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Summary

Jeot-kal, a Korean traditional fermentation food in Korea, is usually
produced using fish and shellfish. This product is usually fermented using
certain types of microorganisms and enzymes. This is not only as a source
of protein supply, due to its peculiar flavor, and relative abundance of free
amino acid and taste related components, but also a subsidiary material of
Kimchi or spices.

Six bacterial strains were isolated from several Jeot—kal using MRS agar
medium. A bacterium which has high activities such as protease and
pathogens bacterial species, was isolated from Myungran Jeot-kal, which was
recorded as Bacillus valismortis BK6. It was identified as Bacillus
vallismortis BK6 as based on the biochemical properties and 16S rRNA gene
sequence. The bacterium was Gram-—positive, catalase—negative,
oxidase—positive, hydrosis of esculin ferric citrate, was rod-shaped, and had
dimensions of 0.6~0.7 um and 1.5~2.0 ¢m. The strains showed characteristics
secrete substance of gooey. When the material was rubbed it was slippery.
Nutritional and cultural conditions for the production of antibacterial substance
by this organism under shake-flask conditions have optimized. The optimal
medium compositions for production of antibacterial substance in the B.
vallismortis BK6 were 1%(v/w) of soluble starch, 0.5%(v/w) yeast extract,
0.5%(v/w) NaNQOs, 0.056%(v/w) KoHPO, and 0.05%(v/w) NaCl. The optimum
temperature and pH of the growth of the B. vallismortis BK6 was 25C and
pH 8, respectively. The optimal culture time for antibacterial activities of the
bacterium were shown to be in the range of 24~36 hour.

The antibacterial activity was found to be stable after heat and wvarious
enzyme treatment, and in the pH range of 3.5~10.5. The antibacterial activity

was stable in the pH range of 35~10.5, but about all of temperature was
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lost after 5 min, so it assume that is inactive protein cause by heat. The
antibacterial compound was only inactivated by pepsin treatment, its
suggesting competitive inhibition of proteinaceous nature.

This study investigated the effect of the antibacterial and antioxidant activity
of solvents(ethyl acetate, butanol) from Strain BK6 supernatant. The
minimum inhibitory concentrations of solvent extracts 1 mg/ml against S.
parauberis. The extracts exhibited high scavenging activity on DPPH, alkyl
and Hydrogen peroxide radical, and the activity increased with increment of
concentration of the extracts.

Scanning electron micrographs observation of S, parauberis treated with butanol
extract(l mg/ml) revealed apparent lysis of the cell wall.

Biosurfactants are biological surface—active compounds produced by bacteria and
fungi that have a broad range of industrial applications as well as several
advantages over chemical surfactants. The genus Bacillus is a bacterial group most
often studied for production mechanisms of lipopeptides including biosurfactants and
antibiotics.

To further advance the study of biosurfactant production in the BK6 strain
we Investigated emulsification activity and stability. The crude biosurfactant
was obtained from supernatant by acid precipitation, solvent extraction and
evaporation. The vield of the crude biosurfactant was about 6 g/ ¢ by optimum
medium. In addition, the crude biosurfactant show high emulsification activity when
tributyrin, soybean oil, squalene and kerosene were used as a substrate. Thus,
these studies could contribute to the development of biosurfactant beneficial to the

environment.
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AR E S A= EAS 7FAtHYoon et al., 2005). Bacillus sp.”} A4Fs}

s

%9,
o
H

antibiotics®+ ribosomal® nonribosomal antibiotics® ¥F& I

ofr

(Nakano, et al. 1990), &4 == 7]2Fol w2} subtilin, coagulin’} A Apel] s

)

™ surfactin, iturin, gramicidines, fengcin, tyrocidine 12] 3l bacitracin®]
nonribosomal antibioticsell <3t™ X, AATEARIE Qv HiEo] 3l
(Klein, 1993; Hyronimus, 1998; Kluge, 1998; Maget-Dana, 1994, Nakano, 1990;
Vanittanakom. 1986)

1 Fol surfactin® Bacillus subtilisol| 4] Y8t =2 & biosurfactant®]
2 95 a1 ArHArima, et al., 1968, Cooper, et al. 1981).

Biosurfactant¥ W&o ol Al FHo] AAHHAY Axe2 EHE= 3t
st 2 A, Z4Ael BEE(hydrophilic moieties)¥ A4l - (hydrophobic
moieties)= &Alo 7FA| = X oA (amphiphiles) & & o]t} biosurfactant= 3%
W A& (surface tension) liquid-liquid(oil-water), liquid-solid(wetting
phenomena)?7t AA & (interfacial tension)< 7FHAA71H 31 AL 43}
g ddA g Hd ARSAAG deix Aok (Fiechter, 1992). =3
biosurfactanti= 7]&2] 8}8t fatA|ol nl&] HAdo] wkal, mAE] o9& vt
A A HAAY, 2= 9 pHell S+ o] =5 vk ofye} AR AE24 #A
s AR 7hed dunw Aol Jhestal, AR sl 2] wEol 74 33}
¢l A olth(Deziel, et al., 1996).

olf gt HAESY AWLAY AFAFEE & EE ofu|xnito g A,
glycolipids, lipopeptides, lipoproteins, neutal lipids, phospholipids, substitute
fatty acids 2@ 3L lipopolysaccharides & FFE59] vt Bacillus sp.olA &
2] ¥ lipopeptide type?] biosurfactant® <= peptide FE|Q gramicidin S
(Kratzschmar, et al, 1980)¢} tyrocidine(Mittenhuber, et al., 1989), 77} 2] amino

s

acid cyclic peptide® B-hydroxy fatty acid’} ester ZA3%S stal 9l
surfactin(Hiraoka, et al., 1992), 771 ¢] a-amino acid®} g+ 7€ B-amino acid %
712 zr& iturin(Hiraoka, et al, 1992)0. & F+&3 4= gt}

AR AT FATFERA GA A A AT (Streptococcus  sp.)©l

T8 HAte Yoz Buya ti(Lee et al., 1991). 1 o] 9]l Lactococcus



garviae(Lee et al 2001), B-haemolytic Streptococcus sp.(Heo et al., 2001), S.
pyogenes 2 Enterococcus faecalis(Song et al. 2003), S iniae(Jung et al. 2004)
Sol gAe uig Hedm BHye] muHdew S ojnige’t AAFHETY F
8 HAAE g gH(Woo et al, 2006). L&t} HZo= S, parauberis?}
M2 FAEA AL dJAAR LeH oA gle] (Baeck et al, 2006)°]°l
ek ool aHa 3l



2. MAE9 #2 Fd FATTEY HA
1) mAEe] Ha

AdwE AeAdas=z 9A 3 4sto] Abgslen, 0~10%2 A 9ol FH7te

Mann, Rogosa and Sharpe % (MRS, Difco)oll 3 HS 100 ul w8 =50
T=Eskar 25, 30, 35ColA 48413 Wi date] frateS &2kt

28 72 sodium chloride 0~10%, yeast extract 0.5%, peptone 1%, skim

milk 2%, agar 1.5%% TA%® Skim milkvwj A= AF&3}9] protease & ASHA 0]

T MAES £ Zgsto] AFEEAT TR W EAn Ao =Eeke] v

g

A w e Aesglth

SMEfA o] A A&o] w2 Frgste] F33 55 Adsty fav|d=] &

=
TS Po]H o= agard] §F Wigol® Wojry] St

—
T,

A S dolr 7] 9 JHF O R Streptococcus parauberis KCTC 3651,
S. iniae KCTC 3657, Staphylococcus aureus KCTC 1927, Vibrio anguillarum
KCTC 2711, Vibrio alginolyticus KCCM 40513, Vibrio ichthyoentery KCCM
40870, Escherichia coli KCCM 40830 %5 < 3=#xdx23 (The Korean



Collection for Type cultures)ol A < ¥t oW FEdwardsiella tarda &= ¥ ol

A |xo AlAo|A Bt RE #FE 50% glycerole] H7FE stockS
TFEo] 70Ce]| R Fsle] AL-&3FsdT)
M¢eller Hinton broth(MHA, Difco, USA)S A}-&3te] Fav|Ad &9 zF vjd=

4

o] A 24A17F w3t ¥ HFE McFarland standard 057F HEE wEa

MHA(Difco) ¢loll Hv Weoz =33 ¢ paper disc(8 mm)ol &2 4
SHS 50 b Aslete] Z; it mol A 24A13F HjksE & Ewsle] av|E =
AatAtt

3) BT AH

Aol FgodE  EEdFe IHEHe sE 2 LS H

Streptococcus parauberis KCTC 36515 I 79 FA| =2 AEsdy. ok

FEdAol 7Y W7t e BK6 #5E TATFR ALEESICh

3. M= &4

SEM (Scanning Electron Microphotography, JSM-6700 JEOL Ltd.)S %3 v
AL sty EAS BTt A X o] Membrain filter(Adventech)Z
ol 2 9o WFolE olfste] e =Sttt o A 54 o et
o] UEl7] olde] AAglE kATt WA filters 05 x 05 cm HES ddt
g %, 25% glutaraldehyde -&<foll wro] 1A nAAZY I v 1 M
phosphate buffer= 23] A3ttt o]& 40, 50, 60, 70, 80, 90, 100% <]

ethylalcoholE 2}7} 1A]3h filterE isoamyl acetate

9} 100% EtOH7} 1:12 &% gl 1A7F &

offt
[-‘O
i}
¥
>
0
io
i}
4y
>
o

% 100% isoamyl acetate &

ol 1AIZE WA, v Ho 2 CO; gase ©l&3l A= Al7]aL WiwS As



TN TS s 1HAA, catalase test, LAY, E, AN
ud 5 FHEH SA4S #F sl 9 Tt e AsketA dd2 API

3) 16S rRNA 97|44 &4

16S ribosomal RNA #4]2 Gnomic DNA Extraction kit (Bioneer, Korea)=

# ¢k %  Bacterial 16S rDNA universal

M
(o

AR&-3te]  Chromosomal DNAE
primerE ©]-&3}o] 16S rDNAE SEAIHT. &4 oligonucleotides®] ZH2}e]
primer+ forward primer(27F) : 5'-AGAGTTTGATCCTGGCTCAG-3' reverse
primer(1492R) : 5'-GGTTACCTTGTTACGACTT-3'¢] d7|Mdz FAE AL
o, Z+7ke] 0.5 pM primer, 200 uM deoxynucleoside triphosphate, Tag DNA
polymerase(Bioneer, Korea) 3 ulE A}-&3to] PCRS 3513t}

PCR ®WFgz7AdL 94TCoA 5% predenaturation, 30cycle &< 94Co| A 45%
denaturation, 50°Coll 4] 45% annealing, 72C el A 45%7F extentiond} ] .1, THA]
72T A 5%7F extentionstHth. 5% %¥ PCR product® ethdium bromide7} %
7FE ol A A 7199 53ke] 1% agarose (promega CO., USA) gelol A &els}
At} o], Accuprep ™ PCR purification kit (Bioneer, Korea)< ©]43le] PCR
productel] Fo}l = primers, nucleotides, polymerase, salts& A7 3}e] A A3}
30 el elution buffer (10 mM Tris-Cl, pH 85) % DNAZE elutiond} it} o] =
ABI prismTM BigdyeTM terminator cycle sequencing Ready reaction Kkit
V.3.1 (Fluorescent dye terminators method)2} ABI 3730XL capillary DNA
sequencerE AF-£3Fo] PCR product®] @714 49S 43¢}

DNA A7 A E 9 homology e R BLAST online program
(http://www.nchi.nlm.nih.gov/blast) & ©] &3t} 1 vt} ClustalW softwareE
AbgEte] A7 ES wjdd 5 MEGA3 program (Ver 3.0)& ©]-&3}o]

phylogenetic treeZS #3141t}



AN
BN
n
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=
il
of

AT A% BB AE

nAEe] A wARAHAEY HEE glucose 05%, yeast extract 0.1%,
MgSO,4-7H-O 0.02% viA|E i3k GY(glucose 0.5%, yeast extract 0.1%)v] A

£ Argstd girEd

Lo

Ag/\

"
Lo

=42 paper disc 4, agar spotted
method % liquid culture method<S H 3 3slo] A A8}t

Liquid culture method= 3 A wlg4& 10 m¢ MHB(Difco, USA)l 2% %
3taL, FATF wSAS 3500 rpmollA 15F7F g % 045 um pore size

filter(Adventec, USA)E A|ttatdct. o] v Abs ol

o
o

Al 2% F7bete] 257
6417 At e ASESE 660 nmollA S35t o 22 Wy o=
Al &s AL
Inhibition rate(%) = (Co -C) / Co x 100
(Cot =7 OD. ; C Fd=4d g & wjgsk OD.)

1) EFae] wiA x4

Hj Aol EBrAYdoR GYHiA el glucose, sorbitol, mannitol, soluble starch,
xylose, maltose, lactose, fructose, arbinose, raffinose, sucrose, rhamnose,
mannose % galactose 55 ZH7F 1% A 7Fske] 30C, 150 rpm &= 244 7F vl &
3 & pforde] B§EE 660 nmollAl =435S 2 Liquid culture methodZS A] 3y

sto] S EAe AS dolr gt EFE glucose’t M7EEA e wA

il

2) Ao A x4

A298e NH4Cl (NHy)2SO4, NH4NO3; NaNOs, (NH,)-.Co0Os4, malt extract, yeast
extract, asparagine % peptone &< 05% % 7}ste] 30C |, 150 rpmo = 24A]7F
kst & wjtde] BXxE 660 nmelA 43+ 2™ Liquid culture method&

Algsle] FgE A AYrS dolrdt dE2TE GYWlA A yeast extract”}



AhEA e WAE A S
SEMERIEEES

7192 CuSO4-5H:0, KHoPOs4 CaCly-2H:0, MgCly-6H20, FeSO4-7H:0,
MgSO4-7Hz0, NaCl, CoCly'6H:0, K:HPOs ¥ ZnCl, 5% 0.1%%7bskel 30C
150 rpme= 2443w F wjFde] HEES 660 nmelA FAsA oM
Liquid culture methodE Al&3te] =2 o AAHS dolH Tt dx=7+= GY

wj Aol 4 MgSOs7TH:07F H7hs A 82 A& AFg-38} T
4) A pH, =9 W& A& FE=d YA

FTATFY A SRS 250 ml AASe o] 150 mee] AAWAES P
0.1 N HCl # 0.1 N NaOH g&do =2 uwjxo] %7] pHE 4~9°] W= %A 3
o] 121, 15% &< "ot A= HAujx

vl FA zke] g E Ao At WA= FFS FAITTO HAujGFASs HAujA
of HAZERE 24N wiFe H, 6AZF PASE AlmE AH S 4000 rpmel
A QA Balste] A5 S 045 um pore size filter(Adventec, USA)E o 33} o]
gy FHANER AHEsEY. AWM agar spotted methodE ©]-&3F ATt
MHA(Difco)ell 2+ Faiv] =S 50 wH HEstar Fyts o= wjxje] +i&

0 E

e A gojzmE 30T 24A17F v st



< 2 WS 4000 rpmol A 1583 fAEE St A2 dEdS 045
pore size filter(Adventec, USA)Z Ai3ste] AFE3lAth. AAAAN S AJ5E 50,

60, 70, 80, 90, 100T A 32 &<+ A3 v 77 Agd IEe= It

2 01 M HCIE A83le] pH 45~127h4 2483 tfF oA wikA]7]H A

2/ WAL Fol pHE thA] pH 8~92 243 Fol J@#B4S 3434

A ate] 37TColA 1243 whEAZ] 5 S S S5

&2+ protease (Sigma Co., US.A.), trypsin (Sigma Co., US.A.),
Lipase (Sigma Co., U.S.A.) ¥ a-chymotrypsin (Sigma Co., US.A.)E 50 mM
Tris-HCl =94 (pH 7.5), pepsin (Sigma Co., US.A)2 50 mM citrate <5<
(pH 2.0), proteinase K (Sigma Co., US.A)E 10 mM Tris-HCI-50 mM
NaCl-5 mM EDTA((PH 75), Lysozyme (Sigma Co., US.A.) % a-amylase
(Sigma Co., US.A)E 0.1 M sodium phosphate <5< (pH 7.0)o &ajA]#A,
=4 FolE Z+E 248 HF 400 Umgs] =2 st SAs 9. =+
B2E BEE Y3 oA aadnt wjn AYggt Aow Agstdon FAH

& agar spotted methodZ ©]-&3}] ¢}

5. ¥vtEdel F= 9 A =4

FAEA] FELS HAHRANA FFE5 wiYE F ethyl acetate(EtOAc) <}
butanol(BuOH)& ©] &3 78w FEHS &t wjgAo=ziy Jd=d &

FEstdth WA wgds 9424000 rpm, 4°C, 25 min)ste] TAHE A A
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# & A &l %% % (minimum inhibitory concentration: MIC):= &A 79 & %

ol

o

NS AFESle] A st w27 SAHE FEFES agar spot methodE 9]
g3te] 01~30 mg/ml o ¥EY MIFEES F@Fo 100 CFU/M H%
MHA® 50 pw* HZFst] fFalnAES] A ARSI w2 30T, 48

AZE Al e FandEe] ASS dAlsts FEede HibvEE BFE

shalet.

3) A EA M7t wWE I H(S. paraubris)] Al

l-m
%
g
il

MHA (Difco, USA)el S. paraubris = 53 $ o] HAZ EHH =

AEE A T Ao AEde) we

mlru
0!
T
=
o
fr
r o
i
o
s
)

(1) DPPH free radical scavenging activity
7zt Al5°] DPPH free radical 227242 Nanjo 5(1996)¢] ®itol] &3t =
AsATh 60 W A5 &R 60 0 DPPH (60 uM) €4S #H7bste] 10x &<

WHEEE oS £38 NS quartz capillary tubeo] 271 % 2% 5o Electron spin
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resonance spectrometer (ESR JEOL, Japan)® =43t 2FMEHL scan
time : 30 s, filed : 336 + 5 mT, time constant : 0.3 s, power : 1 mW,
amplitude :1x500 9] ZHo =2 7|E3sth. d4teA 5o sk DPPH radical®]
EABAHE obdlel 42 ol gate] AT
DPPH free radical scavenging activity (%6) =
(ESR signal intensity for medium containing the additives of concern/ESR

signal intensity for the control medium) x 100.

(2) Alkyl radical scavenging activity

Z} Al 89 alkyl radical 27 84S Hiramoto 5(1993)2] W o] o]ste] =43}
Atk 20 wb AEE Aol BHSHFT 20 wl, 40 mM AAPH 20 0, 40 mM POBN
20 pls 3 g3 37CoAA 307 "X dF 5 quartz capillary tubeol] %71 %
ESRZ =435t ~2#FMETH L gcan time : 30s, filed : 336 + 5 mT, time
constant : 0.3s, power : 7 mW, amplitude :1x500 & ZA o2 7| =3t} At
stAl = o gk Alkyl radical®] &AZA L2 ool A& o] &3t ALl
Alkyl radical scavenging activity (%) =
(ESR signal intensity for medium containing the additives of concern/ESR

signal intensity for the control medium) x 100.

3) Hydrogen peroxide scavenging activity

Hydrogen peroxide 2~A &2 Miller 5(1995)2] Hwol wet At =,
0.1 M phosphate buffer (pH 5.0) 100 x2} sample 100 S 96 well plateol] A

E3 A7l & thA] 20 w9 Hydrogen peroxideE #7}éhar 37 CollA 5&7F wkg-

Al

)

t}. Hkgo] EW & 1.25M 2,2'-azino-bis-3-ethylbenzthis—zoline-6-sulfonic
acid (ABTS, Sigma)®} peroxidase (1 unit/ml, Sigma)E Z+7z} 30 w %713}
HEFAOZ 37 CollAl 1087+ ®¥HSA#A ELISA reader (Sunrise, Tecan'™

’

Austria) S AFg3] 405 nmol A S EE =A%
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Hydrogen peroxide scavenging activity (%6) =

[1-(control ab.— sample ab.)/control ab.] x 100

6. 3 AT 9 Biosurfactant AL E

1) Biosurfactant =4 2 Atk =4

kA4S AR B. vallismortis BK6ZF-E] A 2FE = biosurfactants 8l &k ©
255 dAE24000 rpm, 252)AES AX dAHE AAST WG FEAoZH
B 35t Mg 45 dS 12 N HCIE o] &3te] pH 22 ZAg 5 4T A
2472 BEEAA WA =S PSR ol ThAl A E (4000 rpm 253) 3}
T3t FAE Ao crude biosurfactant®] ABAtZo =z kATt A

il
2L
o M
filo
m

55 05 M phosphate buffer(pH 7.0) 2% @ EA]#A ethyl acetate® 33 F=3}
AE AXH SAAFES ol F53H ol Fdo] HA He=d olE thA

phosphate bufferol] =¢] A 3g o] Al&3}3t}.

i

2) SDS-PAGE

Strain BK67} A4 3= Biosurfactante] 234 55 &Ast7] 98 SDS-PAG
EE &3l crude biosurfactant®] +A#& AT crude biosurfactants 2:1
H] &2 2 X Laemmli sample buffer (80 mM Tris-HCI (pH 6.8), 2% SDS, 12%
B-mercaptoethanol, 15% glycerol 2 0.012% bromphenol blue)ell &3] A7 90T
o] el %o A 3%-3t boiling 3 ¥ Laemmli (1970)2] =l uwlgl SDS-PAG
S AT 10% polyarylamide gel & AF&3ke] 250 V, 55 mA=Z 4A17F &

A HrIdES AA

rob

S, @A (0.136% coomassie briliant blue R-250, 45%
methanol ¥ 10% acetic acid)ol 4] 4083 A3} | 7.5% methanol, 7.5% aceti
c acidoll Al €At FAE S48 x-S myosin (200 kD), B-galaco
sigase (116 kD), phospholylase b (97 kD), bovine serum albumin (66 kD), ova
Ibumin (44 kD), carbonic anhydrase (29 kD), soybean trypsin inhibitor (21 k

_12_



D), lysozyme (14 kD) 2 aprotinin (6 kD)Z A}&3}$] T}

o} Carman(1984)¢] ol weba A5k e

crude biosurfactant-&<} 4 ml®} phosphate buffer 4 m¢ &3 Fof 7|AAHE 6
ms AEE FHE oA 237F wnk 3 1087 A2 %Xk 540 nmol
A EtEeY dgxE FASIT AgE 71"dS 7, kerosene, soybean oil,
mineral oil, liquid paraffin, squalene, grycerin 1# il tributyrin 5= X33t 8
7HA Fe 'stra g ES AREstRon, &5 A4 Al= Tween
20, 80= A&kt

T3l e Fadda FUds WHo g AHEdk o, Ao wXsEA 60
BoEol 1087102 540 nmeld AGEES =Hste] magtom st g
Wi, 7w 7|&7E w82 Y e AT KAEE 53 EH= w3y

717 gHe2 YER A

o

FATF ek A A AJES 7] 918 Bauer W (Bauer et al,
1996)° W& Paper disc agar diffusion®S 4|33ttt MHA (Difco, USA)ol A
241 7F M gE mgFdE 100 wE HEske] kAl 2= (Oxoid, BBL, USA)E

Mo ARE® kAl Y A23E=  Norfloxacin, Clindamycin, Cephalothin,
Cipofloxacin, Oxolinic acid, Neomycin, Erythromycin, Pefloxacin, Kanamycin,

Chloramphenicol, Oxytetracyclin, Flumequine, Ampicillin, Nalidixic acid,
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i
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ol
e
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Table 1. Isolated strains and isolation condition.

Strain Isolate
Jeotgal source Isolate medium

Name temperature

BK1  Beka squid 25C MRS (0% (v/v) NaCl)
BK2 Beka squid 30C MRS (0% (v/v) NaCl)
BK3  Squid 30T MRS (5% (v/v) NaCl)
BK4  Squid i MRS (7% (v/v) NaCl)
BK5  Alaska Pollack internals 30T MRS (7% (v/v) NaCl)
BK6  Spawn of Pollack 30C MRS (1% (v/v) NaCl)

ol TolA skim milk HIvjR|o A WaEsta Syl Fslo] A}
FAl ASEE7 wE 55 23 #E889tH(Table 2). BK3, 4
2o A Fr el mE ASS HolX gkton 639 ofF HH

]
o
datel  @E@Agel  oly wARe wAwez AUt Vibrio

skim milk

A gt

BK6+= 459 Wdatel tigh &t gAfo]l =%k
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Fig. 1. Protease activity on skim milk agar.

(A) BK2 (B) BK5 (C) BK6
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Table 2. Comparison of cell growth, clear zone size and antibacterial

activities of isolated bacterial strains by agar diffusion method.

Growth Protease Antibacterial activity (mm)

Strains b 2
rate activity E1Y E2 E4 E6 E7 ES
BK?2 . + 11 11 r - - -
BK3 - 1 - - 12 i - )
BK4 - - . - 12 - [ -
BK5 ++ ++ 19 14 16 - = 14
BK6 R R 20 20 20 - - 15

1) . . ) . B .
Growth rate: + slow, ++ medium, +++ fast. ZProtease activity was expressd as the diameter

of inhibition zone on skim milk agar : + 8~10 mm, ++ 10~12 mm, +++ 12~15 mm YTested
strains = El: S. parauberis KCTC 3651, E2: S. iniae KCTC 3657, E4: Stap. aureus , E5: V.
alginolyticus KCCM 40513, E6: V. ichthyoentery KCCM 40870, E8: V. anguillarum KCTC 2711

skim milk #7}ej Aol A Fwsto] Fgldt 7o AWML Exqor = Faliv
AZ A gidsS A7 98 2AEH] e =E F 3l
HSTE protease &Aool wua o ¢ Q. wEkA FATFT BK6E 2 A

o Wyoz A% A4

2
*
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1) A3 BK69 wjsts 54

1% NaCl& #7138 MRS HlxoA] A&a ARy, Hede] mope 32Ay
(inregulan®] FejE mRovl, Hete F¥l(margin)e 2 (obate) YIS B
=N

ohomd Wl ARt BT A
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Fig. 2. Cultural characterization of Strain BK6. Cells were grown at 30C
for 24 hour.
(A), (B) MRS agar
(C) Blood plate agar
(D) Optimum agar (starch 1%, yeast extract 0.5%, NaNOs; 0.5%,
KoHPO4 0.05%, NaCl 0.05%)

2) TAITT BK62 FHsHH 54

TA T e EAL 30Tl MRS wiA|o] wjds F SEMS Saf o

Aot rhFig. 3). Fel= wzhire] oS wAem, doj= 15~20 m F& 06
H

~0.7 m= YERST 3 T AE
T AAT
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Fig. 3. Scanning electron micrograph of Strain BK6. Cells were grown at
30C for 24 hours.

3) FATT BK6S Aelstd 54

FANTF YA 542 HET Avhs Table 39 2ok A5 2xe) W
20~45CeI9x, 4% pH WeE 6~100190m, dFE 7974 %ol shss

=

i

At =3 A= A

£ kit¢l API 20NE (Biomerieux, France)S o] &3lo] 2
ok & 1 A3E #5 ST

4) 16S rRNA #7144

AT BK69] 16S ribosomal RNA PCR 35 &3 €2 1399bp 47144

S NCBI (National Center Biotechnology Information)®] Basic Local Alignment

Search Tool (BLAST)E o|&3to] &2 A3 Bacillus vallismortis, Bacillus

amyloliquefacien, Bacillus subtilis, Bacillus sp.2} 272} 100% 73573

webA o 5%

S B2t
alignment 3+ 232 Fig. 4] Yebf AT
Bacillus <ol A

B9 BKE)H 714 2dZFo =z vebd type strain(Bacillus

vallismortis, Bacillus amyloliquefacien, Bacillus subtilis) 16S rRNA 7] & 3}

Bacillus% 2] type strain 16S rRNA 977|495 zrta 7
5). &

e Al th(Fig.
2143 B. vallismortis BCRC 17183 (EF433404) 99.8%, B. subtilis NCDO
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1769 (X60648) 99.5%, B. licheniformis DSM13 (X68416) 98.3% <} ¢ AL
] FATTE B vallismortis®t 7 7M7bE AT o2 YERYA L

Ay oz BK67F 16S rRNA €7IA<E7d B.

o2 YelyY B. vallismortis®t SUFTo2 det T Advk 2y A - st
stx B AyE HS ] 7] Death valley soilol 4 #2] ¥ (Roberts et
al., 1996) B. vallismortis 2] « A 38}e+4 239} catalaseol| /] ©+& 54& YE
RIS

B. vallismortis= B. subtilis®t 384 A3 F44 Agrt v 7Moo
Haxa 9)7] widd Mz 2iikE4 2 DNA-DNA hybridization®] 7143
= 3 Strain BK6E WWd Zart vk = ol AFolA g% Strain

BK69 SR A3 B. vallismortis BK6% ™™ 3} th.

vallismortis®} 7V 717t +dAFE
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Table 3. Physiological characteristic of Strain BKG6.

Characteristics

Reaction

Morphological characterization

Morphology shape
Gram stain
Motility

Spore formation

rod

Physiological characterization

Catalase

VP-test

Starch hydrolysis
Casein hydroslyis
NaCl 2%

NaCl 5%

NaCl 7%

Growth at 45T

Carbohydrate degradation

NOs potassium nitrate
L—-tryptophane
D-glucose (fermentation)
L-arginine

Urea

Esculin ferric citrate
Gelatine (bovine origin)
4-nitrophenyl-BD-galactopyranoside
D-glucose

L-arabinose

D-mannose

D-mannitol

N-acetyl glucosamine
D-maltose

potassium gluconate
Capric acid

Adipic acid

Malic acid

Trisodium citrate
Phenylacetic acid
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X60648
X60605
BK6
EF433404

X60648
X60605
BK6
EF433404

X60648
X60605
BK6
EF433404

X60648
X60605
BK6
EF433404

X60648
X60605
BK6
EF433404

X60648
X60605
BK6
EF433404

X60648
X60605
BK6
EF433404

X60648
X60605
BK6
EF433404

X60648
X60605
BK6
EF433404

GAGAGTTTGATCCTGGCTCAGGACGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAG
GAGAGTTTGATCCTGGCTCAGGACGAACGCTGGCGGCGTGCCTAATACATGgﬁAnggﬁg
GCA-GT

CGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAG
CGGACAGATGGGAGCTTGCTCCCTGATGT TAGCGGCGGACGGGTGAGTAACACGTGGGTA
CGGACAGATGGGAGCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACACGTGGGTA
CGGACAGATGGGAGCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACACGTGGGTA
CGGACAGATGGGAGCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACACGTGGGTA

KARKKAAKRKA KA KR AR KK AR AR I K AR AR I h A A A Ak hhhkhhhhhhkhkhkhhhkhkkhkhhhkhhkkhhhhkhkxkx

ACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTGTTTG
ACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGCTTGTTTG
ACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTGTTTG
ACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGCTTGTTTG

Khkkhkhkhkkkhkhkkhkkhkhkhkkkhkhkkhkhkkkkhkkkkhkhkkhkkkkkhkhkkkkhkkhkkhkkhkkhkhkkkkhkhkkhkkk *hkkkkkkx

AACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGC
AACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGC
AACCGCATGGTTCAGACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGC
AACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGC

khkkkkkkkhkhkhkkkhkhkk khhkhkkhkkhkkhkhkhkhkkhkhkhkhkkhkhkhkhkhkhkhkhkhkhkhkkhkhkhkhkkhkhkhkkhkhkhkkhkhkhkxkkkx

GCATTAGCTAGTTGGTGAGGTAACGGCT CACCAAGGCAACGATGCGTAGCCGACCTGAGA
GCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATGCGTAGCCGACCTGAGA
GCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATGCGTAGCCGACCTGAGA
GCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGA

khkkhkkkkhkkhkkhkhkhkhkkhkkhkkhkhkhkhkkhkkhkkhkhkhkkhkkhkkhkhkhkhkkhkkhhkhkhkkhkk khkkkkkhhkhhkkhkkkhkhhkkhkkkhkkhxk

GGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAG
GGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAG
GGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAG
GGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAG

AR AR KA KR AR KRR AR AR AR A AR AR AR AR AR AR A AR AR AR Ak kA k Ak khkhkhkhkhkhkhkhkhhkkkhkhhkk

GGAATCTTCCGCAATGGACGAAAGT CTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTT
GGAATCTTCCGCAATGGACGAAAGT CTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTT
GGAATCTTCCGCAATGGACGAAAGT CTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTT
GGAATCTTCCGCAATGGACGAAAGT CTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTT

hhkhkkhkhkhkhkhkhkkhkhkhkkhkhkhkkhkkhkhkhkkhkhkhkhkkhkkhhkkhkkhkhkhkhkkhkkkkkhkhkkhkhkkhkhkkhkkhkhkhkkkkhkkkkk

TCGGATCGTAAAGCTCTGTTGT TAGGGAAGAACAAGTACCGTTCGAATAGGGCGGTACCT
TCGGATCGTAAAGCTNTGTTGT TAGGGAAGAACAAGTGCCGTTCAAATAGGGCGGNACCT
TCGGATCGTAAAGCTCTGTTGT TAGGGAAGAACAAGT GCCGTTCAAATAGGGCGGCACCT
TCGGATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGT GCCGTTCAAATAGGGCGGCACCT

khkkkhkkkkhkkkkhkkhkkk khhkkhkkkhkkhkkkkhkhkkhkkkhkhkkhkkkhkkhkkhkkxk ,kkhkkkkx khkkkkkkkkk *kk*%

TGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTA
NGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTNATACGTA
TGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTA
TGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTA

khkkkkkkhkkkkkkkhkkhkhkkkkhkkhkkkkkhkhkhkhkkhkkkhkhkhkhkkhkkkhkhkhkkhkkkhkkhkkkhkkkkkx *kkkkkx*%

Fig. 4. Alignment of 165 rRNA sequence of the isolated Strain BKG6.
X60648 : Bacillus subtilis, X60605 : Bacillus amyloliquefacien
EF433404 : Bacillus vallismortis

— 23 —

60
60
9

37

120
120
69
97

180
180
129
157

240
240
189
217

300
300
249
277

360
360
309
337

420
420
369
397

480
480
429
457

540
540
489
517



X60648
X60605
BK6
EF433404

X60648
X60605
BK6
EF433404

X60648
X60605
BK6
EF433404

X60648
X60605
BK6
EF433404

X60648
X60605
BK6
EF433404

X60648
X60605
BK6
EF433404

X60648
X60605
BK6
EF433404

X60648
X60605
BK6
EF433404

GGTGGCAAGCGTTNTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTC 600
GGTGGCNAGCGTTGTCCGGAATTNTTGGGCGTNAAGGGCTCGCAGGCGGTTTCTTNAGTC 600
GGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTC 549
GGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTC 577

hhkkkkk hkhkkkhkkk khhkkhkkhkhkkhhkk hhkkhkhkhkhkkhkh khkhkhhkhkhkhkhkhkhkhkhkhkhhkkhkhkhhkx *kk%x

TGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCAT TGGAAACTGGGGAACTTGAGTGC 660
TGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGC 660
TGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGC 609
TGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGC 637

KR AK KRR KR AR KRR KRR AR AR R AR KA ARk R kA hkhkhkhkhhkkhkhkhkhkhkkhkhkhkhkhkkhkhkhkhkkhkkhkhkhkhkkhkkkkx

AGAAGAGGAGAGTGGAATTCCACGTGTNGCGGTGAAATGCGTAGAGATGTGGAGGAACAC 720
AGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACAC 720
AGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACAC 669
AGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACAC 697

khkkkkkkhkkkkhkkhkkhkhkhkkhkhkkhkkhkhkkhkkhkhkkhkkhkkk kkhkkhkhkkhkhkkhkkhkhkkhkhkkkhkkhkhkkhkhkkkhkkhkkkhkkkhkkkkkkkx

CAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGC 780
CAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGC 780
CAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGC 729
CAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGC 757

khkkkkkhkkhkhkkhkkkhkkhkhkkhkkkhkkhkhkkhkkkhkkhkhkkhkkkhkhkkkhkkkhkhkkkhkkkhkkkkhkkkhkkhkhkkhkhkkkkkkkkkx

GAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGG 840
GAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGG 840
GAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGG 789
GAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGG 817

khkkkkkkkhkkhkhkhkhkkhkhkhkkhkhkkhkhkhkkhkkhkhkhkkhkkhkhkkhkkhkkhkhkhkkkkkkkkkhkhkkhkkhkhkhkhkhhkhkkkxk

GTTTCCGCCCCTTAGTGCTGCAG-TAACGCATTNAGCACTCCGCCTGGGGAGTACGGTCG 899
GTTTCCGCCCCTTAGTGCTGCAG-TAACGCATTAAGCACTCCGCCTGGGGAGTACGGTCG 899
GTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGGTCG 849
GTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGGTCG 877

KARKAKAAKRKAKAKAAKRKAAKAAKNhA, hhkkhkkhkhhkk *hhkhkkhkkhkhkhkhkhkhkkhkhkhkkhkkhkhkhkkkhkkkx

CAAGACTGAAACTCAAAGGAATTGACGGGGGCC—-GCACAAGCGGTGGAGCATGTGGTTTA 958
CAAGACTNAAACTCAAAGGAATTGACGGGGGCC—GCACAAGCGGTGGAGCATGTGGTTTA 958
CAAGACTGAAACTCAAAGGAAT TGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTA 909
CAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTA 937

hhkkhkhkkhkkkhk hhkkhhkhkhkkhkhkhkhkkhkhkhkkhhkhkhkhkkhkhkhkhdx khhkkhkhkkhhkhkhkkhhhkhkhkkhhhkhkkhkkhkhkxkx

ATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAATCCTAGAGATA 1018
ATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAATCCTAGAGATA 1018
ATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAATCCTAGAGATA 969
ATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAATCCTAGAGATA 997

khkkkkkkhkkhkkhkkhkkhkhkhkhkkkhkkhkhkkhkhkkkhkkhkhkkhkhkkkhkkhkhkkhkhkkkhkkhkhkkhkkkhkkhkkkhkkkhkkhkkkhkkkkkkkkkx

Fig. 4. Continued
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X60648
X60605
BK6
EF433404

X60648
X60605
BK6
EF433404

X60648
X60605
BK6
EF433404

X60648
X60605
BK6
EF433404

X60648
X60605
BK6
EF433404

X60648
X60605
BK6
EF433404

X60648
X60605
BK6
EF433404

X60648
X60605
BK6
EF433404

GGACGTC———TTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGT
GGACGTC———TTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGT
GGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGT
GGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGT

*khkkkkkk khkkkhkhkkkhkhkkhkhkhkkhkhkhkhkhkkhkhkhkhkkhhkhkkhkhkhkhkhkhkhkhkkhkhkhkkhkhkhhkhkkhkhkhkhkhkhkkhkxx

GAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTGGATCTTAGT TGCCAGCATTCAG
GAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGCATTCAG
GAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGCATTCAG
GAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGCATTCAG

KRkAkKkKKkAKRAKkKkhkhKkRkhkkhkhkhkhkhkhkhkhkhkkhkkhkhkhkhkkhkhkkhkkhkk khkkhkhkhkkkhkhkkhkhkhkhkhkhkkhkkhkkkkkkx

TTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAAT
TTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAAT
TTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAAT
TTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAAT

khkkkkkhkkhkkkhkhkkhkkhkhkkhkhkkhkkhkhkkhkhkhkkhkkhkhkkhkhkhkkhkkhkhkkhkkkhkkhkhkkhkhkkkhkkhkhkkhkkkhkkhkhkkhkkkhkkkkkkkx

CATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGACAGAACAAAGGGCAGC
CATCATGCCCCTTATGACCTNGGCTACACACGTGCTACNATGGGCAGAACNAAGGGCAGC
CATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGACAGAACAAAGGGCAGC
CATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGACAGAACAAAGGGCAGC

khkkkkkhkkhkhkkhkkkhkkhkhkkkhkkkhkhk khhkkhkkhkkkkhkkkhkhkkkhkhkhkkhkkhkk khkkk *hkkkhkkkx *hkkkkkkkkx

GAAACCGCGAGGT TAAGCCAATCCCACAAATCTGTTCTCAGTTCGGATCGCAGTCTGCAA
GAAACCGCGAGGTCAAGCCAATCCCACAAATCTATTCTCAGTTCGGATCGCAGTCTGCAA
GAAACCGCGAGGT TAAGCCAATCCCACAAATCTGTTCTCAGTTCGGATCGCAGTCTGCAA
GAAACCGCGAGGT TAAGCCAATCCCACAAATCTGTTCTCAGTTCGGATCGCAGTCTGCAA

kkhkkkkkkkkkhkhkkhkk k hkhkkhkhkkhkhkhkkhkkhkhkhkkhkkhkhkhkhkk khkkkkkkkkkhkhkhkkhkhkhkhhkhkkxk

CTCGACTGCGTGAAGCTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACG
CTCGACTGCGTGAAGCTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACG
CTCGACTGCGTGAAGCTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACG
CTCGACTGCGTGAAGCTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACG

KKK KK KA AR AR KA AR A KRR A AR KA AR AR A A A A AR A A A A A Ak Ak hhhkhkhkkhhkhkhkhkkhkhhkhkhkkkkx

TTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGTTTGTAACACCC———
TTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGTTTGTAACACCC—————-
TTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGT TTGTAACACCCGAAGTCGG
TTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGTCGG

KhRkhkhkAhkkhkhkhkhhkkhkhkhkhhhkhkhkhhhkkhhkhhkhkhkkhhhkkhkhkhhkhkhkhkhkhhkhhkhkhkkhkkxxkx

TGAGGTAACC 1399
TGAGGTAACCTTTTAGGAGCCAGCCGCCGAAGGTGGGACAGATGATTGGGG 1468

Fig. 4. Continued
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100 Bacillus megaterium |AM 134187 (D16273)

Bacillus simplex DSM 13217 (D78478)

Bacillus cohnii DSM 83077 (X76437)

Bacillus halmapalus DSM 87237 (X76447)

Bacillus acidiceler CBD 119 (DQ374637)
— Bacillus cereus |AM126057 (D16266)

100

Bacillus mycoides ATCC 64627 (EF210295)

Bacilius licheniformis DSM 137 (X684 16)

Amphibacilius xylanus JCM 73617 (D82065)

Halobaeillus halophilus NCIMB 22687 (X62174)

Aneurinibacillus aneurinilyticus ATCC 128567 (D78455)

™ w0 Bacillus subtilis NCDO 17697 (X60648)
100 Bacillus vallismortis BCRC 171837 (EF433404)
(G Strain BK6
Bacillus jeotgali YK.J-107 (AF221061)
100
P

Fig. 5. Neighbour-joining phylogenetic tree based on 16S rRNA gene sequences showing the position of Stain BK6

within the radiation of the genus Bacillus. Bootstrep percentage (from 1000 replications)>50% are shown at

branch points. Bar, 0.01 substitutions per nucleotide position.
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Fig. 6. Effect of various carbon sources on cell growth and antibacterial
activity of culture broth of the isolated B. vallismortis BK6.
A: Control, B: Glucose, C: Sorbitol, D: Manitol, E: Soluble starch, F:
Xylose, G: Maltose, H: Lactose, I. Fructose, J: Arabinose, K:

Raffinose, L: Sucrose, M: Rhamnose, N: Mannose, O: Galactose
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Fig. 7. Effect of concentrations of soluble starch on cell growth and

antibacterial activity of culture broth of the isolated B. vallismortis

BK®6.
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Fig. 8. Effect of various nitrogen sources on cell growth and antibacterial
activity of culture broth of isolated B. vallismortis BK®6.
A: Control, B: NHCl, C: (NHy):SO,;, D: NHsNOs, E: NaNOs F:
(NH4)2C204, G: Malt extract, H: Yeast extract, I. Asparagine, J:
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Fig. 9. Effect of concentration of yeast extract plus NaNOs(1:1) on cell
growth and antibacterial activity of culture broth of the isolated B.

vallismortis BK6.
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Fig. 10. Effect of various inorganic salts on cell growth and antibacterial
activity of the isolated B. vallismortis BK®6.
A: Control, B: CuS0O4-5H-0, C: KH,PO,4 D: CaCls-2H-0,
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Fig. 11. Effect of concentration of KoHPO, plus NaCl(1:1) on cell growth and

antibacterial activity of culture broth of the isolated B. vallismortis

BK®6.
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Fig. 12. Effect of temperature on cell growth and antibacterial activity of B.
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Fig. 14. Antibacterial activity of the culture broth of B. vallismortis BK6 by

liquid culture method.
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Fig. 15. Effect of culture time on cell growth and antibacterial activity of B.

vallismortis BK6.
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Fig. 16. Antibacterial activity of the culture broth of B. vallismortis BK6

cultured for 72 hours against S. parauberis.

Table 4. Optimum medium compositions and culture conditions for antibiotic

production by B. vallismortis BK®6.

Ingredient

Concentration (w/v, %)

Soluble starch
Yeast extract
NaNO3
KsHPO4

NaCl

1

0.5

0.5

0.05

0.05

Temperature : 25C, pH : 80, Culture time : 36 hours
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B. vallismortis BK6 Wl 52 A2, pH ¥ a4 Aol st g

=

< agar spotted methodE &3l &<QlstAtH(Table 5). Aol gt v s

Aol yEAE BE AT E4S dodEls 2HUE HAt 24A4Y
of )3 A WIS A3 A} Trypsin, Protease, Proteinase K, Lipase,

a-chymotrypsin 2 &el ¢si = thEx+ Hoh oF 10% 2*e IS HYo
H At} Pepsin A &

T gEadel Aol AR molx ekt pHol o AHAL YT

v
i
A
rlo
‘?1_1‘
=y
o
2,
o
E

™ Lysozyme ¥ a-amylase= ©]

B4 golmYt F2E AY wuldy 2hog F2Hr)

Table 5. The effect of different physical and biochemical treatments on

antibacterial activity of supernatant.

Tfétment Inhibition Tteatment Inhibition
zone(mm) zone(mm)
Control 1554 pH 3.5 13.09
Trypsin 13.42 pH 4.5 15.30
Protease 13.03 pH 5.5 11.03
Proteinase K 12.83 pH 10.5 14.34
Lipase 13.10 pH 115 15.32
Lysozyme 12.97 50C for 3min -
a-amylase 11.41 60C for 3min -
a-chymotrypsin 13.34 80C for 3min -
Pepsin - 100C for 3min -
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B. vallismortis BK62] W% A5 S EtAOce BuOH=Z F=3%+ A3}
2458 Ao FH F£8&E Z+7F 1376 mg/ml, 588 mg/ml ATl ©] ZFEES
SHFE 30, 25, 20, 15, 10, 5, 25, 1, 05, 0.1mg/ml FX=Z 3|4 35o] agar spot

method& ©] &35t I &AHS SAHAH(Table 6., Fig. 17). 1 23 F =5
82 TR S g5 FE2del SUHEe BAew, S parauberisE ¥

A7l 913 HAAGA FEE 1 ng/mlE ZALE A

Table 6. Inhibitory effect of strain BK6 solvent extracts against the growth

of S. parauberis.

Inhibition zone size (mm)

Concentration(mg/mé)
EtOAc BuOH

30 30.45 25.56
25 28.20 20.28
20 27.76 21.87
15 23.31 18.52
10 24.93 18.39

5 AT 15.84
2.5 21.44 14.31

1 18.84 13.92
0.5 - -
0.1 B -
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Fig. 17. Antibacterial activity of strain BK6 solvent extracts against S.

parauberis.

5. 8t EFo Hute|l wE I AI(S. paraubris)e] AEFE Tz

SEMALZ S &3] 7] 8o 98] = %% I E o] S parauberisd] T
g A V1FE Yol A AT Alxde] FHEHE= Aol F<l HUT
(Fig. 18). ¥ % <o) 93} Bacteriocino] A4S vER 7] s Al £H
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receptorzt il H 313} B (Montville and Bruno, 1994; Van belkum et al., 1991).

= receptor®} ZAdslo] &2l bacteriocino] A|EH o] TS FAste] A
Iy Axde £&5& F= & F 9o} SR v o] 717 51
T7F 275, TEM(Transmission electron microscope)S ©]-&3fo] Ax9
ol o3t Nxd &5 2D Axd EZXAL 59 #E&S Fopstolof gt 7] Zol
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Fig. 18. Scanning electron micrographs of S. parauberis treated with strain

BK6 solvent extracts. A: Untreated, B: Treated.

s}k

K

o

;OO

1) DPPH radical &7 &4

3

il

"
)

O

o4y 1 F9 A DPPH radical &7 €4 H& v

A

free radical®l|

AR o

)

=

radical®l|

gl

3

K
< 24

=
)

\=]
U

s
A

ki3

g

?l_

9402

7}

B
=

o}

RS & ojste] A

&

4

Ho
=

3

</

el

¢

B

vzl

X

—_
fite)

o

%

H

vzl

X
e

I g omA & Aol EAio] &

of ]

]

NV
ah

%0

Ehl = A g2

EtOAc®} BuOHO s%=¥ 183 A

Alg &=

i

)

o]

2Aow, 5 mg/ml

KeX
=

244

o]

-

_40_



gtol S A|%E3t9 ot diethyl ether, chloroform 1]l
F=d =4do] ojug & EalHA FA7] WLl E AHFNA
S FYsA  EegtH(Data not shown). =Fo]  diethyl ether,
chloroform 123 hexane T oA FE¥ 529 24 9 54& =AY a7t
Artar A= E th(Fig. 21).
W FAI O] wE w g A HS BHEHo® oF 40 mg/mle] FEE FAEHSIE
e Z4s JEUd ol FAEMAA TRz AAs)
A AREAY, fujFEEo] SAEEAALD
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Fig. 19. DPPH radical scavenging activity of the strain BK6 solvent

extracts.
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Fig. 20. DPPH radical scavenging activity of the supernatant from cultural
broth.
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Fig. 21. Crude extracts of diethyl ether,
hexane and chloroform by solvents

fractions.
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2) Alkyl radical 27 &4

Alkyl radical® hydrocarbon reactiono] A %7] WS AP ER wWo] A FHr},
FpA Aol Abaol =W A H ks doju o] = free radical
of s & ¥3AHAe] methylene(-CHo-) 7] 258 FA2HUAHH:)7F &3 gl
w2} 7H Al (initiation) © ¢}, o] S &3] 4 ©7]& radical2+& -OH, RO-, ROO-,
HO» 5o 3 O~ HoOo= L AAZE ¥ o] gluh. FagF o o8
371 alkyl radical (R:)2 ZAA TS &3l dieneZ Bl = np¥] 31 o] A o] TA]
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cultural broth.

- 44 -



3) Hydrogen peroxide 7] &4

Hygrogen peroxidex= #4HeA| A o] S et o2 dHA Qe 3
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24. Hydrogen peroxide scavenging activity of the strain BK6 solvent

extracts.

100 4
90 A
80 A
70 4
60
50 1
40 A
80 1
20 4
10 4

a

Scavenging activity (%)

e

a 3 & b 12 24 36 48 a0 72

Incubation time (hour)

Fig. 25. Hydrogen peroxide scavenging activity of the supernatant from

cultural broth.
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7. A+ BK69] Biosurfactant A4 &

B. vallismotis BK6 1% A5 A8 acid Al 23] AAHE biosurfactant 2]
AdS A3 A °oF 6 g/v 2 ZAFEATY. T X< Rhodotorula sp. G-1o4 ¥
2] ¥l Biosurfactant= 15 g// & AAtstthal &dex 9lom(Kang et al, 1996),
Torulopsis bombicolaS W& Bl A4 A2 sophorolipid®] 90 g/ ¢ ol H|&}H
A Goli} o] ¥ 9] JEFol} fed-batch Ml T mEWHS MAE

20 ¥e 449 FUE AL dodn 44Ut B% FA@F BK6

nol'

o

jus)
_
0%

S FHEAS HYE AYAsteE viA E biosurfactant® HU 2 ABASE A=

SATF BK69 wigde] $tf-¥ biosurfactant’} AFA €A Fol o dF
A7l 5SS dot Raux w3ddes sS4 23E Fig. 2600 4

I A3} B. vallismortis BK67F A4+l biosurfactant tributyrins
1A 2 AMESE Al oF 275824 M =8 #EEAS Ei, 1 Holk

olive oil, squalene, kerosene, gasolined]lX % <zt S HITH whHo

P
flo
ik
o,
ftlo
s
32
)
oy
n

g

jop
=
1%

mineral oil, grycerin, paraffin(liquid)el A=
TBM 3101¢] #Hsts AWSHEALE tributyring 714 & AMESIGS o oF
268324 71 =2 #3184 HAavs Rael XA tHKim et al, 2007).
Hwang 5(1999)2] H alol 23} Psedomonas aruginosa JRT-40] 28] #n] 5
= biosurfactant”} paraffin 2 oilfFol ¥ FAo] ZAMHAUE 4 g9 Adte
ANE B O squalene 2 olive oilS 7| A2 A3 Aol FAME A9
ATt T3 kerosene T ©IEFAFE VAR ARSI A= Bacillus sp.
TBM40-3¢] Akt AH&Ad A9 49 FARATHKIm et al., 2004).
st ot olliF 5 AFESHAl 2 3A|
T sPEEOl AREE = oilt 2 AFE AR A7 7heAdol ZAMEACT o

e AT W FRe) 1AL Agele] FERYS A A7} vk Aladd
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tributyrins 7122 AFEAS wl 27 -1.23, 1.709] A E Ho] -31982 A}
¥ 2 sampleol] Bl3] =2 AdAAES HAT SHAINE FIEA S 2 AREG W
Sxo ™  Bacillus atrophaeus DYL-130¢] #H]|3}+= biosurfactanti= tributyrin<
ZIAZ SFE Al 1999 FEEAd T 9569 3t ES Ho FAITFT BK6
7} &H]38kE crude biosrfactant”t B 58S & ¢ AAJAHKim et al, 2005).

wek A B. vallismortis BK67}F 1] 8} biosurfactant” ol
st B oo Ao 9o A E BIAAT 2 f3Eds Ho AT

gt 7FA7F dvbal A2 ¥ W) biosurfactante] H A AALS 93 wjA 2AS A3

e
|t
of
>
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g o B biosurfactant’} AAME o] FEbAAdY dHS HE & F S
Zolgt 7]t ot
06 -
04 — 1
[z 2 —— =l T &=
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Fig. 27. Emulsification stability of various substrates by crude bioserfactant.
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Table 7. Stabilization properties of crude biosurfactant.

Decay constant
Substrates y

(Kd, 107)?

Squalene -0.6
Olive oil -0.27
Mineral oil -5.99
Glycerin -0.74
Paraffin(liquid) -2.22
Kerosene -0.9
Gasoline Q.91
Tributyrin -3.19

The log of the absorbance was then plotted versus time and slope(decay constant,

Kd) of the line was calculated.

Fig. 28. Comparison of the emulsifying activity with

distilled water and crude biosurfactant.
An equal volume of kerosene was added to
distilled water, crude biosurfactant and mixed for

2 min.
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3) SDS-PAGE

FAF BK6ol A 29 crude biosurfactant] A2 221314 tH(Fig. 29).
BiosurfactantE A Atsl+= Bacillus sp.©= YWHE o2 A E2F(4kD o] 3h)el 43}
+ lipopeptide®] surfacting A stAl ¥ +=dl(Georgiou, et al., 1992) Fig. 29}
ol AEAtel iAol Atk Yoon S(2005)] 28t FPLCA 28l
(AKTA)< o] &3te] surfacting 218 23 F 254 1,018 D3 1,036 D9
Aol FelE Tt e FA T BK69] crude biosurfactant2] &t & A 2}
g8 Holx &dd H(Data not shown)©] surfactino] G50 2= 5§ 77}
itk Haet A sth(Hiraoka, et al, 1992).

TATF BK67F A 4ol Byl =39 biosurfactant #AF=F3 &<l

o] 9lof] &t -3 AWFS YElE EEQ iturin ¥ fengycin®] AT mAE

116kD—>
97kD —>

66kD —3
45kD —>

29kD —>

S i)
14kD —>

6kD —>

1 2 3

Fig. 29. SDS-PAGE patterns.
1, 2, 3 Crude biosurfactant.
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AT BK6Ol thet &A8A eAd el 235 Table 89 YeRHAT. 1 23}

TATT BK6w R FAAC AFAdS BT IF Cephalothin®] 39.12

o

mm=Z FFAel 7Y =en, Novobiocin®] 14.85 mm=z 7+ v+ 7H44

ol4tel A¥Z B vallismotis BK6E U252 Probiotic? 22 v A E A A

2 ARg3tdA, Antibioticd] 2328 © 2 Probiotic®] 715S A & Aol A}

Table 8. Antibiotic susceptibility test of B. vallismortis BK6.

Antibiotics Inhibition zone size (mm)
Nofloxacin 21.97
Clindamycin 18.59
Cephalothin 39.12
Cipofloxacin 31.22
Oxolinic acid 24.66
Neomycin 24.05
Erythromycin 33.66
Pefloxacin 25.25
Kanamycin 20.92
Chlorampenicol 23.5
Oxytetracyclin 16.79
Flumequine 29.32
Ampicilline 18.82
Nalidixic acid 21.1
Amoxicillin 24.72
Gentamicin 23.2
Amikacin 20.05
Novobiocin 14.85
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8] Zo] 271 o Probiotics, &tA] %
W g AEo| H7bEE starter®= o] & Ha gt AZo|A 8% Bacillus sp.E
bacteriocin A} EZE EH|EHAl He=ul FA7IZAl Wt ribosomal =3 2}
nonribosomal =& 2 WAl %W, subtilin, coagulin ©] ZA}el| £33} fengycin,

surfactin, bacitracin, iturin group, gramicidins % ©°] $#}ol <3t} &3+ Bacillus

0

sp AEAHEA (Biosurfactant) 525 &% o2 At = EAHS 7HA L 9l
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vallismortis BK6= WWalrt IdEAS HU2 st est HAmdzds
AES A3 ©@A2UL soluble starch 1%, AU yeast extract 0.5%, NaNOs
0.5%, 7192 KHPO; 0.05%, NaCl 0.05%% ZAME e, v 25T, =
9] %7] pHE 8~9, WlYAIZHS 364172 ALY, dvrEde] 4 pH % 84
g Ay BAVE HUMEA @& izl Hl&| &4 HIbel A 156~20% S
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Zo] o]Fo] XA &kow ethyl acetate, butanol ZolA FE8 E2S 71 A
s S48 1 23 HarAl e Ing/mlE ZAE A oH) 37 kel A
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_53_



el

AT BK69] Biosurfactant?] AJ%

oJE A3} tributyrin

—
fite)

olo

ZIAE AL

KeX
=

olive oil, squalene, kerosene <=2 %

olive oil®e] 7}

A7}

W AEAEE

3

T
ot

7}

&

2499] of

!

_54_



V. 11

&

e

Arima, K., A. kakinuma, and G. Tamura. 1968. Sufactin, a crystalline peptide
lipid surfactant produced by Bacillus subtilis: Isolation, characterization and
its inhibition of fibrin clot formation. Biochem. Biophys. Kes. Commun. 31

: 488-494.

Baeck, G. W, J. H Kim, D. K. Gomez, and S. C. Park, 2006. Isolation and
characterization of Streptococcus sp. from diseased flounder (Paralichthys

olivaceus) in jeju island. J. Vet. Sci., 7:53-58.

Barefoot, S. F. and C. G. Nittle. 1993. Antibiosis revisited bacteriocin produced

by dairy starter culture. J. Dairy Sci. 76 : 2366.

Bauver, A. W.,, W. M. Kirby, JC. Sherris, M. Turck, 1996. Antibiotic
susceptibility testing by a standardizied single disk method. Am. J. Clin
Pathol. 45(4) : 439-496.

Choi, H. J., C. ]J. Cheigh, S. B. Kim, and Y. R. Pyun, 2000. Production of a
nisin-like bacteriocin by Lactococcus lactis subsp. lactis A164 isolated from

Kimchi. J. Appl Microbiol. 88 : 563-571.
Chun, J. Y., I. H Ryu, S. U. Lee, and K. S. Lee, 2000. Purification and
properties of anticaries microbial agent by Bacillus alkalophilshaggy

JY-827. Korean J. Appl. Microbiol. Biotechnol., 28 : 270-278.

Cirigliano, M. C. and G. M. Carman, 1984. Isolation of a bioemulsifier from

Candida lipolytica. Appl. Environ. Microbiol. 48 : 747-750.

_55_



Cooper, D. G.,, C. R. MacDonald, S. J. B. Duff, and N. Kosaric, 1981.
Enhanced Production of Surfactin from Bacillus subtilis by Continuous
Product Removal and Metal Cation Additions. Appl. Environ. Microbiol. 42
1 408-412.

Deziel, E., G. Paquette, R. Villemur, F. Lepine, and F. G. Bisaillon, 1996.
Biosurfactant production by asoil Pseudomonas strain growing on

polycyclic aromatic hydrocarbons. Appl. Environ. Microbiol. 62 : 1908-1912.

Dodd, H. M., N Horn, Z. Hao, and M. J. Gasson. 1992. A lactococcal
expression system for engineered nisins. Appl Environ. Microbiol. 58

3683-3693.

Fiechter, A. 1992. Biosurfactant: moving towards industrial application. Trends

Biotechnol. 10 : 208-217.

Georgiou, G., S. C. Lim, and M. M. Sharma. 1992. Surface-active compounds

from microorganisms. Bio/technology 10 : 60-65.

Heo, M. S, C. B. Song, J. H. Lee, I. K. Yeo, Y. J. Jeon, J. J. Lee, S. C.
Chung, K. W. Lee, S. Rho, K. S. Choi, and Y. D. Lee, 2001.
Characteristics of B-Streptococcus spp. 1isolated in cultured flounder
(Paralichthys olivaceus) of Jeju island. J. Korean Fish. Soc. 34(4)
365-369.

Hiramoto, K., H. Johkoh, K. I. Sako, and K. Kikugawa, 1993. DNA breaking
activity of the carbon—centered radical generated from
2,2'—azobis(2-amidinopropane)  hydrochloride = (AAPH). Free Radical

Research and Communication, 19 : 323-332.

_56_



Hiraoka, A., T. Ano, and M. Shoda, 1992. Molecular cloning of a gene
responsible for the biosynthesis of the lipopeptide antibiotics iturin and

surfactin. J. Ferment. Bioeng. 74 . 323-326.

Hiraoka, H., O. Asaka, T. Ano, and M. Shoda, 1992. Characterization of
Bacillus subtilis RB14, coproducer of peptide antibiotics iturin A and

surfactin. J. Gen. Appl. Microbiol. 38 : 635-640.

Hyronimus, B., C. Le marrec, and M. C. Urdaci, 1998. Coagulin, a
bacteriocin-like inhibitory substance produced by Bacillus coagulans 14. J.

Appl Microbiol. 85 : 42-50.

Hwang K. A, J. R. Lee, S. J. Kim, Y. S. Kim, and H. J. Ahn, 1999.
Surface-activity and environmental characteristics of biosurfactant produced

by Pseudomonas aeruginosa JRT-4. Kor. J. Appl Microbiol. Biotechnol.
27(2)  159-165.

Jack, R. W., J. R. Tagg, and B. Ray. 1995. Bacteriocin of gram-positive
bacteria. Microbiol. Rev. 59 : 171-200.

Jay, J. M. 1982. Effect of a milk product, fermented by Lactobacillus
acidophilus and with fructo-oligosaccharides added, on blood lipids in male

volunteers. Appl. Microbiol. Biotechnol. 38 : 17-22.

Jhon, W. M. and J. B. Mulders, 1991. Identification and characterization of the

antibiotic nisin variant. Eur. J. Biochem., 201 : 581-584.

_57_



Jung, H. K. and S. D. Kim, Purification and Characterization of an antifungal
antibiotic from Bacillus megaterium KL 39, a biocontrol agent of
red-papper phytophtora blight disease. Kor. J. Microbiol. Biotechnol 31(3)
 235-241.

Joo, G. J.,, and J. H. Kim, Optimization of large scale culture conditions of
Bacillus ehimensis YJ-37 antagonistic to vegetables Damping-off fungi.

Korean J. Life Sci., 12(3) : 242-249.

Kang, K. H. 1996. Bioindustry. Korean J. Appld. Microbial. Bioeng. 9(3) :
41-67.

Kang, S. M., C. S. Lee, and Y. C. Kim, 1996. Isolation of
biosurfactant-producing vyeast Rhodotorula Sp. G-1 and the biosurfactant
production. Kor. J. Appl Microbiol. Biotechnol. 24(2) : 185-190.

Kim, S. A, Y. G. Lee, Y. L. Choi, C. W. Hwang, Y. K. Jeong, and W. H.
Joo, 2007. Physiological characteristics of biosurfactant—-producing Bacillus

subtilis TBM 3101. J. Korean Soc. Appl. Biol Chem. 50(1) : 12-17.

Kim, S. H, S. C. Lee, I. H. Park, J. S. Yoo, W. H. Joo, C. W. Hwang, and
Y. L. Choi, 2005. Isolation and characterization of biosurfactant from

Bacillus atrophaeus DYL-130. J. Life Sci. 15(5) @ 679-684.

Kim, S. H, S. C. Lee, J. S. Yoo, W. H. Joo, S. Y. Chung, and Y. L. Choi,

2004. Characterization of oil-degradation biosurfactant produced by Bacillus

sp. TBM40-3. J. Korean Soc. Appl Biol. Chem. 47(2) : 170-175.

_58_



Klein, C., C. Kaletta, and K. D. Entian. 1993. Biosynthesis of the antibiotic
subtilin is regulated by a histidine kinase/response regulator system. Appl.

Environ. Microbiol 59 : 296-303.

Kluge, B., J. Vater, J. Salnikow, and K. Eckart. 1998. Studies on the
biosynthesis of surfactin, a lipopeptide antibiotic from Bacillus subtilis

ATCC 21332. FEBS Lett. 231 - 107-110.

Klaenhammer T. R. 1988. Bacteriocin of lactic acid bacteria. Biochem. 70(3) :

337-349.

Kratzschmar, J., M. Krause, and M. A. Marahiel, 1980. Gramicidin S
biosynthesis operon containing the structural genes grsA and arsB has an

openreading frame encoding a protein homologous to fatty acid

thioesterases. J. Bacteriol. 171 : 5422-5429.

Laemmli UK. 1970. Cleavage of structural proteins during the assembly of the
head of bacteriophage T4. Nature 277 : 680-685.

Lee, C. H. and D. S. Ha, 1991. A streptococcal Disease of Cultured Flounder ,
Paralichthys olivaceus. J. Fish Pathol. 4 : 71-717.

Lee, D. K., J. I. Lee, C. I Park, and S. I. Park, 2001. The study on the causal
agent of Streptococcicosis (Lactococcus garvieae), isolated from cultured

marine fishes. J. Fish Pathol., 14(2) : 71-80.
Lee, S. B. and S. H. Choi, 2006. Isolation and identification of probiotic
Lactobacillus isolates for calf meal supplements. Korean J. Food Sci. Ani.

Resour. 26(1) : 106-112.

_59_



Maget-Dana, R. and F. Peypoux. 1994. TIturins, a special class of
pour—forming lipopeptides: biological and physicochemical properties.

Toxicology. 87 : 151-174.

Mittenhuber. G., R. Weckermann, and M. A. Marahiel, 1989. Gene cluster
containing the genes for tyrocidine synthetase 1 and 2 from Bacillus

brevis; evidence for an operon. J. Bacteriol. 171 : 1881-1887.

Montville, T. J. and M. E. C. Bruno. 1994. Evidence that dissipation of protein
motive force 1s a common mechanism of action for bacteriocins and other

antimicrobial proteins. Inter. J. Food Microbial., 24 : 53-74.

Muller, H. E. 1995. Detection of hydrogen peroxide produced by
microorganism on  ABTS-peroxidase medium  Zentralbl  Bakterio.

Microbiologie and Hygiene, 259 : 151-158

Nakano, M. M. and P. Zuber. 1990. Molecular biology of antibiotic production
in Bacillus. Biotechnol. 10 : 223-240.

Nanjo, F., K. Goto, R. Seto, M. Suzuki, M. Sakai, and Y. Hara, 1996.
Scavenging effects of tea catechins and their derivatives on
1,1,~-diphenyl-2-picrylydrazyl radical. Free Radical Biology and Medicine,
21 : 895-902.

Park, S. K., Y. S. Cho, M. Y. Shon, S. W. Gal, and S. W. Lee, 2007. Isolation

and cultural characterization of antibacterial substance producing microbes.

Korean J. Food Preserv., 14(2) : 194-200.

Prapar, H. D. and R. P. Bird, 1984. J. Agric. Food Chem. 32 : 433

_60_



Roberts, M.S., L.K. Nakamura, and F. M. Cohan, 1996. Bacillus vallismortis
sp. nov., a close relative of Bacillus subtilis, isolated from soil in Death

Valley, California. Int. J. Syst. Bacteriol., 46(2) : 470-475.

Ryu, HO S, M. Y. Shon, S. J. Cho, S. K. Park, and S. W. Lee, 2007.
Characterization of antibacterial substance-producing Bacillus subtilis
isolated from traditional Doenjang. J. Korean Soc. Appl. Biol. Chem. 50(2)
1 87-94.

Shin Y. J., M. J. Jung, and Y. K. Jeong, 2000. Optimization of the production
of a thermostable antifungal antibiotic. Korean J. Biotechnol. Bioeng., 15(6)

. O84-588.

Shomura, T., N. Nishizawa, M. Iwata, J. Yoshida, M. Ito, and S. Aman, 1983.
Studies on a new nucleoside antibiotic, Dapiramicin. J. Antibiot., 36 :

1300-1304.

Song, J. K., J. H Kim, and E. H. Kim, 2003. Comparison of RAPD profiles
and phenotypical characters of Streptococal strains. J. Fish Pathol., 16(1) :
51-59.

Tagg, G. R., A. S. Dajani, and L. W. Wannamarker. 1976. Bacteriocin of

gram-—positive bacteria. Bacteriol. Rev. 40 : 772-756.

van Belkum, M. J., J. Kok, G. Venema, H. Holo, I. F. Nes, W. N. Konings
and T. Abee. 1991. The bacteriocin lactococcin A specifically increases
permeability of lactococcal cytoplasmic membranes n a

voltage-independent, protein-mediated manner. J. Bacteriol, 173(24),

7934-7941.

_61_



Vanittanakom, N., W. Loettler, U. Koch, and G. Jung. 1986. Fengycin—a novel
antifungal lipopeptide antibiotic produced by Bacillus subtilis F-29-3. J.
Antibiot. 39 : 881-901.

Woo, S. H, H. J. Kim, J. S. Lee, J. W. Kim, and S. I. Park, 2006.
Pathogenicity and classification of streptococci isolated from cultured

marine fishes. J. Fish Pathol. 19 : 17-33.

Yoo, J. H., 1994 Studies on the antifungal antibiotic produced by Bacillus sp.
SY-414. Kangwon National Univ.

Yoon, J. H., W. D. Lee, J. H Kang, J. S. Lee, and M. S. Lee, 2003.

Manufacture of Squid-Jeogal by the improved process. J. Kor. Fish. Soc.
36 @ 333-339.

Yoon, S. H.,, J. B. Kim, Y. H. Lim, S. R. Hong, J. K. Song, S. S. Kim, S. W.
Kwon, I. C. Park, S. J. Kim, Y. S. Yeo, and B. S. Koo. 2005. Isolation and
characterization of three kinds of lipopeptides produced by Bacillus subtilis
JKK?238 from Jeot-Kal of Korean traditional fermented fishes. Kor. J.
Microbiol. Biotechnol. 33(4) : 295-301

_62_



A 2

oo <
<H
o| o . Bl —
N% RO W %otwklﬂL,mWL ,|
@ﬂﬂq,%wﬂ@,zwuq@ﬂ
rEIEtg PT P T T ST
T T N T ﬂ@ooﬂa%won%édo%ﬂ%.1
0 0 Z..* —_ 0 O#E ol 4 — N0 wﬂ R = - Mwyl I ~ ‘Dr N
H%Luu,%dﬁu%%xﬂ Qoﬁx._qi,Qﬂ T R R
ﬁq%%%ﬂrd..#ﬁa{%wrmh@% ﬁoéﬁoﬂE.@HQﬁ - oz K
o = oo Mo - =i > = ~ X
ATazg%wa,ﬂmoamwz CEE T S 5 e TP
mh B W <P Ll o i _Mn BN om0 g I o Dﬂmuo sy b mﬁ o o G
ok <N % ogo o < N Mo My O do X AR ~ W T om W Mo iy
1o \ml _,AL HLO KL : s E e ol ~ R ‘_T E ~ o Of Mv_f ary . T
< ar.ﬂyoog_xxliouzﬂﬁ, o4 v P E S
oA 7%,mgo7L7mﬂ}1rﬂaw@1%%%ar§ Sw b
zTﬁWmmumwraoﬂﬁlAw%z;ﬂoﬁéﬂ {%H%mamo zﬂﬂ@%
s o T m} K- K- = " 2 —
oy Nyl ERS o) Mﬂ Mm 8% o N T o Wu = MT & o AR, H B o 2 o "
el —_ 53 o = — el X O — m o f i
7 ﬁiu@o rllﬂﬂiL B LTAWIA% R T
voeEs b aquMQlﬂquaﬁ_ T R o
N ~ ° Hpr_.u xcll S K o ~ B qO ~ J ~ - olF paa— e B b oy, H7| 2o T
1qﬂu@%wﬁvéoﬂ%%ﬂﬂ,ﬁm%ﬁ%,Mﬂﬁogw =5
Nm%umm@%ﬂxmﬁ%dmwmﬂﬂo,a@:ﬂ%m,% #ﬁ@a
N < A < xo I N Mﬂ = w ° ol B m o (N _Mo -l = o MM o e w U
ZT — ﬂ Zl ~ — = W Lf o T = . [ X o I EL ~ ﬂE st TR U..M
T T ._HoAvu@_d,_talMﬂﬂ%%%@ﬂ&, R X
w s T2 %woabénam_dwmoﬂ% _T,au%A%% o .4
™ <o I & % = R o oo T o s B mo < ol =) W o ™
e ERNC Xo N o zo Lo Fl 0 SRR TN ol T i = = ¥
—_— OﬁE n - ﬁﬁ == 0 ‘m ) o ZT . . ‘OI . \WD — ,EIL DT ! ﬂ M“D —_ ﬁo 0
R oo o ERE P q_:%_oaoZTLﬁo T T oo
=T N o H s do = mo IF o — 80 <° T ol B op
< A - = T o= 53 o F T T - Nb oo o o - X = o
X X° TH T o T o oo — oK <M o o c o o & o =t M T T u‘m =1
Al oo T o B T w5 Hou 5 W I 7o o e ey w < s o
IR — Mo = J ook <= T —— ) I e ou Hro - A = —~
<0 B Il 2 K — o B a H o o = - o TR
2 H 7 ,_ulﬂﬂ R = S5 ———CC R A= N IS
. ﬂl E] o o . T3 e W < ey Il Oo Ao A _ﬂ_rw o o T % CEEnY N ol - o))
o) Jaog_zogur%, g R T l,ﬂ%%%ulﬂ A
Ululxxm oy oaTamnduﬂoo .0 il ¥ ooT.o_/
aa%%%w%%ﬂ_ﬂﬂ T T %ﬂ_oawe._h%Ag;ﬂ@,ﬂﬂ
%Eﬁmm% %@ﬂ%%%%%muo%ﬂ#umcoom%ﬁfrgmaﬂ
5 MHL_/Mnmmﬂu o NE ;uﬁE:T S @mmﬂﬂ, =z 5 P @1 !
o ms X E 5 _ad Nr_@,ohxgﬂ%ﬁu ) 2 N
du =W T~ = e J& ol X dl WE o T T uU| 1 Wu B o N ron &,_v ~3 - o N
oA@zHMx,ﬁ};gg% < B
X AO ,_ﬁo =0 MO_I ;o_H 3 ,Ul ] Or.c R X < 1 EO OT‘_
uu%aﬁe_uwﬂwm_o@ﬂu%,,@
=R ol B T m T
o

3

o} 7] A]

=

=

Fol 414

9

- 63 -

o Fole o=
o]l & o= AoA A}

Tl

=3

E

ol A} AE



	Ⅰ. 서론
	Ⅱ. 재료 및 방법
	1. 샘플의 채취
	2. 미생물의 분리 및 공시균주의 선정
	1) 미생물의 분리
	2) 항균활성 측정
	3) 공시균주의 선정

	3. 미생물의 동정
	1) 형태학적 관찰
	2) 생리학적 특성
	3) 16S rRNA 염기서열 분석

	4. 조건에 따른 공시균주의 생육과 항균활성 검토
	1) 탄소원의 배지조성
	2) 질소원의 배지조성
	3) 무기염의 배지조성
	4) 최적 pH, 온도에 따른 성장과 항균물질 생산
	5) 배양시간에 따른 항균물질의 생산
	6) 항균물질의 안정성 검토

	5. 항균물질의 추출 및 생리활성 측정
	1) 항균물질의 추출
	2) 최소저해농도 측정
	3) 항균물질의 첨가에 따른 피검균(S. parauberis)의 세포형태 관찰
	4) 항산화 활성 측정
	(1) DPPH free radical scavenging activity
	(2) Alkyl radical scavanging activity
	(3) Hydrogen peroxide scavenging activity


	6. 공시균주의 Biosurfactant 생산검토
	1) Biosurfactant 조정제 및 생산량 측정
	2) SDS-PAGE
	3) 유화활성 및 유화안정성 조사

	7. 항생제 감수성 실험

	Ⅲ. 결과 및 고찰
	1. 미생물의 분리
	2. 미생물의 동정
	1) 공시균주 BK6의 배양학적 특성
	2) 공시균주 BK6의 형태학적 특성
	3) 공시균주 BK6의 생리학적 특성
	4) 16S rRNA 염기서열

	3. 공시균주의 생육과 항균활성 검토
	1) 탄소원의 영향
	2) 질소원의 영향
	3) 무기염의 영향
	4) 최적 온도, pH의 따른 생육과 항균물질 생산
	5) 배양시간에 따른 항균물질의 생산
	6) 항균물질의 안정성

	4. 항균물질 추출에 대한 항균활성
	5. 항균물질 첨가에 따른 피검균(S. parauberis)의 세포형태 관찰
	6. 항산화활성
	1) DPPH radical 소거 활성
	2) Alkyl radical 소거활성
	3) Hydrogen peroxide 소거활성

	7. 공시균주 BK6의 Biosurfactant 생산검토
	1) 유화활성
	2) 유화안정성
	3) SDS-PAGE

	8. 항생제 감수성

	Ⅳ. 요약
	Ⅴ. 참고문헌


