlo
=
it
X
™
T
I
=2

o,
o
2
R
v
N
X
m
ri
o,

st 2 EAA e WHEs A Zctel of&¥al vt olek W] Wy

St ApA Ao EAstE BE vAE Fol vlstH, EElFe] Aite] FxEn
RN AL B 2 HAEGy dHA Adth(Hawksworth, 1991). &7 7|9
He A2 vAE9] &4 7)1&d Bdstd, nAdEe] FAEs Eojlle &7

24 Fzk 71t 7h wokxar At

Technique

Restriction fragment length polymoerphism (RFLP)

Low frequency restriction fragment analysis (LFRF A, PFGE)
Ribotyping

DNA amplification (AFLP, AP-PCR, rep-PCR, DAF, RAPD, ARDRA)
Phage and bacteriocin typing

Serological (monoclonal, polyclonal) techniques

Zymograms (multilocus enzyme polymorphism)

Total cellular protein electrophoretic patterns

DNA-DNA hybridizations

G+C mol%

(DNA-PCR

Chemotaxonomic markers (polyamines, quinones)

Cellular fatty acid fingerprinting (F AME)

Cell wall structure

Phenotype (classical, APT, Biolog...)

tRNA sequencing

DNA probes

DNA sequencing

Fig. 8. Taxonomic resolution of some of the currently used technique.
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14, EAQAESH F2e "WeA

kA A A o]l EAetE MAES 0.001% ~ 3% GERE v o] 7hsd A
Zolm (Table 1), 97 ~ 99% o]de] mA=so] WA WHezs wdd
T ol AA Ao mAE I 2 R gl g FE3 ARE A
A kil glvk(e] %, 2001; Amann et al, 1995; Gray and Herwig 1996;
Snaidr et al., 1997). WA FH Lol wlYstx] ¥ A AEA W vAE
TS drske BREol JiEE o, 53] MAS ol &3 Ea A=A
e de o] &Ha rh(skmal AT, 1998; Liobert-Bross et al, 1998).
2 % F2 SSU rRNAZ Aol thddk A7 @ol o] Fojx]a it} rRNA= &4
d Aol #os, nlolgl s AL F AlEZE o] Foixl B AEAdd =A8
7] WiEe] de ol &= Utk L F 16S tDNA 47|14 d 4 & st e

] 91AE AAsto] 3 AAE 8
T A S, 2001; Giovannoni and Rappe, 2000). %38k Ribosomal Database
Project (RDP)$®} Genebank S°l 5%l 2+ 16S rRNA database:= A% #
oA wAeA vzt 7hsstes FEE o] SlojA] o]F o]&she] thdd &
%

of EAsts nAE RS rEsteH w88 ol Ea Ut

}_‘

=)
o
o
=)
o
r2
e
o,
ftlo
UL
=+
ol
M
)
of
M
=il
oL
X
ol

Table 1. Culturability determined as a percentage of culturable bacteria in

composition with total cell counts (Amann et al., 1995).

Habitat Culturability (%)?
Sea water 0.001 - 0.1
Fresh water 0.25
Mesophilic lake 01 -1
Unpolluted estuarine waters 01 -3
Activated sludge 1-25
Sediments 0.25

Soils 0.3

# Culturable bacteria are measured as CFU
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1.5. Phylum Proteobacteria

Proteobacteria= °©15 %= FHE vFetA WA 2 = e A wjitel g
29 21 Proteusoll Al FellstAl HSATE Bergey's Manual of Systematic
Bacteriology Vol, 2/2e (Prat B) A7} FF SAATolgtn &

Algto]l o &
S (subgroup)dll €8] A F3x37] wliEo|th. =, Proteobacteria= 7+
7Fd thkek At 1 o]t (Madigan M; Martinko J. 2005) 16S rRNA <
o A2 ATTAtAHoR AFAATE Utk= el HMHA  F

s

s

b o
LI

Proteobacteria®l #3F U&olt} o]= Ao B3-S 3

Fl(‘

Rl

o]
s

4 W

N

=
Proteobacteriar= ©12] 3ol A= AASHA tt=H(Lansing et al., 2003). °]
5 O SATY BYg2 #S holuy el Al A HFH prosthecasett #sr,
AR AAAE ZE= A7MA w9 vpFsioh. TS o]s Al FEjEhA, A

~
Ao R w9 tgeirt. FEHGFEE (Photoautotrophy), 33H77] Q4 FA =

(Chemolithotroph), 3}st£% 94 %A E  (Chemoheterotroph) S°] =¥ <A 3t}
Proteobacteria®l A2 e, A2Aols= Aukd o g Y8k okAlo] gtk

Fig. 1S EW Proteobacteria= A A& oA vpA = F(phylum)o]t}. 9]
OFL AR BRE AT 7P 2 aEoltd (Fig. 9, Michael and John.
2006). 16S rRNA @7IA<4<S vlus] X Proteobacterial = 5712 A& 7
ez FAE=Y 7+ Zclass)dl = a-Proteobacteria, B-Proteobacteria, Y
-Proteobacteria, §-Prptepbacteria, ¢-Proteobacteria’} 1iL 1 <tell 407} 2
E-(order), 947 ¥ (family), 62771 Z(genus) 133l 557712 F(species)®]
gkt

Fe
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Fig. 9. The phylogenetic tree of the phylum Proteobacteria and related taxa.
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Class : a—Proteobacteria

a-Proteobacteriat= W o] FYF-ZA=(FEFEo] A A AF = 3
= AE)oth. ou  FHe 5ES diAb BAs et 48 &9
Methylobacterium® 735 €& Atstst= Alerdd FJefsta o=z uf9- opeFs)
m wgk oo g 3 Aksl b EES oduyA Al e AAFAARZ o

A 71T}, Nitrobacter?  7A-$ov 3}sF7]9 %A E (Chemolithotroph)©] a2
Rhizobium < A% AAXE 1A= 89S 2h=th Rickettsiatt Brucella
2o A ¥ vAEott. AAR Rickettsial= A AXW 714 v Eo]
t}. a-Proteobacteria “Fol+ 870 &, 21709 3 19770 & Z28al 167709 &

o] X3} (Bergey's Manual of Systematic Bacteriology. 2001).

Class : B-Proteobacteria

B-Proteobacteria®] ™A= a-Proteobacteria® tWHAFSF F-AFSH ol ¢l =gk A
AR A8 AGelA Frl=e] FIHEAN FHUYLE =28 AEete B
o] At} B-Proteobacteria®l <3t REH T A F&, dRYol Wg, wW
g Aata fASE 28-S ARS-gtt). a-Proteobacteriar] #

ol At A S 7hA AL Ao

B-Proteobacteriall =  3}e5H G YA = (Photoautotrophs), 5719 FA&=
(Photolithoautotrophy), W Er-E2bstMF (Methylobacterium), 3}H5-7]9 FA &
(Chemolithotroph) 1t} 18] a1 Neisseria 53 Bordetella & 7#2-& Al W AA
T ¥3%stal k. B-Proteobacteria 7t = 7T/ &, 12709 3}, 12070 & 1¥]
071

o] X3} (Bergey's Manual of Systematic Bacteriology. 2001).

0

1o
of\

al

Class : y-Proteobacteria

y-Proteobacteria= T2 thal Ae] A S 7FA AL 9 Proteobacteria

ml

o 7bd & AdFolth B T8 Fo] 3 F719 Y= (Chemolithotroph)©]
H 2753 7]4 (Facultative anaerobe)©]tt. DNA-DNA hybridization 2 & 4 =}
of 9]&tH y-Proteobacteria= 2 &7 7FAl(branch)7} 22 1522 A5
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o] At} 3 aFoE= TAMAA T (purple sulfur bacteria)o] ¥3tE o] Qi F
HA 2Fo= AFEW 7|ABEQ Legionella®t Coxiella7} &3ttt 7b4 & 5

dwolle FFAEES shA 25 oY Fo] &3t} g B RNA superfamily 1
S W 3x3t= F(family)= Vibrionaceae, Enterobacteriaceae, Pasteurellaceae Z}
ojth, o]5 M2 Fwdl Aol 58 Q1A Z(Pentose Phosphate Pathway)
£ ol &3 gstEs o] &gth. uiiio] 2{FEVAY AEoth #EE RNA
superfamily o+ thH-&o] d7|A A+t (anaerobe bacteria)o] ¥3to] ¥ =4
0] 52 Entner-Doudoroff Pathway(EDP)¢} 58t ClALA =& o] &8 ojg] £7F
o] BE HUEAES AME3Y. Pseudomonas, Azotobacter, Moraxella,
Xanthomonas$} Acinetobacter?} ©| superfamily®l <3t} y-Proteobacteria 7
o= 15709 &, 35709 #, 22070 & LElal 275709 Fo| FETTH(Bergey's

Manual of Systematic Bacteriology. 2001).

Class : 6—Prptepbacteria

§-Prptepbacteria= ¢ &o] X3 += Z 152 ofUA W I E Es)

I

i Pty Ee AsHor ggfAo]l FEe] SAIH. ols AT ti] <

Class : e(epsilon)-proteobacteria

e-proteobacteriax= 5719 Proteobacteria 73X 7}& Zth, o] 1Fo] £E:=

BE Aol =g a9 A4 o R F& RYolAY 3w BeF, LA
R A% A}l e-proteobacteria®l = Camphylobacteraceae®} Nautiliales®;+=
2l =, 4719 #1671 & 29 14709 Fo] 3 gk =z 271 7

I 2
491 Campylobacter®t Helicobacter®t= W A& 7|40l F Ao U=

of\
ko
b

T
'
oftt
t
rlr

ratol 3l
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1.6. Proteobacteria; Alphaproteobacteria; Rhodobacterales; Rhodobacteraceae;
Loktanella

H 2 d 5 Proteobacteria 3t9 =5F<1 Alphaproteobacteria®l <3t Al
29 o @ P nAEe fiE 2e 2@ Bust Zrbstn glon oA EHe

HoAA MRS nAEESL AEDAEH O F Rhodobacter %3 & o] it}

dodle A3 AEe dAE /AR Jdv 2 olg2 F s (sulfur
cycling)el ¢lo] =83 98-S Fasitta deld JtHGonzéalez et al., 1999,
2000). 18lar WG9 AMAAZXE Alphaproteobacteria®l 3tE og] 9o A
28 A Eo] Ao Tl Antarctobacter heliothermus(Labrenz et al.,
1998), Roseovarius tolerans(Labrenz et al., 1999), Ekho Lake®l* Staleya
guttiformis and Sulfitobacter brevis(Labrenz et al., 2000)7} polar sea ice2} 3
ol A Octadecabacter arcticus®t Octadecabacter antarcticus (Gosink et al.,
1997)7F #7 wHdct. A2 Alphaproteobacteria % Rhodobacterales =
Rhodobacteraceae oA A Z& 2709 < (Genus)e] o] =HA=H, e
oA 2709 Fo] HaHE =t L-sorbose 2-keto-L-gulonic acidE AF3}sl=
Ketogulonigenium vulgare, Ketogulonigenium robustum (Urbance et al., 2001)
olan YR EajoA LAY Jannaschia helgolandensis (Wagner-Dobler et
al., 2003)¢] t}.

Loktanella %2 Proteobacteria = 5712l & < Alphaproteobacteria 73l 43}
= 89 & T Rhodobacterales 5| %+ Rhodobacteraceae }H(family)ol <
gt Loktanella <o+ 2008 @AA7t# B F& F 9Fo]
Loktanella 42 Van Trappen, S. et al., (2004)°] <31 MICROMAT project
(November 1998 to February 20014 A 522 Loktanella %°] X315 ¢l o m
Loktanella salsilacus, Loktanella fryxellensis 1% 31l Loktanella vestfoldensis 3
Fol SEHAY. 1 o|F Loktanella hongkongensis (Lau et al, 2004),
Loktanella agnita, Loktanella rosea (Ivanova et al., 2005), Loktanella

koreensis (Weon et al, 2006), Loktanella maricola (Yoon et al., 2007) 12| i
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Loktanella atrilutea (Hosoya and Yokota, 2007)7} 7} & ol H 1% o] # o},

oyl AeA HE MAELS AFE dAH 9 g
ol A HE=EJEYl NCBI BLAST  searchE  d
hongkongensis®t 96% 9Aste] Az TL 7HeAol ey undF Ei

(classical taxonomy)dll &3l wA=Ee H, G, A, Aststdl 5453

2=
o

2 B39 (chemotaxonomy)¢!l A EH A4

T
Hm

ojf
_E
=2
Mo
X
oZ
o
2
2

v

A==
=

M

F EA2 G-C mol%, 16S rRNA gene sequence i
2 To=Z gre A

1%
Sy
o
ofN
%
ol
2
re
iR
A

>

1
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2. A48 % WY

H OJIM8SE AlFER FAW st re 9% %

=
10) =4 9ol EHoA &£ HAo vAEY e Add 2 01 g
Hir A2 d4E o] && 10w 843} Marine agar 2216 (MA, Difco,

o
=
rO
ot
=2
2
iz
L

USA)e| Zdsto] 25ToA 2€z vk = FEatdnt &2€ o5 JJIM8S+=
Marine broth 2216 (MB, Difco, USA)ol| wl %3t 20% (v/v) glycerol & <o

<
5
At she] 80 Col metatwr Aol o] §5Helt

Fig. 10. Map for an organisms collection in Segwipo-si, Jeju Island. The

dotted circle in the map indicates the sampling site
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228884 54 €4

221 o5 R FEIF

wE T JIM86eE 7HE AREE VMY AEAd e YErME Loktanella
hongkongensis NRRL 41039 BCCM/LMG BACTERIA
COLLETION(Belgium)®ll &% ®skom UmA| Loktanella 4 Z+7F ths2 2
of Wy Hoj E=Ee FE A8sATh. Loktanella salsilacus, Loktanella
fryxellensis 12| 3l Loktanella vestfoldensis< Van Trappen, S. et al., (2004),
Loktanella hongkongensis (Lau et al, 2004), Loktanella agnita, Loktanella
rosea (Ivanova et al, 2005), Loktanella koreensis (Weon et al, 2000),
Loktanella maricola (Yoon et al., 2007) Z12]3L Loktanella atrilutea (Hosoya

and Yokota, 2007)°] =& =33t}

222. 9H3 54 &4

2.2.2.1 Gram staining

Gram staining< Buck(1982)¢] Wy o2 o MokS A& 31#] ¢Fal 3% KOH A

kS o] g3le] =SAHAY. R TFE= 1FHUYA QA Bacillus subtitlis 1AM

1218879} @849 E. coli KCTC 1116S o] &34t}

2222 354 4¥

FaE nAEe 54 A#FES b A v A H(semi-solid medium)¥ &2 FH

H(hanging drop) 27F4& AF&3te] 27F#] WA EF Fdo=2 YeydH &
E]_]__

FAo A= Aoz FAustgh WA wiAH S agars 0.3 ~ 05% FH 7k

ml

A WAE AREEH, WX 7 8 HAS W 2sAdol i, AR ol
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WL cover glass
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=
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2.2.2.3. Scanning Electron Microscopy (SEM)
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529 fF(extraction) ¥ ZZ ] F=ZFo] dojd F
A7) wolth, 2g]ste] B Aol A= oS3 7] ethylalcohol -50% (5~20
1~23]), -60% (5~20%, 1~23]), -70% (5~20%, 1~23]), -90% (5~20%,
1~23]), -100% (5~20, 33])oll A &5 AlF T}
AzxHAHL d4A7 filterE isoamyl acetateo] B+ F, HA CO.Z isoamyl
acetates ¥ AxE A7l & T8 F"W(Au Coating)s st FARAAL dAn] 7

(SEM): Jeol, JSM-6300 (or Hitachi S-2500C)& AFg3}e] o|nj x| A]Zt}.
22.3. AY - AsTH EH 4

2.2.3.1. Oxidase and Catalase test

Oxidase &4 2 Bactident-Oxidase test strips(Merck)S ©]-83te] =A 3T}
NEzTF2E SAL Pseudomanas aeruginosa KCTC 1750'2 &4 E. coli
KCTC 11165 ©]&3l¥t}. Catalase &4 2 3% HoOE o] &3te] A3 =T
3 % H008 1-2 W A3} 39S df 7127 HAsts AS ddo=z Fdsis
o EZAFFE2= E coli KCTC 11165 o] €331t}

2232 AF 2= 2 pH 43

Ao A =54, 10, 15, 20, 25, 30, 35, 40C) % pH(3, 4, 5, 6, 7, 8, 9,

10, 11, 12) ¥ ¥+ Marine agar(MA, BD)¢} Marine broth(MB, BD)& ©]-& 35}
25°Col A 2477 wheFetH A BT
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2233 €& 4%

At el nA

s

s R Ay g PAEIAE gotR7] ¢
a o] Hrlwlo] A &S Nutrient agar(NA, BD)(beef extract 3.0 g,
peptone 5.0 g, agar 15.0 g)oll NaCl= 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,

149%5 H7rste] w5 Ad3s ARSI

H

1=
e

2.2.3.4. Agar, DNA 183 Starch %3] 243

o w FF9] agar, DNA 18] 1l starch #3] 232 Smibert & Krieg (1994)

2.2.3.5. Casein 7[435 A3

HE 779 casein 7FrEd A S Norris et al (1985) WS AFE3F9 )

i

2.2.3.6. Cellulose 7F5¥#3] 18 3 Flexirubin pigment A4t A3

wad 779 Cellulose 7F+#3a] 18]3 Flexirubin pigment A4 232

Bowman (2000) WH S AR5} ST}
2.2.3.7. Chitin, Tweens 20, 40 181 80 7}1F&a A3

#2l¥ 9] Chitin, Tweens 20, 40 28] 12 80 7}4%3] 2¥ 2 Baumann &
Baumann (1981) ¥ S AF&3Ath Tween 20, 40 18] 80°] &f¥ )
Al (heart infusion agar)oll S FEstar 30 ColA 24A17F v & colony
el &&3% (opaquehalo)e] YEUE=H o] AS Tween 20, 40 1231 80°] 74
ol @ AR Hasint A dxdF=E Serratia marcescens (KCCM 21204)
o} &4 WETFT = Escherichia coli (KCCM 40880)< AF-&-3F Th
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2.2.3.8. API kitZ ©o| &% A, A4 EA A
#2]¥ 9 biochemical test, assimilation test “1#]3l fermentation testZ
371 918l API 20NE, API 50CH, API ZYM microtest system(bioMerieux)<

o1 g3tel A, ABA SHL 2ASAT

2.3. At 24

REET 9 PAFY #AE A4 Aol WD F A% @ F e 2
& o r FAFTHFig 11).

21 WA Saponification I} 3| T °F 100 mg (wet weight)

ml F7Fste] 5-10 %7F vortex 3 & 100CoA 587 =3I e v}

vortex(5-10 %) 3 & 100ColA 2587 5% stttk & o2 Methylatione

A HA @A AFEol reagent 25 2 ml F7F3 & 80TCoA 107 T8 3 &
w9 AlAT Extratione 7 WA @7 4tEo| reagent 32 125 ml H7bsk &

[0

1027 &3tste] A2 ®Xx|ste] gkgdo] 2719 o2 2 HH st AS A
Astal, akA e = Base wash ©HAJH Al WA GA AFE] reagent 45 3 ml

A7Fste] 5E7F &3 9k 28z ¢ T 2000 rpmoll A 3E3F AR §he]
AZ Aol 2/35 GC sample vial tubedll 71 % MIDI &4 A7kA] 4 TolA B

Fatty acid methyl ester analyisis (FAME)+= Sherlock Microbial Identification

System¢! HP 5890 II & MIDI(Hewlett-Packard Co., USA)S A}-&3le] #As}
At

- 126 -



Reagent 1 : Saponification reagent (NaOH in aqueous methanol)
Sodium hydroxide 45 g
Methanol 150 ml
Deionized distilled water 150 ml

Add NaOH pellets to water and methanol while stirring. Stir until

pellets are dissolved.

Reagent 2 : Methylation reagent (Hydrochloric acid in aqueous
methanol)

6 N Hydrochloric aicd 325 ml

Methanol 275 ml

Add acid to methanol while stirring.

Reagent 3 : Extraction solvent (Hexane / MTBE)
Hexane (HPLC grade) 200 ml
Methyl-tert Butyl Ether (MTBE) 200 ml
Add MTBE to hexane and stir.

Reagent 4 : Base wash (Dilute NaOH)
Sodium hydroxide 10.8 g
Deionized distilled water 900 ml

Add pellets to water while stirring. Stir until pellets are dissolved.
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N Q
Harvestin
== e /
Saponificati /
= @@% Q@

Add Vortex 100C Vortex 100C,
.Onl 5—10sec 5—10sec 25min.
cool
Methylation / A
\—J d
Add Vortex S0 CH1C,
2.0ml h—10sec 10min.£1
min
/ P cool
Extraction | | = /' = U = ‘ ’
| ‘/
- W/
Add 10min Remove Save
1.25ml bottom top phase

SO I B

Add 5min Remove Transfer Cap
3.0ml 2/3 top to GC wvial

Fig. 11. Sample preparations for the analysis of cellular fatty acid.
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2.4. G+C &% (mol/%) #4]

DNA¥ adenine(A), cytosine(C), guanine(G), thymine(T)9] 4FF< H7]&E
AEo] da, 2 Al oa FHBRIF 7FEo] Adrk DNAE A9 T, G G
o 4 Aol Y3 olF s FAsa dermE AS T, CoF G 744 2
& mole® EASHA ®©th DNA 7] 242 E% mol % G+C=Z 7|38, v

ox
il
o
=
2

A DNA €7] Z2AelA guanine(G)¥ thymine(T)e] *}A|sl= 4
et mdEL 47 1f9 DNA 97 2AS 7HA 1 gJemz B
A 54 F studEA AFEHEM, n8ES] £(genus)? F(species)s 7138t
2 84 9 stuE ol &Hol A vt KHE AlolA = DNA €71 =
°] 24 ~ T6mol %< AolE Ho] F
o] Aol7k 5 9% ojdeld e Foz 10 % olFeolH TE Hoz 7HFEHo
21tk (Mesbah et al., 1989).

JIM852] DNA G+C &% =4 Mesbah et al, (1989)°] HPLC methodg A}

&3t

T
o
o

]

=
T

£
L

rlr

B
)
e
rE
ax
o
fr
-
Z,
2>
i
N
BN
oX,
lo,
C)
O
jued

2.5. 16S rRNA A2 @714 <€ 24

w2d mAEe 16S rRNA 42 zZ+7zF 15% NaClel #7Fel MB(Difco,
USA) ¥l#] 5 mlel #H%3le] Shacking incubatorE ©]&3te] 25 TolA 200
MmO 2 24417+ ikl wjokol S 15 ml microcentrifuge tube® %741 16000
xgoll A 187 9AEY ste] A5 dS A AT & Holx bacteria pellet2 47
ste] Wizard® Genomic DNA Purification Kit (Promega, USA)S A}-§3}¢
genomic DNAE ¢ 3 & Unicam UV/VIS Spectrophotometer (Helios B.
Unicam Ltd, United Kingdom)E& A}&3to 3% 260 nmolA DNAFT=E =74
3k th. PCR ¥F$-2 bacterial genomic DNA 100 ng, 1 uMell universal primer
pairs (27F forward primer; 5 -AGAGTTTGATCCTGGCTCAG-3 ", 1492R
reverse primer; 5 -GGTTACCTTGTTACGACTT-3 "), 10 mM dNTPs, 10X
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PCR buffer, 5 Unit Taq polymerase (TAKARA, Japan)) &3 o] HWitH =
FEE Hrbsle HERYE 50 plE w31, PTC-150 Minicycler (M]
Research)S AF&3le] FZ3tl. ISR £ 34 94T predenaturation 2

. 94T denaturation 45%, 55C annealing 45%, 72C extension 1% ¥H-3-

ftlo

293] wob 33, A 72Co| A 587 extensions A AT &
Z3 PCR ¥Wg A& (F)EAEAL (Dajeon, Korea)ol 2] 3le] 16S rRNA

A7 EE EA AT (Yoon et al, 1993).

A7IG7e FAIEES Feldtr] sl BLAST (Basic Local Alignment Search
Tool) search program= ©|&3lo] NCBI (National Center for Biotechnology
Information)®] Genbank®} EMBL Nucleotide Sequence Database®l Al f-AFgt <4
71 E5 Blastitt Clone®l A4 ¥ 97|42} databaseo] @13l f7]4d2
PHYDIT program (ver 3.2; http://plaza.snu.ac.kr/~iphydit/phydit)S ©]-&3} <
Clustal W multiple alignment® A &3l5 o™, A7|144E 42 CLUSTAL X
software (Thompson et al., 1997)< ©]&3}4] Neighbor-joining(Saitou and Nei,
1987) Wl 23] Bootstrap w21 A] 10003 ¢] resamplingS 4 -&3}l9] tree
topology®] 87} 7|Eo® AR&ste] AsTE AAGALH, 7G9N F4
Ae]E Jukes & Cantor(Jukes and Cantor, 1969) E =15 o]&3slo] A 4kslsdc).
g3l B8 971 <9-e& EMBL Nucleotide Sequence Databased] 5 33}$)
=3
&9 16S rDNA 7]+ o537 29| GenBank accession numberg 7}HA]

3 9ty Loktanella salsilacus LMG 21507" (AJ44099), Loktanella atrilutea

3|
~

NCIMB 14280" (AB246747), Loktanella fryxellensis LMG 22007" (AJ582225),
Loktanella agnita R10SW5" (AY682198), Loktanella vestfoldensis LMG 22003"
(A]J582226), Loktanella  hongkongensis UST950701-009P" (AY600300),
Loktanella  marincola DSW-18"  (EF202613), Loktanella rosea Fg36"
(AY682199), Loktanella koreensis GA2-M3" (DQ344498), Roseobacter litoralis
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ATCC 49566" (X78312), Sulfitobacter pontiacus ChLG-10" (Y13155 ), Staleya
guttiformis EL-38" (Y16427), Antarctobacter heliothermus EL-219" (Y11552),
Thalassobacter — stenotrophicus ~ CECT — 5294" (AJ631302),  Jannaschia
helgolandensis DSM 14858" (AJ438157) 18]l out groupl. = Stappia
stellulata TAM12621" (D88525)& % 8%l th.
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3. 27 2 n&

31. ERYA 54 £4

JIM&5'e] ¥ ¥ A ENS B39 Loktanella hongkongensis NRRL 41039

s
2

2151 Loktanella salsilacus, Loktanella fryxellensis, Loktanella
vestfoldensis< Van Trappen, S. et al, (2004), Loktanella hongkongensis
(Lau et al, 2004), Loktanella agnita, Loktanella rosea (Ivanova et al, 2005),
Loktanella koreensis (Weon et al, 2006), Loktanella maricola (Yoon et al.,
2007) 18] 3L Loktanella atrilutea (Hosoya and Yokota, 2007)¢} ®| w243 2
I vk #Zo] yERsitH(Table 2).

JIM85' = %t Aol &714 gratolrh Aol A ek colony @ EIE round
P ey F2as veddg A 2=+ 4 - 30°C "9 Ason
pH 50 -10.0°14 A%< stk A A= 1 - 12%70A4 FE 9]
LA AAedn HZF AR FrE 2 - 5%= e Catalase, oxidase,
nitrate reduction L3l glucose fermentationol] ] %A WS UERJS O,
hydrogen sulfide production, arginine dihydrolase, indole production 133l
VogesProskauer ®H&-olA &= S54-S UEFWT. Nutrient agar®} trypticase soy
agardl A= AFS oA Zdth Aesculing b S Agar, DNA,
starch, Tween 80, tyrosine¥} urea #3] Ao = 4 WS Hrh API
ZYM stripse@2 #A43% g4 o|8AFY A= alkaline phosphatase, leucine
arylamidase, trypsin®] ®walA= A3 S YEFHIA S esterase (C4),
esterase lipase (C8), lipase (C14), valine arylamidase, cystine arylamidase,
acid phosphatase, a-chymotrypsin, naphthol-AS-BI-phosphohydrolase, @3
~galactosidase 1% 11 N-acetyl-B-glucosaminidase ®¥+g-oj A+ <kt &A1& 1}
EFUt. 12y a-galactosidase, B-glucuronidase, a-glucosidase,

-glucosidase, a-mannosidase L& 3L a-fucosidase o4 W3S YERAAL

- 132 -



Table 2. Characteristics differentiating strain JJMSST from nine recognized

species of the genus Loktanella.

Taxa: 1, JJMSST 2, L. salsilacus 3, L. fryxellensis 4, L. vestfoldensis 5, L.
hongkongensis 6, L. agnita 7, L. rosea 8, L. koreensis 9. L. maricola 10. L.
atrilutea. Data taken from Van Trappen et al. (2004), Lau et al. (2004),
Ivanova et al. (2005), Weon et al. (2006), Yoon et al. (2007), Hosoya et al.
(2007) and this study. +, Positive -, negative W, weakly; ND, not determined,
V, variable reaction depending on strain. All strains are Gram-negative and
grow at 10-30 C. They are positive for catalase but negative for hydrolysis
of agar and starch, arginine dihydrolase, hydrogen sulfide and indole

production.
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Characteristic 1 2 3 4 5 6 7 8 9 10
Motility + - - - - - - - - +
Pink- Pink- Light
Colony colour Pink Beige Pink Whitish  Pink  Beige Beige
beige white orige
Diffusible pigment - - - - Brown - - - - -
Growth on
TSA - . - - W - = - - -
NA = = - - W - a - - -
Temperature range
4-30 5-30 5-25 5-37 8-44 8-35 4-35 5-30 4-34 8-30
for growth (TC)
NaCl range for growth
1-12 0-10 05 0-10 2-14 3-6 1-12 1-5 1-7 0-8
(%, w/v)
Nitrate reduction + = = = - W - + - -
Oxidase + + + + + \W + + + +
Hydrolysis of:
Urea 3 = = + - - - - - -
Gelatin 3 = = - - - = W - ND
Aesculin i + + + ND ND ND + - ND
Tween 80 - + + + = - W - W +
Enzyme activity
a-Galactosidase + + e = ND + - - - +
B-Galactosidase W - + W ND ND ND W - -
B-Glucosidase - W + W ND ND ND W - -
Trypsin + 2 - + ND _ - - - -
Carbohydrate
- - - - v - - - v v
metabolism
+, positive reaction, —; negative reaction, W; weak reaction, ND; not detection, V; variation
reaction

- 134 -



3.2. Scanning Electron Microscopy (SEM)

el

oftt

el

2
2

=
EA4

rlo

25CelA 2

1154

Mg ¥ SEME Fd Basgon
10] 2

JIMSS' = el FEE Bglon
el oh(Fig. 12).

N

rlr

—

oo
|

Fig. 12. Scaning electron micrography of cells of strain JJM85T. Bar, 1 pm.
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JIMBS'E Ml digddEFEe] AE AW EA(Fig. 13) A¥i= Table. 3%
Zokty, BE HFol A unsaturated fatty acidoll cis— 11 octadeceanoic acid
(Cig1 aTc, DA AWAF FA2 66 - 87%), palmitic acid (Cigos 2.7 - 10.4%),
3-hydroxydecanoate (Cipo 3-OH; 1.0 - 6.1%), stearic acid (Cigo; 1.3 — 9.3%) =
AR 3 ATk JIM85" @59 Loktanella hongkongensis NRRL 41039 t}&
F9 €8 3-hydroxydodecanoate (Cizo 3-OH; 1.2 - 1.8%)E 7FA 2 AN} HE
W JIM85'= L. hongkongensis NRRL 41039¢] 71431 9] & palmitoleic

acid (Cig1 d7c; 19%)E 7FA AArt. A B4 Ays ®B2ks

[EUR=)

Loktanella%: 2] w2l A HAE 9-octadecenoic acid (Cizq w7c)olom 23

F9l JIM85'= LoktanellaZ:oll E3E = A o F7F 9l

- 136 -



BI_ i T ——

—
l 4 gt

Fig. 13. Fatty Acid Methyl Ether (FAME) profile of strain JJM85"
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Table 3. Fatty acid compositions of strain JJMSST and type strains of

recoginized Loktanella species.

Taxa: 1, Strain JJMSST 2, L. salsilacus 3, L. fryxellensis 4, L. vestfoldensis 5,
L. hongkongensis 6, L. agnita 7, L. rosea, 8, L. koreensis 9. L. maricola 10.
L. atrilutea. Data from Van Trappen et al. (2004), Lau et al (2004), Ivanova
et al. (2005), Weon et al. (2006), Yoon et al. (2007), Hosoya et al. (2007) and
this study. Values less than 1 9% of total fatty acid were omitted. — Not

detected or not described.
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Fatty acid 1 2 3 4 5 6 7 8 9 10
Cio:0 3-OH 14  24+0.7 3711 6.1+15 18+03 10 12+01 24 - 15
Cizo 3-OH 1.2 - - - 1802 - - - - -
Ciz1 3-OH - - - 5.6+1.4 - - - 34 29 -
Ciso - - - - - 4.6 - - - -
Cia1 - - - = - 46 - - - -
Cisio - . - 1 3 46 - - - -
Cis0 6.5 2909 27+1.1 29+0.7 4.0+40 46 104+1.8 69 39 95
Ciro = - - - - 1.7 N - 0.7 -
Ciso 1.3 14+08 1.6£0.9 18+0.3 3.0£1.2 - 3605 93 29 22
Cisz2 - - = = - 1.8 42+14 - 4 -
Cro:1 cyclo - - = = - 1.7 122102 - T -
Cie:1 cis9 - = n - - - - - - -
Cie1 07c 1.9 = - - - 19 13#03 - - -
Cr7:1 cis9 - 2 < - - - - - = =
Cig1 cis9 - e - = - - - - = 5
Cis1 07c 87.4 87.7+19 84.943.7 74.1+3.1 85.6+3.6 79.0 70420 666 759 744
Cig1 @9 - 3 - ¥ - 44 64+20 - - -
Cig1 07c 11-methyl - 1 3 19408 1.1+11 - - 87 102 6.3
Cie0 150 - 3 = = - - - - - -
Ci7:0 anteniso - - = = - - - - - -
Summed feature 2+ 7 - 1.7+0.7 - - N = - - 38
Summed feature 3* 2 2.8%0.9 - - = = 3 - 1.3 -
Summed feature 7* - 1.2£1.0 4.7£2.0 4.7+0.7 = = = 1.0 - 10
Unknown 11.799 - = - 2. 858D - - - - - -

*Summed features consist of one or more that could not be separated by the Microbial
Identification System. Summed feature 2: Ciao aldehyde, Cig1 iso I, Cis0 3-OH and/or unknown
10.928. Summed feature 3: Ciso iso 2-OH, Ci7o iso 3-OH and/or Cig1 w7c. Summed feature 7:
Cig1 06¢ and/or unknown 18.846.
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3.4. G+C contents (mol%)

JIMS5'e WA #FEEY G+C FHS A A3 JIMS5'E 689 mol%(Fig.
14), L. salsilacus, L. fryxellensis, L. vestfoldensis, L. hongkongensis, L. agnita,
L. rosea, L. koreensis. L. maricola. L. atrilutea.= 59 - 66.3 mol% ¥ uil

/] DNA base compostion= 7FA| a2 ) St}

JJMB5 G+C content (mol%)

Analyst: HPLC
Sample ID: GC Vial: A03 Injection Volume: 10
{ ~ Crenneia F . B BT} N 1
| Retention Time gd [
“0+ ~ r40
- |
| dc |
i
| . g o |
g 2 .
| dT dA |
of & : J
e : — -
0 3 10 15 e 2 2
Mrw sy
Detector 1-254nm
Results
(Reprocessed)
Name Retention Area Height Area Percent  Integration
*  Time Codes
2.532 308488 45368 2324 MM
7.782 611169 35479 4605 MM
9.052 147878 7981 11.14 mm
20,363 259786 5840 19.57 mm
Tolals
1327321 | 94663 100.00

Fig. 14. HPLC chromatogram of 4 type of nucleosides from genomic DNA of
strain JJMS85"
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3.5. 16S rRNA #F3A 97 A4E 4 A% &4

Type strain JJM85'¢] 16S rRNA & 714 < (1338 bp)< Table 4 eEFH LT},
o714 EMBL Nucleotide Sequence Database®] 5 =3}9] accession number

2 3ol wglth Strain JJM85' 9] accession numbers AMO9835420] t}

Table 4. 16S rRNA gene sequence of Loktanella pyoseonensis JJMSST. The
EMBL accession number for the 16S rRNA gene sequence of strain JJMSST
is AM983542.

CACATGCAAGTCGAGCGAAGCCTTCGGGCTTAGCGGCGGACGGGTTAGTAACG
CGTGGGAACGTGCCTCTCTGTACGGAACAGTCCCGGGAAACTGGGTTTAATAC
CGTATACGCCCTTCGGGGGAAAGATTTATCGCAGAGAGATCGGCCCGCGTCTG
ATTAGATAGTTGGTGGGGTAACGGCCTACCAAGTCGACGATCAGTAGCTGGTT
TGAGAGGATGATCAGCAACACTGGGACTGAGACACGGCCCAGACTCCTACGGG
AGGCAGCAGTGGGGAATCTTAGACAATGGGCGCAAGCCTGATCTAGCCATGCC
GCGTGAGTGATGAAGGCCCTAGGGTCGTAAAGCTCTTTCGCTGGGGAAGATAA
TGACGGTACCCAGTAAAGAAACCCCGGCTAACTCCGTGCCAGCAGCCGCGGTAA
TACGGAGGGGGTTAGCGTTGTTCGGAATTACTGGGCGTAAAGCGCGCGTAGGC
GGATCGGAAAGTTGGGGGTGAAATCCCGGGGCTCAACCCCGGAACGGCCTCCA
AAACTATCGGTCTAGAGGTCGAGAGAGGTGAGTGGAATTCCGAGTGTAGAGG
TGAAATTCGTAGATATTCGGAGGAACACCAGTGGCGAAGGCGGCTCACTGGCT
CGATACTGACGCTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCC
TGGTAGTCCACGCCGTAAACGATGAATGCCAGACGTCGGGGGGCTTGCCCTTC
GGTGTCACACCTAACGGATTAAGCATTCCGCCTGGGGAGTACGGTCGCAAGAT
TAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTT
AATTCGAAGCAACGCGCAGAACCTTACCAACCCTTGACATCCCGGGACCGCCAG
AGAGATCTGGTTTTCACTTCGGTGACCCGGTGACAGGTGCTGCATGGCTGTCG
TCAGCTCGTGTCGTGAGATGTTCGGTTAAGTCCGGCAACGAGCGCAACCCACA
CCCCTAGTTGCCAGCATTTGGTTGGGCACTCTAGGGGAACTGCCCGTGATAAG
CGGGAGGAAGGTGTGGATGACGTCAAGTCCTCATGGCCCTTACGGGTTGGGCT
ACACACGTGCTACAATGGTGCCTACAGTGGGTTAATCCCCAAAAGGCATCTCA
GTTCGGATTGGGGTCTGCAACTCGACCCCATGAAGTCGGAATCGCTAGTAATC
GCGTAACAGCATGACGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGT
CACACCATGGGAGTTGGGTTTACCCGACGGCCGTGCGCTAACCCTT
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JIM85" 16S rDNA ¢17]4 €S NCBI Blast® E3] #7438 A3 Fig. 159143
#OJIM85' e b Jbbe &3 £ Loktanella  hongkongensis  strain
UST950701-009P 2.2 blast el A  96%9 HFAIEES  dehfe]  JJM85' 7t
Loktanella %0 M2¢ 9 7154 ettt 28 M Loktanella %0 B L%
oW #5529 971449S NCBI Gene Bank databasecl <] o} JIM85' & 7] A4
A B wFASEA Y. B2 Loktanella < 9] accession unmbero]th: L.
salsilacus LMG 21507" (AJ44099), L. atrilutea NCIMB 14230" (AB246747), L.
fryxellensis LMG  22007" (AJ582225), L. agnita RI0SW5' (AY682198), L.
vestfoldensis LMG 22003" (A]J582226), L. hongkongensis UST950701-009P"
(AY600300), L. marincola DSW-18" (EF202613), L. rosea Fg36' (AY682199),
L. koreensis GA2-M3" (DQ344498). Clone®] A4 ¥ 97|14 <3} databaseol] ¢
o]z A7]-<E-& PHYDIT program= ©] &3] Clustal W multiple alignment®
AHEsle], CLUSTAL X software (Thompson et al, 1997)5 o]&3fo] AHS
#2139t} Neighbor-joining(Saitou and Nei, 1987) W] °]&] Bootstrap +
A1 A1 100038) ©] resamplingS 4 -&3}9] tree topologye] #7} 7|02 AlE-35lo]
AlsTs A3t on, 714493t 314 Agles Jukes & Cantor(Jukes and
Cantor, 1969) EdS o] &3l AL, Loktanella < W 7 w52 A
HFFE] §AIEE xAMeE AF L hongkongensis  UST950701-009P"
(9599 %), L. marincola DSW-18" (94.1%), L. rosea Fg36' (93.88%), L.
koreensis GA2-M3" (93.88%), L. agnita R10SW5' (93.79%), L. salsilacus
LMG 21507" (93.73%), L. fryxellensis LMG 22007" (93.35%), L. atrilutea
NCIMB 14280" (93.58%) 1@l L. vestfoldensis LMG 22003" (93.129%)= 1}€}
W th(Table 5)(Fig. 16). = % L. hongkongensis UST950701-009P" ¢} 7174 =

& fame 47199 S el FUr,
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goy - NCBI Blast:Icl| 30724 (1320 letters) - Microsott Internet Explorer

IeE BIE 2 SARINE D T2LH) [
- — N s »
Q-0 HRAG Pufom @k B IBRIQIAK &3 =
=401 ] hitps/fwwew, nebl.nim, nih, gow/BLAS T/Blast, cal v Qos
poa T Eom=LT=aiT
T ~

Legend for links to other resources: EI MniGens E GEQ E Gene E Structure |I| Map Viewer

Segquences producing significant alignments:
(Click headers to sort colummns)

z et i Max Total uer: B Max =
AE: Y ‘ A LMD ‘ score score ‘ ch\.'eraYge |'—‘ va?f‘ﬁ_ E ident | Bl
AJ534208.1 Methylarcula sp. BIO-204 165 rRMA gene, isolate BIO-204 2206 ZEODG 100% 0.0 I o963
AB302359.1 Alpha proteobacterium 18 gene for 165 rRMA, partial sequence 2194 2194 99% 0.0 96 %
EU145344,1 Loktanella sp. 11 165 ribosomal RMNA gene, partial sequence 21835 2183 100% 0.0 6%
04120701 Methylarcula sp. KBB-3 165 ribosomal RNA gene, partial sequent 2183 2183 99% 0.0 96 %
EF09271&.1 Uncultured Rosecbacter sp. clong B255 26a 165 ribosornal RNA 2187 Z1EE 100% 0.0 6%
Dg412076.1 Methylarcula sp. SPB-6 165 ribosomal RNA gene, partial sequenc 2178 2178 99% 0.0 96 %
AB302358.1 Alpha protecbacterium ADZ gene for 165 rRMA, partial sequence 2174 2174 LR 0.0 6%
EL143345.1 Loktanella sp. J20 165 ribosomal RNA gene, partial sequence il 72 2172 100% 0.0 96 %
81534207 .1 Methylarcula sp. BIO-24 165 rANA gene, isolate BIO-Z24 2156 2156 LR 0.0 6%
AY536563.1 Methylarcula sp, WED1.2 165 ribosamal RMA gene, partial seque 2141 2141 98% 0.0 96 %
0.0
0.
: : j0.0]
AvYE15412 riumnm 2121 97 % 0.0 96%
AvB417841  Rhodobacteraceae bacterium H43-35 165 ribosomal RMA agne, £ 21z8 97% 0.0 96%
A¥515418.1 Rhodobacteraceas bacteriurm GWS-BW-HSEM 165 ribosornal RMNA 2052 GE % 0.0 5%
AMZEEFAL.1 Uncultured prokaryote partial 165 rANA qene, clone 1176 2049 99% 0.0 94 %
AYSFETT0.1 Ruegeria sp, 3 A02/236 165 ribosornal RMNA qene, partial seque 2039 100% 0.0 4%
AF136846.1 Ketoqulonoaenium vulgarum strain 266-136 small subunit riboso 2039 99% 0.0 94 %,
AF136848.1 Ketogulonogenium vulgarum strain 624-124 small subunit ribosa 2039 99% 0.0 34 %
AF136847.1 Ketoqulonoaenium sp. 291-19 small subunit ribasarmal RMA, parti 2039 99% 0.0 94 %
ATES4E38.1 Mucus bacteriurm 40 165 ribosomal RMA qene, partial sequence 2034 9%, 0.0 4%
Do334348.1 Bacterium CWIS010 165 ribosornal RMA gene, partial sequence 2034 98 % 0.0 94 %,
Do2zad240.2  Uncultured Rhodobacteraceas bacterium clone DS158 165 ribosc 2034 995, 0.0 EEL
Dp234218.2 Uncultured Rhodobacteraceae bacterium clone DS136 165 ribosc 2034 90% 0.0 94 %
Do234211.2  Uncultured Rhodobacteraceas bacterium clone DS128 165 ribosc 2034 CELH 0.0 EEL
Dp234153.2 Uncultured Rhodobacteraceas bacterium clone DS069 165 ribosc‘ 2034 99% 0.0 94 %
Dozad126.2  Uncultured Rhodobacteraceas bacterium clone DS042 165 ribosc 2034 EEL 0.0 4% &

e
]

& 2N

Fig. 15. NCBI blast search of the 16S rRNA gene sequence of JJM85T. The

list of closely related species were show as the NCBI blast result.
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Table 5. Similarity matrix based on 16S rRNA gene sequence comparisons.

Strain 1 2 3 4 5 6 7 3 9 10
1 100.0

2 95.99 100.0

3 93.35 94.47 100.0

4 93.73 94.93 93.49 1000

5 93.58 94.40 98.11 98.42 1000

6 93.79 9469 9471 9516 5441 1000

7 93.12 9485 95.62 96.15 9517 97.20 1000

8 94.10 94.25 94.34 9449 94.26 9524 9540 1000

9 93.88 94.55 94.87 94.87 9442 9592 9570 98.42 1000

10 93.88 93.64 94.11 94.49 93.96 95.62 94.42 96.83 96.51 1000

1; JIM85%, 2; L. hongkongensis UST950701-009P" (AY600300), 3; L. fryxellensis LMG 22007"
(AJ582225), 4; L. salsilacus LMG 21507" (AJ44099), 5; L. atrilutea NCIMB 14280" (AB246747),
6; L agnita RI0SW5T (AY6832198), 7; L. vestfoldensis LMG 22003" (AJ582226), 8; L. marincola
DSW-18" (EF202613), 9; L. rosea Fg36' (AY682199), 10; L. koreensis GA2-M3" (DQ3444983)
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e [ Loktanells salsiizeus LMG 215077 (A1440097)

100 Loktanela atriutes NCIMB 142807 (ABZ46747)
Laktanella foxelonsis LMG 220077 (AJ582229)
" Loktaneila agnita R10SWST (AYEB2198)
A2
[ oitanellas vestfolfenasis LMG 220037 (AJ552226)
29 JJMB5T (AMOE3542)
44_. L [ oktanella hongkongensis USTE50701-009PT (AYE00300)
a9 Loktanells matincolz DSW-18T (EF202613)
|94 | Loidanalia rosea Fo 3BT (AYEE2199)
61 1
il ——— [ okignellz korenss GAZ-M3T (DQ344488)
T — Roseobactet litoralis ATCC 495667 (X78312)
a3 Sulftobacter pontizcus ChLE-10T (Y131858)
BB Staleya guttitormis EL-38T (1 6437)
Antarctobacter heliothernus EL-219T 0Y115520
ag Thalaasobacter stenotraphicys CECT 52947 (AJE31302)

Janhaschia helgolandensis DSM 148687 (AJ438157)

Stappia steluiata IAM12621T (DB3525)
0.01

Fig. 16. Neighbour—joining phylogenetic tree based on 16S rRNA gene
sequences showing the position of strain JJM85' within the radiation of the
genus Loktanella and related texa. The tree was constructed from
evolutionary distances by using neighbour-joining method (Saitou & Neil,
1987) and the model of Juke & Cantor (1969). Stappia stellulata TAM 126217
(D88525) was used an outgroup. Bootstrap support values (>50%) are shown

at branch points. Bar, 0.01 substitutions per nucleotide position.
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4. 89

Description of Loktanella pyoseonensis sp. nov.

Loktanella pyoseonensis (pyo.seon’en.sis. N.L. gen. n. pyoseonensis, referring
to Pyoseon Beach, Jeju, Republic of Korea, which the type strain was

isolated).

BaujA] el A colony FHl= w2 9o EE3 RES st dom A
pinkE @k A% 2% 4ToA 30°ColAM AFS 3t 3B5CAME AFS 3
A &etth, 28a A% pH Hel= pH 50 - 10.00]th Ao 2ot s
1 = 12%°]19, 4 X+ 2 - 5 % Alo]o]t}. Catalase®} oxidase testel 4]
Al W25 YEF Y, nitrate reduction, glucose fermentation testoll A A Wb
S-S yeEldY. 28y hydrogen sulfide production, arginine dihydrolase,
indole production ¥ iL VogesProskauer reaction testol]l A S4w$-S e
¢lth. Nutrient agar®} trypticase soy agardl A+ @iEo] H7FE A FdS u+=
kol o) Fo] XA ekdkrh Aoz M= @] NS Wi Aol
o He Aol S ATEd AES & 7 Ak Aesculine VFEEIE T
2 o1} agar, DNA, starch, Tween 80, tyrosine —L#] il urea:= 7}5i3 3F# &
At

API ZYM strips kitS ©o]§3te] G084 S Ags 2y, alkaline
phosphatase, esterase(C4) (weak), esterase lipase(C8) (weak), lipase
(Cl4)(weak), leucine arylamidase, valine arylamidase (weak), cystine
arylamidase (weak), trypsin, acid phosphatase (weak), a-chymotrypsin (weak),
naphthol-AS-BI-phosphohydrolase  (weak), -galactosidase (weak) and
N-acetyl-B-glucosaminidase (weak)oll A &= 18-S e Lo a

—galactosidase, B-glucuronidase, a-glucosidase, B-glucosidase, a-mannosidase
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and a-fucosidase oAl WkSo] oju}x] ¢rorrh. JIM85 o] A E Wyl =kl
248 BAF A3 JIM85 ol F& Ak Cl8i1 alc (87.4%)% EAjo] <)
t}. G+C contentsE #2413+ A3+ 689 mol% = LEGE

5

F1F JJM85" (=KCTC 22372"=DSM 21424")= A AXA TS| 58 ol A]
H 2ol A H o]z

N
=
iy
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A SAS s 230 47 AR 1278 A FeA 2

A
%] carotenoid ¥ Dbacteiochlorophyll®] %= &2 3 Ay 573
carotenoid®] &% W< 450 ~ 540 nmol A peakE YEF AT
AFE 27kl A e AR mAES] 16S rRNA 9714 E #4915 F3to] A
TETH e od divisionol Hal=AE & dte] & A AFE AFA FFA
Ao A Helwl MR BAEES Proteobacteria(E)/Gammaproteobacteria(Zy) )
Pseudoalteromonas<; 31, Shewanella % 8=, Oceanisphaeras: 137, Vibrio%
13, Proteobacteria(i-)/Alphaproteobacteria(7y) 2} Kordiimonas<; 13,
Firmicutes(3%)/Bacilli(3) 2] Bacillus%; 13t57, Bacteroidetes(i)/Flavobacteria(d) 2
Tenacibaculum?; — 2v057F ] EATE AFA AFAYGoNA=  Proteobacteria
(30)/Gammaproteobacteria(’H 2] Pseudodlteromonass: 16307,  Galciecolass 13,
Shewanella < 8=, Vibrios 3u, Alteromonass 335,  Proteobacteria
(F)/Alphaproteobacteria(’}) 2] Loktanellas 13, Tateyanaria®s 137, Roseobacterss 1

T,  Rhodovulum% 13t<F, Pseudovibrio% 13t5, Phaeobacter%: 13,

Bacteroidetes(i-)/Flavobacteria($) 2] Winogradskyella?; 110, Cellulophagass 13t
F, Formosa® 1357,  Tenacibaculum? 435,  Polaribacters: — 33,
Actonobacteria(3)/Actinobacteria(’Y)/Actinobacteridae( V) 2] Micrococcuss 13

(JIM12), Firmcutes(3)/Bacilli(Z}) ] Bacilus% 135, Exiguobacterium 4 1357}
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wHEAT AAE SFAYAA FEER ARAE PAES Rl
Proteobacteria(3-)/Gammaproteobacteria(74) 2]  Pseudoalteromonas<:9l XE3HE = 631
Shewanella?;  4xt=(JJM33,  JIM61, JJM90, JIMI119), Pseudomonass 21
Microbulbifers: 175,  Vibrio% 21, Alteromonas%: 17} 85 Ack
Proteobacteria(3-)/Alphaproteobacteria(Z4) 2] Loktanella®:o A 1357, Paracoccuss; 33t
F7F S =HATE Firmicutes(GE)/Bacilli($) 9 BacillusZ-ol X 3¢5, Exiguobacterium=y
15, Marinibacillus% ~ 1¢57F  #2ERAtEk Adgonobacteria(35)/Actinobacteria
(7/Actinobacteridae(e 3 el Micrococcus%ollX = 1d57F  8]=Qltk Bacteroidetes
()/FlavobacteriaH e] - Polaribaacteria®s 17+, Donghaeana?s 13t Winogradskyellass 1
T, Tenacibaculum?ol A 170571 2] SIQItE A 713 A FA oA Eel¥ ozl A4

A M AES Proteobacteria(E-)/Gammaproteobacteria(7) ¢ Pseudoalteromonas<: 2]

rie

4

i

N

’

&

1275, Shewanella?: 637, Alteromonass 31, Serratia® 23, Vibrio% 115
7} 228 HA. Firmicutes(3)/Bacilli(Z4) 9] Bacillus%: 6315, SporosarcinaZs 13+,
Bacteroidetes(3t-)/Flavobacteria(’4) 2]  Tenacibaculumss 33t Bacteroidetes
(¥)/Sphingobacteria(Z+) ] Flexibacter® 13t5, Persicobacters: 217} #2]% At}
w8 " 136719 g e NAE T UFEY MAES
Proteobacteria/Gammaproteobacteria—L (64%)9l] 2319 o™ rfso=x
Bacteroidetes/Flavobacteria—lsw (13%), Proteobacteria/Alphaproteobacteria (8%),
Firmicutes/Bacilli 1 (10.8%), Bacteroidetes/Sphingobacteria 1% (2.1%) ~18]al
Actinobacteria 1% (2.1%)°l &£3l= 2o & Yehyth Z7zte] 7 1E8S genus &
2 o] B thgd o] urol E o Qlnk ofH AFell A FElEo i
A mAEoA 7Y g #FUt EE64%) = olX  Proteobacteria®l
Gammaproteobacteria 715 Wl A= Pseudoalteromonas 4:°] 42%% A&} aL
t}S- 2 & Shewanella 0] 295%, Alteromonas 43 Vibrio %°] 10.2%% =}A]
shal yw A &2 3% uw Rkt AlFE ZddA 2 HoH wuAE F 13%
S AA|8k= Bacteroidetes®] Flavobacteria 15 WolX& Tenacibaculum <2] 50%
2 7P we BES AXsta Yk U2 Polaribacter 4:°] 22.2%% A3
th AFE 2o A 2 Holxl mAE 5 108 %E AHAskE Firmicutes®l

Bacilli 1E A Bacillus <9 73.3%% 7M4 w& HES Axsla tpg&oz
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Exiguobacterium 492 13.3%5 A3}t Marinibacillus 43¢ Sporosarcina
2 44 67%5 AA . AFe 20l Ze Holxl mAE T 8%E A
A8h=  Proteobacteria®l Alphaproteobacteria 1% WA+ Paracoccus<: 2
27.2%, Loktanella%:2] 18.2%, Kordiimonass:, Tateyamariass, Roseobacter<:,
Rhodovulum?:, Pseudovibrio%, Phaeobacter®2] 2+7} 91%Z %Attt £
oz mAE F 21%Z x}A|8l= Bacteroidetes®] Sphingobacteria L& ol A&
Persicobacter%:2] 66.6%, Flexibacters°] 334%% A}A|3}al  Actinobacteria®l
Actinobacteria’  Actinobacteridae 1% WolX=  Micrococcus%2l  Micrococcus
leuteus 37057} 2|7k ¥ ATt

gL
Zbeatthe 3s 2 & F7F AATh 16S rRNA fd2 A71Md £4 5 @
A3} Proteobacteria(i-)/Gammaproteobacteria(7}) 2] Pseudoalteromonasss 107t
=, Vibrio % 211, Ferrania®s 135, Proteobacteria(<)/Alphaproteobacteria
(7H) ] Phaeobacterss 175, Firmicutes(3)/Bacilli(Z)e] Bacillus% 2vFF7F #
AT ofH AFoA FEE @id EEs A8 vAB=E S Vibrio £°] 7t
FBE FQRITEF, 60%)E At AT = AARHEE Y HAA=E 9
755 Wit FYdF EF 258s HAE aEATolA. 16S
4

RNA §#4= 97149 BHS s

Hm

3} Proteobacteria()/Gammaproteobacteria

s
)
N

(7H9]  Pseudoalteromonas; . Vibrio% 215, Alteromonass; 43,

Paeudoalteromonas® 13, Agarivoranss 13757} B89t 1584 A wt ol

A dojx A AR E A BB o) PseudomonasZ oA o] Huth ol o
Tl M= PseudomonasE ity tFE IHS AN TFFA XAEHEAL XS 2
© AAEEC GHESY] " &F AGE] B 7HA7F dvha ddEoh =3
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JIM85"= NCBI BLAST search® 3] 2 A3} Loktanella hongkongensis$t 96%
dAste] AMEE FTY 7heAdel WEY Loktanella & W ZFdF53% 16S
rRNA 342 471449 fA=S B8 2 A3 L hongkongensis
UST950701-009P" (95.99%), L. marincola DSW-18" (94.1%), L. rosea Fg36"
(93.88%), L. koreensis GA2-M3" (93.88%), L. agnita R10SW5' (93.79%), L.
salsilacus LMG 21507" (93.73%), L. fryxellensis LMG 22007 (93.35%), L.
atrilutea NCIMB  14280" (93.58%) 12]il L. vestfoldensis LMG 22003"
(93.12%)% el 1 F L hongkongensis UST950701-009P' ¢} 714 =&
A= 7MY AdEAde Ho FA Ay A3eE 54 H4F HO16S
rRNA #4779 45 3 FAtE 4, ASE4, AR 283 G+C
FHEM AAE TP B A M = AFLE FAT F AATE ol
JIM85'E  Loktanella pyoseonensis = WHale]l U AERFLAE Q] KCTC(
Korean Collection for Type Culture)®} =< DSMZ (Deutsche Sammlung von
Mikroorganismen und Zellkulturen)ol % 7|3l 27 ¥+ 55 HILE
LITHKCTC 223727, DSM 21424"). 971492 EMBL Nucleotide Sequence
Database®] S=3}9] accession numberE ¢ BEQIT}  Strain  JJM85' 9

accession numbert AM9835420] ¢}
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