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Abstract

This study was conducted to investigate the possible use of probiotics in
fish farming by evaluating the in vitro antagonism of antimicrobial strain
Phaeobacter inhibens K]J-2 strain against the fish-pathogenic bacterium
Vibrio anguillarum. A Dbacterial strain that showed ability to produce
antimicrobial compound was isolated from marine organism Sea hare eggs.
Identified bacterial strain was named as Phaeobacter inhibens K]J-2 based on
the biochemical characterization and 16S rRNA sequence analysis. Phenotypic
classification results showed that Phaeobacter inhibens KJ-2 could be
classified as a aerobic, Gram-negative, motile bacteria that forms
brown-pigmented colonies. Production of antimicrobial compound and higher
growth of P. inhibens KJ-2 were observed at 20C for 24 hours.

Production of antimicrobial compound was determined in concordance with
acylated homoserine lactones (AHLs) production. Therefore, it could be
suggested that production of P. inlibens K]J-2 antimicrobial compound is
regulated by Qurom sensing. The identified P. infubens K]J-2 bacteria showed
potent antibacterial activity against pathogenic bacteria including Vibrio logei,
Vibrio campbellii, Vibrio mumicus, Vibrio vulnificus, Vibrio salmonicida.
Additionary, we identified that V. angurillarum cell wall was damaged after
3h incubation of P. inhibens K]J-2 antibiotic compound using the scanning
electron microscope.

Optimum conditions for production antimicrobial compound of P. inhibens
KJ-2 were determined as media containing 1.5% sorbitol, 0.8%6 NHisNO;3; 4%
NaCl with pH 6.0 and temperature at 20C. However, production of
antimicrobial compound was inhibited by mineral sources. A antimicrobial
compound of P. inhibens KJ-2 was stable within the pH range from 3~10
and temperature ranging from 40~121°C. However, antimicrobial activity was

decreased pH range from 9~10. Therefore, our results confirmed that
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antibiotic compound isolated from P. inhibens K]-2 has provided a potential

biological agent for controling fish pathogenic bacteria.
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ATE o] T AFAEAY AFS AofstE T = Aeromonas salmonicida®l ¢S
A A= Pseudomonas fluorescens?t o172 H-H #2522 ™, Channel catfish
9] Sarprolegniosis® A& % W& 95t o]& rhesittar dEA
(Simith, 1993 ; Bly, 1997). o] w+e] Vibrio ordalii s°l| 23 AW & onsl7]
3t V. alginolyticusE A& # A (Probiotic strain)® ©]8§ 7}sthal <& A
Ao (Austin, 1995), B FHEdS AN AY AsAf=dS 23 U= A

e ABYAl 9 FAG ok o §31aA st o
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I Fol B dAgolA EEl®  Roseobacter 42 HERF HHOZRE
Roseobacter litroalis®t Roseobacter denitrificans?}t S 2] 5 W (Shiba
A1991), T ekl vk el F M A A Exetar Ak EE ¢ At

o7 ddx 9o (Gonzalez, 2000 ; Selje, 2004), =714 Moz 3%
s @dstar JoH(Moran, 2003).
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o™ Roseobacter gallenciensis strain BS107, Roseobacter strain T° (FH

2 th.(Ruiz-Ponte, 1998 ; Brinkhoff, 2004) o] €& W& turbot 4, " Al

l:,‘
F& Phaeobacter 2.2 AEF F Martens, 2006)= ©]&3 AoA J=5H
=%
T, ¥4 7o HH SAA 28 HoF¥oH, Vibriogd tiste] gk skt &

AL Yetdittar B E itk (Hjelm, 2004) o)A a3t XS Roseobacter &9
THYANA & F dxe] F2 Y AU FHEIY #AHo] dow, 3
biofilm A5, FHY +HFT FA T8 EA50] o8 IS 713v=
A7 B ¥ vh(Dang, 2000). A A& Phaeobacter sp. 27-49) =2 Ak
< el whef Be FAqS wgkom, AXujgA vk g G f-E

biofilm &4 -sS et (Bruhn, 2005; Bruhn, 2006).
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o, e 3] Ak WAool A A5 ] A tH(Bergman, 1909). 1S9 &
o

BRI At emA el deEl AAsta glow, A AAAH R it

=
(.l
3

Q

Q

3

s}

S

g
=

-

3

rlo
i
ox,
=)
o%,
(il
fr
1o
pt]
2
%0,
o
H
X,
ol
o,
oZ
ox
rlo
J|m
e,
ot
fo



ol

el

)

o

ox

™
—
fite)
o
Gl

A&7 - A (Probiont) ¢

ki3

b1 9

S

33l control

o v

el

Vibrio

)

i)

—

il

4
ad

)

—
fite)

anguillarum®l|

wK



o. A= 2 ¥y

ARE AF el Adsta dE #aUe AEFAE 44w

Polyprolene bag(DAIHAN, KOREA)S o|&3te] Fitdo=z st 4TE

FAStHA APdE ureto] Ao AREsH T

AMS Fote] g4 g = 7 sIATS Marine Agar(MA, Difco. Co.

(4%, £ & F 25T, 30TAM 5~793 W Fsich MY ¥

2 Vibrio anguillarum KCTC 2711 d @+ o =2 3}
o dadAdS Yeldl= o& A SkSith =, Muller Hinton agar(Difco. Co.
USA)ol A wjeF sto] &4 3t A7 Vibrio anguillarum KCTC 27115 =3
5, =7 2y Hod 7o FJEe HJFS 25ToA wEFe 5, ASAA
(clear zone)E YAt & 1A ATk 2xpAE LS Agar well

diffusion assayg ©]&3tth. vg] Muller Hinton broth(Difco. Co. USA)E



Abgste]l 25 Toll A 24413F w3 AHdFS Bt A A5 E ol&shd]
MacFland No. 0.5 #=2 7 @S A3 & MHA wjA o] =5 =gt
th o 7]e] A7 6 mme| cork borerg ©]&3ke] wjA|o] wellS THE ¥
o] WA E welll 70 ws HEST 5 25TColA 12~2447F w5 &
4" AFAAU(Clear zone)e] =A7|E FAHSAT. o] wWiFdS AL
(12,000 rpm, 4C, 15 min)3te] pellet= H 2

pore size filterE Z& Ao A7l 3 AFE3FA T
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A% Awe #o 54L Dy
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A FHd 2 Ay 5EA4S Manual of

4

method for general bacteriology (Gerhardt, 1994)¢} Biochemical tests for
identification of medical bacteria (Macfaddin, 1980)°l <=3lo] F=38)s}H 11,
Bergey’'s manual of Systematic bacteriology (Kreig and Holt. 1989)& ki1

2 8ol 7, 4 shaok

vy J=ge FH, A7), 42 §& MA BXE T3 #F seH,
o st YJEE ##FS7] fslA SEM(Scanning  Electron
Microphotography, JSM-6700F JEOL Ltd)E T3] &3t &5 Ed 0.2
um fliterE iAol &8 1 9o ¥& HFsta, ol AESH filters A7

2.4% glutaraldehyde®] H o] A 1A AIZl % 0.1 M phosphate buffer® 2~

w

3] o)A} Al H B TE o]F 2% osmium tetroxide &ol 1A17F Fob WA &)

—

of 1A Al 3 ethylalcohol 40, 50, 60, 70, 80, 90, 100%°] =4 = Z+ZF 1
ot &4 A7tk g9 A7) filterE isoamyl acetateE F7}sle] 1A7F E<b

NBZE ASAAT. HA COE isoamyl acetateE Zalal, F9HS & Azt

a7 542 03 %9 agargE H713s MBO W5 A8 Ao HEgs



16S RNA 42 DNA Extract kit (Bioneer, Korea)E A}-&3}9]
chomosomal DNAE &3¢ 3}%92™ Bacterial 16S rDNA universal primers
o]-&-3to] 16S rDNAE T3 AT 4% oligonucleotides©] Z}2Fe] primer+
forward primer (27F): 5'-AGAGTTTGATCCTGGCTCAG-3’ reverse primer
(1492R): 5'GGTTACCTTGTTACGACTT-3'¢] d7IMEd& FA =AU 72t
o] 05 uM primer, 200 uM deoxynucleoside triphosphate, Taq DNA
polymerase(Bioneer, Korea) 3 ulE AF&3lo] PCRES 333ttt PCR #H&x
AL 30cycle &<t 94T A 45% denaturation, 50Col A 45% annealing, 72C
45%7F extention 3} o™ F3%3H PCR producte= 1% agarose (Agarose LE,
Promega co.) gel 0.5pug/ml ethdium bromide® AAste] &2lstt. ol &
ABI prism'™ terminator cycle sequencing Ready reaction kit V.3.1
(Fluorescent dye terminators method)®} ABI 3730XL, -capillary DNA
SequencerZ Ab&3te] PCR Producte] 7] A€ BAS 43 3o, 93
2 971492 NCBI(National Center Biotechnology Information)e] Basic

Local Aligment Search Tool (BLAST)S A&3le] #2513t}

BaF9 16S rDNA d7| 43 A FARA o] =¥ Phaeobacter 43}
2 e #EE BEF7Y 16S rDNA 42 d714 93 &4 Clustal W
softwareEAL-83Fe] vjE3tith A5+ distant®] 7S neighbor-jointing

WS o) g3l MA ST,



2-4 AsksA 54w
22k A Catalase, Amylase, Gelatinase, Tweenase, DNase, Citrate test=

“Method for General and Molecular Bacteriology”( Smibert& Krieg, 1994)el
F3to] st on AR A3 S APl 20NE Kit(Bio Merieuk SA, France)<

3. Phaeobacter inhibens KJ-29] @&+ 54

-1 v F=el W& o] AS=e = At

Phaeobacter inhibens KJ-2 i+5 Zuj&ste] @448t 2121 = MB 100 ml

o HF3 5, 20TCA 12073 & 22 ARt G A Fo kAT

=4 A E3 7 =8 I S B v 2oz wiYg 3 F
Agar well diffusion assaygs ©o|&stol g S A s, W
anguillraum KCTC 27119 3t %o m& A& FA4S =AU =

Lo wE ASAS dAH AL 10 me] MBulA 9 supernatant®] =5 2
vl Bl S ARl 3]1A g & FFEke] 25Tl A wjdstEA 0, 4, 8 12,
16, 24A17te] =& woll 660 nmell A microplate reader® AHg-3ste] 574 5%
t}. B3k P inhibens KJ-2 supernatant’} olF@AH A mA 2 7tsAS Vs
fr7] fletel 7| At @A4s Bt e A S8 E
Vibrio anguillarum KCTC 27119 that 3 A 744 testE E3to] A3

r

A sk 3 P inhibens KJ-2 supernatant®] <Ay} v nlste] Lo} H ok
t}. A A= Chloramphenicol®] 15%F & AF83F9) )

o
e



3-2. P. inhibens KJ-22 %€ A3 &4 (AHL) &4

P. inhibens KJ-2¢] A&&EHS ©A3t7] 9]3to], bioassayH < AR-&3FA T

>
fol

4 g

1

5 Agarobacterium tumefacience NT1(pDCI4IE33)2 F-AH)
St R KB FEoFtol AREE oW, HiX|E= AB minimal medium(ABMM)S
A&

gentamicin 15 pg/ml-& 7} st o™, X-gal> 20 mg/ml stock® = stof
T TEE 40 pg/ml = AHEsFT

3t tH(Table 1.). Agarobacterium tumefacience NT1(pDCI4IE33) ol &=

%, Agarobacterium tumefacience NT12 02 % mannitole] & ¥ ABMM
oA 30ColA A vid F  AB minimal soft agar(0.75% agar)e] < 3
A5kar, o} 7)o X-gal (40 ug/ml)= ¥ , AB minimal agar(1.5% agar) plate
o overlayst$tlh. Plate’} 2 U+ holes WE & P inhibens KJ-2

supernatants 60 ul loading 3}t

Table 1. Autoinducer bioassy(AB) minimal medium for Agrobacterium
tumefaciens NT1(pDCI4IE33)

PO4(20X)" 50m¢
Salts (20X)* 50m¢
Manitol 0.2% 2g

Distilled water 990m¢

'POL(K:HPO, 60g, NaH,POs 20g)/L, “Salts (NH,CI 20g, MgSO,-7H.0 6g, KCI
3g, CaCly 0.2g, FeSO,7H,O 50mg)/L, pH 7.0

3-3. © & Vibrio spp. © W3 Asls HE

Vibrio anguillarum®lo] WHdToz2 deEx Y= V. parahaemolyticus

KCCM 11965, V. loget KCCM 12281, V. vulnificus KCTC 2962, V.



campbelliit KCCM 41986, V. mimicus KCCM 42257 , V. salmonicida KCCM
41663 5 tE VibrioZol W3t P. inhibens KJ-29 31 A4S AES AT

4. Phaeobacter. inhibens KJ-22] &3 &3 Aibo] v x]= <lx}

4-1. &% g

MB H}=] 100 meoll AufgFH 1% (v/v)H HEstA, ESEE 4TollA 50T
A ZAste] 2w T 7 wjgero ASE 2 it S =4 519
o}, AS X+ spectrophotometer(Biochrom Libra S22, UK)E o] &34
660 nmolA ODZ =4 319 o, a2 Agar well diffusion assayE ©]
g3t =AU =3 Mire wd e AS oJH}ste] 398 nmolA A 3}

2 tH(Bruhn, 2005).
4-2. pHe| 93
gtEd AAS Y3 H4 pHE HES] Yste 71289 pHE 1 N
HCIZ} 1 N NaOHE o] &3to] z+7F A4 etvt 2glal dAujtds 1.0%(v/v)
A HEzsa 7Y ASEe 3 A MATS =A G5
4-3. NaCls =9 <3k
B #FY s 9 i B Ao m X = NaCle] w%of mpE o3

ol 7] #lte] NaCle] §EE 0%~10%= xAsto] wjgstds A5

it B4 2 Asge Sqsgt,

ftlo
o
~

H

Eadde] WE s 3 A =d AS FARSH] 71 Eui Aol 1.0%(w/v)



o] &4 9 (lactose, manitol, glucose, mannose, raffinose, rhamnose, sucrose,
galactose, maltose, sobitol, soluble starch)S #7}sle] ¢ KL 2 3ot
g4s SFAAT EF HA dadon AAE @4 vRE 2t

Baflel smd ne gPE 24 st

ZrE 7] 2 7] AAA( peptone, malt extract, yeast extract, tryptone,
soybean, I(NOg, (NH4)2HPO4, (NH4)ZSO4, NH4N03, NaN03, NH4C1)%

1.0%(w/v)E H7Fste] wjek 3 3 Fo] ASnE 2 g FAHS =4 3

Z1&2 ol Zkg9] F7] 95 ( BaCly:2H.0, ZnCly, NiCly-6H,0, KoHPO,,
KCl, CaCly CuSO45H0 CoCly-6H:0, MgCly-6H:0)ES Z+2F 0.1%(w/v) 2
Ahstn ANFAe L0%(vy) AEdel M F @l Asmsh g
qe belo.

J 2]

o

[N
ol

. P. inhibens KJ-2 antibiotic A%

P. inhibens K]J-25 AujgAS 1 22 MBel HE 3 T 20TolA 2447

St 150 rpme = Bl sklnt. wjele dAE (5000 rpm, 4C) 3o



dAE AAsL Fede FHAsAL, FF7IE olgste] 108 53 vt

0.2 um pore size filter2 A|33}o] antibiotice A =3} t}.

[@))
o%
By
[
g,
[
fajis)

P. inhibens K]J-2 antibiotic®] &

)
Ho
ot
off
o
By
ot
X,
o

olr 7] 13}
Table 2.9} #o] ofFdH 3F, A sl 7= =44 (KCTC) 5&
g M AE BE AE (KCCM)ol A EeFwrol AL 8tk Edwardsiella tarda
Hell Adl JGAel A A3 Eefste] A&kl

Hjorel Bkire A =S Agar well diffusion assayHS ©]83}9]

AT

rr

o%
4
[
g,

E3LS EBELA
—F== T

ol

Table 2. List of strains and growth conditions used for antibacterial experiments.

Strain Growth conditions

Escherichi Ii KCCM. 40830 Nutrient Agar
Gram b ¥ & (Difco 0001), 37C

Brain Heart Infusion Agar(Difco

0418) with 1.5% NaCl, 25C

bacteria i | Nutrient Agar
Salmonella thyphimurium KCCM 40820 (Difco 0001), 30T

Brain Heart Infusion Agar
(Difco 0418), 37C
Nutrient Agar
(Difco 0001), 30C

; : Brain Heart Infusion Agar
Ki 4
Cram Listeria monocytogenes KCCM 40307 (Difco 0418), 37°C

Trypticase soy broth

(BBL 11768), 37C

bacteria ] Nutrient Agar
Serratia marsence KCCM 21204 ) .
(Difco 0001), 26C

BHI (Medium 3) + 0.5 %

Glucose Medium, 37C
Trypticase Soy Yeast Extract

Medium, 25C
Candida albicans KCTC 7270 YM Agar, 24C

Pityrosporum ovale KCCM 11894 Pityrosporum Medium, 30T

negative  Edwardseilla tarda Wild type

Propionibacterium acnes KCCM 41747

Bacillus subtilis KCCM 40820

positive Staphylococcus aureus KCTC 1916

Streptococcus iniae KCTC 3657

Streptococcus parauberis KCTC 3651

Fungi
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7. P. inhibens KJ-2 antibiotic®] &4 ZA}

7-1. detAA

dol gt antibiotice] AN S HESHZ] fske] 40T, 50T, 60C, 70C, 8
0C, 90CelA 30, 100TCeF 121 CelA 1583 - o5 EA-gstA &
AE WEzT2 st Vibrio anguillarum KCTC 27119 sk &t &A1 S

=4 shgie.

rlo

pHell tigh tAAFES dotr 7] 93te] antibiotic A&l 1 N HCIZ 1 N

NaOHE A+g3te] pHE 3~107H4 5t & 2o 2413 &< BA

rob

3 77t pHOlA o) @ BHE 24 v

7-3. P. inhibens KJ-2 antibiotic 7} w& 3+ g3 HE

V. anguillarum KCTC 2711 W3+ P. inhibens KJ-2 antibiotic®] &3t & 3}

S A9 R7] 98] antibiotice F7Fst * FALHAAAW H(SEM)S E35lo] Al

xge wae B3 s
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Fig. 1. Inhibition activity of Phaeobacter inhibens K]J-2 against
Vibrio anguillraum KCTC 2711.
(A) First detected inhibition zone
(B) Final detected inhibition zone
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Table 3. Mophological and culture characteristics of Phaeobacter inhibens K]J-2

Contents Characteristics

Cell shape Rod with rounded ends
Cell size (ym) 0.8~1.0 and 0.4~0.6 um
Motility Motile

Colony shape Circular

Colony elevation Convex

Colony margin Entire

Colony surface Smooth

Fig. 2. Mophological and culture characteristics of Phaeobacter inhibens
KJ-2.
(A) Colony shape of Phaeobactr inhibens KJ-2. (2 days)
(B) Colony shape of Phaeobacter inhibens KJ-2. (4 days)

(C) Scanning electron micrograph of Phaeobacter inhibens KJ-2.
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1-2. 16S rRNA |74 4

16S rRNARF A= AldsEs T F7o2 788 F de BEE 911 e
o, o] T UdRe ¢THEE HEHY i tE |

27] Wl Alvte] 16S rRNAS] 4

T T KJ-29] 16S rRNA PCR 35 & &2 1340 bp G7IAEES
National center Biotechnology information(NCBI)®] Basic Local Aligment
Search Tool(BLAST)S o] &3to] &4 23 Roseobacter gallaeciensis
partial 16S rRNA gene, isolate X20, Phaeobacter inhibens 16S ribosomal
RNA gene, partial sequence®t 27 99%<9] F&sAdS HJoH oS
alignment 3+ 232 o7 e ATHFig. 3.).

A %4+ (Phylogenic tree):= #@l(distance)o] <A 3 WH oz ZAIEE] o,
KJ-2° 16S rRNA M <€} a-Proteobacteria 9% +AA datas ]85}
Neighbor-Joining Wl 93 AE4+E Jel Ao (Fig. 4.). v+
Ao X3 #wAE &4 ¢ 23 Phaeobacter<el E3JE A0,
Phaeobacter inhibens® -9~ 7}7h& X184 AglE HEUO TUFSE AR
Hrt

ol
=
—
N
rir
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KJ-2 CGGACGGGTTAGTAACGCGT GGGAACGTGCCCTTCTCTAAGGAATAGCCACTGGAAACGG

AY177712 CGGACGGGTTAGTAACGCGTGGGAACGTGCCCTTCTCTAAGGAATAGCCACTGGAAACGG
Y13244 CGGACGGGTTAGTAACGCGTGGGAACGTGCCCTTCTCTAAGGAATAGCCACTGGAAACGG

e v 3 e e I e e Ik e e Ik e e Ik e ke Ik e vk ke ke ke ke Ik e ke Ik e vk Ik e vk sk e vk Ik e vk Ik ke vk ok ke vk ok ke vk ok ke vk ok e vk ok ek ok
KJ-2 TGAGTAATACCTTATACGCCCTTCGGGGGAAAGAT TTATCGGAGAAGGATCGGCCCACGT
AY177712 TGAGTAATACCTTATACGCCCTTCGGGGGAAAGATTTATCGGAGAAGGATCGGCCCACGT
Y13244 TGAGTAATACCTTATACGCCCTTCGGGGGAAAGATTTATCGGAGAAGGATCGGCCCACGT

ddkhkdhkhkdkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhkhkhkhkhkhkhhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkk
KJ-2 TAGATTAGATAGTTGGTGGGGTAACGGCCTACCAAGTCTACGATCTATAGCTGGTTTTAG
AY177712 TAGATTAGATAGTTGGTGGGGTAACGGCCTACCAAGTCTACGATCTATAGCTGGTTTTAG
13244 TAGATTAGATAGTTGGTGGG-TAACGGCCTACCAAGTCTACGATCTATAGCTGGTTTTAG

dhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhk khhkkhkhhkhkhhkhhkhkhkhhkhhhkhkhhkhhhkhhhkhkhhkhhhkhhhkhhk
KJ-2 AGGATGATCAGCAACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTG
AYA77712 AGGATGATCAGCAACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTG
Y13244 AGGATGATCAGCAAGACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTG

khkhkkkhkkkhkkkhkhkkhkhkkhkhkkhkhkkhkkkhkkkhkkkhkkkhkkkhkkkhkkkhkkkhkkkhkkkkkkkkkk
KJ-2 GGGAATCTTGGACAATGGGCGCAAGCCTGATCCAGCCATGCCGOGTGAGT GATGAAGACC
AY177712 GGGAATCTTGGACAATGGGCGCAAGCCTGATCCAGCCATGCCGOGTGAGT GATGAAGACC
Y13244 GGGAATCTTGGACAATGGGCGCAAGCCTGATCCAGCCATGCCGOGTGAGT GATGAAGACC

A AE A A AR AE LA A AA A AA A AR AR AR AR AR AR AR AR Ak Ak hkk
KJ-2 TTAGGGTCGTAAAGCTCT TTCGCCAGAGATGATAATGACAGTATCTGGTAAAGAAACCCC
AY177712 TTAGGGTCGTAAAGCTCTTTCGCCAGAGATGATAATGACAGTATCTGGTAAAGAAACCCC
13244 TTAGGGTCGTAAAGCTCTTTCGCCAGAGATGATAATGACAGTATCTGGTAAAGAAACCCC

khkkhkkkhkkkhkkkhkkkhkkkhkhkkhkkkhkkkhkkkhkkkhkkkhkkkhkkkhkkkhkkkhkkkhkkkhkkkkkk
KJ-2 GGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGGGTTAGCGT TGTTCGGAATTAC
AY177712 GGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGGGTTAGCGT TGTTCGGAATTAC
Y13244 GGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGGGTTAGCGT TGTTCGGAATTAC

e v % e e I e e Ik e e Ik e ek e ke Ik e vk Ik e ke Ik e ke Ik e vk sk ke vk sk vk vk sk e vk ok e vk ok e vk ok vk vk ok vk vk ok vk vk ok e vk ok ek ok
KJ-2 TGGGCGTAAAGCGCACGTAGGCGGATCAGAAAGTTGGAGGTGAAATCCCAGGGCTCAACC
AY177712 TGGGCGTAAAGCGCACGTAGGCGGATCAGAAAGTTGGGGGTGAAATCCCAGGGCTCAACC
Y13244 TGGGCGTAAAGCGCACGTAGGCGGATCAGAAAGTTGGGGGT GAAATCCCGGGGCTCAACC

e e 3 Je de K e e K e e g e e I e e Ik e e Ik e e Ik e e Ik e e Ik e e ok de ke ok e e ok dedke ok dede ke dede ke ok ddedke ok e dke ok dedke ok
KJ-2 CT-GGAACTGCCTCCAAAA-CTCCTGGTCTTGAGT TCGAGAGAGGTGAGTGGAATTCCGA
AY177712 CT-GGAACTGCCTCCAAAA-CTCCTGGTCTTGAGT TCGAGAGAGGTGAGTGGAATTCCGA
13244 CC-GGAACTGCCTCCAAAA-CTCCTGGTCTTGAGTTCGAGAGAGGTGAGTGGAATTCCGA

* ook ok ok ok b ok b ok ok ok kb ok ok ok ok ok ok ok ok ok ok ok o ok ok o S ok ok ok ok ok ok Sk ok ok Sk ok ok Sk ok ok ok ok ok ok ok ok ok A A
KJ2 GTGTAGAGGTGAAATTCGTAGATATTCGGAGGAACACCAGT GGCGAAGGCGGCTCACTGG
AY177712 GTGTAGAGGTGAAATTCGTAGATATTCGGAGGAACACCAGT GGCGAAGGCGGCTCACTGG
Y13244 GTGTAGAGGTGAAATTCGTAGATATTCGGAGGAACACCAGT GGCGAAGGCGGCTCACTGG

Y3 3 e ke e 3k ke ke vk ke ke ke e ke vk ok ke vk ok ke ke ok sk ok ok ok vk ok ke sk ok ok sk Sk ok vk sk ok ke sk ke vk sk sk vk ok ok ok ok ke ok ok ke ok ke ke ok ok

Fig. 3. Aligment of 16S rRNA sequence of the isolated Strain KJ-2.
AY177712: Phaeobacter inhibens, Y13244: Phaeobacter gallaeciensis

_17_



KJ2
AY177712
Y 13244

KJ2
AY177712
Y13244

KJ2
AY177712
Y13244

KJ2
AY177712
Y13244

KJ2
AY177712
Y13244

KJ2
AY177712
Y13244

KJ2
AY177712
Y 13244

KJ2
AY177712
Y13244

KJ2
AY177712
Y13244

KJ2
AY177712
Y13244

KJ2
AY177712
Y13244

Fig. 3. Continued.

CTCGATACTGACGCTGAGGT GCGAAAGTGTGGGGAGCAAACAGGATTAGATACCCTGGTA
CTCGATACTGACGCTGAGGT GCGAAAGTGTGGGGAGCAAACAGGATTAGATACCCTGGTA
CTCGATACTGACGCTGAGGT GCGAAAGTGTGGGGTGCAAACAGGATTAGATACCCTGGTA

e 3 e ke e ke ke ke sk ke ke ke e ke ke ok ok vk ok ke ke ok ok e ok ok ke ok ok ke ke ok ok 9k ok vk ok ke ke ok ke ke ok ke ok ok ok ok ok ke ok ok ke ok ke ke ok ok

GTCCACACCGTAAACGATGAATGCCAGTCGTCAGCAAGCATGCTTGTTGGTGACACACCT
GTCCACACCGTAAACGATGAATGCCAGTCGTCAGCAAGCATGCTTGTTGGTGACACACCT
GTCCACACCGTAAACGATGAATGCCAGTCGTCGGCAAGCATGCTTGTCGGTGACACACCT
khkkkhkhkkkhkkkhkkkhkkkkkkkkkkhkkhkkkkkk kkkkkkkkkkkkkk kkkkkkkkkkkk
AACGGATTAAGCATTCCGCCTGGGGAGTACGGTCGCAAGAT TAAAACTCAAAGGAATTGA
AACGGATTAAGCATTCCGCCTGGGGAGTACGGTCGCAAGAT TAAAACTCAAAGGAATTGA
AACGGATTAAGCATTCCGCCTGGGGAGTACGGTCGCAAGAT TAAAACTCAAAGGAATTGA

khkkkhkhkkhhkkhhkhkhhhkhhhhhhhkhhkhhkhhhkhkhkhkhkhkhkhkhkhkhhkhkhhkhkhhkhkhdhkhdirhd

CGGGGGCCCGCACAAGCGGTGGAGCATGTGGT TTAATTCGAAGCAACGCGCAGAACCTTA
CGGGGGCCCGCACAAGCGGTGGAGCATGTGGT TTAATTCGAAGCAACGCGCAGAACCTTA
CGGGCGGCCGCACAAGCGGT GGAGCATGTGGT TTAATTCGAAGCAACGCGCAGAACCTTA

dkkk k kkkkkkkkkkkkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhhkkhhkkkhkkkkkkkkkk

CCAACCCTTGACATC————CTAGGACCGCCAGAGAGATTTGGCTTTCACTTCGGTGACCT
CCAACCCTTGACATC———CTAGGACCGCCAGAGAGATTTGGCTTTCACTTCGGTGACCT
CCAACCCTTGACATC————CTAGGACCGCCAGAGAGATTTGGCTTTCACTCCGGTGACCT

KAAAkAAAAAKX KXk AEEXKAKXIKAKAAKXA AKX AR AARARRA AR AL AL Ahdkkhkkk

AGTGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTCGGT TAAGTCCGG
AGTGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTCGGTTAAGTCCGG
AGTGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTCGGT TAAGTCCGG

%k ok Kok K Kk ok ok ok ok Ak K ok ok ok Ak K ek ok ok Ak ke ko ok kA Kok sk ke ki ok ok ok kk ok kb ko ke ok ok ok

CAACGAGCGCAACCCACATCCTTAGTTGCCAGCAGT TCGGCTGGGCACTCTAGGGAAACT
CAACGAGCGCAACCCACATCCTTAGTTGCCAGCAGT TCGGCTGGGCACTCTAGGGAAACT
CAACGAGCGCAACCCACATCCTTAGTTGCCAGCAGT TCGGCTGGGCACTCTAGGGAAACT

Y3k 3k e ke e 3k ke ke 3k ke ke ke e ke ke ok ke vk ok ke sk ok ok sk ok ok ke ok ok ke sk ok ok sk ke ok ke ke ok ok ok ok ke ok ok ok ok ok ok ok ok ok ok ke ok ke ek ok

GCCCGTGATAAGCGGGAGGAAGGTGTGGATGACGTCAAGTCCTCATGGCCCTTACGGGTT
GCCCGTGATAAGCGGGAGGAAGGTGTGGATGACGTCAAGTCCTCATGGCC-TTACGGGTT
GCCCGTGATAAGCGGGAGGAAGGTGTGGATGACGTCAAGTCCTCATGGCC-TTACGGGTT

e e e e e 3 ke ke ok ke ke ke e ke ke ke ke ok e ke ok e ek ok ek ok ek ok kb ok bk b ke ke ke ke ke ke ke ok ke ke ke e ke ok ok

GGGCTACACACGTGCTACAATGGCAGTGACAATGGGTTAATCCCAAAAAACTGTCTCAGT
GGGCTACACACGTGCTACAATGGCAGTGACAATGGGTTAATCCCAAAAAACTGTCTCAGT
GGGCTACACACGTGCTACAATGGCAGTGACAATGGGTTAATCCCAAAAAACTGTCTCAGT

hkkkkkkkhkkkhkkkhkhkhkhkkkhkkkhkhkkhkhkkhkhkkhkhkkhkhkkhkhkkkhkkkkkhkkkkkkkkkhkkkk

TCGGATTGGGGTCTGCAACTCGACCCCATGAAGTCGGAATCGCTAGTAATCGCGTAACAG
TCGGATTGGGGTCTGCAACTCGACCCCATGAAGTCGGAATCGCTAGTAATCGCGTAACAG
TCGGATTGGGGTCTGCAACTCGACCCCATGAAGTCGGAATCGCTAGTAATCGCGTAACAG

KKK KKKKKKK KK KRK KKK K AA K IKA KKK A AKR A IAKR KA R KRR KKK AR KRRk ARk R Ak hkkkhkkhkx

CATGACGCGGTGAAT
CATGACGCGGTGAAT
CATGACGCGGTGAAT

Khkkkkkkkkkkkkk
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gg  Phaeobacterinhibens AY177712

82| ka2

Phaeobactergallaeciensis Y 13244

Y

Phaeobacterarcticus DQ514304

Phaeobacter caerulensis AM943630

93 PhaeobacterdaeponensisDQ981486

83

Roseobacterprionitis DQ167249

Roseobacterdenitrificans M96746

100 Roseobacterlitoralis X78312

Rhodobacteraestuari AM748926

—

Fig. 4.

0.01

Neighbour—joining tree based on
sequences, showing relationships
member of the a—-Proteobacteria.

levels of bootstrap support (%),

nealy complete 16S rDNA
between strain K]J-2 and
Numbers at the nodes are

based on neighbour—joining

analyses of 1,000 resampled datasets. Fhodobacter aestuarii

(AM748926) was used as an outgroup. Bar, 0.1 nucleotide

substitutions per position.
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Ba #3 KJ-29 Aststd EAS P ojnhibens sp. nov T5' ¢ vl AES
A= Table 4. oA BEnkel 2ok KJ-28 13 d4S S8 13 347

S g2 Yo, Aol MAE w3, Bacteriochlorophyll a= AJ4FshA] ¢
rth. w3k KJ-2+= D-glucose, D-mannose, D-manitol, malate, L-arabinose,
N-acetyl-glucosamineE °©]-& 7}53 548 YeU ST

P. inhibens sp. nov T5'¢] A3}8td 548 waws A3 fAE FEo] Bk

a1, catalase productions, D-maltose, L-arabinose ©]-&% ¢ Zo]& H T}
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Table 4. Physiological characteristics of Phaeobacter inhibens K]J-2.

Characteristic KJ-2 b inhibensT °b- nov

T5

pigmentation Brown Brown'

Bchl a - -

Temperature range for growth 15C~30C 4~36TC

pH range for growth 6.0~10.0 60~95

Na® requirement 2~9% 0.5~99%"

Arginine Hydrolysis -

Catalase production - L £

starch hydrolysis - o

skin milk hydrolysis -

tween 80 hydrolysis - =

Gelatin hydrolysis - =

Nitrate reduction - =

Urease =

DNase ]

Utilization of

Citrate = =

D-Glucose iy +4

D-mannose + +4

D-Manitol + +4

D-Maltose - +5

N-acetyl-glucosamine +

Malate +

L-arabinose + S

¥ Data from Martens, 2006
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RR Ao A LS AR A A shel Alxe " <l
A8 B3 EA A2 Bdo] 5 %HE Quorum-sensing( QS)ol & Ao
7F At HaxEa glow, AA R Roseobacterzol A QS signale] 7 ZE% St
(Bruhn, 2006). o]d A+ A3E vpgro g2 QS signal¢l Autoinducer Types©]
3lutel AHL(acylated-homoserine lactone) monitor straing 7FAx g+ &3
itz Bl =R AERE A3 Fig. 6, 7.7 2okt " EAl sl 20~24
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Fig. 5. Effect of cell growth and antimicrobial activity of P. inhibens
KJ-2. ( - Cell growth of shaking culture, -l Cell growth of static culture, ;
-(O-: Inhibition zone of shaking culture, —4p—: inhibion zone of static culture )
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Fig. 6. Detection of acylated homoserine lactones(AHLs) from P. inhibens
KJ-2.
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Fig. 7. Bioassay of P. inhibens K]J-2 by using Agarobacterium tumefacience

NT1(pDCHIE33) receptor stain.

SA8 a3t Agar well diffusiong ©]
8.3} #o] yrER A
A
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Fig. 8. Growth inhibition of P. inhibens K]J-2 supernatant on V.
anguillarum KCTC 2711.
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oA gAZM 7t E Vtesl B Y8kl Vibrio angurillraumo] W3k 7]
Z3 A e} P oinhibens KJ-29] AAtets it EZ 2o & A4S v HES

Avhe Bg3 2rh(Table 6). 3 79 AAE A stns =G
3}

A,

Table 6. Comparison of antibiotics against V. angurillraum KCTC 2711.

Antibiotics Inhibition zone(mm)
Chloramphenicol 30 32
Oxytetracycline 30 27

Neomycin 30 19

Doxycycline 30 25
Gentamycine 10 18
Norfloxacin 10 33

Ofloxacin 5 35

Flumequine 12 35
Cephalothin 30 0
Kantamycin 9 I/
Specinomycin 10 0
Minocycline 30 27
Novobiocin 5 24
Sulfisoxazole 30 31
Lincomycin 2 0
Erythromycin 5 21
P.inhbens KJ-2 22
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2-2. T+E Vibrio spp. ° W3t A5 HE

Phaeobacter inhibens KJ-2¢ tW& Vibrio spp.ol W3 A% oA5S Agar
well diffusions AFE-3Fe] HESH A3 = Table 5.9 2Tt

Vibrio parahaemolyticus <} Vibrio fluvialisE A3+ U x| 5% t)ste] A
oS HJom E3] | Vibrio campbellii, Vibrio mimicus®| a =& A%

< YER AT

Table 5. Comparison of antimicrobial activity on Vibrio spp. by P. inhibens
KJ-2.

Vibrio spp. Inhibition zone(mm)

Vibrio loger KCCM 12281 11

Vibrio parahaemolyticus KCCM 11965 -

Vibrio fluvialis KCTC 2473 -

Vibrio vulnificus KCTC 2962 17
Vibrio campbellii KCCM 41986 18
Vibrio salmonicida KCCM 41663 10

Vibrio mimicus KCCM 42257 17
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(-1l : Cell growth, -[]-: Inhibition zone, -@-: Pigment 398 nm)
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extract, tryptone, soybean?] 7] A3 (NHy)-HPOs KNOsz (NH,)2SO,,
NHiNOs;, NaNOs, NH,Cl o] F7] AAUS #Hr7tsteo] A3t (Table 8.). %

oA HiE Hle} Zo] F7]dAY dAE malt extract’7} 3HiF A o] =kow

o

ol &t B2 Ak Fr]A LYol a3Ae AL & F Uy F12A
¥ NHINO3S Z+7te] sz 293 A3 08%A 714 =& FA4S e
W A cH(Fig. 13.).
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Table 7. Effect of carbon source on the growth and antimicrobial activity.

Carbon source

Growth(OD 660 nm)

Inhibition zone(mm)

Lactose
Manitol
Glucose
Mannose
Raffinose
Rhamnose
Sucrose
Galactose
Maltose

Sorbitol

Slouble starch

1.850
2.347
1.731
1.874
1.845
1.696
2.299
1.925
1.486

2.043

1.925

14.1
135
139
11.6
12.8
11.6

9.5

9.3
11.5
16.1

11.3

25 1

20 -

inhibition zone (mm)

15
10
5
o 1 1 L 1 ! 1 !
0.5 10 15 20 25 30 4.0 5

Sorbitol concentration (%6, w/v)

Fig. 12. Effect of sorbitol concentration on the antimicrobial activity.
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Table 8. Effect of nitrogen source on the growth antimicrobial activity.

Nitrogen source Growth (OD 660 nm) inhibition zone(mm)
Peptone 2.320 134
Malt extract 2.440 19.0
Yeast extract 0.809 12.4
Tryptone 2.437 10.3
Soybean 1.869 9.7
KNO3 1.207 20.1
(NH4)SOq4 0.720 18.8
NH4NO3 1.309 20.9
NaNOs; 1.599 16.5
NH,4Cl 0.755 20.0
25
P _aany
E
£
w5 |
R
(o
£ 10
=
==
E
5 S
u I I I 1 I I I
0.2 0.4 0.6 0.8 1 15 2 2.5 3

MH;NO: concentraion (%, w/v)

Fig. 13. Effect of NH4NO3 concentration on the antimicrobial activity.
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3-6. F719F] 4
1B Ao ZbEe] F719F( BaCl-2H:0, ZnCly, NiCl-6H,0, K:HPO,

KCl, CaCl, CuSO;5H0 CoCly:6H.0, MgCly-6H0)ES 22 0.1%(w/v) A
A7bstar Al s HFete] wide & #o ASE A Ed ko] wA
= 93%S JEF A3 ZnCl, NiCl»-6H.0, CaCl, CuSOs-5H:0 CoCly-6H20 ol
M e Aol o]Fojx A ¢rgktH(Table 9.). BaCly-2H,O, KoHPO4 KCl,
MgCly-6H.001 4 2] A3 gt 48 Yeididded dxzrag 448 2
g4 25 @A B2 Ao wEbA P.oinhibens KJ-29 #7479 &S &

Se 4 FREA YAl ASeiE 45 Ao A

Table 9. Effect of mineral sources on the growth antimicrobial activity.

Mineral Growth (OD 660 nm) inhibition zone(mm)
BaClz-2H-0 0.489 13.3
ZnCl, 0.003 -
NiCly-6H.0O 0.018 -
KoHPO, 0.735 11.2
KCl 0.396 10.2
CaCls 0.015 -
CuS04-5H20 0.012 -
CoClz-6H20 0.023 -
MgClz-6H20 1.750 9.5
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T ASE 2 &gd Y pAS A (Fig. 14). 1 A A7 Sghaa ) 6

of o] BLFE Ee AFET wyot FT BHL WA F2 50mE

=)
7Fae W 2 245 vl old Ade Aa FA AR Ao dA &

dytelr, =Xk, pH, NaCle] F&olA yetd Fdat Ao dAsh= Aol

20 ( 20

18 | 18
= 16 1 16
S 14 | g
o 12 | 12 e
€ 10 10 N
= ‘ c
s 08 - g 2
o | =
5 06 ‘ 6 =
3 o4 ‘ a P

02 ‘ 2

00 T N E ) T (1]

25 50 100 150
Aeration

Fig. 18. Effect of aeration of the cell growth and antimicrobial activity of
P. inhibens KJ-2.
(M : Inhibition zone, [ ]: Cell growth, -@-: Pigment 398 nm)
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ok okt (Table 10.).

KJ-2 antibiotise Al HES Vibrio sp. flolx %2 BE J&f= Fu1
3}

H

%)+= Streptococcus iniae, Edward tarda, Streptococcus parauberis®l
A Uetdo] of Ao g AR FAARA o] &7 ol ATkl AR
o, E3 dA FETF F == §ukirel  Propionibacterium acnes+=
supernatant®] F= FE AgTolA =2 Adgks #F T 5 qlo] dow AT

ZFA7E ear Az vk

Table 10. Antimicrobial activities of the supernatant of KJ-2 antibiotis.

Inhibition zone (mm)

Strain
100%% 50% 20% 1096
Escherichia coli 17 14 11 9
Gram
negative FEdwardsiella tarda 21 20 16 14
bacteria ] i
Salmonella thyphimurium 0 0 0 0
Propionibacterium acnes 27 24 22 20
Bacillus subtilis 19 18 15 13
Gram [ isteria monocytogenes 13 0 0 0
positive
bacteria Staphylococcus aureus 19 15 13 10
Serratia marsences 0 0 0 0
Streptococcus iniae 20 18 16 13
Streptococcus parauberis 15 13 10 10
Candida albicans
Fungi

Pityrosporum ovale
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Fig. 15. Antimicrobial activity of K]J-2 antibiotic against various pathogenic

Bacteria.
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Fig. 16. Effect of temperature on the P.inhibens KJ-2 antibiotic stability.
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Fig. 17. Effect of pH on the P.inhubens K]J-2 antibiotic stability.
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5-3. P. inhibens KJ-2 antibiotic @ 7}o] W& 3+ &3 HE

V. anguillarum KCTC 27119 W3+ P. inhibens K]J-2 antibiotic®] &3}= 4+

HE7] 9l8te] antibiotics H7FgH F 3AIZF WA F FARAAEA W A (SEM)&
E3t V. anguillarum KCTC 27119 A*E3¥ oS3

2t} (Fig. 18.).

P. inhibens K]J-2 antibiotics A @&}A &< V.

A #A ] FWol e AL FHE #F T 5 UAL(Fig, 18. A),

é“.:
e
Jo
il
r o
il
rol
v
i)
rlr

P. inhibens KJ-2 antibiotice *2]gF 49 Mx FHA ofg] Fgo] A7 Al

A yeldtiE Ba(Kang  1998)¢F  allyl
isothocyanate®} %4 59°] L monocytogenes®| talte] m A& A LS u
Asto] WEESY FEH FHEaAE HEdt = Bt FARE dd 0w A
S ¥ TH(Ahn 2001).

y B
B

A .
SEI 100kv X50,000 100nm WD 7.4mm

& K
SEI  10.0kv X35000 100nm WD75mm

Fig. 18. Scanning electron micrograph of V. angirillarum treated with P.
inhibens KJ-2 antibiotic. (A) Untreated, (B) Treated.
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