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Abstract

This study sought to carry out bacterial community analysis and examine the iden-
tification of a novel bacterium isolated from the surface of Umbraulva japonica,
which is a marine algae collected in Jeju Island.

A total of 79 strains were isolated from U. japonica and cultivated using Marine
agar, 1/10 Marine agar, R2A. The 16S rRNA gene sequence of the isolated bacteria
were analyzed using NCBI and EzbioCloud. Based on the result, the major groups
were classified into 4 phyla as Proteobacteria (a-proteobacteria, [B-proteobacteria, y
-proteobacteria) (74.7%), Bacteroidetes (20.3%), Actinobacteria (2.5%) and Firmicute
(2.5%) along with 7 classes, 13 order, 17 families and 31 genera. The phylogenetic
analysis showed 3 strains were showed similarity of <97% with the previously identi-
fied strains, and could be reported as a new genus or species. Therefore, it is con-
sidered that additional experiments should be conducted together with the standard
strain.

The novel strain, UJT9', was identified as an orange colony, gram-negative,
rod-shaped, non-motility and aerobic bacterium. Strain uIT9' grew at a temperature
range of 15-35C (optimum, 20-257C), a pH range 5.5-8.0 (optimum, pH 6.0-7.0) and
in the presence 1.0-3.0% (w/v) NaCl (optimum, 1.0-2.0%). The 16S rRNA gene se-
quence-based phylogenetic analysis showed that strain uIT9" belong to the Nonlabens
and was most closely related to Nonlabens arenilitoris M-M3", Nonlabens ulvanivor-
ans PLR' with a sequence similarity of 97.7%, 97.6%, respectively. Strain UJT9'
contained menaquinones type 6 (MK-6) as the major quinones and Fatty acids (>5%)
were 150-Ciso  (20.1%), is0-Ciso 3-OH (14.1%), is0-Ciso (10.2%), iso-170 3-OH
(7.8%), anteiso-Ciso (6.3%), 1s0-Cie1 H (5.6%). The major polar lipids were phospha-
tidylenthanolamine (PE), two unidentified lipids and two unidentified amino lipids.
The DNA G+C content of strain UJT9' was determined to be 38.50 mol%. The

DNA-DNA hybridization values for strain between N. arenilitoris M-M3" and N. ul-

- Vil -



vanivorans PLR" were 67.42 + 1.41%, 48.21 £ 4.53%, respectively. On the basis of
the data presented, strain UJT9' is considered to represented a novel species of the
genus Nonlabens. The type strain is Nonlabens sp. UIT9' (=KACC 19635" = JCM
32766").

The antibacterial activity of 79 strains including the novel bacterium was evaluated.
Strain UJT7, UJT20 and UJR17 showed antibacterial activity against Vibrio vulnificus,
while UJR17 showed antibacterial activity against Streptococcus parauberis. UJT7 and
UJT20, UJR17 have been identified as Bacillus sp. and Pseudomonas sp. and it can
be safely presumed that it is beneficial to carry out additional experiments for vari-

ous applications.
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Aol H =& A ozt FAHHIL A (McConnell et al, 1994; Haygood et al.,
1999; Kelecom, 2002; Haefner, 2003).

MAAEE AT A oF 60%E At AEACd EAs= vAdEe] F
(species)> oF 10°~10° A% EA4T Aol FAHL vk B FHIFRE
A A A 2FA 8k & 243 AU vl A vt A Ee] LT x
o gFAge #F A= AHA dFES AAste vAdEe] A=A FAdu
AE detstA e, A A3 84 &3 22 nAEe] 7ss o F U=
718k A& TH(Allsopp et al, 1995). VA= T4} GFEAHS TASkE
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Gradient Gel Electrophoresis (DGGE), =FAIt] @714 <€ 24 H(Next Generation
Sequencing) & 3FUSl pyrosequencing R o] Ao, o)L=  Temperature
Gradient Gel Electrophoresis (TGGE), Restriction Fragment Length Polymorphism
(RFLP), Amplified Ribosomal DNA Restriction Analysis (ARDRA) 5 ©| AT} o]
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2. 1. AIEAH

HoAfo| el 254y = 20173 49 AFE HGE guttiol A 2R3 6
W, A E Ao ol 4Ce] B#A3 T ukste] nAPES HEldteE o AFE

2.2 7A=Y B, iEF R 2R

2 8] A&} ar 8] A & Marine agar (MA, Difco., USA)} 1/10 Marine agar, R2A
agar (Difco., USA)oll =&k 5 25C oA v sttt miF 7d 5 FEjsts] 54
e} colonys AT 5 zhzhe] wjx|ol 2-33] Alt) wjfste] &4 s
T TYE 7T 20% (v/v) glycerolol] AEEE £ 80Tl A Eysto] Ao ARE

shaie.



Table 1. Composition of Marine agar (MA)

Ingredient Amounts
Peptone 50 g
Yeast extract 1.0 g
Ferric citrate 0.1 g
Sodium chloride 1945 ¢
Magnesium chloride 88 g
Sodium sulfate 324 ¢
Calcium chloride 1.8 g
Potassium chloride 055 ¢g
Sodium bicarbonate 0.16 g
Potassium bromide 0.08 g
Strontium chloride 0.034 ¢
Boric acid 220 g
Sodium  silicate 40 g
Sodium fluoride 24 ¢
Ammonium nitrate 1.6 g
Disodium phosphate 8.0 g
Agar 150 g
Distilled water 1L
pH 7.6 £ 0.2




Table 2. Composition of R2A agar

Ingredient Amounts
Yeast extract 05 g
Proteose peptone 05 ¢
Casamino acid 05 ¢g
Dextrose 05 ¢g
Soluble starch 05 ¢g
Sodium pyruvate 05 ¢
Dipotassium phosphate 03 g
Magnesium sulfate 0.05 g
Agar 150 g
Distilled water 1L
pH 72 £ 0.2




2. 3. 7IAE 4
2. 3. 1. Genomic DNA & 92 f#xx =%

w2ld TF9 genomic DNAE FE317] flste] vh&3 o] Wt
(Wilson, 2001). TE bufferg ©]&3sle] A& o+ $ 100 mg/ml lysozymes 10
pls 9ol WrgEdth 10% SDS (sodium dodecyl sulphate) 30 ul, 10 mg/ml
proteinase 6 plE o] 37CeolA 1Az ¥+& % 5M NaCl 80 pl, CTAB/NaCl
solution 80 plE ¥, invertings}$l 1l 65C water bathol Al 10%3F Wk-g-&}Si T}
25:24:1 phenol/chloroform/isoamyl alcohol (v/v/v)S 750 pl & & YA+ 83t
S ANE Al tubeo] AT § 24:1 chloroform/isoamyl alchol (v/iv)S & HFo 2
7hetal st A4S Ae A tubedl AT F 0.6912] isopropanolS %
of dAEY & T AFAEs EF WHE F 70% Ethanols W3kl thAl 4
Tt AsHds BF e 1A st Atk A tubeell TE buffer
99 ul®t 10 mg/ml RNaseE 4ol & 71 x3H DNA tubedll 30 pl =3t}

323} genomic DNAY 4Co| ®#A31 16S rRNA FHAE FE317] 93]
27 Foward primer (5'-AGAGTTTGATCCTGGCTCAG-3")9} 1522 Reverse primer
(5'-AAGGAGGTGATCCAGCCGCA-3)E A}-83} 9 th(Weisburg et al., 1991).

AccuPower' " PCR Premix (Bioneer., USA)ol %3+ DNA 1 pl, 2} primer 10
pmol/primer 1 pl, S/ 22 nlS H7iste] #HF H3] 25 plE 93o] PCRS
FedtA Tt PCREAZ 95Tl %7] WA TA(Initial denaturation) 5% HH-8-S
A7 2, 94C WA GAl(Denaturation) 13, 55°C 2% 7l (Annealing) 1%, 72TC &
’J @A (Extension) 13 ¥H&-S 30 cycle X3t 72TCeolA HFE &2 &A (Final
extension) 10% A A5ttt ZZ ¥ PCR AHES 1% agarosed] #7] % % (Sub-cell®

Agarose Gel Electrophoresis System, Bio-rad., USA)S 3 =% 3213519t}



2.3.2. 9471 €E 2 ASEH 4

SZo] &2l¥ 16S rRNA A= &4 E(Dajeon, Korea)oll ]| 3lo] 7|4
S B4 Y. #A4% 97]A 92> NCBI (National Center for Biotechnology
Information) 2 EzBioCloud (Yoon et al., 2017; http://www.ezbiocloud.net/)oll A A}
g A7Id e HastRal HE 2 dEoly FoR Yeue AdS Flstith
2 Aol A 245" 714147 NCBI 3 EzBioCloudol| Al 1€ 3 nAE 7]
1492 ClustalX programS- &3l multiple alignment® “d & 3} 3L (Jeanmougin et al.,
1998), Mega 6.0 softwareE ©]-&3}] neighbor-joining, jukes-Cantor model, pair-
wise-deletion S &3l AlETE 2o tH(Tamura et al., 2013). AlE2 415
4 ZAFE 1,0008] replications 483t bootstrap =21 &= 7 &Y 5} 9 Uh(Felsentein,

1985).



2. 4. AFE NAE U9 A

2.4 1 ASEFLAH 24

2. 4. 1. 1. Genomic DNA 2 A E 387 EA

AZEFe2 BAS 98 genomic DNAS 3% 3}%) 3(Wilson, 2001), 27 Foward
primer®} 1522 Reverse primergs AF&3lo] PCRS =3 3} th(Weisburg et al., 1991).
TOPO Cloning kit (Invitrogen., USA)E A}-&-3} PCR product®] cloningS 783}
3L, AccuPower " Nano-Plus Plasmid Mini Extraction kit (Bioneer., USA)S A}-& 3}
Plasmid DNAE F&% F EAE] olFsto] Aty &4 d7|HLL
NCBI % EzBioCloud (Yoon et al., 2017: http://www.ezbiocloud.net/)ol| ] 7] Alit &
Heo] A7IAE FAMSE BIAsEA AL 97% o]t FAMI S Holu AlFos 4
sto] 71 2 dAFoly ToE Yy AdS Elsan BT 947144
A o] =& dFFE59 9742 ClustalX program (Jeanmougin et al., 1988)<
&3l multiple alignment® % 23} 3L, Mega 6.0 software (Tamura et al., 2013)E ©]
4-3Fo] neighbor-joining (Saitou and Nei, 1987), maximum-likelihood (Felsenstein,
1981), maximum-parsimony (Fitch, 1971) &1 8|5 A}&38t] AlSTE A
# & 7S5+ neighbor-joining 7l & %24 S 7] 22 maximum-likelihood 7|& %2
¥} maximum-parsimony A5 =4S Blusle] AX| e RES HeA How [A
SEATH AlsTel AlEA ZARE 1,0008] replications 483k bootstrap 4] 0.2 %
&) 5} 9 t}(Felsentein, 1985).



Rel @O 1 FRER GG W L AFGE RS B

f

2 AAsYct 22072 AA Y Nonlabens arenilitoris KCTC 32109' 2} Nonlabens

=5

Fit

ol

ulvanivorans DSM 22727'& 3+ 8529 Al ] (Korea Collection for Type Culture,
KCTC)9} DSMZ (German Collection of Microorganisms and Cell Cultures)oll A Z}+z}

ol FvrE UIT9'9F &/ vl AFsH
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2. 4. 1. 3. DNA-DNA hybridization

B 73 UIT9'S MA°] vi<k3t ¥ genomic DNAS 3]3S th(Wilson, 2001).

T

DNAY %7} 0.1 mg/mle] ¥ %= TE buffers} 4ol 3 100TolA 1083 #
A T dgol ZolF%lth. DNA 200 ploll PBS buffer 1.8 ml % 7}3 ¥ 96 Black
Immunoplate wellell 100 pl 4 +53ta T2 7 5 37CoAA 2417 ¥H-g-3f
. Plate welll &= &H48 AAS & 1X PBS buffer 200 plE 7}l A=
St F 45TA overnightdl$Ith. DNAE A 3H plate welloll pre-hybridization
(Sigma®., USA) &< 200 pl¥ 258 5 1A7F ¥h-$35199th Probe-DNAES A%
3l7] ¢Jste] DNA 10 pl (1 mg/ml)el 10 pl photobiotin (1 mg/ml)S 7}ate] &3
SFRAIL 100TCAlA 52 &< 2F20 5 daol Zol+3lth 0.IM Tris-HCI (pH 9.0)

200 pl¢t 1-butanol 100 plE Yo &£3gt3h AAEZ (13000 rpm, 303, 4C)3}o]

o

At "okl sk AS 100TeA 158 #H8-3 ¥ FYske] probe-DNAE A
23} t}. Plate welloll 9% pre-hybridization 8 <42 A3t 5 probe-DNAS} hy-

bridization solutionS &3%r3le] ZF welloll 100 ul 2 53 & 40TColA F A%+

U.‘,

FS-aldth g F8 5 plate welle] &9S A AE F 2X SSCE 23] A3}
%31 Solution 1 (Bovine serum albumin 0.05 g, Triton X-100 10 pl, 1X buffer 10
ml)S 200 pl¥ 73 F 10237 HH$-5F T Solution 1S A A3 & Solution 2
(Bovine serum albumin 0.05 g, Triton X-100 10 ul, 1X buffer 10 ml, Streptavidin-G
-galactosidase 10 pul)= 100 pl® ZF wellol H7FskAar 37ColA 308 wHS-3F &
solutione A AstA . 1S, 0.1% Triton X-1000] ¥ 3% 1X PBS buffer= 23]
M A3 3L 4-MUF-Gal solution (IM MgCl 10 pl, 4-Methylumbelliferyl-5-D-gal-
actopyranoside 1 mg, 1X PBS buffer 10 ml, N,N-dimethylformamide 100 ul)< 100
ul Zh wellell d7ket & 08 FE 15Evtt 3355 S5 tH(Bzaki et al.,

1989)
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2. 4. 2. 1. FALA X&A A 7 (SEM, Scanning Electron Microscopy)

B3 UuIT9'e dejey 54 F9S 98 ofeo} o] FAsATE 0.5 x
0.5 cm PTFE 0.2 uym membrane filterol] w3t ¥ 55 2.5 % glutaraldehyde
e T F 242§ 143k em 1X PBS buffer® 23] Al F Tk Al
< 40, 50, 60, 70, 80, 90, 100% Ethanol= Z}Z} 302 €3+ £ Isoamyl acetate
0.5 ml : 100% Ethanol 1.5 ml &<l 1]}, Isoamyl acetate 1 ml : 100% Ethanol
1 ml 8ol 1A%}, Isoamyl acetate 1.5 ml : 100% Ethanol 0.5 ml & <Al 1A]7F

2 sFA k. 1 % Isoamyl acetate 2 ml 8o 1A]7F WX|3FA L CO, gas® AZX

g 5 34k Ae)ste] AA@R A Jeol., Japan)& ol &-3te] #A3A

2.5.2.2. 29F 2 54 A E

I A M2 Gram-staining kit (BBL, Difco., USA)E A}-8-3te] 4383} 2y
5 Egfols Zefzol 4 14 Al ¥, Crystal violet 1+, lodine 13, 95%
Alcohol 20% ~1¥]3l SafranineS 137+ * g]3dte] A Au|Ado =z AFRE ¥

_’Iz_



2. 4.3. Bt EA

FEdT UIT9'el A% 7 2% WE sy s MACl =ud o5

10, 15, 20, 25, 30, 35, 37, 40 2 45T A wjkato] AAA S A=a19 ).

A% 7hs pH W91E €<2lst7] 913 Zobell's marine agar (Table 5)& A|3=3}%
i IM NaOH¢} HClIE o] &3te] Hj#|e] pHE 5.0-11.0 (+4 pH 0.5)°= F=Ag
A A B2Eg )

2

2eEre wwe

o

BE#F UIT9'e A4 7l% NaCl 5% HYES &elstry] 93] NaCle] 9%
Zobell's marine agaroll NaCle] %7} 0-9.0% (2 1.0%) (w/v)7} ¥ =% NaCls

Wb F RIRFE Busel 43 J9E wsg,

A7 2 AM EelEFe] A 7heds #R1s7] A8l MAC e =R

% anaerobic jaroll @714 7l WA #(Oxoid., UK)Z} =23k S A €Yo 2

SCol A wjeFstel A2 BHelstalt
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Table 3. Composition of Zobell's marine

agar

Ingredient

Amounts

Bacto Peptone
Yeast extract

Ferric citrate
Magnesium Sulfate
Magnesium chloride
Potassium Chloride
Calcium chloride
Agar

Distilled water

pH

5.0
1.0
0.1
5.94
4.53
0.64
1.3
15.0

oo O 09 O 0 09 O3 09

=

7.6 £ 0.2
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2. 4. 4. A3 54

2. 4. 4. 1. Catalase - Oxidase test

Catalase testZ 93] EFF UITI'S MAC w3t F EaaF o
Catalase reagent (BioMérieux., France)& HoEH ¥ 7|X A FFE &2135t9
7|7y dAstH S o R sttt Oxidase teste MAC] EElwF9 s
Tkele] wekd & Oxidase reagent (BioMérieux., France)S WolEd HIZPA S

HW Fgow Restart

2. 4. 4. 2. 7}~ & 3l (Hydrolysis) test

B #F UIT9'Y 7heialsS 29138l7] $lal MAO| Casein 5% (w/v), Starch
2% (w/v), Cellulose 0.5% (w/v), Tween 20, 40, 60, 80 1% =7} H == 3
31, DNase agart= MB brotholl 1%9] F=2 FH7lste] wiA S A3 A x2d
Ao FEldFE EEste] wYd & Vb ddleS WSk th Casein Wi

2 #5389 Starch 225 8 M (lodine)
S "olEy Fy3to] A FAH O =2, Cellulose= 1% Congo red= HE-g-3F &
gelo] FAHW FHdor A= TE. Tween 20, 40, 60,

=
=
F9o] &g 35 215k91aL, DNase® IN HCIS 3 7h3he]

_15_



2. 4. 4. 3. API 20 NE ¥ ZYM

e

gk

g4 55 &2lstr] 918 API 20 NE kit

ol

Tt wIT9'e 7)ol g A

(BioMérieux, France)2} API ZYM kit (BioMérieux., France)E ©]-& 3} 1t}
W A kitsh AleFE2 ARESHY] Hell wlg] Ao AWFa Edo]d &
S A9 Yol 2EYe] AxfAA FEF sklvh API 20 NE 23 &

2
A8 EeliT2o "EhE NaCl 0.85% (w/v) medium 2 mloll E%=7} McFarland 0.5
=

Q
—
c
2>
o
o
c
=
T
rlr
o
N
2~
rO
N
\I
rulo
j9
:d
J
”5‘
=
a
g
Q.
b
:LM
é
2
10
N
32
_Q

HEstdr ~EY F24E& 9ol 25TolA 3Y &3t wigstAdt. ~EH] Ad:s
API 20 NE kite] A3l whe} 5533l

ZYM A3 T3 APl 20 NE9 5datA ~E¢HS FH)8% 3 Suspension
medium 2 mlo] 29 HS Fo] McFarland 5~6°] %% shlch 3&
o] g3ste] EE 65 uls ZH7be] FEo| I F 25ToIA 3Y Bk wlYgE G
ok Wk Ak A2ARe] A el w4 2
=33

o
o,
filo
-

_’Ié_



2 4.5 3% BRE 54

FetAdh widE T 2 oF 40 mgs AP dol ¥ F Reagent 1 (Sodium
hydroxide 45g, Methanol 150 ml, D.W 150 ml) 1 ml % 7}3}4] 30% vortexing 2
AR 3L 100C water batholl A 53 HES-SFA T ThA] 5~10% vortexing % 10
0C water batholl Al 25%7F Hb-&-3Fth 37TColA 123F ¥H-&A1Z1 5 Reagent 2
(6N HCI 325 ml, Methanol 275 ml) 3 ml& %3 5~10% vortexing & 80°C water
batholl Al 10+ WHS-AIZ1 ¥ 1% 285U T} Reagent 3 (Hexane 200 ml, Methyl
tert-butyl ether 200 ml) 2 ml E7}3+ % 10&7F wwksle] oAt vtk 3 &

ol

oS A A3 3L Reagent 4 (NaOH 10.8 g, D.W 900 ml)E 3 ml #7F & W

=t &8sk &nje] ASdS GC vialdl H ¥ . Microbial Identification

o,

System (MIDI., USA)A}2] sherlock microbial identification system version 4.5 (MIS)
Z 29I} TSBAG6 databaseS AF-83Fo] #2319 t(Sasser., 1990).
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2. 4. 5. 2. 7 ¥=(Quinones)

B2 UIT9' Y] #¥=(Quinones)S F%3}7] $3t9] Marine brothol] 8 E3to] 3¢
&< 25Tl A wjFataich mgAS AT ste] dAE g5 & 54 xSk
4 14zx%" A 50 mgol 0.3% NaCl: Methanol (10: 100, v/v) 2 ml¥} Hexan 2 mlS-
Egsto] 1523 wRkekaith 1 % 44223000 pm, 1032, 4T)ste] FSods 28t
RIL o= 8ol Hexan 1 mls 7Faho] 19 343} o] wwksl ¥ 472kl

=g EA k= AFE AT 4TS 913l Isopropyl
ether: MeoH (1: 4, v/v) 3-8 NS 713k 7, Spherisorb Sum ODS2 column (250 x 4.6
mm; Waters) 2.2 ¢]3}3}$] 3L reversed-phase HPLCE ©] &3l FA=S E43AT}

(Minnikin et al., 1984; Tamoka, 1986).
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2. 4. 5. 3. =X A W (Polar lipids)

A o] S48 A H(Polar lipids)> two-dimension TLC methodE ©]-&3}3ith W
A, W Rl UuITo'e wAE 43 3 o4 Az dxd wAl
50 mgs frEl Al 7 % 0.3% NaCl (w/v)¥} MethanolS 10: 10002 &3
st &w] 2 ml9} Hexane 2 mlS FH7Fsto] 158 &<QF wwkeldar, YAE2](3000
rpm, 103, 4C)ste] AF S AAsEATE Holds= stF el Hexane 1 mls 4%

WIS B WlE ol gd & HolE ¥ oAl AARstel AFAL A

7Fek & 1A w2 & AAE2(3000 rpm, 104, 4T)3FY g5 A
g5t @

40, viviv) EZEE 0.75 ml FH7}ste] 5% audksl

O

= 35 Yol chloroform: methanol: 0.3% NaCl (w/v) (50: 100:

B, 40) ¥ 439 4wl 958 333 Egen 4F e 2o}

Syl

2 Al ol chloroform 1.3 ml¥ 03% NaCl (w/v) 1.3 mlS H7Fste]

-

2,
ofp
2
ftlo
2
X
ol
ol
2
ol
o
ofNi
12
ftlo

vortexing3ll =31 YA 23000 rpm, 10, 4TC) & 4
=

S5ath 5oL 37CAA ovemightdhel H% FAALE A=A A%
=
-

TLC plate (silica gel 60 plate 10 x 10 cm, Merck)®] €% oz EAZ lem x
lem X2Fdo] 5 pl A A3t solvent 1 (chloroform: methanol: water = 65: 25:
4, viviv) &uell 3537 AN 3 1A FQF 1A FHA AL solvent 2 (chloroform:
methanol: acetic acid: water = 80: 15: 12: 4, v/v/v/v)oll 25% A7 H 1A A3}
Stk 7dx3%k 7} TLC plate®]l ninhydrin reagent (amino lipid), 5% phosphomolybdic
acid (total lipid), a-naphthol-sulphuric acid (glycolipid), molybdenum blue reagent
(phospholipid) A A oFS ARRste] =4 AW H &8 tHMinnikin et al.,

1984).
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2. 4. 5. 4. DNA G+C content

B3 UIT9'e] DNA G+C &S 3o
3t & I A E R EAE(KCCM)Ol #

_20_
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2. 4. 6. A A A] & (Antibiotic test)

AL
-1N

gagalel g EeldsF o' Ay AZAS Adsty] s disc
diffusion methodE ©]&3}o] 33} tH(Table 6). ¥l Y3 EE T T v T5

e WiE s AFESte] MAC] A =wskelal A3 A disc (BD BBL, USA)E

=HES 5 Yo wF F dise TRl FAHE AS Al SH(clear zone)=
wastel Relgrel 4a4a AgYL sk,

Table 4. List of antibiotics used of antibiotic test

Antibiotic Concentration
Ampicillin 10 ng
Cephalothin 30 ug
Chloramphenicol 30 ug
Erythromycin 15 nug
Gentamicin 10 pug
Kanamycin 30 ug
Lincomycin 2 ng
Nalidixic acid 30 ug
Neomycin 30 ug
Novobiocin 30 ug
Oxytetracycline 30 ng
Penicillin 10 TU
Polymyxin B 300 TU
Spiramycin 100 ng
Streptomycin 10 pug
Tetracycline 30 ug
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N
i
ot
4
gk
oX,
R
=z

2243 (U. japonica)ZHF-H gt dFE o]l &3to] AA FalMT o F
A A el oisk I AdS YAt &t A2 paper disc method (Valgas
et al., 2007)E o]&3lon Ao Al8H WUTS A E AU A E (Korea
Collection for type Culture, KCTC)®} =1 A& B E A (Korea Culture Center of
Microorganisms, KCCM)Z F-E &%k th(Table 3).

ropre Wd@e zhztel

1t

B
i)
=
N
2
>,
=
o%
o
2
ox
o
1>
jatss
¥
fr
o
1%
ol
)
9

=t
gl AR st ASsdy d#AE 53¢ 5 27 8 mm paper discoll 100

o 25CAAA xSt 71Z % paper discs H
=

Aol & wal Ao A 48A17F B et 9 paper disc TR FAHH A

Table 5. List of the strains used of antibacterial test

Strain Strain NO. Growth conditions
Edwardsiella tarda KCTC 12267 1.5% BHIA, 25°C
Fish Vibrio harveyi KCTC 12724 MA, 24°C
pathogenic o
bacteria Streptococcus iniae KCTC 3657 1.5% BHIA, 25C
Streptococcus parauberis KCTC 3651 1.5% BHIA, 25°C
Escherichia coli KCTC 1682 TSA, 37°C
g}l&aﬁ Streptococcus mutans KCCM 40105 BHIA, 37°C
bacteria Listeria monocytogenes KCCM 40307 1.5% BHIA, 37°C
Vibrio vulnificus KCCM 41665 1% TSA, 30°C




Table 6. Composition of medium for antibacterial test

Mueller Hinton Agar (MHA)

Ingredient Amounts
Beef Extract powder 20 g
Acid Digest of Casein 175 g
Starch 15 ¢g
Agar 170 g
Distilled water 1L
pH 73 £ 0.2
Brain Heart Infusion Agar (BHIA)
Ingredient Amounts
Calf Brains, Infusion from 200 g 17 g
Beef Heart, Infusion from 250 g 98 g
Proteose Peptone 100 g
Dextrose 20 g
Sodium Chloride 50 g
Disodium Phosphate 25 ¢
Agar 150 g
Distilled water 1L
pH 74 £ 0.2
Tryptic Soy Agar (TSA)
Ingredient Amounts

Pancreatic Digest of Casein 150 g
Papaic Digest of Soybean 50 ¢g
Sodium Chloride 50 g
Agar 150 g
Distilled water 1L
pH 73 £ 0.1
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m. 23

3.1. 9714AE € AETEH £4

ZE23 (U japonica)oll A1 7970 2] w57} 2] ¥ 13 NCBI 2 EzBioCloud®l A]
FAFSE A7 E S st AlSTE 2SS A (Fig.l), 4 A3, Actinobacteria,
Bacteroidetes, Firmicutes, Proteobacteria® 4719 F2 i-(Phylum)o] ¥z it}

Actinobacteria *(Phylum), Actinobacteria “3(Class), Actinomycetales *5(Order)<
Microbacteriaceae, Micrococcineae2] 2712 ¥H(Family)”7} 2] % %131 Microbacteriaceae
Fholl &3} UJIRT 55 Microbacterium saperdae TFO 15038" ¢} 98.6%, Micrococcineae
ol £&}i= UIT2%= Citricoccus zhacaiensis FS24' 9k 983%2] 4714 <E FALEE UEH
o,

Bacteroidetes <> Flavobacteria®t  Cytophaga </ 2719 ZFo] we]l= 4L,
Flavobacteria 732] Flavobacteriales =, Flavobacteriaceae 3} = 7712 Z:(Genus)©|
w2 H AT} Flavobacteriaceae ol Z3F= UIMI2, UIMI15, UIM17< Aquimarina
latercula DSM 204179} 98.5~99.7%2] SAIEE, UIMI16L Aquamarine amphilecti
92V} 98.6% FFAME S HATH UIT14E Cellulophaga baltica NNO15840" 2} 99.1%,
UJR10-> Chryseobacterium indoltheticum DSM 16778" 2} 98.7%, UIM39%= Croceitalea
litorea CBA3205 ¢} 98.7%, UJT9= Nonlabens arenilitoris M-M3" 97.7%9] Al =&
BAY. X, UIM202> Dokdonia donghaensis JSAQOIOOOOOITQ- 98.9%, UIM32¢}
UIM34% Dokdonia genika AB198086' 2} 99%0] 4] At =S YEllaL, UIRILS
Flavobacterium chilense LMG 26360 ¢} 98.7%, UJR1, UJR2, UIR162 Flavobacterium
arsenitoxidans S2-3H'$} 98.2%2] 71X A SALEE B AU Bacteroidetes 9
Cytophaga 74, Cytophagales 5, Cyclobacteriaceae ¥} = UJT10°] Algoriphagus nam-
haensis DPG-3"9} 99.2%9] A= VER ATh,

Firmicutes 2 Bacilli 7, Bacillales -, Bacillaceae ¥}, Bacillus <°] 2] %%

3L UJT7°| Bacillus aryabhattai B8W22'2t 99.1%, UJR15% Bacillus luciferensis
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LMG 1842279} 98.5%9] d7]Hd §A=7}

e

5

)

=

ot WA, aproteobacteria 73N+

i

Proteobacteria 2 37019 “ro] EalH

32

Caulobacterales, Rhodobacterales, Sphingomonadales®] 3712 3} Caulobacteraceae,
Rhodobacteraceae, Erythrobacteraceae, Sphingomonadaceae®] 4712 =2 2| ¥ At}
Caulobacterales 3, Caulobacteraceae ¥}°l| 2:3}+= UIT12¢} UJR12: Brevundimonas
40 2 Brevundimonas vesicularis NBRC 12165'9} V7 99.4%, 99.1%2] FAMES H.oh,
Rhodobacterales =, Rhodobacteraceae = 4712 &0 2 U™ Sulfitobacter <5 &=
UIM18-2  Sulfitobacter pontiacus DSM 10014" <} 99.3%, UJT6, UJT15, UIT16<
Sulfitobacter dubius DSM 1647279} 98.8~99.9%2] SAIE S VEMNS 1, Rugeria %l
&35 UIM25, UIM26, UIM36S Ruegeria atlantica CECT 4292" ¢} 98.2~99.0%2] A%

AT}t I, Loktanella 49 UJT8S Loktanella salsilacus DSM16199" ¢} 98.97%,
Paracoccus %2) UIR9E Paracoccus marcusii DSM 115748} 99.0%2] 71449 A= S
skl st AT}, Sphingomonadales =2) Erythrobacteraceae = 7719] &o] 2|5 o
UIM23, UIM29, UJIM31, UIM35, UIM38, UIM 40, UIM41°| = Altererythrobacter
ishigakiensis ATCC BAA-2084"¢} 98.3~98.5¢ HAIE=S eI, UIM28°]
Erythrobacter longus DSM 6997" ¢} 97.4%, UIM370] Erythrobacter seohaensis SW-135"¢}
98.5%9%] A7IME FAIEE H AT Sphingomonadales 2] Sphingomonadaceae 2}
4719 £o2 FElH o oo £3l= UJIT13- Novosphingobium lindaniclasticum
LE12479} 98.7%2] A71M<E FALEZ, UIM27S Sphingorhabdus litotis FR1093" <+ 98.8%,
UJT3, UJRS, UIR27-S Sphingobium limneticum 301" 2} 99.5~99.7%2] f-AF=7F ¥-25 9]
o,

Proteobacteria 2] [-proteobacteria 732 2719 O 2 G2 Burkholderiales
5 Comamonadaceae ¥}, Comamona <:°.% UJR47} F2]H Ao Comamonas
jiangduensis YW1'$F 97.5%2] A7NME  FAMAES B, Neisseriales -,
Neisseriaceae ¥}, Neisseria <9l 4;3}+= UJR21°] Neisseria subflava U37' 9 100% <
71 E A S YER AR

Proteobacteria 2] Y-proteobacteria 732 Altermonadales, Enterobacteriales,
Pseudomonadales, Vibrionales 4719 Eo2 FEEY  Altermonadales =&

Pseudoaltermonadaceae,  Shewanellaceae 2712] I} =2,  Enterobacteriales &<
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Enterobacteriaceae ¥}, Pseudomonadales = Moraxellaceae, Pseudomonadaceae 27N
o 3}, Vibrionales 52 Vibrionaceae I} = 2] % 1t} Pseudoaltermonadaceae *}2)
Pseudoaltermonas 49 438} UIM1S Pseudoalteromonas atlantica TAM 12927" 2}
99.7.%, UIM6%} UIM22% Pseudoalteromonas marina Manod' 9} 99.7%2] 1714 <
A S YEN A 32, Shewanellaceae 3}, Shewanella <9l 43+ UJT18Y UJT19+=
Shewanella inventionis KX27'¢}  98% ©]*+¢] fAMdS W QAT Enterobacteriaceae
9] Pantoea® 438t UJR30S Pantoea vagans LMG 24199"¢} 99.3%9] 7] 4 <
TAFEE UYEM AT Moraxellaceae #+2] Acinetobacter 2] UJR22= Acinetobacter
Iwoffii NCTC 5866' 2} 98.8%, Enhydrobacter 42| UJR28, UJR29, UJR31, UJR32+
Enhydrobacter aerosaccus LMG 21877" ¢} 98.8~99.0%°] 971 <& FAIES LERY S
i, Pychrobacter %2 UJR14, UJR19E Psychrobacter proteolyticus 116", UJR183}
UIR26S Psychrobacter nivimaris  88/2-7", UJR20->  Psychrobacter  alimentarius
JG-100"¢F 99% o]4e] A NAME FAES BRYrh.  Pseudomonadaceae T},
Pseudomonas 42 UJT5Y  Pseudomonas rhodesiae CIP  104664", UJT17<
Pseudomonas simiae OLi', UJT203} UJR25% Pseudomonas koreensis Ps9-14", UJR3,
UJR6, UJRS, UJR13, UJR17, UJR24+= Pseudomonas putida NBRC 14164T, UJR23>
Pseudomonas marginalis ATCC 10844" ¢} 99% o] 4re] 71 g HFAM=S UERS

TH(Table 7, 8, 9).
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100 [ Strain UJT2T
|  Citricoccus zhacaiensis FS24T (EU305672)
100 93— Gitricoccus parietis 02-Je-010T (FM992367)
80— Strain UJR7T
- ‘DO‘\: i ium saperdae IFO 150387 (AB004719)
Microbacterium aerolatum V-73T (AJ309929)
100 Strain UJT7T
Bsoillus aryabhattai B8W22T (EF114313)
Strain UJR15T
100 Bacillus luciferensis LMG 184227 (AJ419629)
Strain UJTET
73 Sulfitobacter dubius DSM 16472 (jgi.1055315)
100| '— Sulfitobacter faviae S5-537 (KT444698)
Strain UJM18T
100" syffitobacter pontiacus DSM10014T (jgi.1058978)
UU Ruegeria atlantica CECT 42927 (CYPUO1000053)
siram uJm3e™
Ruegeria lacuscaerulensis ITI-1157T (ACNX01000031)
99r Loktanella salasilacus DSM 161997 (jgi.1058898
Strain UJT8T
"~ Loktanella atrilutea DSM29326T (jgi.1107785)
"Slraln UJRST
100! paracoccus marcusii DSM 115747 (Y12703)
- Strain UJR127
100- Brevundimonas nasda GTC 10437 (AB071954)
g5  Strain UJM28T
100 Erythrobacter aquimaris SW-110T (AY461441)
98 61 Erythrobacter longus DSM 69977 (JMIW01000006)
o8 Strain UJM377
99" Erythrobacter seohaensisi SW-135T (AY562219)
[ Strain UJM35T
100 Altererythrobacter ishigakiensis ATCC BAA-2084T (jgi.1047199)
00 967~ Strain UJT137
100 Novosphingobium lindaniclasticum LE124T (ATHL01000125)
Novosphingobium barchaimii LLO2T (KQ130454)
100 | Strain UJRST
Sphingobium limneticum 3017 (JN591313)
Strain UJM277
100 Sph/ngorhabdus litoris FR1093T (DQ781321)
100, Strain UJR26T
100| ' Psychrobacter nivimaris 88/2-7T (AJ313425)
Strain UJR20T
98 100" psychrobacter alimentarius JG-100T (AY513645)
79— Strain UJR28T
100 15 0} Enhydrobacter aerosaccus LMG 218777 (AJ550856)
5| Moraxella osloensis CCUG 3507 (CP014234)
100) Strain UJR227
Acinetobacter Iwoffii NCTC5866T (AIEL01000120)
Acinetobacter harbinensis HITLi 7T (JXBK01000001)
100 Strain UJR23T
" Pseudomonas rhodesiae CIP 104664 (AF064459)
100 Strain UJR6T
Pseudomonas putida NBRC 141647 (AP013070)
79|_| strain UJT207
94] 100! pseudomonas koreensis Ps 9-14T (AF468452)
100[ Strain UJM6T
100 marina Mano4T (AY563031)
Strain UJM1T
100’ pseudoalteromonas atlantica IAM 129277 (X82134)
‘ 96— Strain UJT187
Shewanella inventionis KX27T (KT781407)
—— Shewanella algicola ST-6T (FJ903681)
100 100 Pantoea vagans LMG 241997 (EF688012)
" strain UJR30T
99 Strain UIM3T
Vibrio gallaecicus VB 8.97 (EU541605)
100| 947 Strain UJM21T
Vibrio pomeroyi LMG 205377 (AJ491290)
99  strain UIM19T
99 Vibrio gigantis CAIM 25T (EF094888)
wU[stram UJR21T
Neisseria subflava U377 (AJ239291)

i 100

100

100!

94

00 ’7 Strain UJR4T
Comamonas aquatica NBRC 14918T (BBJR01000095)
an Comamcnas Jiangduensis YW1T (JQ941713)
50 Comamonas terrae A3-3T (GQ497244)
Comamonas phosphati WYH 22-41T (JQ246447)
(47— Strain UJM167
100 '— Aquimarina amphilecti 92V (JX050189)
— Strain UJM127

o0l 99! Aquimarina latercula DSM 20417 (AUMK01000027)

867 Strain UJM20T

72! strain UIM34T

Dokdonia donghaensis DSW-1T (JSAQ01000001)
Dokdonia genika Cos-13T (AB198086)
Strain UJT147
100" Celjulophaga baltica NNO158407 (AJO05972)
100[ Nonlabens ulvanivorans PLRT (JPJI01000032)
77 ' Nonlabens arenilitoris M-M3T (JX291103)
Strain UJTOT
Nonlabens antarcticus AKS 6227 (DQ660393)
o strain UJRMT
Flavobacterium chilense LMG 263607 (LSYT01000001)

100

100

"’“L F/avobactenum ginsengisoli DCY54T (HM776705)

95 Strain UJR1T

99| Flavobacterium arsenitoxidans $2-3HT (JX001187)

E Strain UJM397
Croceitalea litorea CBA32057 (KF612585)

e [ Strain UJR10T
Chryseobacterium scophthalmum DSM 16779T (jgi.1096613)

[ Strain UJT107
100 Algoriphagus namhaensis DPG-3T (HQ401024)

Fig. 1. Phylogenetic tree analysis of 16S rRNA gene sequences

‘ LMG 267297 (JASY01000008)

Actinobacteria

Firmicutes

Alpha-
proteobacteria

Gamma-
proteobacteria

Beta-

proteobacteria

Bacteroidetes

of bacteria isolated

from Umbraulva japonica and some other related taxa. Numbers above branches

indicate bootstrap values of neighbor-joining analysis (>50%) from 1,000 replication.

Bar 0.05 nucleotide substitution per nucleotide position.
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Table 7. The phylogenetic relatives of bacteria in MA

Name Closet relative species Similarity (%)
UIM1 Pseudoalteromonas atlantica 99.7
UIM3 Vibrio gallaecicus 99.2
UIM4 Vibrio gigantis 99.7
UIMS5 Vibrio pomeroyi 100
UIM6 Pseudoalteromonas marina 99.7
UiM12 Aquimarina latercula 98.9
UIM15 Aquimarina latercula 99.3
uUIM16 Aquimarina amphilecti 98.6
uiM17 Aquimarina latercula 99.7
UIM18 Sulfitobacter pontiacus 99.3
UJM19 Vibrio gigantis 99.6
UIM20 Dokdonia donghaensis 98.9
UIM21 Vibrio pomeroyi 98.3
UuiM22 Pseudoalteromonas marina 99.7
uiM23 Altererythrobacter ishigakiensis 98.5
UIM25 Ruegeria atlantica 99.0
UIM26 Ruegeria atlantica 99.0
uUIM27 Sphingorhabdus litoris 98.8
UIM28 Erythrobacter longus 97.4
uIM29 Altererythrobacter ishigakiensis 98.5
UIM31 Altererythrobacter ishigakiensis 98.5
UuIM32 Dokdonia genika 99.5
UJM34 Dokdonia genika 99.0
UJM35 Altererythrobacter ishigakiensis 98.4
UIM36 Ruegeria atlantica 98.2
uIM37 Erythrobacter seohaensis 98.5
UIM38 Altererythrobacter ishigakiensis 98.5
UIM39 Croceitalea litorea 98.7
UIM40 Altererythrobacter ishigakiensis 98.5
UJM41 Altererythrobacter ishigakiensis 98.5
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Table 8. The phylogenetic relatives of bacteria in 1/10 MA

Name Closet relative species Similarity (%)
UJT2 Citricoccus zhacaiensis 98.3
UJT3 Sphingobium limneticum 99.7
UJTS Pseudomonas rhodesiae 99.9
UlJTé6 Sulfitobacter dubius 98.8
ulT? Bacillus aryabhattai 99.1
UJTS8 Loktanella salsilacus 99.0
uJT9 Nonlabens arenilitoris 97.0
UJT10 Algoriphagus namhaensis 99.2
UJT12 Brevundimonas vesicularis 99.4
UJT13 Novosphingobium lindaniclasticum 98.7
UIT14 Cellulophaga baltica 99.1
UIT15 Sulfitobacter dubius 99.0
UIT16 Sulfitobacter dubius 99.9
UJT17 Pseudomonas simiae 99.5
UJT18 Shewanella inventionis 98.1
UJT19 Shewanella inventionis 98.0
UJT20 Pseudomonas koreensis 99.5

_29_



Table 9. The phylogenetic relatives of bacteria in R2A

Name Closet relative species Similarity (%)
UJR1 Flavobacterium arsenitoxidans 98.2
UJR2 Flavobacterium arsenitoxidans 98.2
UJR3 Pseudomonas putida 99.6
UJR4 Comamonas jiangduensis 97.5
UJRS Sphingobium limneticum 99.5
UJR6 Pseudomonas putida 99.2
UJR7 Microbacterium saperdae 98.6
UJR8 Pseudomonas putida 99.4
UJR9 Paracoccus marcusii 99.0
UJR10 Chryseobacterium indoltheticum 98.7
UJRI11 Flavobacterium chilense 98.7
UJRI12 Brevundimonas vesicularis 99.0
UJR13 Pseudomonas putida 99.9
UJR14 Psychrobacter proteolyticus 99.8
UJRI15 Bacillus luciferensis 98.5
UJR16 Flavobacterium arsenitoxidans 98.2
UJR17 Pseudomonas putida 99.4
UJR18 Psychrobacter nivimaris 99.7
UJR19 Psychrobacter proteolyticus 99.7
UJR20 Psychrobacter alimentarius 99.9
UJR21 Neisseria subflava 100
UJR22 Acinetobacter Iwoffii 98.8
UJR23 Pseudomonas marginalis 99.4
UJR24 Pseudomonas putida 99.9
UJR25 Pseudomonas koreensis 99.6
UJR26 Psychrobacter nivimaris 99.3
UJR27 Sphingobium limneticum 99.6
UJR28 Enhydrobacter aerosaccus 98.8
UJR29 Enhydrobacter aerosaccus 98.9
UJR30 Pantoea vagans 99.3
UJR31 Enhydrobacter aerosaccus 99.0
UJR32 Enhydrobacter aerosaccus 99.0
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3.2. Al &3 4

zegdgere o Awe w3 TRE e B 749 7 1249 =,
1770e] 3, 31709 £og FAHNA dow, I F  Proteobacteria 9 a
-proteobacteria 72 37Nl E, 4709 I}, 107] %202, y-proteobacteria 3N A=
aMel & 6] I, 879 Ho= tpfst ERwol #HE AT (Table 10). &2
Pseudomonas 13.9%, Altererythrobacter 8.9%, Psychrobacter®t Vibrio 77} 6.3%,
Aquimarine, Flavobacterium, Sulfitobacter, Enhydrobacter Z}Z} 5.1%, Dokdonia,
Rugeria, Sphingobium, Pseudoaltermonas Z+7y  3.8%, Bacillus, Brevundimonas,
Erythrobacter, Shewanella Z+7y  2.5%, Microbacterium, Citricoccus, Cellulophage,
Chryseobacterium, Croceitales, Nonlabense, Algoriphagus, Loktanella, Paracoccus,
Novosphingobium, Comamonas, Neisseria, Pantoea, Acinetobacter 77y 1.3%% 3kl
= S th(Fig. 2).

Actinobacteria <-°] 170 7, 1709 &, 2709 I}, 2709l £Ho=2  2.5%,
Bacteroidetes w-°] 2702 7}, 2709 &, 2709 3}, 8709 &£ O 2 20.3%, Firmicutes
wol 17hel 7, 1Kol &, 17he] 3, 1] Hom P o] 25%E LERSH
Proteobacteria -2 3712 7, 970e] &, 12709 3}, 20719 £O 2 74.7%E *}A|
SFRO™ I F aproteobacteria 73°| 31.7%, y-proteobacteria 3] 40.5%= 7}7

we &g e THFig 3).
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Table 10. Bacterial diversity associated with Umbraulva japonica

Phylum Class Order Family Genus
Actinobacteria Actinobacteria Actinomycetales Microbacteriaceae Microbacterium
Micrococcineae Citricoccus
Bacteroidetes Flavobacteria Flavobacteriales Flavobacteriaceae Aquimarina
Cellulophage
Chryseobacterium
Croceitalea
Dokdonia
Flavobacterium
Nonlabens
Cytophagis Cytophagales Cyclobacteriaceae Algoriphagus
Firmicutes Bacilli Bacillales Bacillaceae Bacillus
Proteobacteria a-proteobacteria Caulobacterales Caulobacteraceae Brevundimonas
Rhodobacterales Rhodobacteraceae Loktanella
Paracoccus
Ruegeria
Sulfitobacter
Sphingomonadales Erythrobacteraceae Altererythrobacter
Erythrobacter
Sphingomonadaceae Novosphingobium
Sphingobium
Sphingorhabdus
Bproteobacteria Bukholderiales Comamonadaceae Comamonas
Neisseriales Neisseriaceae Neisseria
Y-proteobacteria Altermonadales Pseudoaltermonadaceae  Pseudoaltermonas
Shewanellaceae Shewanella
Enterobacteriales Enterobacteriaceae Pantoea
Pseudomonadales Moraxellaceae Acinetobacter
Enhydrobacter
Psychrobacter
Pseudomonadaceae Pseudomonas
Vibrionales Vibrionaceae Vibrio
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Fig. 2. Pie-diagram showing the community structure and the diversity of bacterial

community of Umbraulva japonica.

Actinobacteria
2.5%

- Firmicutes

2.5%

B-proteobacteria
2.5%

Fig. 3. Pie-diagram of various bacterial Phylum isolated from Umbraulva japonica.
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3.3. 21F uAE W'y 3

B2 5 UIT9 9] genomic DNAZS #2413k A3t 1,520 bpe] @71 QDS AAs)
Gtk NCBIo| 73 #F 553F9] accession number (MH061317)E & 538150 1

AE HE 7] KACC (Korean Agricultural Culture Collection)®} JCM (Japan
Collection of Microorganisms)ol| 7] grsle] ZFzF KACC 19635, JCM 327662 3t
N5 s Rowg Feds UIT9'e 44 9714 49S EzBioCloud?t NCBIC]
A 7IE AT A d7IAES Blalste] EAete] AFTE AAdER e
Nonlabens arenilitoris KCTC 32109' <} 97.7%, Nonlabens ulvanivorans DSM 22727"
9} 97.6%2 FAMES st AFoR wuE sheAe] gvha #AdEtt
(Fig. 4). 51759 DNA-DNA hybridizationS A &3 A3} N arenilitoris
KCTC 32109'%} ¢} 67.4 + 1.4%, N. ulvanivorans DSM 22727' ¢} oF 48.2 + 4.5%9]
35S et
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99 Mesonia algae KMM 39097 (AF536383)

Mesonia mobilis KMM 60597 (DQ367409)

Gramella echinicola KMM 60507 (AY608409)
Salegentibacter salegens DSM 54247 (jgi.1048968)
Zunongwangia profunda SM-A87T (CP001650)
Psychroflexus tropicus DSM 154967 (ARLAO1000003)
Psychroflexus torquis ATCC 7007557 (CH959305)
Salinimicrobium catena HY1T (DQ640642)

Salinimicrobium terrae YIM C3387 (EU135614)

Dokdonia donghaensis DSW-1T (JSAQ01000001)

L eeuwenhoekiella marinofiava LMGT (1345 AF203475)
L eeuwenhoekiella blandensis MED217T (AANCO01000011)
Gilvibacter sediminis Mok-1-36T (AB255368)
Gaethulibacter marinusIMCC1914T (EF108219)
Gaetbulibacter saemankumensis SMK-127 (AY883937)
100 - Nonlabens sediminis NBRC 1009707 (CP019342)
Nonlabens tegetincola UST03(0701-3247 (AY987349)
Nonlabens arenilitoris M-M3T (JX291103)

Nonlabens ulvanivorans PLRT (JPJIO1000032)

Nonlabens sp. UJT9T (MH061317)

Nonlabens halophilus CAU 11317 (KU719509)

Nonlabens spongiae JCM 131917 (CP019344)
Nonlabens antarcticus AKS 6227 (DQB60393)

Nonlabens marinus S1-087 (AP(014548)

Nonlabens agnitus JC26787 (HM475136)

Nonlabens aestuariivivens OITF-31T (KX870191)

Nonlabens xylanidelens DSM 168097 (jgi.1048989)

77 Nonlabens dokdonensis DSW-6T (CP001397)
Flavobacterium aguatile ATCC 119477 (M62797)
Chrysecbhacterium gleum ATCC 359107 (ACKQ01000057)

100

—
0,02

Fig. 4. A neighbor-joining tree based on 16S rRNA gene sequence showing the phylo-
genetic position UJT9' among the related strains of the genus Nonlabens and repre-
sentatives of some other related taxa. Bootstrap values (>50%) are based on 1,000
replication. The dots indicate that corresponding nodes were also recovered in the max-
imum-likelihood and maximum- parsimony trees. Bar 0.02 nucleotide substitutions per

nucleotide position.
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Fig. 5. (A) Colony morphology and (B) Scanning electron microscope (SEM) of

strian UJT9".
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3.3.3. B8 sty EA4

Ba#3F UITO'E 15-35C AololAl Ao 715atdn H2AH AAd exs
20~25C= BAFHATH AF 7H53 pH W= 5.5904 8.0ALo] 2 #2E A

A

o

™
pH 6.0~7.0014 7Fd %2 AdS BT NaCl 5% 1.0~3.0% (w/iv)ollA A%

Hoom AFE 43 HH NaCl FEE 1.0~2.0%= YEFTHTable 12). 7]

B HEE 23, @7 2319 @AM = AFEA ety 2714 vAdeR 8

= A

-

[e)

il

o
v
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3. 3. 4. B3}stzy EA

B35 UIT9'Y] Catalase?} Oxidase test A3 5% A ow A&}
7t 83 (Hydrolysis) 213 Z 3}, UJT9'F5+ Starch, Tween 40, Tween 6014
YAS e E3leS 2213 o4 Cellulose, DNase, Casein, Tween 20, Tween
80° A= 3l 5ol AW A FUTh

714 ol &3 &4 A S 93 API 20 NE, ZYM Ad A= tpew 72}

55

714 o]l 2lo] Asculin, Gelatin degradation®] A] Adwt-S-o] #2E Q) o L} %
Nitrate reduction, Indole production, Glucose fermentation, Arginine dihydrolase, Urease,
B-galactosidase, D-glucose, D-arabinose, D-mannose, D-mannitol, N-acetyl-D-glucosamine,
D-maltose, Potassium gluconate, Capric acid, Adipic acid, Malic acid, Trisodium citrate,
Phenylacetic acidol A= =27 4498 g2ls 3t

&4 84d ol A= Alkaline phosphatase, Esterase (C4), Esterase lipase (C8), Leucine
arylamidase, Valine arylamidase, Cystine arylamidase, Trypsin, a-chymotrypsin, Acid
phosphatase, Naphthol-AS-Bl-phosphohydrolase, N-acetyl-3-glucosaminidase®ll t3a}o] <&
dWE-S-& Lipase (C14), a-galactosidase, G-galactosidase, G-glucuronidase, a-glucosidase,

Bglucosidase, a-mannosidase, a-fucosidase®l] tsle] S W8-S YEFY L thH(Table 12).
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Table 11. Differential biomedical characteristics of strain UJT9' and related type

strains: 1, UJT9T; 2, N. arenilitoris KCTC 32109T; 3, N. ulvanivorans DSM 22727

T

Characteristic 1 2 3
Size(um) 0.2-0.4x0.6-1.4 0.2-0.4x0.6-6.0°  0.8-1.0x1.5-5.5"
Temperature range(C) 15-35 15-35 5-37
pH range 5.5-8.0 5.5-8.0 5.5-8.0
NaCl range (%) 1.0-3.0 1.0-3.0 1.0-3.0
Hydrolysis of
DNA - + n
Casein - + -
Tween 40 + - +
Acid production from
Nitrate reduction - + -
Gelatin + + -
Enzyme activity
Esterase (C4) - + +
N-acetyl-£3- . N )
glucosaminidase
DNA G+C (mol%) 38.5 38.2° 35.3°
Data from °Park et al. (2013); bBalrbeyron et al. (2011).
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S UIT9'9] DNA G+C &2 385 mol%= FelEglon, uITo'e F2
A0 Z is0-Ciso (20.1%), is0-Ciso 3-OH (14.1%), iso-Ciso (10.2%), is0-Ciro
3-OH (7.8%), anteiso-Ciso (6.3%), is0-Cie1 H (5.6%)% <21 %] I th(Table 13).
UIT9" o] SFAAWS A% A3 UIT9 e F& FA AW =2 phosphatidyletha-
nolamine (PE)Z} -+ 79| unidentified amino lipid (AL), = 70¢] unidentified lipids
L)Z FAHY Jd&5& #AASI O (Fig. 6), T2 F+=< menaquinones type

(MK-6)°. 2 &1y 3},
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Table 12. Fatty acid analysis of strain UJT9" and related type strains: 1, uJTo'; 2,
N. arenilitoris KCTC 32109"; 3, N. ulvanivorans DSM 22727'. Values indicate per-
centage of total fatty acids. tr, trace amount (less than 0.5% of total); -, not

detected. All data were obtained in this study

Fatty acid 1 2 3
Straight-chain
Ciao tr - -
Cis0 tr 0.7 0.8
Branched
Iso-Cio:0 tr 0.6 0.8
Iso-Ciz tr tr 0.6
Iso-Ci4o 2.2 1.8 1.8
Is0-Ci41E - tr tr
Iso-Cis. 20.1 26.7 29.8
anteiso-Cis.o 6.3 7.2 6.1
Iso-Ciso 10.2 9.6 4.2
Iso-Cis1 H 5.6 1.8 1.4
Iso-Ci7:0 - tr
Iso-Ci71 a9c¢ 3.0 5.1 53
anteiso-Ci7.9 - tr -
anteiso-Ci7.1 a9¢ - 1.3 -
Unsaturated
Cis abe 3.0 1.0 1.8
Ci60 N alcohol 0.7 - -
Ci7. abc 4.1 2.6 2.4
Ci71 aBc 0.8 0.6 0.5
Cig1 @5c¢ 1.0 1.4 2.7
Hydroxylated
Ciso 2-OH 1.2 1.4 1.2
Ciso 3-OH 1.8 - 1.4
Ci60 3-OH 0.6 tr tr
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Table 12. Continue.

Fatty acid 1 2 3
Ci70 2-OH 1.9 1.5 1.0
Ci70 3-OH 0.5 0.7 0.7
Iso-Cis0 3-OH 0.6 0.5 tr
Iso-Ciso 3-OH 4.0 4.5 6.4
Iso-Cis0 3-OH 14.1 4.8 4.9
Iso-Ci70 3-OH 7.8 14.3 14.9
Summed Feature
3 7.8 8.0 7.4

*Summed feature 3 comprises Cie:1 @7¢ and/or Iso Ciso 2-OH
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imension

2nd d

1t dimension
Fig. 6. Two dimensional thin layer chromatogram of the polar lipids of strain UJT9'.

PE, phosphatidylethanolamine; AL 1-2, unidentified amino lipids; L 1-2, unidentified
lipids.
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3. 3. 6. A A Al (Antibiotic test)

of

FAA A A, UIT9'et EFETF BT 352 OF  cephalothin (30 pg),
5

chloramphenicol (30 pg), erythromycin (15 pg), lincomycin (2 ug), novobiocin (30 U
g), spiramycin (100 ng), tetracycline (30 pg)ell thskol 10 mm ©]Fel 45 A3
= A4St TFFAol A= Aoz BEEN S, gentamycin (10 pg), kanamycin
(30 ng), neomycin (30 pg), polymyxin B (300 IU), streptomycin (10 pg)oll thsiA] =
Aol = Ao AAsY T Ampicillin (10 pg), penicillin (10 TU)el o &}
UIT9'who] A S W9l aL nalidixic acid (30 pug)¥ oxytetracycline (30 png)oll =

BEFFE] 244 S e 9 Th(Tablel3).
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Table 13. Antibiotic susceptibility of strain UJT9" and related type strains: 1, uJT9";
2, N. arenilitoris KCTC 32109T; 3, N. ulvanivorans DSM 22727"

Antibiotic 1 2 3
Ampicillin + - -
Cephalothin + + +
Chloramphenicol + + +
Erythromycin + + +
Gentamicin - - -
Kanamycin - - -
Lincomycin + + +
Nalidixic acid - + +
Neomycin - - -
Novobiocin + + +
Oxytetracycline - + +
Penicillin + - -
Polymyxin B - - -
Spiramycin + + +
Streptomycin - - -
Tetracycline + + +
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AA Mt oAFAYA o] s Mt ISP S B A3 379
77 @ 24 23E deblon umA 76719 dFolM s et 24 &
b BEE A gkokt eSS YElE 3709 w59 it @S A4 4
= v 2 uK(Table 11). Vibrio vulnificusol W3] UIT7, UJT20, UJR172] A
HEA oA gt Fdo] BEEHJTH UIT7S 20 mm, UIT20-> 13 mm, UJRI7
18 mme] A5 AdeS veldo] UIT79] &t &4 ax7t 7 =& 2S g
3R}, Streptococcus parauberis®| tsted UJT72 UIT20°0] 3+t &4 & 37}
UelLbA] ke wbd UIRI7914 18 mme] A Ad)sto] #FE o] UJIRITC] V.

vulnificus®}t S. parauberis©ll st & &4 TR J5S AESHATH

|

Table 14. Antibacterial activity of UJT7, UJT20, UJR 17 against pathogenic bacteria

Diameter of inhibition zone (mm)
Isolated strain

V. vulnificus S. parauberis
uJT7 20 -
uJT20 13 -
UJR17 18 18
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v, %

2529 HU.  japonica)ZHF-H  T9Mel  AlE et FA% A,
Actinobacteria, Bacteroidetes, Firmicutes, Proteobacteria 4719 <& #z3Jow 7
e A 12709 &, 17709 3, 31709 &8 E2ls T Actinobacteria w-°] 17
o 7k 1R &, 2709 I 2709 £ 9.2 2.5%, Bacteroidetes -°) 2712 7k, 27K
o &, 2709 3}, 8709 £ O & 20.3%, Firmicutes 0] 1702 7, 170 =, 17]9]
I, 1709 o2 FAEY 2.5%% UERSTE. Proteobacteria w2 3702 7, 97
o H 12709 I, 20719 HO2 747%E AAFH oM I F aproteobacteria

7ol 31.7%, y-proteobacteria 73°] 40.5%% 7} =& H|&S YERS =], o]
st A2 iR slFAE A A Proteobacteria (a-proteobacteria, y-proteo-

bacteria) -3} Bacteroidetes =©°| o2 EAt= VE A AREF IH
Skt Alfreider et al., 1996; Eilers et al., 2000). 3tARF 4=4]1 200m o] 2] 3j &9l
o

X = a-proteobacteria 73 °| y-proteobacteria YR T} ¥ =2 H|& = FE3TH

fr

2 A5 A3} (Zinger et al., 2011)2F= 2, T4 1020molA A A steE 254

%

ol Fs Mt ] oA y-proteobacteria 73] a-proteobacteria 73 R.Th
O =2 HE&E EEAT oldd Ades Mo 4 FERE T 4SS H
g A U, g 24 sl e @k A& AAbsiY, o 4
To wet SixF ZHAA FEEE AT dZ{TEZI 579 TS v EE
ey A-, AgH 912 T F99 A et Gk 5 dgol BaEo] 9
t}(Miranda et al., 2013; Stratil et al., 2013; Tujula et al., 2010). B8] FHo] 3+7

jus)

s

rr

cmny §AAE FEad ¢ wIAT v wATe) Aol slsa )

16S rRNA 42 A7 ES vjast A3}, 79702 At 7)ol Wi At
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S 97.4-100%2 A71AME FAEE YEMAT. 1 5 Bacteroidetes ol 43}
= UIT9" 59}, Proteobacteria -9 43t UIM283 UJR4AE H=wF9be] &

AT} 97% olal®, B dvIAd AsAe BRI ol AW 222w 6lA
e 9% F 3 3wEst A% EE AFow nud sfsdel Yo %F m
=

TR HAlS FEl AlerE A
A3}, UIT9' 155 Nonlabens 4 0.7 %75 1T}, Nonlabenss= Bacteroidetes -, Flavobac
teria 73, Flavobacteriales 3, Flavobacteriaceae 19l £3t= Al7r2] £ 0% Lau 5Ol
913l Nonlabens tegetincola 1&°] 522 B i5 ATt Lau et al., 2005). 20123 Yi<}t
Chun©] Persicivirga, Stenothermobacter, Sandarakinotalea®] Al 71| %S Nonlabens < 2.
2 ¥ AEFE L, @A 1252 Mto] Nonlabens 4 2.2 555 o] 9] th(http://ww
w.bacterio.net/nonlabens.html). Nonlabens %2 AL &A= 834, 3714,
bet, @ AA A ] e, Bl R-EdS UEhH 2 9= S = menaquinones type (MK-6),
G+C T2 33.6~41.0 mol% o2 & A AT} Nonlabens 2] At 35, 34,
ANzF & e s A o2 HE 2l ¥ A tH(Yoon et al., 2006; Khan et al., 2006;
Lau et al., 2006; O'Sullivan et al., 2006; Barbeyron et al., 2011; Yi and Chun., 2012;
Park et al., 2012; Kwon et al., 2012; Park et al., 2013; Park et al., 2017; Oh et al., 2017).

B2 UIT9'E= Nonlabens arenilitoris KCTC 32109" ¢} 97.7%, Nonlabens ulva-
nivorans DSM 22727'9} 97.6%2] Ao 2Hels ). UIT9'= Ra1%¥ Nonlabens
&o] Altsat o] eAMAM Hrs FAstlen ht, a4

UL, =

e}
d, 540l

o
e
e

o)

o7 AU UITOY AF % W 15-35C (HH 15~250)=
Shol w9t =TT N. ulavanivorans DSM 227277¢] 5C, 10C ¢} 37CoAA = A
Jute A HuES u, BT uITo'e A 7t 2xE vlal
S < 9k AR uIT9'e] A 7bs3d pHOF NaCle] %

T WeE BF5dTe 2 SO R pH 55~8.0 (A pH 7.0), NaCl 1.0~3.0%
(% NaCl 1.0~2.0%)= 1At} UIT9'Y] Catalase®t Oxidase test 23} 57
U e JERAT. JhgRE A3 A3 R Starch,

Tween 40, Tween 605 3llsS Flsto] FAdHHS2, Cellulose, DNase, Casein,
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Tween 203} Tween 804+ SA4W-&S YEYIATH
arenilitoris KCTC 32109"¢} 22 Tween 4094 %A, CaseinollA] SA0H3S H Y
a1 ymA A A FdekAath 71" o] & o] Asculin, Gelatin degradation

of A FAnkgo] o L} Nitrate reduction, Indole production, Glucose

=5
MN

el wjalstE, N
ol

fermentation, Arginine dihydrolase, Urease, [-galactosidase, D-glucose, D-arabinose,
D-mannose, D-mannitol, N-acetyl-D-glucosamine, D-maltose, Potassiumgluconate,
Capric acid, Adipic acid, Malic acid, Trisodium citrate, Phenylacetic acid°l A+ %
wANES Sl R FEdTet Fd3 2945 e AL Nitrate re-
duction| Al T YE2A SA449ES, Gelatin degradation® 4] ¥/ HH-8-&
#AsA Y. a4 &9 A = Alkaline phosphatase, Esterase (C4), Esterase lipase
(C8), Leucine arylamidase, Valine arylamidase, Cystine arylamidase, Trypsin, a
-chymotrypsin, Acid phosphatase, Naphthol-AS-BI-phosphohydrolase, N-acetyl-3
-glucosaminidase®ll tsto] S-S YEFU QAL Lipase (C14), a-galactosidase, (G
-galactosidase, G-glucuronidase, a-glucosidase, G-glucosidase, a-mannosidase, a
-fucosidase®] tHalo] SdRNHES UENNRTH EFETd T 22 Esterase (C4)°lA]
&4, N-acetyl-B-glucosaminidaseol| 5] A wH3-S elatdrt. EelwF UIT9 ¢
DNA G+C 3k 385 mol%® I U=t o= Nonlabens %] Aol
21¥ DNA G+C HaFH919l 33.6~41.0 mol%oll &}t F2 A WAO 2 iso-Cisg
(20.1%), 1is0-Cieo 3-OH (14.1%), is0-Ciso (10.2%), iso-Ci70 3-OH (7.8%), ante-
is0-Cis:0 (6.3%), is0-Cis1 H (5.6%)%2 Ittt w9 vusS o, 2
A HFAF © 2 i50-Cisg, anteiso-Ciso, is0-Ci7o 3-OH7} FF A o2 FAEo glom #
T EE G2 is0-Cigo 3-OHS} iso-Cien H7} T8 AWATC 2 o] Fo]x]
=5 Attt T8 =02 BT 5Y3E menaquinones type (MK-6)S
T8 FAAY T3 FFETolA #EE phosphatidylethanolamine
(PE)®} + 719] unidentified aminolipid (AL), = 7H<] unidentified lipids (L)Z 7
Hojx des dHAT EFT T2 DNA-DNA hybridizations A 3gh 23}
N. arenilitoris KCTC 32109"%} ¢F 67.4 + 1.4%, N. ulvanivorans DSM 227273} <F
482 + 4.5%°] A5AS EATE. DNA-DNA hybridization 2% 23}, A5A4
o] 70% w|Rre]lH AlFEo = IHF35EH(Wayne, 1988), olo & H3oA E2d
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UIT9"= Nonlabens 49 AZF o2 3w ),
B oo A Beld UIT9'e] AEa4, dusts, Ayejsts, Hs}lsts, et 78t4

)

57452 Nonlabens%: o] At/ WA s = 7]E9 Bag Adel dA)stm, o] gt
ANES EWE UIT9 = Nonlabens 452 2% At S 2183tk ol NCBIY
A2 5 5& o] accession number (MH061317)E5 & 5313 2™ KACC (=KACC

196351} JCM (=ICM 32766")¢ll 71Etale] #FHMEE F ol ykgit),

B AFo s AF A UITY'S B 53 7979 w55 o] &3le] oA
ATt o F AWAdel diste] i A FAES HubstAT 719 #F T 3
b S dAd a9E YelliEd, UIT7, UIT20, UIR179] ] & e o A
V. vulnificus® W3 At A EH/E YEHA ST UIRITS S parauberis©) =
gyt a5 YERNTE A71AE 4 AF, UIT7 Bacillus sp.oll &3k At
o2 A AT Bacillus sp.2] At WA FFolo i FH L A
=S st Ao2 4 A Avhk(Baruzzi et al., 2011; Yilmaz et al., 2006).
53] B. subtilist= 1% FAte] AFS As)st=d @ ein, <Al faAlr
Wk ofyel offel AEe AWE do|E Aol AT it A ZHUt
JdE Ao® BHUEHATHAmIn ef al, 2012; Beri¢ et al., 2012; Chen et al., 2016).

|

B. subtilise Y| 53+ B. licheniformis, B. polymyxa, B. laterosporus, B. circulans= ©]
Fob st s Ao SAAS G A= ZERHo]eEARR g8
& A CH(Arig et al., 2013; Zuenko et al., 2017).

UJT203} UJR17-2 Pseudomonas sp.°l 453} Pseudomonas sp. 5=+, AW S L 07|+
th et Algtel tiste] st S-S 7 AR BialE o] Qlth(Vachee er al., 1997).
| 5ol A &8l ¥ Pseudomonas sp.i= DAPG (2,4-Diacetylphloroglucinol) & A 4Fs}m,
o] 2L AlgolAl dF, HH, AFem 5 Y271+ Swphylococcus aureus®l H 5+
st g4 S YElliY Bl A Y] Pseudomonas sp.= Hl == w5l A E A
S F= Aoz 48 A JvhK(Degrassi et al., 2002; Kumar et al., 2005).

gt Hetol == A A Y o] 2 T sty E, AdAle EAlstE e
AP A Eo] FZHY 2225 BEety| 98 Aitsitt. 1 5 rlAdEo] A4k
st g4t JElol=F T3 3] bacteriocino| 2F st Tl R A&, AL

S, AEH Foh F3 ge MAUES B e AR 43e dAsAL

Sh
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APE A I CH(Gillor et al., 2008). ©]2]3F bacteriocin> 7| A Ao WAool A=
el s e A A4S 7HA, FEol og AT HAo] A& AL

= g Advk =3 i FALke] Theettkes FAdol o bacteriocing ©] &5}
AEsHY BEA, AA FAA, Fntolels, o588 oAl soE9 A& JHsdt
o AN ARt ow wrAYE 9t HEeol== VS FAANS Hlwstle o
diHer v gd4de b TheAdo] Aval A AtK(Cha et al, 2012;
Cleveland et al., 2001). webA] 2 A+ A 2|3 Bacillus sp.2t Pseudomonas sp.
E 7= A &4 v AFE Fdste] &8 JteAds vetsta FUHA

9 AR AW A s ol gE F AL Aol ARHL
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o] =2 AFEAdA ANHS 2F 23 A;(Unbraulva japonica)®] ol A vl %
Thedk Ads #Ed ¥ d7IAd BAS FSE MY RS getealal, AF
MAES Egste] A4stant &, 2 AFdA ZeE Ads ol &ste] UA
oAl ol A Altol Wik it & a3E HUke

Marine agar, 1/10 Marine agar, R2AW| X & A}l&3lo] =S5 F 797

T2 wEte] stk e Al 16S rRNA 32 714495 NCBI9
EzBioCloudol A #2&}e] wlaustdth. 1 A3, F+2 AT Proteobacteria (a
-proteobacteria, [-proteobacteria, y-proteobacteria) (74.7%), Bacteroidetes (20.3%),
Actinobacteria (2.5%), Firmicute (2.5%)= 4719 w+o 2 &7 a, 7709, 13
Nel =, 17708 3, 3170 ] fo] AR EAY. AFSH B4 4

T7F BT 97% ol skl FToZ Baud

[e]
o
7Ferdol selEglon, &% et g FHAA AE Aol s H ok

, 79 HF T3

T ou

A pH 6.0-7.0), NaCl 1.0-3.0% (FA %7 1.0-2.0%)° A A&l 7Hs3lath 16S

0-2
RNA 44 97149 24 Bd ASFE YT Aw, W EFs

i)

ol

Flavobacteriaceae ¥}+2] Nonlabens < °.2 olelg o™ X3S  Nonalabens
arenilitoris KCTC 32109" 7} 97.7%, Nonlabens ulvanivorans DSM 227277} 97.6%9°]
FHA G71AE FAEE YERAT T8 A4S R is0-Cisg, anteiso-Cis.o,
is0-Ci70 3-OH7} #HZH AT UITY'#F9 F2 =& MK-60|9, F2 FAA L
< phosphatidylethanolamine®} + 7] unidentified lipids, + 7l<¢] unidentified
amino lipids® TA ¥ DNA G+C %L 385 mol%ol™ DNA-DNA
hybridization A A3} N arenilitoris KCTC 32109T94- 67.4 = 1.4%, N. ulvanivorans

DSM 22727'¢} 482 + 4.5%¢ AEAS Yeudch o3 A Ao uet
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