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SUMMARY

37 strains were isolated from seawater and intestines of marine fish at the south and east
coast, 3 strains producing antimicrobial agent were selected. 31 strains producing

bacteriocin were selected from culture fluid with research process 2nd and 3th.

And, ZEND, ZEN49, ZEN2013, ZEN102, VK24 and LK7 strains with wide inhibition zone
against 3 standard pathogenic bacterias were finally selected.

The selected strains were identified as the Lactococcus lactis subsp. lacits zen6b4,
Streptococcus (Para)uberis zen49, Aerococcus sp. LK7, Vagococcus sp. VK24, Lactococcus
lactis. ZEN102 on the basis of its morphological, physiological and cultural characteristics.
Produced bacteriocin on log phase was confirmed as a primary metabolite, it was produced
stably at 30TC.

Produced bacteriocin of the selected strains, ZEN5S, ZEN49, ZENZ2013, ZEN102, VK24 and
LK7 strains was showed antibacterial activity against  Streptoccus — aureus,
vibriosis(Listonella anguillarum) and edwardsiellosis( Edwardsiella tarda) associated with
disease in fishes. And it was confirmed applicable material in marine aquaculture by wide
range pH stability and thermostability. And also, antimicrobial activity of bacteriocin was
lost or unstable after treatment with protease and proteinase K.

Growth characteristics of bacteriocin producing strains were analyzed to confirm applicable
cost saving with the optimal fermentation condition and medium.

For the purification of bacteriocin, scale up process was studied on mass—produced system,
method of protein ultrafiltration and purification were studied for easy by using a PEG.
And purified bacteriocin with using cell adsorption method was confirmed molecular weight
as 3.50KDa by SDS-PAGE.

The mouse toxicity test was determined negative by over 25g/kg of bacteriocin.
Industrialization possibility was confirmed by field test that exposure flatfish to pathogenic
bacteria. In this test, flatfish of less than 1% as a control group were survived with
none—treatment, but flatfish of 50%6763% were survived with bacteriocin.

Therefore, marketability of developed bacteriocin in this study was supposed to be higher
value—added product with industrialization and high—purity purification.

Specially, limited antimicrobial activity of bacteriocin’s high specificity can maximize by
development of combined products. Through this research, we expect to launch a products

of broad spectrum as traditional antibiotics.
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[> Class I bacteriocins

- small peptide inhibitors(include nisin)

[> Class II bacteriocins

- small heat-stable proteins.
Class Ila : seems to involve disruption of mannose transport into target cells.
Class IIb bacteriocins form pores in the membranes of target cells and disrupt
the proton gradient of target cells. Other bacteriocins can be grouped together
as
Class IIc. These have a wide range of effects on membrane permeability, cell

wall formation and pheromone actions of target cells.



o)

-

JolTh.

=
s

=

T

s

g 2] 24l 2712

ol

=)
pal

T okt At

;]

]

3 FAgA L] Aol F2 WA} 2xteiAL AdEd

ol
Holrt.

| -
)

ot

- Large, heat-labile protein bacteriocins.
(<)

[> Class III bacteriocins

| -

)

th s}

ol E]-

%0 o} ™ of o M- B o
ol WoHp o X o T o
v 3 T o G
B 10 A
U )A M.ul E._O .WH_ M \W _.C._
o 1 gLl ) 2ok
O S R EU
s _ O _r_u,._ E_H = °
5 K o wy A L N o|J
P ) s <X
- )
gy TR T 9
EF AT GO
" G g
o oT o op A zo
Mo p B g N L.
_l —_— T ~ s
o & Jm. op w7 E o] X
oo K ! .l ol s
SHOOB W % oo
o o~ I S —~— o
N R S T o U
o 2 . X o ’H
_ K .A.._ wH_ _J._ ~0 _~ DT
2o w oA of ~ MO s
1] el N oo Jo2
@ T of o Wo % TR
2 w2l T
2 oo Wy fit = W
S T E K - do ol d Al
&
S mE 0| N uT olo © T oy
T B TS T o L
T o o R
o o oo, X o N C
R B = G O R
—_— 3 ¢] On_
8! - B o Bt X Jlo ]
i T = =wm X W= £
ol ofy _ N_ %o o - i o) w o
«% TEEERL BT BT
B % F © P K g o Mw
T whiEec Eglx
- ° - R o~ K
rlJ muo o R 2 G % ot %0 R
oy R RO RO W o) i T B F
D W R R B

=
(€]

=2 AE AHo|A|(bioregulator)E A o]-&o]

=

A
=

A ol w

AR

Zolrt.

| -

O med 2 IS

]E]-



712 714

1.

Bt

=
)

#7149 AAZRD opet

FEd,

3}

_—
o

o
y  TT

=

tc}

| Y

o] olslo] girt.

| =y

=

probiotics@}

19 chast ol

jui

=4
9]

- o] uf| Probiotics&o]|

©

g
'y

iy
o

of A AR =

THAAA T2

| -

)

Eo] g, ol
271783 o178 Aol 2

2

(€]
= Hgage

EYrA] ol A

i

(bacterial interference)@}

Ho]-'()‘

e

o

Ay

42 7Harh. ol

EZ A bacteriocin®

/8 & (peptide)

e

)

SEEDL)

Weissellicin

“

Glycinecin A”[1],

“

L bacteriocinsol =

ol
ey

HE| AL

o]

lactococcal bacteriocin[3],

;?_.

5

“two

s

o= AgHoz ofn]

”

| =y

=

Antimicrobial Activities of Lactic Acid

“

bacteriocins produced by Pediococcus acidilactici”5©o] Q3 9]

1107[2],

©

£}

oo



- Lactococcus lactis LMG 208104 2] ¥ lactococcin Go] WAE Q1 o] lactococcin G2
242 Al 788l peptide groupe] A}EF ol HFHS Uehles Jlo2 AT ol:
peptidesS Z+Z} q;:4,376Da, a,:4,110Da, [B:4,1092.F oF 35~39702] amino acid® FAE Y
T} Norway, 1992).

- [1]. Sunggi Heu, ' Jonghee Oh, 2 Youngsung Kang,Z Sangryeol Ryu,Z Somi K. Cho,? Youngsup
Cho,' and Moonjae Cho* 2001 gly Gene Cloning and Expression and Purification of

Glycinecin A, a Bacteriocin Produced by Xanthomonas campestris pv. glycines 8ra

DSS
kDa MW 5mM 1mM

Y™ '

66 M
45 '

31 W
21

Glycinecin A forms heterodimers

e —~55kDa in solution.

& u Purified glycinecin A was cross-linked by
(GIVCIneCIn A) treatment with DSS as described in Materials and
Methods, After cross-linking, each reaction
product was analyzed by SDS-PAGE followed by
silver staining.

- [2]. Sirinat Sr‘iormual,1 Fujitoshi Yanagida,1 Li-Hsiu Lin,Z Kuang-Nan Hsiao,Z and
Yi-sheng Chen' Weissellicin 110, a Newly Discovered Bacteriocin from Weissella cibaria

110, Isolated from Plaa-Som, a Fermented Fish Product from Thailand

M 1 M2
(Ao

45 kDa
/ SDS-PAGE analysis of purified
30 kDa bacteriocin from W. cibaria 110.
(A) CBB-stained gel. (B) Gel placed onto MRS agar
surface overlaid with L, sakei JCM 1157’. Lanes M,
20.1 kDa low-molecular-mass standards; lanes 1 and 2,
purified bacteriocin from ¥, cibaria 110.
14.3 kDa
6.5 kDa
3.5 kDa
2.5 kDa o




Inhibition spectrum of the bacteriocin produced by ¥. cibaria 110

Indicator strain Medium Incubation Diam (mm) of zone

temp (°C) of inhibition®

Lactobacillus sakei JCM 1157" MRS 30 13

L. sanfranciscensis JCM 5668" MRS 30 10

L. homohiochii JCM 1199" MRS 30 10
f_l&cl:grymforms subsp. coryniformis JCM \RS 30 11

L. acetotolerans JCM 3825" MRS 30 12

W. kandleri JCM 5817" MRS 30 10

W. halotolerans JCM 1114" MRS 37 10

. paramesenteroides JCM 9890" MRS 30 13
Leuconostoc lactis JCM 6123" MRS 30 11
" Wells (8 mm in diameter) were filled with 100 pl of supernatant from the ¥, cibaria culture., -, no inhibitory zone

observed, ” PBN broth (pH 7.3) included the following components: 0.5% peptone, 0,3% beef extract, and 0.8% NaCl, ]

- B AZEA L 7R lactic acid bacteria ¥5+5 Burkina Faso Fermented MilkolA] 2|3}
T}. Lactobacillus fermentum, Pediococcus spp., Leuconostoc mesenteroides subsp.

ofz tableollA e} o] WAL

flo

meseteroides, Lactococcus. Eoll4 B8] ol 4F5

Fof thgt 34d clear zoned ¥4ttt

Table 1. Inhibition of various indicator organisms by bacteniocin produced by our lactic acid bactena

Lactic acd bactena strains Indicator organisms inhibied Diameter of inhibition {(mm)
a1 Enterococcus faecalis 103907 CIP 12
22 Bacilus cereus 13269 LMG 10
23 Enterococcus faecalis 103907 CIP g
staphylococcus aureus ATCC 25253 L2
Escherictia coli 105182 CIP g
=4 Enterococcus faecalis 103007 CIP 10
= Enterococcus faecalis 103907 CIP &
staphylococcus aureus ATCCZ252593 10
Escherichia coli 105182 CIP 8
o6 Staphylococcus aureus ATCC 25253 g
a7 Enterococcus faecalis 103007 CIP a
=8 staphylococcus aureus ATCC 25253 10

- [3] Jon Nissen—Meyer,wHelge Holo, 1Leivsigve Havarstein, Knut SlettlEn,” And Ingolf F. Nes'11992 A novel lactococcal
bacteriocin whose activity depends on the complementary action of two peptides. Journal of Bacreriology, Sept.p.
5686-5692

-Characterization of two bacteriocins produced by Pediococcus acidilactici isolated from “Alheira”, a fermented sausage

traditionally produced in Portugal
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Lanel: peptide bands stained with
Sl Coomassie BlueR 250(40% ammonium sulphate
saturated); lane2: molecular mass marker:;
lane3: peptide bands stained with
Coomassie Blue R250(60% ammonium sulphate

| ; [ saturated); laned: zone of  growth
Jl' |'I inhibition, corresponding to the position
(A) Inhibition zone (B) Inhibition #one of

against L. innocite against L. frisoci

corresponding to the position of the peptide bands in lanel; laneb5: zone of growth inhibition, corresponding to the
position of the peptide bands in lane3., The gel in lanes4 and 5 was covered with viable cells of L, innocua
N27(approx.10 CFU/ml), imbedded in BHI agar. Incubation was at37°C for 24h,
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Forum on Fishery Science and Technology, Sep. 22~25, 2003.

Guangzhou, China, 110pp. Zhao, 2003).

7

aquaculture in China. 2003
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A2z2d A3 Asx 2 9y

1. A8x%
Aat Aldg MET AF, T BA upEL olAF Seld AT A URoyE
Listonella anguillarumo] ti3t BH+FANE 713 +F= ‘:'E]%]- o, oHHALEE AA

of| A F-o¥atl [istonella anguillarum?} Edwardsiella tardaZ A}-823}9itTh.

2. BacteriocindAl #F2] Fg 9 %A

7}. Bacteriocin®gAl 2] &3
(1) ZEN49 " ZEN102HF-2] &2

dutgog M 2 fFAbw iR E R OT  AHEE= MRS broth(proteose
peptone 10g/L, beef extract 10g/L, yeast extract 5g/L, dextrose 20g/L, polysorbate80
1g/L, ammonium citrate 2g/L, sodium acetate bg/L, KoHPO, 2g/L, MgSO; - 7H.0 0.1g/L,
MnSOs - 7H,0 0.05g/L, pH 6.5¢ 0.2)F AFste] 2 Apabgels Mas mAdEe o|sety =
Be Barstadr). Aiulerg wiAEs 1.549] agarS T RS agar WiAIE TEo] Ar) 9
stock ¥R ZE o]&3}Ydc}t E FAMREAEAEAENE 2A517] 28] 0.01% Bromocresol green=- MRS

agar ¥iZ|of EYsto] A Eui=| = AHE-stelTh

)

7t A2E AR B RS E2F SRR QAR F ASY 1S 25 10°742] 345t
50142 L. anguillarumz}t 37 LBujZ[(Table 1)of 504£% Z=tsteict. 30°CofA 37t vjjers}
of & colony Fol|A inhibition zoneE UEhYE colonyES 2|5t ch(20). 22|38 5=
HAME B3l =4 £@l3 F Toothpick W& T8l L anguillarumol th3t FBEE
sfom, Rl 2ol ol ol8s Y 2 WRWES AL IFE

ol
Elslol 0 [K7 strain 22]& 98 v®] ZAA2 Table 12} Zirl.
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Table 1. Medium composition for LK7 strain.

Nutrients Contents(%)
Tryptone 1
NaCl 0.5
Yeast extract 0.5

-Agar powder was added with concentration of 1.5%,

-The medium was sterilized for 15min at 121 C.

(3) VK24 T3] Hg
7+ 228 o] F B AIRE HF Z2FSE 10° 107, 10771=] 3]AIste] TCBSHRR] (6)ell 100

A2 =bsto] 25 C oA 244 7F vjokst & AAHE colonyES L. anguillarume] =¥ A

—
oo

Bz ol ToothpickS AIA|3}ed inhibition zoned WEIJE colonyS w&|5}lgict gt 5
L3 BUUS B 4 BT T BT 2R AU olgH 4T 2 BTBAL 7

A #FE 2 Adsielct

VK24 strain =85 9%t vx] ZA L& Table 22} Zc}.

)

Table 2. Composition of TCBS medium for selection of VK24 strain.

Nutrients Contents(%)
Yeast extract 0.5
Proteose Peptone 1
Oxgall 0.8
Sodium Citrate 1
Sodium Thiosulfate 1
Sucrose 2
Sodium Chloride 1
Thymol Blue 0.004
Ferric Citrate 0.1
Bromthymol Blue 0.004

-Agar powder was added with concentration of 1.5%,

-The medium was sterilized for 1bmin at 121 C.
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L}. Bacteriocin A3t #5+2] &
)z HAUE FF2 AL 95| A=} u| A (Transmission Electron Microscope ; TEM)o]|
ot welehd Pzt Austd, el 2 Gord B4 5 b 23 BAS

“Bergey’s Manual of Systematic Bacteriology” (1986 % volume, 2)of wjgtem, 16S rRNAL]
sequences w=A3}7] 504 16S rRNA Sequence primerS =¥8rF A HA9H2-(PCR)o] 2J3] &
Z3lgdct 2 FEAoax 16S ribosomal RNAS 2|3} Primer sequence= SolGent’s primers =
27F(16S rRNA(5°->3") : AGA GTT TGA TCC TGG CTC AG)2} 1492R(16S rRNA(5°->3°) : GGT
TAC CTT GTT ACG ACT T) & AFE-3tolth ol= M9 16S rRNA F-J=pe] A2 2|2 47|
A9E 5°-GAGTTTGATCCTGGCTCAG-3" (@71 $1x] 9~27 X ¥), 5’GGTTACCTTGTTACGACTT—S’(°§7]
A 21A] 1523~1542 =)ot} ztzte] Fe|doE FE 531 F G DNAE FFLE
A}&-319itt. 16s rDNA sequencing?] ZAZ}E E38), BLAST searchdto] A=Ad& H|235te] A5}

oot

= Aol A" 5 Aerococcus sp. LK72] Alth= LB vl E AH&-Sto] 30 CollA 2447t
v okst T Al ol A1235}913, lagococcus sp. VK242] At MRS/NSS vix|(Table 3. )& A}&
Sto] 25TColl A 24x17F wfefgt F Aol AREsElvt Le@|al ZEN49, ZEN10Z2 2 J|EltF=
MRSui=[of] 30°Coll A ujefste] Aol ALgstact. #+58 F7] HAS 915t 15% glycerol
& A7Vste] -70ToA &ZH HAstrh

Table 3. Composition of MRS/NSS medium for growth of VK24 strain.

Nutrients Contents(%)
Peptone 1
Beef extract 1
Yeast extract 0.5
Dextrose 2
Ammonium citrate 0.2
Sodium acetate 0.5
Magnesium sulfate 0.01
Manganese sulfate 0.005
KoHPO,4 0.2
NaCl 1.76
NazSO4 0 147
NaHCO4 0. 008
KC1 0.025
KBr 0.004
MgCl, « 6H20 0.187
CaClz ¢ 2H20 0 041
SrCl; « 6H20 0.0008
H3BO3 0.0008
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3. Aol 2 Y B

7}. Bacteriocin At #F2] S 54

e AL Spectrophotometer(HITACHI  U-2000, Japan) ™ Microplate

T2
reader(Emax-Molecula Devices) AF&3}o] ZFzZb 600nm, 595mmod] A
pH ZAS oH METER(HORIBA, F-55)7]E A}&ste] AlA|5boch  pH

S2K712, Japan)% A1gste] Alalstect.

=
4% FY=E uehdct

N\ _11>4'

[e]
AL pH METER (ISFETCOM

L}, Bacteriocin g4t #F2] ¥ BY 5%
T3] a4 A =S 98| M luteus, E. tarda, S. aureus, L. anguillarume] = F|
o] Q)X LBuJZ|of] bacteriocin A3At #+F2] v 80-10044E paper disk(Advantec, Toyo

Roshi Kaisha, Ltd, Japan) & ekl 20-3045 ¢Smm hallof] AEste] ZF Hd A2 S

4. LK72} VK244 57} 234Y5l= bacteriocin®] 573

7}. Bacteriocin®] 43X}
(1) BacteriocindAtAF2] vjjoF W vk A

LK7+#5+2] bacteriocin@4t2 LB(triptone 1%, NaCl 0.5%, Yeast extract 0.5%)oflA4 30T,
24X7t 180rpme. T ZEMjoFslel s, VK244-5-= NSS solutiono] 7} MRSuix]of HEs}o]
30CollA 24417t =] ufetstolrt.
ZEN102 H3F2] 3ol A8xre BHI, MRS wix|2} BPGWA](Glucose 10g/L, Proteose
Peptone 10g/L, Beef extract b5g/L, Yeast extract bg/L, K;HPO, 5g/L, MgS04. 7H,0 0.3g/L,
CuS0; 5H:0 0.01g/L)E ©]-&3te] 30T, 24A7t Ft wietste vlee]l4lE& #E3513lrh

(2) Bacteriocin®] A &3
Bacteriocino] EZE o] gl wjokelg 7,000-12,000rpmol A 20 Fot AAEalo] 23t A
e 100CoIA 10-2027 A 25t 0.2-0. 45ume] LE[S A}Lste] ZAS A A
2 I ASWS |\ Juteus, E tarda, S. aureus, L. anguillarum®] = E|o] Q= LBujxz|

2} BHI ®fix]ef] paper disk &< ¢bmm hallol] HE-& F3HA clear zoned FHelslair}

L}, Bacteriocin®] 573

(1) pH ¢+&~Ad

pHoll thgt <tFAHE HAESIY] oshA 2zt FF uijoked 100ueo] pH 2. 0004 pHIl. 07} Z =



B3 bufferE 112 71t 4ColA 1247 AA 23 vl }E FABEY S FHsIATL
olwf pH 2.0(1M HCI), pH 3.0~6.0< 100mM citric acid buffer®, pH 6.0~8.0= 100mM
sodium phosphate buffer®, pH 2|3 pH 9.0~11.0-2 100mM sodium carbonate bufferE& o]
gsoict
(2) % or

Bacteriocin®] Qo thgt tAE S HESIZ] 215t 10T- 100Col A 30=-3A] 2t
121ColA 1582 WelolA] 22 dHelg ohg BE WRBHS FASHATHA),

(3) Z&o|2of thglt ok
Bacteriocin®] Z<&o|2of tff3t d8k2 <lolB 7] 25l Z+E Z2LHo|2F bacteriocinoe] &
Hstel Bhol 2ol HEFEES IXIOMOE BRI 4TolN 1247 AXel T Y2BAES 27

stol F4ol ol Thy FFe AEsATh

Bacteriocin®] ZA iAo vzt 8¢S dolrr] 9Jste] TAAAE HIlste] A i
o HFEEE IXI0M2R 2T F 4ToN 1247 FH2 F AE YFBLE FH &

2A =7 FEHAGol nAe 4TS A =St

(5) Bacteriocin®] # 4 A3 v%

Bacteriocin®] %|AAA|E=(MIC)E ZAASI7] 213 bacteriocin AdAF FF2] njokel S HF
FTHTE BAste] HdFt 1:1 HI&E 256CollA] 24417 9kg AJZ1 F LB ALAuiA| o =5t
of 25CollA 247t wjetstal UElet L anguillarum®] colony &
bacteriocin®] |4 A3l w2s ZHES|IACE

EZ 2FAE v 2] Al S 2357 2l A 160/ ml) 52 FEH FF
T2 20 Yo E 717t 80-0u/me2] BE FEolA HHF2} 1:1(1008: 1004£) 2 WE-S A]
58

Z1 = 96well plateof|A] SH=(0D: 595nm)S ZASlo] FH 4 AHilsrZES Eelselr].

A
L R DERE E‘?‘AOH Y A AR A Ao Sl A B4

a-amylase 18|32 AMXEXH E3] &

e}
[0]
e}
n
—e
i=)
-
2
~
n
—e
i=)
T
=
(@]
S
@
jai]
i)
s
,d
j.‘i
(il
i
ol
==
foi
= p ©
@]
jai]
o
ol
jai]
[42]
o

lysozyme% 20mg/ml == F 5’%—’,5 Bhef 2] Q.
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¢ls ThA] 522t 100TollA @] F ezl FEiof i3t

‘
olo
>
N
fd
Fol
o
it
i
oX
o

7}, VK24+571 AB413t= bacteriocin®] =

S wiestal wfeyel 1LE 6,000rpm, 30, 4TCE HAlEelste] 2 A5d9& 542

21_355}0‘] 200ml 2 F=3toict.

Ammonium sulfate saturation

)
=2 ufjokol S Ammonium sulfate 60%, 80%, 100% *E3}==of X bacteriocing 3 2 A

(3

k)&‘.

L}, Bacteriocin®] A
(1) Cell adsorption methodZE ©]-2-%F bacteriocin®] AA|

Peptides] ME¥ % 542 ol8sted 74 7ol A4 pHol WE HA A EHAL
ARSEE wjFAe] bacteriocins®] 5 23211% AEstATHI6). BA A £
ol ujoFele] pHE pHE.0-7.02.F ZAS}e] AWAME bacteriocinsS ZF FH| 2] AExo] Z 3
Al715L HBAlEelE F3l bacteriocinso] %5%401 o= #AE B4 T vhE 1M NaCl(pH2.0
by H2P04)& o] &3}o] peptideE oA 2| X]|# bacteriocinsS #4315 SDS A7 AF %S

Ssi 2hzhe) Babare st

(2) DEAE-cellulose column chromatography

Ammonium sulfate 80% XE3}xsTo A HAH bacteriocing 20mM phosphate bufferg-of
(pH7.0) 15ml1 % 83421 F, o]Z phosphate buffer (pH7.0)2 % & 3}A]Z] DEAE-cellulose
columno]l 0.1M, 0.2M NaCl 2 stepwise®E Z7IX|Z|H A 0.34ml/min®] F<4 2% fraction® 5ml
W 82T} o5 & BATHOl Yt BHS Hol BAAZE Bl £33 ATt

1=

6. Bacteriocin®] H7F U FEx}7F

i)
o,

7}. Bacteriocin A&

Wizl A 2ko BSA(bovine serum albumin)E EETtWRA T x}8-3F Lowry protein assay?]
| 2ls] ysteivt. BSAE EEthUAE sl ZZt H=Z 100, 80, 40, 60, 20, 10 ,8
, 2, 0 wg/ml ==} 5lo] 96well plateo] 10ug #|5}o] B. f solutionE 200xg @31 527t

& microplate reader‘7]§ 596nmof| A & A3l Ak ZbAdstolct, 2ZhAdsh vhalza A

..d
o~ IE

s

o O

olo

LY
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0.6 T 0.9

V= 0.0111%+ 0.240

R2=0.9922
T 04 - r06 g
o / ¥= 0.0047X + 0.3037 2
.:'_". 2: iy -\_..
7 0.2 | RZ=0.9985 0.3 Q
0 0
o 20 40 6o 8o 100 120

BSA conc.(ug/ ml)

BSA standard curve
L}. SDS-polyacrylamide gel electrophoresis
AAH bacteriocin®] SDS-polyacrylamide gel electrophoresis (SDS-PAGE):= Laemmli®] =}t

Hol| mhel 16% gel & AHE3te] ImAE 1A ZF 30+ F¢F A7 E sttt A7|d&5T F gel
0.05% Coomasie brilliant blue R-25020.% < M3slo] lAIX| T}

AEF 2714 24 e ok WHstel wueleal TF BUL ANSHS ZENIOZ strain

0.1N NaOH 2} lactic acid &t8] A AS E3) lactic acid &k =& 2 3slgdct 0.1
NaOH 4% 2} 0. 129 =2EE ]l 898 wtSo] whAlT wlAay X35 0, 4.5, 9, 18, 27, 36

£ #15te] 96well plated] Y3 F BFol 26uo] FEF FFH4E 7Hstel 0D(495mm)olA
%% it

ZENI02Z WRepstel AZIHEE 92 7} sanplec] 5wl B|4stel $-2l7t ol 1 L 9l 0.1N
NaOH 3615 3 7}F 0D(495nm) 32

=
=
Aol thiste] f714 B H4 starh
8. UAE ol g AEe] BY UH

7b. sieet telel Al E52 Y ou] AF

=
3l samples zRF|sto] 1000401 5= 2 AAR wele]eilE 1 F7iste] st ¥HE
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o colony=

to] plateo] E=ts

15

100 #

5.
5

=R IR U

L},
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18.).

"EokTh(2010. 08.

500mte] £

=
=

8cm)

anguillarum,

3¢ vj
96well plateo] Total

Listonella
13, o7l 2} s=FAS

aureus,
2 ZEN102, ZEN49, LK7, VK24

Streptoccus

Micrococcus  luteus,

A FLZ

3to] 300

=
=

=
=

Edwardsiella tarda

w7} 25lo] 04544 filterE o] 2}

< &

15

2
Z

L.
=

te] =A< 5046(0D 595nm: 0.2 4+3)

§ 0, 5 10, 20. 30, 50 %

5
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3

= 20000 T
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Table 4. Schedule of flatfish survival rate test

L=} v £ ZEN49 ZEN102 ZEN24 ZEN77
99 ! | == A=x 12 (md) 10 20 20 30
9¢d13Y | == AHZEZ 12} (md) 5 10 10 15

L. angguillarum(1ml) 0 0 0 0
913y | 2AAH
E tarda(lml) 0 0 0 0

9. AAEL 54 A9

7h A" AR
Hlol et A7 GMB A 52| 500L WEI|E o]-83sto] ZENA w55 vy

ds FAUZSI 0.5g/7] tablet JE)Z P sto] APol ARgstalct

o
0%
”
[

>,
offt

T E u|3stedcth AlA|Z(zend9) 0.1g/ml 22 A5t

}‘6] &

2 A5 33l 0.2 filter® o]z} F APo] L3}
7

2.

—

T} oize¥ 100, 10, 5, .7, 1.3, 1.0, 0.7, 0.5:F 2}7} 215t XA|F (M. luteus)

§3to] 2 volumeo] 1mE] =% dte] 307 30T -27]o]

A Brg-S A Zit}, WEE F 0.7% BHI soft agarol 100x8 #|3to] voltex dtof plateo] &3]3l

30 CollA 1242 o] A} njjer T BAHE|E= colony 5 Z335lo] A o F-E gietsialr]

2) AAE Hdol upE

AAEL 0.0, 0.5 1.0g FAE 215l 10nle] ¢ F AHEE B3] A9 3
=

Adrt. 7t FEEE 5 B wE XA (M luteus)
=
=

e

].

2

ol

].

ol

85 cololy +& &%
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T2

el
=4

tod thze} A
717k 74 1AL, 2xE 717he e

5

12 2 20ubely 7oy

th

4

e
1
]

of NAES Fol sttt AAEL

e
o

A
.=

ol

t

279te] Aol A

0.14mg X 20g = 2.8mg/7RA]

Fol7l ¢

il

2.5mg/50ul =22 FA}7

ATTole

il

5.0mg/100ul ==F FA}7

EN

H
=
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B A AL B WA (prpgel, mBgel, zvlEe(Fel),
ote] si4 W FHAE F Bol(ohti), H |
o], 9o}, 8, Wi, Sao], Eefule] U =537 W AE
] ZFo. H.a1d
2 AN B B ClrT 2ES Fele) U (Floh e <)
7 o|lE9%] ol3lsld ExAo =lm A 5}od
al ]e“] ]E}“l“l = 0= Léol'o:] I_]QOM 1‘]@/’%]3’510543 :_E—!'
ot (Bel® e Hohst Adstz, 0.8%
4 A5 3 Fet A2 F=E e
&S At Int AdelA s + 1glZE 7 E}/gSBa
S

3L 25ColA 18h A7t uloF & BCPujA|oflA =
g o2 Wsl= colonyes wrweldt 23 Aty =
(A =]l Toothpick)
37%2] colonyE dATh
colony?] ®wierE& 2J3fr] Uuid o7 \

[e] 1
U [-Abd

£/5= MRS brothE

agar Wjx|& RwtEo] Atf

A2 HeAos i}
AHgsto] & A7t
AR ul RS o|sheby 54g BASATH Ak s AL 1.5%¢] agar
I stock WiR|E o|&3}edct =
0.01% Bromocresol greend MRS agar BiX|of] Z&lsto] AHuz|E A}L35hgc),

E gFE ZFHS 95t ofF HUnQAEe

3

13 #F A

ol

o
LR

(Clear zone A H#+F

AU L

Bjere 1% NaCle] &7} Mueller Hinton

Broth &-& Brain heart infusion(BHI) mediumE ©]-&3}o] ujekstgdct. AHE njBEL 3t

g 27 AL 1% NaClo] H7HE MRS R uRx S AHgsteich

Table 5. Selection strains(37colony).

Fish Colony name

L2n] (Greenling) LN1, LN2, LN3

Q2 Ao} (squid) LO1, LO2, LO3, 02, 01

o] (Flatfish) K1, K3, K2, LK1, LK2

2-= (Jacopever) LW1, Lw2, LW3

H2to] (conger), LAl, LA2, LA3, LA4, LAS

E3to] (Stone Flatfish ) LS1, LS2, LS3, LS4, Sl-a, Sl-b,

S2, S3, S4, Sb-a, S5-b, 6, S7, S8
MI, M2
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Microcoecus lufeus  Listonela anguillarumy Edwardsiells tarda Vibirio valificus

ol utA

lo

2 QHolFel AHOT YW FE VFFATNY o BYAMolq Barg ol

t}.

LY
b

N

].

ol
32

Vibrio ichthyoenteri (FP4004) - Gram negative
Listonella anguillarum (FP5208) - Gram negative
Streptococcus iniae (FP5228) - Gram positive
Edwardsiella tarda (FP5060) - Gram negarive
Staphylococcus aureus - Gram positive

Micrococcus luteus (ATCC10240), - Gram positive

o|W(E tarda, V. ichthyoenteri, S.iniae, L.anguillarum )& 1% NaCl BHI agar plate BjX]
off 2004 =Rt Zp Zed #FF oF 1247 w7 oufjfel Im¢ st A Ee
(10,000rpm, 2min. )%t i?: Aol o z2]5lo] 2zt AM=ol S Paper disk(#8mm)of 1008 F-o 5t
25Coll A v A1 L clear zone?] A7|E H| sl FA|-FEE FHelstalrt.
colonyol] thdlod= 16S rRNAL] A7|H S BAsle] BEstd Atk

2
2astel S Solde BAstort, AME F3ol thste] 165 rRNAS] sequenced 2

= =0
A15}7] 21380A4] 16S rRNA Sequence primerS £¥tg{ A AMNES(PCR)o &3] Z=Z-s5}9lc).
w2 FEAXofA= 16S ribosomal RNAE ¢]3%t Primer sequence= SolGent’s primers = 27F(16S
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rRNA(5°->3°) : AGA GIT TGA TCC TGG CTC AG)$#} 1492R(16S rRNA(5°->3°) : GGT TAC CTT

GIT ACG ACT T) & AF&sidcTh ol& A2 16S rRNA FRAXI] HAH 2|2 @7|xMd

5 ‘-GAGTTTGATCCTGGCTCAG-3 ' (@ 7] 1% 9~27 =), 5 GGTTACCTTGTTACGACTT-3’'(@7|AMd

212 1523~1542 x| )o|t}. Z}7}e] el o% FE 53 F dAA DNAE FPL=E AL
d

) o
=
steich. PCR Mge] 2zt MS2AL 3718 Fold MBH 27 SASHA Atk

¥ Sequencing contents

ABI prismTM BigdyeTM terminator cycle sequencing Ready

S i ti
equencing reaction reaction kit V.3.1(Fluorescent dye terminators method)

Sequencing product -
q O g'p MilliporeAl #|= - montage dye remove kit
purification

S i duct
equencing procuc ABI 3730XL capillary DNA Sequencer (36cm capillary)

running

¥ Sequencing preparing

: please prepare below by each template

(D plasmid : 150-200ng/ 1

) @ PCR product : 15-20ng/ 8

concentration (@ BAC, Fosmid, cosmid : 600ng-800ng/ L

@ Bacterial chromosomal DNA : 600ng-800ng/ 2

Template

1) Dilution of primer

Primer We use b pmoles per reaction,
concentration 2) Primer design

Tm of primer should be above 50°C.

) e 31 #ol viRt 7Y AF

=g|- =5 317 FFoA HIFHEAEE dolR: AlHo|A] Gram positive strain
Streptococcus iniae®} Micrococcus luteusol th3s] A s|HS FAASI= Zlo] I or}. EIH
Lactococcus lactis subsp. lactis KCTC2013732} H]XW Aol S iniae, M Iluteusol] =
sito] WA= At o] F vhF-Eo] A¥HolA S iniaed] H]|Slo] A s{Fo] HAYIIA FE He=
M luteusE ©o]-&sto] B W o7 o APS A3Ystadrt

Table 20X = FFol w2 HiA] Hold ASHETE AAIstsict. MRS} Hinton wWiX| & thd
o 1NaCl M7HRTol whet 24 WS AAstAch 7 S wAlol A et T S

stAEAd S sty 2|3 Fig loHds 92 HF71 Streptococcus iniae} Vibrio

-11
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Table 6. Selection medium for antimicrobial strains

&= =] AAt

Strain NO. Strain name Acidity - - ZS} ﬁHHX]
MRS 1%NaCl MRS Hinton 1%NaCl Hinton
zeno1 Pediococcus pentosaceus yes suitability suitability X X 1%NaCl MRS
zeno2 Weissella viridescens yes suitability suitability X X 1%NaCl MRS
zenos Lactococcus lactis yes suitability suitability X X 1%NaCl MRS
zeno6 Lactococcus lactis yes Slow Slow X X 1%NaCl MRS
zen10 Leuconostoc pseudomesenteroides yes suitability suitability X X 1%NaCl MRS
zen13 Kocuri rhizophila yes suitability suitability X X 1%NaCl MRS
zeni4q Carnobacterium maltaromaticum yes Slow X X X MRS
zen16 Leuconostoc pseudomesenteroides yes suitability suitability X X MRS
zen1y Lactococcus lactis yes suitability suitability X X 1%NaCl MRS
zen19 Carnobacterium maltaromaticum yes Slow X X X MRS
zen21 Carnobacterium maltaromaticum yes Slow X X X MRS
zen22 Carnobacterium maltaromaticum yes Slow X X X MRS
zen23 Carnobacterium maltaromaticum yes Slow X X X 1%NaCl Hinton
zen24 Carnobacterium maltaromaticum yes Slow X X X MRS
zen28 Lactococcus lactis yes suitability suitability X X 1%NaCl Hinton
zen32 Carnobacterium maltaromaticum yes Slow X X X MRS
zen33 Carnobacterium maltaromaticum yes Slow X X X MRS
zen34 Carnobacterium maltaromaticum yes Slow X X X MRS
zen3s Carnobacterium maltaromaticum yes Slow X X X MRS
zen36 Carnobacterium maltaromaticum yes Slow X X X MRS
zen3y Carnobacterium divergens yes X X X Slow 1%NaCl Hinton
zen38 Carnobacterium maltaromaticum yes Slow X X X MRS
zen39 Carnobacterium maltaromaticum yes Slow X X X MRS
zen49 Streptococcus parauberis yes suitability suitability suitability suitability MRS
zen50 Kocuri rhizophila yes suitability suitability suitability suitability 1%NaCl Hinton
zens1 Staphylococcus epidermidis yes suitability suitability X X MRS
zen52 Kocuri rhizophila yes suitability suitability suitability suitability 1%NaCl Hinton
zen61 Enterococcus pseuavium yes suitability X X X MRS
zen62 Enterococcus pseuavium yes suitability X X X MRS
zen63 Streptococcus parauberis yes suitability suitability X X MRS
zen64 Lactococcus lactis yes suitability suitability X suitability 1%NaCl Hinton

Fig. 1. Comparison of the selected strain growth and total protein production

e [my) ()
= = =
| |

Relative rate(-h)

ra
]
|

Specific arowth rate(-h)
TP Production ratei-h)

a0

B0

- 40

- 20

{y-)a3e. uo1yanpoad 4]

Zenl?2 Zenl5 Zenl0 Zenld Zenld 7end? Zendd Zenhl Zenfl

Strains
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5 7 I

Rl F7974  origin_wems 1WA
Weissella viridescens yjc} f zen02 1%NaCl MRS
Lactoccocus lactis vjcl i zen05 1%NaCl MRS
Leuconostoc psedomesenteroides vjcl i zenl0 1%NaCl MRS
Kocuria rhizophila yjc} i zenl3 1%NaCl MRS
C.maltaromaticum vjcl i zenl4 MRS
Carnobaterium divergens D& e zen37 1%NaCl Hinton
Streptococcus (paraluberis D& e zend9 MRS
Staphylococcus epidermidis D& e zenbl MRS
Enterococcus psedoavium vjcl f zen61 MRS
Note: = f : Flatfish, e : Japanese eel, j : Jacopever

Fig 2. ol B o] 3tf2t8-o] dojd 7% paper disk F+H o] clear zoneo] ¥/ J=|=ul ZEN49
732 A9 streptococcus iniaed] VL3V streptococcus parauberiso|Tl. o]} Zio] UnEA
el antibiotics®t= W] bacteriocins?] 729 ZF2 genus T2 familyollA] AT 7AA|317] 9]

=2E O5 I550A 3te Zlo] Hrt wE ¥Holet & 5 g& Zlojth

o

5 imige — 12R V ichthyvoenten- 12

Fig. 2. Antimicrobial activity against pathogens
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AdollA Rsl, Fd, SI7A et drhe] si+E samplingsto] MRS wi|oflA wjef F

of w2l 45 Al BES ASstol LS AdEstalch
al

o>
>,
— mx oo -z
2
2
n
ol
o

P2 HHEH sample 1087§E MRS uj=|oflA] wveFA]# witH sampled] 45dE& HilEz]
F 100TolA 2027 JZel F 1% NaCl BHI wj=x]of Awjorgt HUdF 1ml(7.8x10°)Z freshgt
1% NaCl BHI ufz]ef] HEg F s8] A2 F 7] 2A12 vlg] A -Zujts gste] HUH
o] Aol o] Folx= & AT F 108742 22 samples WU vt volume H|EE
1:2(v/v)E Z3ste] vl Azt e d& o nx& J3ks #Astyr]
dxpH oz Hib s qhujrie] 96pointE WA LE APE AAsIdL EZE 12708] sample
= o3 Y

I j=
o7 AYES AYstorh HYolM= Fig 3olA He viel Zo] bF2] ¥+
g

Edwardsieila tarda

] Tl T T T T T Ry T W T
3 5 7T 9 11 135 17 19 H i 5 ST 61 & TR TS 7T 9 81 B3 85 &7 &% 91 %

a2

21

a1 71 TIMNTS 77 FOUREl g3 EONET 89 91 43 90

Vibrio spp.

a1

T S e
5 7 9 11 13gs 17 1@ A 397?37‘57??‘33183556?&9919395|

——— e — _ —|
a1 — e — —
% i1 13 15 17 18 2H B 4 43 5 T@8 51 53 5 5 (o 71 738 77T T8 8 B3 &8 & &8 91 93 &5 |
=01 -
Micrococcus luteus
a2 =
a1 E — —
o £
1 3 B 7 8 11 13 15 17 19 21 23 25 7 28 31 33 3 37 33 41 43 45 47 L9 Gl 53 B E7 B &1 A3 E5 & &3 71 V3 YR 77 79 Bl E3 BE E7 &3 81 33 9%

Fig. 3. Antimicrobial activity against pathogens

_34_



Ao A Zb Ao A Asi7 UElUE sample HEES A elste] UehidTt ol&
H sample> TA] MRS agar plated]] =t UELE colonyE& & 8lstal -70Coll

A 57 RAste] Aol AHgstrt

Table 7. Screening of antimicrobial strains against pathogens

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
E + + + + + + + + + + + +
L + + + + +
\%4 + + + + +
S + + + + + + + + + + + + + + + +
M + + + + + + + + + + + + + + + +
23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44
E + + + + + + + + + + + + + +
L + + + + +
\%4 + + + + +
S + + + + + + + + + + + + + + + + + + + + +
M | + + + + + + + + + + + + + + + + + + + +
45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66
E + + + + + + + + +
L + + + + + +
\%4 + + + + + + +
S + + + + + + + + + + + + + + + + +
M | + + + + + + + + + + +
67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88
E + + + + +
L + +
\ %4 +
S + + + + + + + + + + + + + + + +
M | + + + + + + + + + + +
8 90 91 92 93 94 95 96
E + + Edwardsiella tarda 42ea
L + Vibrio anguillarum 19ea
\%4 + Vibrio sp. 19ea
S + o+ o+ o+ o+ + + Staphylococcus aureus 77ea
M + o+ o+ + + Micrococcus luteus 63ea

Edwardsiella tarda 42ea, Vibrio anguillarum 19ea, Vibrio sp. 19ea, Staphylococcus
aureus 77ea Micrococcus luteus 63ea?} Z}7] & Z2E A o7 wWHAFo| AFE dov|= A

& WEY 4 ddrt

K

Hich sample : EZ AF7]8] WHOE 12F2] sampleo] 53F:-2] ol st A
o

Edwardsiella tarda®)] TS UERLE samplel 1~2 sample® 1 BAHAATL njeksledct
o] samples A Z72tE& =UFE TS colonyE & elal -70Cofl BHSte] T2 Ao A}

gstart,
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Inkihition rate(k-1)

Fig 4. Antimicrobial activity against pathogens

oh. 3% ul 4B
A4 Mg WIER AR, P 5A ntEY ofAF Sold AT 4H pFLEvE
Listonella anguillarunc] The B7BAE 7Hd F52 Pestdon, o4Fo2t AU

of|A] F-oF Wre [istonella anguillarum?} Fdwardsiella tardaZ X}-8-35}Qitt.

[

SIsiH BAARE HASITL BE data® A AW Ak

1200

8.00

4,00

Clear zone size{mm)

a 0.3 0& 049 1.2
Misin{ma/mi)

Fig 5. Antimicrobial activity with concentration of nisin

XF aleg| A1 02 Sigma®] Nisin(>1,000,000 per 1U/g, 2.5% (balance sodium chloride
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Hard-4
Hard-E

Hard-C

Colony(CFL)

Soft-A 7

¥ Soft-B

Clear zone size{cm)

Soft-C

0 0.2 04 0.6 0.8 1 12

Misin conc.{mg/ml) Soft agar Hard agar

(a) (b)

Fig 6. Antimicrobial activity of nisin against Micrococcus luteus

(a) hard agar (b) soft agar(lmg/ml, 0.5mg/ml, 0.25mg/ml 0, 125mg/ml, 0.062mg/ml, 0.015mg/ml)

A% 2 Hard agar®} soft agar?] diffusionof] m}E *}lo]E& FHsl= AHS AT
o W

Clear zone size?| RIZId2 B2 o] 71} 2 IS F+ factoro]”] wfEolnh
21 1.5% Hard agar diffusion method= Nisin®] %27} 0.6mg/ml 7}#] A2 FAE 4+ 9l
PZ|7E 0.7% soft agar diffusion methodolAd+= 0.06mg/ml7}Z] Hs{FES H|HE 5 9lof
nisin] B #EoIA of 108]2] Xolzk U 2o Uehdrh metd 27 AuzEely
%ol 7l FEL) BATES AL soft agare] AEo] WHolet ALY

o]
g JAFe YFEAR VA Lol AUE] ®

-

= wegEe Hazsrl Ay

Aol ¢4 HHAFE 10°712] F A3t plate ¢roll HLAFE SWste] b3 B Az}
e BT e Aol Ui e T Aol HEstaAt PSS AAsHch
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Fig 7. Colony counting with dilution rate of pathogens

A2 Figure 700424 ol 10° 34 uj&olq 74 FA% colony?]
Auf&olA colony 427} 3007] o|3l7} E|o] A Nisin &&F
2 ol Zow Uit meld we] A7 o BE 3
AR W AW 5% e ANSKATE Fig 8ol o] 3084} Al ppu(ng/
ol sl ApEstgoLt wrE AN Sppnol Al 2702] colony7} Lfebteh
2t A 3ppmofl A F AEollA Z42Zp 878 4708 colonyZt HEE o] 3057"4*]—‘?— Tt #ido
LElsteh vt 12023 2 Folls 30272 Al2b Zol 3ppmollA & ﬁﬁé s}
LE}SE S 1ppmofl Al Bt 12colony 7} LERL} #2423 3~6ppne] 5 W ”LL =Y
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ek

diffusion A3l HAE 2| A3IsE 4= QlojA ¢l &= Nisin &¥ |4 3~6ug/ml(ppm) ol A 7}X]|
WA (24 oF 300CFU/ml) 2] A3 AME7IA] f- 28 = o= AoT JHF| ],

40

32

Colony(CFU})
E

16 (a)
A
o]
0 0.01 0.02 0.03 0.04 0.05 0.06
Nisin cone.(mg/ml)
(b)
Nisin
conclmmy | 10 0.5 025 012 006 0.006 0.003 0001
somn, A 00 0 0 0 0 0 8
Bl 0 0 0 0 0 2 0 1
A 0 0 0 0 0 0 8 7
CEU 60min— ot 1 0 0 0 4 1
 A| 0 0 0 0 0 0 0 8
120min 5| n 0 0 0 0 0 16 (c)

Fig 8. Antimicrobial activity of nisin against pathogens

(a) 30min(3ppm, nisin), (b) 60min(3ppm, nisin), (c) 120min(lppm, nisin)

3. YA A9} Nisin?] antimicrobial activity A%

Bacteriocin®] BBH I} +£F& 7] fleiA dtd R 71 =8 AMREI U= SBAA
% ampicillin®] 3ARIIe} vt AHAE syt g Ae] wls] Foldo] ZH3t
bacteriocino]7] wiZoll thid HMUAFEe] Aol AdojA tiakst spgAAe] oA 2l
T 2 vz BEr Eeid £ dent o7 uiAstdct. A8A 3 nisin®] FEEIE T
A ampicillin®] 3EF ztof] Wi oF 70% FOFE LIELWITE ofgte] tielgt Fd= =) 2t

HZAHS Arstg ot HddSoldol ZEdt #fo|7t gloj A data® #|Alst7] HEdTh

300 120 T
™
100 %
b1
£ 200 - 80
£
g =
E 5 60
= = T
2 100 — —— —— s 40 '
3 NI
20 —— -
3 0 e
AMPICILLIN NISIN 0.01 0.1 1 10

Nisin 22 (ug/ml)

Fig 9. Antimicrobial activity of nisin and ampicillin
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Mo A 38| ampicillino]l thdt &zle]l oF 60% =FSE UEIWOU} soft agarofA
o] Folx APo T FAAA 2] A7|7 peptide®E F-/dH bactericin®] Z7|HrT} 22 ZE 11y
g A9 ok7t2] xlolel= agar network®] ZZof mpE ol 9S4 dth IdHom

3 nisin?®] antimicrobial activity= <¢F 3~4 log £&L % -9 =7 LElWC]

7}. Edwardsiella tarda ¥ fof th3dt 3t

Edwardsiella tarda Yol tigt A¥EA AAHS ASSH7] 2IeiA st dEFsletolA
- Ba" ZENO1 +352] MRS vjefed& NB medium 20mloll seed culture ¥ FEdwardsiella
tarda 1m¢ AZ%F F Figure 102] FolAx2} & <t
2|E sampleS |5l EAs5tgrt. A B2 T 124 7F vjerH ZENO1 HF2] njorei 2
MFS-25 filterE o]&3sto] AR F st FFBel Aol izt IS wi=Isteict
o2} L2 W LE Total volumeo]| th¥t P& viA|st7] #lsto] the AT JH &5}
% Ang uashc

1.300

oX,

o2t

2%E B AP AASHATE 447 &

£ ) al a2 bl b2 cl 2
s NB(me) 3 3 3 3 3 3
i ' o E. tarda(ml) 80 80 80 80 80 80
=l ' ' S.D.W(me) 2560 - 500 - 1,000 -
0.700 Culture broth(m¢) - 250 - 500 - 1,000
= Ratio of Producis(%) % Total volume(ml) 323 323 583 583 1083 1083
0.06 a b c
= 9 NB(me) 1.6 1.6 1.6
E o024 ' ; E. tarda(ml) 0.5 0.5 0.5
I o : SN — - S.D.W(md) 0.4 0.2 :
2 o029 i EL A= 2 Culture broth(m) : 0.2 0.4
: ow , Total volume(m{) 2.5 2.5 2.5

-0.06 -

Ratio of Products(%:)

Fig 10. Antimicrobial activity against Edwardsiella tarda
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7h K7 F3e] B

77t A AN R ARE BF ER5E AP T A5 1S 28] 10771 345t
5042 L. anguillarum®} ¥t7] LBuj*|(Table 4)of 5042 =tstsitt 30CofA 347t vjeks}
o] A2 colony £o|A4] inhibition zone2 UEhl:= colonysS @5ttt 288t #+5= 3%}
HAYE B8 &4 2P F Toothpick UE $3l Listonella anguillarumd] Tyt <t
B LElA 2712] colonyE HFEs|ct (Fig 11) 2 & Hx Ead Kl Z+39¢ AL #+

Folo] AL dlofA = L. anguillarumo]] tjdt 3l S U}

Aol FREHL Uehhglon sjare
Ehixl QIQiTh ol F Bel® k7 RFE AW ohlel wiorele] ASolNE BT BHE
)

el g e L. anguillarumol thgt 34 BAAAFE 2E A, Fel=lodct (Fig. 12

Fig. 11. Antimicrobial activity of strain LK7 against Listonella anguillarum.

1 7

0

N Listonella anguilarum
T S

Fig. 12. Antimicrobial activity of strain LK7 with various conditions.

c ! ddH:0, 1 : culture broth before filtering, 2 : culture broth after filtering,
3 : culture broth with heating(100°C, 10min), 4 : culture broth adjusted pH 7
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Table 8. Medium composition for LK7 strain.

Nutrients Contents(%)

Tryptone 1

NaCl 0.5
Yeast extract 0.5

Agar powder was added with concentration of 1.5%,

The medium vwas sterilized for 15min at 121°C.

Lt VK24 58] 22
Y2t 223 o7 A AEE dF ZF4E 10° 107, 107712 3 Adste] TCBSERR] o 10044

2 rbste] 26CollA] 24417 vi¥gt 7 B4 H  colonyE L. anguillarumo] =" 513 LB

—

|
B =] o] Toothpick% A1 A]5}o] inhibition zoneE WENI|E= colonyE =&|stgdct 88t &
3.

£33 Hawe B w4 2T T Vibriod=uixial TCBHA ol Uehd 3125 & o

M N

"ol ol & 4FE Felstelrt. (Fig. 13)

(3) ZEN102 2]

FatollA Aal, Fd, $F7A] Jeliet dufe] si4-E samplingdto] MRS wiz]ofl A wfed F- A
S e tsted %‘%%91 A5 Aol BEE ASst 8-S AEsidnh. ¥4 88 5=
71 2009 22t n|BE BT FollA screening stlem, FFHE dolEe AAFL2EH

Micrococcus luteus, Streptoccus aureus, Listonella anguillarum, Edwardsiella tarda &
o,
=

A&t AEZ FFE 30TolA 242 st wjerste] tha] Edtel tis) FL2E
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ste w5 AWsiolct ¥4" 2 nlg] EolX BHI 3 uix|of] o]Asto] 30 ToilA
wfo] 4 HufzbA] vt F A Aol ¥R AE A E FFEhL AX TS HHS
=7 i

Fig.14. Antimicrobial activity of ZEN102 against Micrococcus luteus.

Table 9. Medium composition for Lactococcus lactis ZEN102

Nutrients Contents(%)
BHI 100
MRS 100
MRS @ BHI 50:50

The medium was sterilized for 15min at 121 °C.

(4) Bacteriocin g4t #F2] A : LK7, VK24, ZEN102
FZE HALEH {432 AL 95 AX}En| A (Transmission Electron Microscope ; TEM)o]
|

|
@ Weisty wEn Agelshd, gsehy W g9y 54 5 zAsdth F3 54

r N
Y

2,

flo 1o

of

“Bergey ‘s Manual of Systematic Bacteriology”ol] wlgt O, 16s rDNA sequencing?®| AZE
&ll, BLAST searchs}to] d457dE& H|aLste] S stact.

LK7 #52] A=}&#n]Z (Transmission Electron Microscope ; TEM)o]] 2]3F EAJ2 Fig. 153}
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2o, Ae|ska, Asskd 5 Gol 2’ A= Table 10 Uttt Fe|¥ #F+= Gram 473
Id4ozE AL g Zloz Zlx|gr}. 16rDNA gene sequence A ZAZ}(Fig. 16
Aerococcus sp. 8} B ASAH S BJAO TN derococcus viridans?] ZAECTE =AY

(Fig. 17), Aderococcus sp. LK7E W3ttt VK24 #£52] A=} &HAn|Ao 2|3t EAHL Fig.
182t 2o, Agelshsy, ety 54 Sol &%t Azl Table (113t Zth 16rDNA gene
sequence w2 (Fig. 19)AZ} lagococcus sp. 2} 97%Ar=A S Holrl (Fig.20) uwizla &=e]8t

T+FE Vagococcus sp. VK24Z Hwslaict

Fig. 15. Electron micrograph of the strain Aerococcus sp. LK7 (x3000)

Table 10. Characteristics of the strain A. sp. LK7

Tost Aerococcus sp. Aerococcus
LK7 viridans NCTC8251

Cell shape cocci cocci
Gram stain + +
Catalase test - -
VP test - -
Motility - -
Greening on blood agar - +
Growth in NaCl 6.5% + +

Growth at 45T - -
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1 GTG ACG TTA GCG GCG AAC GGG TGA GTA ACA CGT ARG GAA TCT ACC TAT AAG CGG GGG ATA ACATTC GGA AAC GGG TGC
79 TAA TAC CGC ATA ATA TCT TCT TCC GCA TGG AAG AAG ATT GAA AGA CGG CTC TGC TGT CAC TTA TAG ATG ACC TTG CGG
157 TGC ATT AGT TAG TTG GTG GGG TAA TGG CCT ACC AAG ACG ATG ATG CAT AGC CGA CCT GAG AGG GTG ATC GGC CAC ATT
235 GGG ACT GAG ACA CGG CCC AAA CTC CTA CGG GAG GCA GCA GTA GGG AAT CTT CCG CAA TGG GCG AR GCC TGA CGG AGC
313 AAT GCC GCG TGA GTG AAG ALG GCC TTC GGG TCG TAL AAC TCT GTT ATA AGA GAA GAA CAL ATT GTA GAG TAL CTG CTA
391 CAG TCT TGA CGG TAT CTT ATC AGA AAG CCA CGG CTA ACT ACG TGC CAG CAG CCG CGG TAA TAC GTA GGT GGC AAG CGT
469 TGT CCG GAT TTA TTG GGC GTA AAG GGA GCG CAG GTG GTT TCT TAA GTC TGA TGT GAA AGC CCA CGG CTT AAC CGT GGA
547 GGG TCA TTG Ghd ACT GGG ALA CTT GAG TAC AGA AGA GGA ATG TGG AAC TCC ATG TGT AGC GGT GG ATG CGT AGA TAT
625 ATG GAA GAA CAC CAG TGG CGA AGG CGA CAT TCT GGT CTG TTA CTG ACA CTG AGG CTC GAA AGC GTG GGG AGC AAA CAG
703 GAT TAG ATA CCC TGG TAG TCC ACG CCG TAL ACG ATG AGT GCT AGG TGT TGG AGG GTT TCC GCC CTT CAG TGC CGC AGT
781 TAA CGC ATT ARG CAC TCC GCC TGG GGA GTA CGA CCG CAA GGT TGA AAC TCA ARG GAA TTG ACG GGG ACC CGC ACA AGC
859 GGT GGA GCA TGT GGT TTA ATT CGA AGC AAC GCG AAG AAC CTT ACC AAG TCT TGA CAT CCT TTG ACC ACC CTA GAG ATA
937 GGG CTT TCC CTT CGG GGA CAk AGT GAC AGG TGT GCA TGG NTT GTC GTC AGC TCG TGT CGT GAG ATG TGG GTN AGT CCC
1015 GCA ACG AGC GCA CCC CTA TTATAG TTG CAG CAT TTA GTG GGC ACT CTA ATG AGA CTG CNN NAC ARN CGG AAG GNN NN
1093 HMA TGA ACG TCANTC AGC ATT GCC CTN ATG ACT THG GCC TAL NNN ACK NNNNCT N

Fig. 16. 16S rDNA gene sequence analysis of strain A. sp. LK7

Aerococcus sp. M2T9B3
Aerococcus sp. 4102

Aerococcus viridans strain GD
Aerococcus sp. M3T3B11
Aerococcus vindans strain 888
Aerococcus viridans strain 37TR
Aerococcus vindans ATCC 70040
Aerococcus viridans strain 15M
Aerococcus sp. LVE5.5 VW1
Aerococcus sp. GDLAMI-MN1
Marine bacterium YTHM-17

Aerococcus viridans strain Rab

Aerococcus sp. P3-2

Strain LK7

Aerococcus sp. 4103

Bacternium B16S 16S ribosomal R

Bavariicoccus seilen partial

[Trichm:occus collinsii strain

L.pasteurni 165 rRMNA gene
MNostocoida type | sp. 0155
Bacillus sp. S110 18 1

0.00

17. Phylogenetic tree of strain A. sp. LK7
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Fig. 18. Electron micrograph of the strain V. sp. VK24 (x3000)

Table 11. Characteristics of the strain V. sp. VK24,

Test Vagococcus sp. Vagococcus fluvialis
VK24 ATCC 49515

Cell shape cocci cocci
Gram stain + +
Aerobic - -
Catalase test - -
Oxidase test - -
Endospore - -
Motility - -
Antibiotic resistant

Kanamycin 1004/ md + +

Streptomycin 100:4/mé + +
Plasmid - ND
MR test + ND
VP test - -
+, Positive; -, Negative; ND, No Data,
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1 bl“ﬁ BN NN GHN GCT ATA NIG CAG TCGAACGCT TIGATT TTC ACC GGA GCT TGC TCC ACC
61|GAR ART CAR AGA GTG GCG GAC GGG TGA GTA ACA CGT GGG CRA CCT GCC CAR CAG AGG GGG
121|ATARCACIT GGAARC AGG TGC TAA TACCGC ATAATT TGI TTIT CCC GCA IGG GAG AAT AAT
18| AR AGA CEC TIC GEI GICACT GCITI GECATCGE GCCCEGCGCIGCATIAGITI AGT TGG IGG GET
241 ART GECCTACCAAGACCG IGA IGC ATAGCC GACCIG AGA GGG TGA TCEG GCC ACA CTG GGA
301|CTG AGA CAC GGC CCA GAC TCC TAC GGG AGG CAG CAG TAG GGA ATC TTC GGC AAT GGA CGA
361|AAG TCT GAC CGA NCA ACG CCG CGT GAG TGA AGA AGG TIT TCG GAT CGT ARAACT CIG TIG
421|TTA GAG ARG ARC ARG TGG GAG AGT AARC TGT TCC CAC CIT GAC GGT ATC TAA CCA GAR AGC
481|CACGGC TAACIACGI GCCAGC AGC CGC GGT AAT ACG TAGGIGGCAARGC GIT GICCGGARIT

]

541|TAT TGG GCG TAR AGC GAG CGC AGG CGG TTT CTT AAG TCT GAT GIG RAA GCCCICGGC ICA
601 |ACC GAG GAA GGT CAT IGG AAA CTG GGG AAC TTG AAT GCA GAA GAG GAG AGT GGAATT CCA
§1(TCT GTA GCG GIG ARA TGC GTA GAT ATA TGG AGS AAC ACC AGT GGC GAA GGC GAC TICT CTIG
T21|GTC TGT AAT TGA CGC TGA GGC TCG ARA GCG TGG GGA GCA ARC AGG ATT AGR TRC CCT GGT
T8L|AGT CCACGC CGT AAA CGATGAGIG CTAAGTI GTT GGA GGG TTT CCG CCC TIC AGT GCT GCA
841|GTIT ARC GCA TTR AGC ACT CCG CCT GGG GAG TAC GGC CGC ARG GCT GAR ACT CAR AGG ART
901|TGA CGG GGG CCC GCA CAA GCG GIG GAGCAT GTGGIT TRATIC GAR GCAACG CGAGAA CCT
TAC CNN KCT TGA CAT CCT TIG ACC NCT CTA GAG ATA GAG CTIT TCC CTT CGG NAC NARA GIG
1021|ACH NGT GGN GCA THN NIC GIC AGC TCG TGT CGT GNN ATG TNG NNA GTC CCG NAN GRG CGC
1081 |NNC NIT NI NIT ANT GCA TCA TCA NNG GNA CTC TAN NNN ACT GCN NNG ANA NNN AGA GNN
1141|GGATGA CGT CAA TCA TCA IGC CIT NGA CIG MMM ACA CGH NI NNG MNC GIN NAN MM NIC
1201 |NNGGAGHRANNNCC

Fig.19. 16S rDNA gene sequence analysis of strain I sp. VK24

Vagococcus fluvialis strain CT
Vagococcus sp. JIP 18-02
VWagococcus sp. HS-«v5
Vagococcus sp. 3362-01
Vagococcus fluvialis strain SS
Enterococcus sp. CSL 7544-3
Vagococcus fluvialis strain M-

Vagococcus sp. F1-8

L Vagococcus fluvialis
Vage us sp. CENMM 05-01-0
strain VK24

Vagococcus sp. JIFP 14-01
|: Vagococcus carniphilus strain
Vagococcus carniphilus isolate

Vagococcus teuberi strain CG-2

Vagococcus penaei strain CD 2

= Vagococcus lutrae isolate FO15
L vagococcus lutrae strain m113<

Vagococcus elongatus strain P}
| — Vagococcus sp. AC-1

L_ Enterococcus sp. TZ289

0.o01s 0010 0.005 0,000

Fig. 20. Phylogenetic tree of strain V. sp. VK24

FZ AddE abg|g|eal A H5 ZEN1022] A =}# 0] (Transmission Electron Microscope ;
TEM)oll 2%t 542 Fig. 212 Zrh Feld #5F+= Gram Y3 #22 HWRI ¢l 7ol
t}. API %’S}@ﬂLactooooous lactis?} B]|ZTL u] v]x=3t EAZ UEehJo] Lactococcus
LHEXLo] 16rDNA gene sequence w2 (Fig. 22)& 22§ ZAze}
Waty Eel(Fig 23.)8 08 AzE HEHow BAY A

A RS EH Lactococcus lactis®] ZAFST FA319

o =
3, Lactococcus lactis. ZEN102% wWrd3slglct. (Table. 12, Fig.24, Fig. 25)
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Fig. 21. Electron micrograph of the strain ZEN102

NNNGNNGTGGCGCAGCTATAATGCAGTTGAGCGCTGAGGT TGGTACT TGT ACCGACTGGATGAGCAGLGAACGGGTGAGT
AACGCGTGGGGAATCTGCCTT TGAGCGGGGGACAACATTTGGAAACGAATGCTAATACCGCATAACAACT TTAAACACAA
GTTTTAAGTTTGAAAGA TGCAATTGCATCACTCAAAGATGATCCCGLGTTGTATTAGC TAGT TGGTGAGGTAAAGGCTCA
CCAAGGCGATGATACATAGCCGACCTGAGAGGGT GATCGGLCACAT TGGGACT GAGACACGGLCCAAACTCCTACGGGAG

GCAGCAGTAGGGAATCTTCGGCAATGGACGAAAGTCTGACCGAGCAACGCCGCGTGAGT GAAGAAGGT TTTCGGATCGTA
AAACTCTGTTGGTAGAGAAGA ACGT TGGTGAGAGT GGAAAGCTCATCAAGT GACGGTAACT ACCCAGAAA GGGACGGCTA
ACTACGTGCCAGCAGCCGCGGTAATACGT AGGTCCCGAGCGT TGTCCGGATT TATTGGGCGTA AAGCGA GEGCAGGT GGT

TTATTAAGTCTGGTGTAAAAGGCAGTGGCTCAACCATTGTATGCATTGGAAACTGGTAGACT TGAGT GLAGGAGAGGAGA
GTGGAATTCCATGTGTAGCGGTGAAATGCGTAGATATATGGAGGAACACCGGTGGCGAAAGCGGCTCTCTGGCCTGTAAC
TGACACTGAGGCTCGAAAGCGT GGGGAGCAAACAGGATTAGATACCCTGGT AGT CCACGCCGTAAACGATGAGT GETAGA
TGTAGGGAGCTATAAGTTCTCTGTATCGCAGCTAACGCAATAAGCACTCOGEC TGGGGAGT ACGACCGCAAGGT TGAAAL
TCAAAGGAATTGACGGGGGCCCGLACAA GLGGT GGAGCATGT GGT TTAATTCGAAGCAACGLGAAGAACCT TACCAGGTC
TTGACATACTCGTGCTATTCCTAGAGAT AGGAAGT TCCTTCGGGA CACGGGGATACAGGTGGTGCATGGT TGTCGTCAGE
TCGTGTCGTGAGATGI TGGGT TAAGT CCCGCAACGAGCGCACCCCTATTGTANTGCCATCATTAGTTGGGCACTCTAACG
AGACTGGCGNNATAACCGGAGANGT GGNATGACGTCAATCATCATGCCCCNNA TGACCTNNNNT ACNACNNGCCTACCAT
TGGAATGGNAACAANNNANNNCGCGCGGAGG

Fig. 22. 16S rDNA gene sequence analysis of strain ZEN102
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Table 12. COMPOSITION OF THE STRIP (API 50CHL) ZEN102

STRIP 0-9

tube / substrate

STRIP 0-9

tube / substrate

STRIP 0-9

tube / substrate

STRIP 0-9

tube / substrate

STRIP 0-9

tube / substrate

0 CONTROL

1 GLYcerol

2 ERYthritol

3 D ARAbinose
4 L ARAbinose
5 RIBose

6 D XYLose

7 L XYLose

8 ADOnitol

98 Methyl-D-Xyloside

10 GALactose
11 GLUcose
12 FRUctose
13 MaNnosE
14 SorBosE
15 RHAmnose
16 DULcitol
17 INOsitol
18 MANnitol
19 SORbitol

+ o+ o+ 4

20a-Methyl-D-Mannoside
21a-Methyl-D-Glucoside
22 N-Acetyl-Glucosamine
23 AMYgdalin

24 ARButin

25 ESCulin

26 SALicin

27 CELlobiose

28 MALtose

29 LACtose

+ o+ o+ o+ o+ o+ o+ 4

30 MELibiose
31 Sucrose

32 TREhalose
33 INUlin

34 MeleZitose
35 RAFfinose
36 Starch

37 GLYcoGen
38 XyLiTol

39 GENtiobiose

40 D TURanose

41 D LYXose

42 D TAGatose

43 D FUCose

44 L FUCose

45 D ARabitoL

46 L ARabitoL

47 GlucoNaTe

48 2-Keto-Gluconate
49 5-Keto-Gluconate

=> Lactococcus lactis ssp. lactis 1 99, 8%ID
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Lactococcus lactis KLDS4.0342

Lactococcus lactis subsp CICC6
100 | Lactococcus lactis subsp 4001C
Lactococcus lactis DSM4644

Lactococcus lactis subsp IMAU8

Lactococcus lactis strain 4001

ZENA49

0.002

Fig. 23. Phylogenetic tree of strain ZEN102, ZEN49 and ZENG64.
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Fig. 24. API 50CHL test result of strain ZEN102
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Fig. 25. API 20strep test result of strain ZEN102

(5) Bacteriocin AYAF #F2] Arhujer U BE
(7}) B LK7, VK24
=2 Ao A}8H FF derococcus sp. LK72] Alth= LB vi®r|E AF&3}o] 30T
A 24X 7 wjorst ¥ A#Ho) A183}9aL, Vagococcus sp. VK242 Ath: MRS(NSS)
Bi=] & AH&Sto] 25°CollA 24417 wfdet = Aol Ab&stadet. #+79 7] B3
S 93t 15% glycerolS 7Sl -70CoA HZ2 RAsteict
(W) 23 ZEN102

Ao A}8-H FF Lactococcus lactis ZEN1022] AthE= BHI viX| S A}&-3}o] 3
0Coll A 1642t o] vfetgt - Aol AMESIAALL, 7] HHE 9]ste] BHI vj#|
of A 2417t vjo¥3t ¥ 50% glycerolS A7lsle] WE R dlo] RASIICE

(6) wpelel o A 2 BT

(7F) =5 LK7, VK24

Jm
oX,

E

Bacteriocino] E&'E|o] ¢l ujored S 12 000rpmofA] 208 ZoF HAIEg] 3}o
AL A=ols 100CHA 1087 Ax 25} 0.45me] Ve S A}&3lo] FAS &
A3 AHAZ vl JASNE [ anguillarume] = Fo] Q= LBux|of| paper
diskE A}-8-3}o] clear zoned Eelsjaict

LK%ZT"E} VK247t ~34tst= bacteriocin®] SIS FASH7] 2lste] HHE

Fol vzt g HA AFES AAIE A3}, KIFFIF AASEE bacteriocin L.
anguillarum® % Pseudomonas putida, Escherichia coli JM1092} Bacillus
cereus KCTC1012 M % A& S LVeEho o VK247F 7} ABAH5l= bacteriocin
2 L. anguillarum?| % FEdwardsiella tarda, Agrobacterium tumefaciens GV3101,
Escherichia coli JM1092} Bacillus cereus KCTC1012o4 % 3FEHAS LER]E=
218 #elstedtH(Table 13, 14).

_51_



Table 13. Antimicrobial activity of A. sp. LK7 for other strains.

Strains Activity(1x) Activity(10x)
Listonella anguillarum
+ +++
ATCC19264
Edwardsiella tarda - -
Pseudomonas putida - +
Sphaerotilus natan ATCC15291 - -
Agrobacterium tumefaciens
GV3101
Escherichia coli JM109 + ++
Bacillus cereus KCTC1012 - +
Inhibitor zone ; -: negative, + : weak positive, ++ : positive , +++ :strong positive

Table 14. Antimicrobial activity of V. sp. VK24 for other strains.

Strains Antimicrobial activity
Listonella anguillarum ATCC19264 +H
Edwardsiella tarda ++

Pseudomonas putida -

Sphaerotilus natan ATCC15291 -

Agrobacterium tumefaciens GV3101 ++
Escherichia coli JM109 +
Bacillus cereus KCTC1012 +t

. Inhibitor zone ; -: negative, + : weak positive, ++ : positive , +++ :strong positive

(L}) 3= ZEN102
X FL. 22X Micrococcus luteus(0D595nm @ 0.27)E 250m¢ flask(BHI njoFed

o1
200m)o 1m¢ FE3H £ 0&, 30, 60%, 90&, 1208 A|ZHtfEZE ZENI02 A5 9S
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In¢ AEste] 708 AFEE FHstach
3 ANF U Luteus & BE F ZNI2E A7ISte] A7) whge] Yojuhs

|
ol 2 ZE 10 ool # =R colony7t oF 83% 7rAstadct. E3F ZEN102d-o] 30&
A

(L
olo
_(?L

Ir
off

Qb 98%2] M. Luteus | ZraTb UEldES o 4 oth o=

ZEN1029] B2 Hx H7F ¥ 30% uhele] 98%9] AFHL ATk AL A 4
)

(] = — A=

35, 0D
28, 00D = mar
T
E 21000
P « M. fes
= e W etz 020475}
2 14,000
(]
\ B3 53%
i ] 1
k\iﬁ‘:’s EER- SRSTI
= & g

4] 40 20 120
Time{min.}

Fig. 26 ZEN102 activity and Colony(CFU/mf) at time

L}. Bacteriocin At 452 S EA XA}

(1) =+~ LK7, VK24
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Tl Bacteriocin A4t #5:2] ot &Y 73

(1) &5 LK7, VK24

32 sd A =HE 98] L anguillarume] = Eo] ol LBujx|o]
bacteriocin AJAt #F2] njore] 10045 paper diskES ©o|-235}o] L. anguillarum?]

Aol A =] UBhE clear zone?] 7|15 F3ste] Helstirt

Z
Y B A2 WA M luteus o] =Y Fo] 9= BHI BiR|ol] paper disk
°

Hog o] ABFo] Asf He] Leltt= Clear zoned #el

2}, = plasmid el
A bacteriocin®] Z-¢ Wil plasmidolA UAETH= AFHILE BErf=(19)
LK732} VK247Fofl th3) alkali lysis methodS ©]-&3}o] plasmidsS A=At Az} &+

o
o5 EF plasnidE WSt Q=] b2 Z1o= U= gt (Fig. 28)
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23,130 B
9,419
6,557
4,361

Fig. 28. Agarose gel electrophoresis of purified plasmid

M ¢ ADNA/HindIll marker
1 : A, sp. LK7 (none)
2t E coli BL21 + pET28a
3 : V. sp. VK24 (none)

6. =2 Pt HH =22 3

o AURFE HA wjgE
T+ ZEN5, ZEN49

—
[am—y
—

27| +E&udE YoM HEH thre] #F F Gram positive Q1 A4
+Z2 U3l straptococcus iniael] BAZ A 4 Q&= ZEN5, ZEN499]
T ez a2 A4t 2F3 AEE st ol & 23 A¥olA vladt
FE+= KCTC2013¢F+5 AH&-staTl.

4 FRA BN 0P S A 100 B w0
Y gerAe 9E A wal Ulel adel 3H: peptone] ool we
< S ARl sl Zol AAT Sd B 2Ee Faok o
U 27] whldeel 4% 74sithrl T Z71E T & AT 24S BEss o
e RolFol TAIY Fape Ty PEL

ZENB, ZEN49, ZEN2013 A #FE&
[«J =N

£ 30412 ol F 2 Aol WolBout 80417 ol T E ufete) el Bl 9



A% Uehdrh Ss] ZEN013ZFe] A% ThE £ 2ol ulstel Aol Al U
Elit=t] ol thE w0l Hls) g3l el vy o] o+ UETL B2 ol
= WL ofo] W] ZENS strain® @ Agol ThE B ol uls) vje al
Ao% Uelyrl,
1.8 0.8 )
16 - p 0.7 h :.QE‘_' —
" g 0.6 o = &
E 3 E 0.4
< 0.8 P = = g
g 0.6 y £ g o3 i 5
i .*‘ _ —m—#4g £ oz _—a—#49
0.2 ? ~ —&— #2013 | 0.1 T 4 #2013
o 0
( a ) o 40 8o 120 160 ( b ) 0 40 8o 120 160
Time (h) Time (h)
Fig. 29. Growth curve of antimicrobial strain and amount of total protein
& a5
-~ 5 B9 A2m3 P
1:{ gzo 2
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£ 2 w0 .
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-
U L . L L
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Fig. 30. Antimicrobial activity
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(2) <t LK7, VK24

LK7+5+2] bacteriocin®4F2 LB(triptone 1%, NaCl 0.5%, Yeast extract 0.5%)9]
A 30C, 24x]7F 180rpml.= R EMJoksiad . | VK247FFE= NSS solution(NaCl
1.76%, Na2S04 0.147%, NaHC03 0.008%, KC1 0.025%, KBr 0.004%, MgCl2 «6H20
0.187%, CaCl2 - 2H20 0.041%, SrCl12 - 6H20 0.0008%, H3B03 0.0008%)<] & 7}H MRS
Bzl ol HEsto] 30Tl A 2442 A x|ujjeFstaict.

LK7 #FZ LB A wix|o] HESto] 30TColA 2417+ wjd’t A= Fig. 3124
Zol, vjed F 104 Zte] LA M EE Z=] 7ol Fol &t

bacteriocin B4t HE F w2 7 A=A om, vjey 104 2t#) 2 &
T2 E vEhglen w AN 72 FA =T 2HE Faste 2o LRy
T} EZF VK24 FF5 NS oA wix]of HESte] 30CAA v’ Az2t= Fig.
323} Zol, Wt ¥ 2 AURARE FA70] Ho=E 2oE Uehdrh
bacteriocin 4t FE F A7t o] FFE ABarE|elom, ujoy 18] ZtoflA Xty

SFYHE Uehfort

0.5 ~

N

o
w
Clearzone size(cm)

02 ~

Growth(OD at 600nm)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Time(hour)

Fig. 31. Cell growth curve and clearzone size of A. sp. LK7

M : cell growth curve, @ : clearzone size
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Growth rate(at 0.D.600nm)
Clear zone size(cm)

Time{h)

Fig. 32. Cell growth curve and clearzone size of V. sp. VK24
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Fig. 33. ZEN102 growth and production lactic acid content
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7. WG A] AIFE(Skim milk)o] mpE FFEH HAY

frate] 52l wE wiAl BAEEY ¥ FFE wEshrl $lsiA ZENG, ZEN
49, 7EN2013 #3of Skim milkS Z3 wjo¥sle] o mE Qe W gFere Al
2 Al ST}, wjeF F+5= ZENb, ZEN49, ZEN2013Z over night seed culture %t
% MRS Brotholl Skim milk 0%, 1%, 2%, 10% Z}Z} A 7kste] 7177k ThE B ]
H71glol batch wjoksh A 7z} the] A 7hE 1mé%] sampleS 50uf 3] 5}o] 650nmoi]

A 0DE F3ste] ¢ ASEE Fastodrt. £ SFAHE 96l 1% HHFS
soft agaro]l &Fsto] AJZHH 4Gl 502 B/ S paper disk HOE HPAS &

Aol z1egstalct.

=
=]

9
: A
= 7
E : G ——s5
2 1 —
1 —k— #2013 —
0
0 2 4 & 8 10 12

Skim milk conc.(%)

w5

w49

#2013

Fig 34.Antimicrobial activity and growth rate with concentration of skim milk

(ZEN5, ZEN49, ZEN2013 : (Dskim milk 0%, (@:ZEN2013+skim milk 1%,
(3):ZEN2013+skim milk 2%, 3):ZEN2013+skim milk 10%)
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0.00 -
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Fig 35. Antimicrobial activity and growth rate with pH
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Fig. 36. Growth of A. sp. LK7 with various pH.
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Fig. 37. Growth of V. sp. VK24 with various pH.

LI (o]

(7hH) 3 LK7, VK24
LK7 39 VK24 239 4S5 HFXLEE RS 28l 20T ~60TC 2=oA 7t
7t Fg oujstel F 4 AR A3} F FF BT DCAM S 5 43S
Llepdch(Fig. 38, 39)

£ o
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a 03

) 20 30 40 50 60
Temperature(°C)
Fig. 38. Growth of A, sp. LK7 with various temperature.
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Growth rate(at O.D 600nm)
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Fig. 39. Growth of V. sp. VK24 with various temperature.

Symbol: W, growth; —, antimicrobial activity(cm)
hor z7el g2
-3 LK7, VK24
ZZof| e Fo] AAL Aoty sl Hx|ujokz}t Ehjoko g L}o] Al
A3k K7 232 A Fig, 100149t o] Axujoburhs [E wjorold &
S ZFlstgon, K245 ZH-foll= Fig. 4lolA 2} Zo] & wjetHr}
| wjetoll A o &2 S FHlstacl
|
0.9 4
0.8
-7
Eos
S 05
8 0.4 |
%03 |
0.2 4
0l
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shaking culture

Fig. 40. Growth of A.

stationary cluture

Culture method

sp. LK7 with culture method.
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=1
Y

Shaking culture Stationary culture

Culture method

Fig. 41. Growth of V. sp. VK24 with culture method.

pHOﬂ gt A AS AES}Z] 230A] bacteriocin 10040 pH 3.00A 117X =
bufferE 1:12 A5t} 4CollA 12417 AAH 2|3t ok IE TFBAH S
ot}l. oJuf pH 3.0~6.02 100mM citric acid buffer®, pH 6.0~8.0
100mM sodium phosphate buffer®, pH 22|32 pH 9.0~11.02 100mM sodium
carbonate buffer& o|-835}oit}.

3 Az} IK78] 7% pH8.0 o] dollA adEdo]l Ax ZAE 2oL} pH 7. 00] 5ol A
Aol £AEA] et A& HA ¥ 4 Addrh(Fig. 42). ERE VK249]

A= =z

= Hele pHollA 70%0] o] E FHBEE Uehidden, pH6. 02t 7.0
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Clearzonesize{mm)

Fig. 42. Effect of pH on the stability of bacteriocin from A. sp. LK7.

Activity (%)
@

pH

Fig. 43. Effect of pH on the stability of bacteriocin from V. sp. VK24.

(2) o5 ZEN102

pH et A Al S 2]3] pH condition : 1M Potassum phosphate(pH E.A: 4
5.02, 6.00), IN-NaQH(pH X : 5.05, 6.16, 8.0)% HAsII o, tfuddF2H
M. luteus, L. angguillarum, S. arueusS A}-& 3}o{ paper disk¥ ®WIH S o]-&535}

o A& Felslelr}. (Fig. 44)
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Fig. 44. Effect of pH on the stability of ZEN102
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Fig. 45. Effect of pH on the stability of bacteriocin ZEN102
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Activity(clear zone size mm)
e
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Fig 46. Effect of temperature on the stability of antimicrobial agent
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Fig 47. Thermostability with autoclaving

L}, #F LK7, VK24
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Py e st

343}, K777 A4St bacteriocin®] 7
= 87 stalen 0C ol FRE ROl
gt VK242] % 10T ~100C 7R B5
LHZEN102 oH3gt Zlo g Fels|drh(Fig. 49).
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Fig. 48. Effect

Activity (%)

40 50 60 70 80 90 100

Temperature(°C)

of temperature on the stability of bacteriocin

from A. sp. LK7.

40 50 60 70 80 90

Temperature(*C)

Fig. 49. Effect of temperature on the stability of bacteriocin

from V. sp. VK24.

afjerefo] dof thyt &t HESE] fIste] 100TolA 10

ZX M luteus, L. angguillarum, S. arueuso] tis}o] =t

_69_



gh. ZEN102 T
AR e el
0C, 70C, 80C, 90C,
FoZ
Fig. 51 2} 2ottt 90°ColA 3027 dAstdS
o, 80ColA 13027 dXa =

1522 @xzE stdlE wie B0 vehA] ook

M=

of & uwl el

angguillarum, S. arueusS A}-235}o] EHAL S

Fig. bl.

M luteus

£ gureus L angguilfarum

Fig. 50. Effect of temperature on the stability of ZEN102.
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Effect of temperature on the stability of bacteriocin ZEN102.
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11. 14

[o] )s

) Eh

=2
=:4'
%

7. o+ ZEN5, ZEN49, ZEN2013

Z2tE 4FtFE Ao W protein enzymeo] UhE EAJASHE dUotRI] 95ty 7FL] R
4 (Catalase, Carboxylase, a-amylase, Trypsin, Protease, Lysozyme, Proteinase
K)S o]-8&3}o] ZEN5, ZEN49, ZEN2013 57} RAAbsl= 3hdd E-o] Jiof tfs)
of B AHeddS vla dEstAch 7EF2] 4 F proteinase KE A% BE
FAoA= g A3zt dojuzr] 9= ZALE LY T4 SoldE 717 peptide

4 =2YS o 4 Slrth (Fig. 52)

Fig 52. Stability of antimicrobial agent with enzymes

L}, -5 LK7, VK247} AbSt= bacteriocino]] ti3t &4 A sf#of chgt oIk

bacteriocinfl] T4 AsAo] thEr od3FS ol 7] 25ty TAA AL HE=

E X100 2 2% F 7t F3 ujokel 1800l ISl 4°TollA 12417 A

El T AE YFUHG ZHst] BAANAT BFBA HHE d¥e HED
=

A2} LK70] AAVSH= bacteriocin®] 79 Urea A 7Ir|ofl= stiFEAdo] 2004 Z7}
225, Sodium azide, Triton X-100 7 }xloll= 50% AlEE| el o, EDTA 3 7lA|of

L arEEdol Bs| AWSL g Bastart (Table 15) £F K247} A4tetis
bacteriocin®] 7§ Sodium azide FJIr]|oll= BrAdE Ao od3FS x| olgrom,
Triton X-100, Tween 80 H7}x|oll= 88%2] EFAdo] Felslelal, SDS, EDTA,

Urea F7IAloll= 76%0]4te] 22 Felstglrt. (Table 16)

_71_



Table 15. Effect of various chemical inhibitors on the activity of

bacteriocin from A. sp. LK7

Chemicals Residual activity(%)
SDS 100
EDTA 0
Sodium azide 50
Urea 200
Tween 80 60
Triton X-100 50

Final conentration of salts is 10™M,

The enzyme solution was incubated at various chemical inhibitors at 4T for 12h
and the remaining activity was measured.

SDS : Sodium dodecyl sulfate,

EDTA : ethylenediaminetetraacetic acid,

Table 16. Effect of various chemical inhibitors on the activity of

bacteriocin from V. sp. VK24.

Chemicals Residual activity(%)
SDS 76
EDTA 76
Sodium azide 100
Urea 76
Tween 80 88
Triton X-100 88

Final conentration of salts is 107™M,

The enzyme solution was incubated at various chemical inhibitors at 4T for 12h
and the remaining activity was measured.

SDS : Sodium dodecyl sulfate,

EDTA : ethylenediaminetetraacetic acid,
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PAAe oA e
2

LK757} }ﬁéﬁfﬂéf bacteriocin protease Kof| &J3jx= Hdo] 100% AAE]
™ trypsinoll 2]sloixE Ztzh 75%, 50%%] o] AAE o (Table 17)(Fig.
53), VK247F7} A48} = bacteriocine protease Koj| 2J3jx= EAdo] 100% A4l
F Aot trypsino]l i = AR d=the A& s}
50) ol 20 27t RRERE AAE bacteriocin® WA BAUAS HAY 5

pi=

Table 17. Effect of antimicrobial activity with Proteinase K and

Trypsin for bacteriocin A. sp. LK7.

Compounds Clear zone size(mm)
Bacteriocin 20
Bacteriocin+ddH;0 15
trypsin(10%) 15
trypsin(20%) 10

proteinase k(10%)
proteinase k(20%)

C : ddH20

Cl : Bacteriocin

C2 : Bacteriocin + ddH20

Tl : Bacteriocin + trypsin(10%)

T2 : Bacteriocin + trypsin(20%)

K1 : Bacteriocin + proteinase k(10%)

K2 : Bacteriocin + proteinase k(20%)

Fig. 53. Effect of antimicrobial activity with Proteinase K & Trypsin

for bacteriocin A. sp. LK7.
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Table 18. Effect of antimicrobial activity with Proteinase K for
bacteriocin from V. sp. VK24.
None treatment Proteinase K treatment
Nomal Adjust pH7.0 Normal Adjust pH7.0
Antimicrobial
100% 100% 0% 0%
activity(%)

Fig. 54. Effect of antimicrobial activity with Proteinase K for
bacteriocin from V. sp. VK24.

J

1: Concentrate
2: Concentrate treated with proteinase K
3: Concentrate adjusted with pH7.0
4: Concentrate adjusted with pH7.0 and treated with proteinase K
(2) ZEN102 : =] vtge] .4l
AR Aez] e 2o oA dl ghpsle Fa Faol ofs] Al JyS
] otolB. 7] ¢lste] whA Fl=&s] &2l pepsin , trysin, protea W ERf3}
w3l & catalase, a-amylase 12|30 AMEH E3] &4 lysozymeS 20mg/mé
ezl 24l AN 101 2 Z¥-ste] 37TollA 1A 7 o] vEg:
AHe| 57t st E AAEAHES TA T Al AA
sleic
trysino]] tisiAE ZA WHIrT ¢lgdxqt
A% A Zlog Ueh) 2EA

o] pepsin

gt
protase?}proteinase-Koi| thsi = 2+2F 100%2} 43% A
1o 2 o] ARIT}. (Table 19, )(Fig. 55)

g B chwag 1A%
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Table 19. Effect of antimicrobial activity with enzyme

R A4AT M luteus
2 100%
pepsin 88%
trysin 60%
protease 0%
proteinase-K 57%
catalase 93%
a-amylase 93%
Lysozyme 93%

S 5. aureus L. anggquillarurm

12. 7€} b8 AL

7t F&ol2of vzt FF
(1) &5 LK7, VK24

Bacteriocin®] F&olZol thyt J&FE& dothr] 2st ZF FHol29 2Es
EE IXI0MeR 2T F 2t FF wjdd 180uo] H7ste] 4Tl 1247 AA
glsto] FHol22 Aol = d¥S ARSIt 2 Az} [K7o] Adatst=
bacteriocin®] 7% AgN0; CoCl,2] E7jof thsir= J8ksS wizx] ¢lerom MnSO,
HI7A ol 50% AZE| 23, FeS0s CaCly MgSOs SnCls BaCly, CuSOs, ZnSOs 8 7FA]
o= ¥ gdo] Vs A¥ == Z1& FASIATL (Table 20) EZF VK240] ~Jak



3l bacteriocin®] -9 AgNOs F7IAlole 115% dB8Ao] Z7IE|¢5L, BaCl,
CoCl, H7lrjoll= o38FS ubx]| olgkom FeS0; CaCl, MnSO; MgSOs SnCl, CuSO,
ZnS042] H7toll thsir = 70%0] /2] XPEFHL S FHelstgrt. (Table 21)

Table 20. Effect of various metal ions on the activity of bacteriocin from

A. sp. LK7.

Metal ions Residual activity(%)
FeS0,4 0
CaCl, 0
AgNO3 100
MnS0O4 50
MgS0,4
SnCl»

BaCl»

COClz 100
CuS04 0
ZnS04 0

The enzyme solution was incubated at various chemical metal ions at 4T for 12h

and the remaining activity was measured.

Table 21. Effect of various metal ions on the activity of bacteriocin from V.

sp. VK24.

Metal ions Residual activity(%)
FeS04 70
Call, 75
AgNO; 115
MnS0O4 85
MgS04 85
SnCl, 75
BaCl, 100
CoCly 100
CuS04 75
ZnS0y 70

L}. Bacteriocin®] %4 A3 %% MIC(minimum inhibitory concentration)

(1) =+~ LK7, VK24
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Bacteriocin®] F4AYA|s==(MIC)E ZAHStI] 25t wddE B SFFFE 3
Mste] AEE st K78 ZHp= Fig. 569 Zgrom, 1K79] njels
5x107%0]| 402 BIINZS wl L. anguillarun®] d%o] A3 He 2S A & 4
olodth. MICZZE uigto & A twhe|(activity unit, AU)E 1ml % LDg(5x107%)
o2 Yepd A3} 100,000 AU/mlE Uehd 4= ddTh TR K248 A3t= Fig. 57
2} zZhgrom VK242] ujokelS. 4 5x107Co|Ato R HIMAAE uwl L. anguillarum®)
MICE Eel&d 4 9lalt} MICAZ}E vl E &HA wh9(activity unit, AU)E= 1ml
o LDso(6.8x107%) 22 LteEl Az} 136,000 AU/mlE UERd 4 9Tt

16000

14000 -

12000 -

10000 —

8000 -

6000

Numberof colony (CFU)

4000 -

o 10-6 10-5 10-4 10-3 10-2 1 10 100
concentration of bacteriocin

Fig. 56. MIC(minimum inhibitory concentration) of bacteriocin produced
by A. sp. LK7

3000 -

2000 -

1500 -

Numberof colony{CFU)

1000 +

500 -

o 4x10-2 5x10-2 6x10-2 7x10-2 B8x10-2 9x10-2 1ix10-1 3x10 3.3x10
Concentration of bacteriocin

Fig. 57. MIC(minimum inhibitory concentration) of bacteriocin produced

by V. sp. VK24.

_77_



(2) ZEN102 : A 2feg] 4l

FAAgAFEMIC)= BAH el EAS 431604/ m) s 2ol A58 Z
T2 2 ZFAdHOT Zt7 80ul/ml, 4048/ml, 20/8/ml, 108/ml, 5u8/mé, 148/mé
0.5u8/ml, 0.1px0/mé, 0.05x8/ml, 0.01z0/ml, Opl/ml 9] BT oA AL
(Micrococcus luteus)ZF 1:1(100£: 100£)Z HEES- X[ F1 F 96well plateof|A] 534
Z(0D: 595nm)E FHFst Ha AHsle=E =Hstddcrt. I Hzbe= Fig. 58, 59,
603} Zroem, MICE M luteus of] thsl 855BU, S. arueus of tisl 4427BU<IC}.

140
120 ———— T —— L IS A

100 L N I . — N N S - - —

80—t N L

80— = ARAR

Growdh rate()

R e T i

20 - Y T A

2,000 4 000 6,000 8,000 10,000

Sample(BU)

Fig. 58. MIC of antimicrobial agent from strain ZEN102 against M. luteus

Grovith rate(-h)

50,000 100,000 150,000 200,000 250,000 300,000

Sample(BU)

Fig. 59. MIC of antimicrobial agent from strain ZEN102 against S. aureus
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& Aureus  conc.ul/ml}

M. Luteus : conc. (ul/mI}

Fig. 60. MIC of antimicrobial agent from strain ZEN102
th. ezl Al it 52 #7]4H(Lactic acid) F3
(1) 5 ZEN102
ANEE G714 37 wEe o Waslel eled wE BAS Aisis
ZEN102 strain?®] lactic acid A34t2ks dolr gir}
0.1N NaOH 2} lactic acid &}2] €A AL E3] lactic acid &= Jzj=E 2 3}
odrh. 0.1 NaOH 4% 2} 0. 1%sl| &= &S rhso] WA F UMH AgE
0, 4.5, 9, 18, 27, 36:4F %|3}o] 96well plateo] Wil ¥ &Fo| 216x0] H=F
ZF+E 7tste] 0D(495mm)ofl A & gich. (Fig. 61)
ZENI02E wieFste] AZttiEE A2 2} sampleol 5w B Asto] 2|7} ojn] &
Q= 01N NaOH 36442 7} ¥ 0D(495nm)Zhe 23 Tl ZAW ARel YRS
Batsle] lactic acid Aol thdste] 7|4t ks A stolrt
| D P
g 400 //
& 3.00
~
0.00
0 10 20 30 40 50
0.1N NaOH(e)

Fig. 61.
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I Az} Fig. 629} Zro] LElYTE  lactic acide ZENI02HF71 *l2t7] A 2lshH
o

A A A3 ol F7F SHA ol ) S o|FS wl latic aid FH2 2.0

25 - 09
F 15 | - - - + 06 £
5 =
=

= e
= =
= el
= [ zen102(L) =
= 05 : —+ 03 o

zen102
] 2 4 6 g 10
05 | Lo

Time(Hour}

Fig. 62. Lactic acid concentration and growth rate of ZEN102

13. Protein = U AF]

7 AgRFe A8
AW FE ZENS, ZEN9, ZEN2013 FE B whtel viel & w9 ww vhul o
ol by FE FEE AEstA] 93l AystaAct ZENGH F7h A3

1

o
My
°
i}
kit
it
Loy

LETW O}, Fig., 6304

2 b3
=
gth F w#F BEF 7] wiARE 28 4] uiEol Protein?] FH A= FREF-oA

40 - LTI
= =
= 2 = 2
B 350 5 B B 5
g o 2 g 08 g
= 0 &
& o B z a0 B
o = o =
= - =y B
0.4 2 0.4 2

Cell growth 200 Cell growth 200

1 Total profein 2 Total profen
oo 150 0o 150
0 40 30 120 160 i 40 &0 120 160
Time(hodir) Time{haur)

Fig. 63. Growth curve and protein of strains(a)ZEN5, (b)ZEN49

_80_



B.c 1200

533 1000
.83

-\.
o

i

+ G

=
3

wn
in

4.00

Chea v pone gize] immb

Y
]

2,00

&
&

a &

Felstie rte] Aciaty, man' Frobein, ppan)

25 #2003

Strains

Fig. 64. Antimicrobial activity with total protein

5L MRS Broth + Starter 50ml = 96h vjeF (30T, 150rpm) 5 22| (Centrifuge
- 30min, 8000rpm, 4C) 2 F Ry A (IdEg A5 1Lo] Ammonium
sulfate 30%(176g) ¥ F Centrifuge 30min, 8,000rpm, 4C- pellet Tm}Z XHH
), = TIA] A5l total Ammonium sulfate 70%(+273g) =]A] 3}o] Centrifuge
30min, 12000rpm, 4TC-A4%5% wW=E ®EH¥ > Pelleto] 10mM tris-HCI
buffer(pH.8.0)& o]£3}o] Cellulose membraneo] do| over night FA3ict >
FA F oF 100ml volume?] productsZE Membraneo] ¥ Ale|Z &E&AZ 72

over nightsto] % 30ml WEsiPRoU} HE VAL wELe] ulaslA LeiLiA]

= ol
1.000 1
= 00
E
g 6o
E 700 _
5 50O - L HHZ] HH ook;lol '—l—l\:l] % Eé{?l\;?;
2 (ug/ml) (ug/ml) (ug/ml) (ug/ml)
500 | -
sl == 666.7 640.0 820.0 900.0

400 - . (folds) x1.0 x0.96 x1.23 x1.35




S

protein = YBE& XAlslodct. O Azl J21oA} Zo] 40%2] ammonium
Al

60% ol 4te] BHEOIAE
| ol

of 50%)

sulfate E7lolH 7} &2 proteins =S drh 2]

S o] Ao Yojux| 9k ZAE UEht HE 40~605(2 4%

=

2320
B850
750
650
550

450

Total Protein{ugiml)

350

250
0% 20% 40%  60% B80%

Ammonium sulfate conc.{%%:)

20% 40% 50% 60% Total
ZEN  Protein(ug/mb) 71.0 728.5 171.0 26.0 996.5
5 Dialysis(mf) 28.0 37.0 50.0 50.0 165.0
Final Protein(ug) 1,988.0 26,954.5 8,550.0 1,300.0  38,792.5
ZEN Protein(ug/ml) 148.5 5938.5 22.2 28.5 737.8
49  Dialysis(mf) 27.0 43.0 30.0 45.0 145.0
Final Protein(ug) 4,009.5 23,155.5 667.5 1,282.5  29,115.0

Fig 66. Optimal amount of ammonium sulfate for protein concentration

3718 AdelM a2 A ge B3l HFH proteing TSt o dg o] &3
FaBAAES AAstodeh. I A3 ofgfe] TRolA e} Hol A &2 5 e
ZHR 40%ol A Eido] JHE =A UEBIWTE o] A3} $8 ZENGS 20%~50%2] ==

S5l Ql5l, ZEN49E 40%~60%2] %= pelleto

L
—1
P2 gPol A EHEC] Aes & & UgTh o] HAY AR M|

ZENS, ZEN49 #Fo] F4EAHE Uehis EZo] 9A] ammonium sulfate 5oiA
Be £ o vhid Z2 1 fAEAS EAS F1 AdSS HFeE Fay
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Fig. 67. Antimicrobial activity with a various amount of ammonium sulfate

Table 22. Antimicrobial activity of strain ZEN5 and ZEN49 against M. luteus

(cm)

F2AN7END 20% 40% 50% 60%
A 2.2 2.3 1.2 0.0
B 1.8 2.2 1.2 0.0
C 1.8 2.1 1.2 0.0
ZEN49 524 20% 40% 50% 60%
A 0.0 2.2 1.9 1.1
B 0.0 2.5 2.0 1.1
C 0.0 2.6 2.3 1.2
4718 AP FUT XACE AFste] ZENS, ZEN2013w#7-59 ProteinFAH =
gstodrh. 1 Az} table 23004 UEld 213} Zo] 7t #51 &S ¥ + U
ogrt Aol thd eate A& F U2} AT AgF FilolM = eSS A
B FE wole Zlo] BAY Fio YET & MolE =it

Table 23. Yeild of antimicrobial agent

Strains vol(ml) protein(mg/ml) lacl(mg/ml)

activity total Lac 1(mg) 3|4&

o ZEN5 0833 0.539 0.090 1.300 88.333
L ZENA9 9915 0.580 0.097 1.300 95.845

o ZEN201 988.6 0

I . 573 0.096 1.250 94.411

= ZEN5 949 5.230 0.820  11.700 83.341 88.1%
& ZENA9 956 5.880 0.884  12.300 91.021 88.2%
% ZEI\?Ol 91.2 5.784 0.879  11.900 85.008 84.9%
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T}, Gel filtration
Sephadex G-100 Column(10mM sodium phosphate buffer) S E ZEN5, ZEN49, ZEN2013
=2 B ZAMF Sample2 3ml F5}o{ Total fraction 40fractionS xJz|35}odt}.

Z} Fraction tube:= 4ml volume S Z assay+= 260nm or 280nm UV absorbance &% 2

2 A=} S35t thA] Z} fraction tubeo] th3dlo] Total protein w432} 3 A,
AFYREY ABS stk
1.0 - 1.0
Protein{sgsnm)
Activitv(cm) g
0.8 - =
? 0.6 _f
E o.b _:_:
= E =
E 0.4 £
;3 0.2 =’
é 0.2 :
0.0 0.2
o 20 40 G Bo 100 120
Fraction number
Fig. 68. Gel filtration from ZEN49 strain
AyollA 27| 20fractionol| X clear zoneo] F/dH WHH 22l AF&HG AY
o de= &7] 74 fraction§-E o|n] o] LERL7] A[FEr) o] AHFE oA
Proteine] Z71E]o] ] o]A} cm-sephadexo]] proteing] T-&o] dojL}z] = ZFo

|
2 F32Y £ 9o}l I F 80fractiono| A elutiono] A|ZHH F 87fractionol A

protein®o] FA3] F7Ist= ZLE UEIGOM o] fractiondfA] PA] BAHEE
7 UEl cm-sephadexel] F3E= ThlA F2 peptide’d EHUS & 4 AU
t}.

o] A& F3 columnZ ©]-&3t semi continue WHLEE productsE & F U=
FeAS BT 4 AUT Uobh Hgld $BolN BT} EEHS wY + UL
Roz sejct

g}, AAH lacl?] SDS-PAGE

AR E ZENA9R] A A|H productsE ©]-&-Sto] Protein A7|5S AAsHTt
= =3o] Yetyt

Fig. 69o]A 2} Zro] marker 1.7kDaZ} 4.6kDaof|A] Lacl 8. FAE
2y

Tt Expfo] Ztota SW3] ion chromatographyE ~2fgh
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Hal size JAS AL AS & & YAtk o] BAL of 3,8000a2] 27T 3
Y BT} BHY B4S WGl BTt £4% £ AAHE AW A%
Z18851 5 it
Marke #4

Da

17

10

4.6

1‘%__-
1.7 -
Fig. 69. SDS-PAGE of antimicrobial agent from strain ZEN49
o}, Bacteriocin 32 A
(1) LK7#37} AA5t= bacteriocin®] &=
LK7¢-F71 2BAV5l= bacteriocin®] BAE 218 pHell w}e} bacteriocing o]
2713 Holf WS olste] WAkt WA A TSl At ]
o] pHE. 0= ATl AJitxle] = bacteriocing LK7TAo] F2F A%l
I3}.(17ig. 70, 71) 2 ¥ {AZeE S8 2=AE #H4 ¥ thE 1M NaCl(pH2.0)o]
ElA] A Ao FEE]o] QW bacteriocing F|4=3}ict. (Fig. 72, 73)

Adsorbed(%)
@

pH

Fig. 70. Adsorption of bacteriocin onto producing cell.

Bacteriocin was adsorbed to the cells at pH 6.0
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Fig. 71. Antimicrobial activity of adsorbed bacteriocin against

Listonella anguillarum.

Bacteriocin was adsorbed to the cells at pH 6.0

120 -
100

80

Dissociation (%)
3

40

20

Fig. 72. Dissociation of bacteriocin onto producing cell.

Bacteriocin was released to the cells at pH 2.0

Fig. 73. Antimicrobial activity of dissociated bacteriocin against

Listonella anguillarum.

Bacteriocin was released from the cells at pH 2.0
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(L}) Ammonium sulfate saturation
11L vfjekel S 200ml Z 58] %=35}o] Ammonium sulfate 60%, 80%, 100%2] E3Il=%
oA BFHLEARS HAAZT} Table . 24048}t Zho] 80% E3t=TolA] 7M1 =
o
=

=l
=
Halstart.

olr

Table 24. Antimicrobial activity(%) of fractions of ammonium sulfate

saturation.
Normal Adjust pH7.0
(NH4)2504
ppt sub ppt sub
none 200 158
60% 162.5 150 106.25 125
80% 162.5 137.8 1125 100
10026 112.5 1375 100 100
Antimicrobial activity(%) = Clear zone size(mm) / Paper disk size(mm) X 100

(t}) DEAE-cellulose column chromatography
SAAZRH FATHAS 2 A2Fe] 20mM phosphate buffer-£§(pH7.0) 0.2 £3[4]

71 3, o]& phosphate buffer (pH7.0)2.% H&3}X|7] DEAE-cellulose columnoi
0.1M, 0.2M NaCl stepwise® Z7IXZ|HA] 0.34ml/min®] 5L % 1fraction%d
sul® 82AZACH o5 3 4ol Yt UL Wol FAUZES Bi| 53
SRErEY

VK247 Batste a4 =32 A S ¢IsH DEAE-cellulose®} CM-cellulose

A
of thsll 542 RAIRE Az} WKUFF7 Bists dFEBAHEA L (M-Celluloseo]

= ZA¥SIA] 5l DEAE-cellulosedl] A¥E = 2 EHlsigcl ol& ¥ 5 3+
Aol ol BFS AR A Fig., 74042} Zo] 41Hz] EFolA SAEHS

Urepgich
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0.9 —*— protein concentration —* activity

Protein concentration(at O.D.280nm)
=
I
Clearzone size(cm)

| alalalalalalolatatal eleeisesiel 0.8

1 5 9 13 17 21 25 29 33 37 41 45 4% 53 57 61 65 69 T3 77

Fractions

Fig. 74. DEAE-cellulose column chromatography of antimicrobial
fractions from V. sp. VK24,

(3) ZEN102#57} AA15t= bacteriocin®] A A

(7}) Bacteriocin®] &

ZEN102#5F7} A34tsl= Bacteriocin® AAE 23] Yang, R
pH-mediated adsorption & desorption ol 35l A¥H 2 5}olt}.
bacteriocin® &= 3L MRS/BHI vjx|(1/353)0o] ZEN102 &2 1% HE3lo] 164]

b ool Wi F wiy 7 10 wFste] BA A

o%
filo
oL
kd
N
2
2
>
§:3
L
)
o
(2
L
lo M

ISIE% 112 shaking ¥ T SAIRelole] 98 AaS el ed A7

% Abgstdrt. (Fig. 75)

(U}) pHEd3to] w2 ZEN102 A= A¥

gfe] pHoll wE FH ol g Hfee]esl HAYE HiFeR Z4Ze] pHollA

ZEN1027} Agabste datEdo] EelE =X doliy] fls) pH wHAME FA A

AlA] steict pHE 2.0, 4.0, 6.0, 7.0, 8.0, 10.0z} Zo] ZRAEslo 12 A%

12} AlH o Hl 2E 508 proteing FA SHATL o|F FF AtEolA 2 9}
&

ol
HEl oAl A BARe] ANBE AAF U luteusd ol §3te] ulwstarh
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(4) whal g7k : VK24, LK7, ZEN102

chalzl A z2ko BSA(bovine serum albumin)
2 EFuhaAZ a}L3F Lowry protein
assay?] Yol 2J3f 3PstATE BSAE HFE
chld g 3t 2t =% 5 100, 80, 40,
60, 20, 10 ,8, 6, 4, 2, 0 wg/ml ==} 3}
o] 96well plateo] 10xg 2]|3}o] B.f
solutiong 200xg Y3 537 BES F

microplate reader”|Z 595nmof| A Z 73}

A AAstart (Fig 76) 243 ey
4 A Faol e

ST SYg WEoR 0

9 e A start

(7h) &5 K24

Lowry protein assay& ]
K247} A4 SIE B B vie gl 3
ks AlAgt A2} 10mg/nle] 25 s}
Oﬂtl.‘

¥

(W) o 1K7
Lowry protein assayS ©o|-&3lo] ZAEAH
LK70] ABxt3t slFEAAE R tfgt whalzl A
& AAIZ A3 16mg/ml o] =2E FHAsH

T

o

32 oW

-_

(t}h) 3= ZEN102
Lowry protein assay
ZEN1027} kst g dEdol of

3 g 4
AR A3 of 40ug/ml o] FEE FH

il
o
ofo
o
2
_— l‘N
o
N
e

oﬁ

2
e
%?. ﬂJ
)

2o for 16412

Lmid soduam phosphats
fpH 6.5 25 M

10mh - Nacl = #31&
(5% HIPO4= pHIDE = =3)

RE HE| = 450 Ha
Em.’.‘q:m 20

[ s=o > o=su= 12|

Fig. 75. Purification of

antimicrobial agent from
strain ZEN102 by pH-mediated

adsorption & desorption

method



(5). A7|¥%E : VK24, LK7, ZEN102

ZAAY B T
SDS-polyacrylamide gel
electrophoresis
(SDS-PAGE)= Laemmli®]
Yol uwel 15% gel&
Apg-5Fo] 9mAR 14]7F 30
T ¢ AVFF std
th AVF T F gel
0.05% Coomasie
brilliant blue R-250%
2 dAste]  "AAR

t}. (Fig. 77)

O RoRnm)

0.6

V= 0.0111% + 0.249
R2=o0.9922

0.4
/.‘./}'z 0.0047X + 0.3037
R2=0.9985

20 40 6o 8o 100

BSA conc.(ug/ml)

Fig. 76. BSA standard curve

120

0.9

0.3

Fig. 77. SDS-polyacrylamide gel electrophoresis system
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?§C474 L2 bacteriocine]] 2]

5.
=]

o5 Lk7

2 ‘;35{_} bacteriocing SDS A 7|¥H %2 °
2 A7E vehjgd o, pH2. 004 HHZH
A

79 pH 6.0014 100%2] 3

I & gdol 718 27 vetsten(Fig. 78) 3

o

H bacteriocin?] =X}k 3. 5kDal % EHeolx| gt} (Fig. 79)

Fig. 78. Antimicrobial activity of extracted bacteriocin against

Listonella anguillarum.

1: Extracted bacteriocin from 4. sp. LK7 by cell adsorption
2: Supernatant of culture broth

‘-'
Da
26.6
o
17
s
6.5
v 5 -
3.5
L.06 -
M : molecular mass makers
1 : purified bacteriocin from ZEN102

purified bacteriocin from IK7

2

Fig. 79. Molecular weight determination of bacteriocin from A.sp.LK7 by

SDS-polyacrylamide gel electrophoresis.
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(Lh) =5 VK24
DEAE-celluloseE F3 RAEAH VK247F2] bacteriocing 15% SDS-PAGEES A A| 3}

od
tl. 3 Az} ZFAHH bacteriocing nisin(MW; 3,354.07) =X}2F2} F-Alsici=s A

= HAY 4 gt (Fig. 80)

1 2 3 4
""_"_‘-!_l._' = e -
26.6

Fig. 80. SDS-PAGE of bacteriocin from strain . sp. VK24.

Lane 1 : nisin (lmg/ml)
Lane 2 : Molecular Weight Marker
Lane 3 : Purified bacteriocin by DEAE-cellulose from VK24 strain

Lane 4 : Ultrafiltered Sample by Millipore ultrafiltration membrane

(t}h) 3= ZEN102
AAE 24& F3to] SDS-PAGES F3ste] BE S 5383 2, ©d bande} ¢
Xot= FololA FE3o] ABZoem, metr Lactococcus lactisollA BAtE =

bacteriocin® =&}&Fo] tfz2F 3.5kDa ¢S & 4= 9lalr} (Fig. 81, 82)
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2
(s

26.6

- ks
14.2

6.5 =
3.5 1
1.06 =

Fig. 81. Molecular weight determination of bacteriocin from ZEN102 by

SDS-polyacrylamide gel electrophoresis.

M : molecular mass makers, 1 : purified bacteriocin from ZEN102

Fig. 82. Molecular weight determination of bacteriocin from ZEN102 by

SDS-polyacrylamide gel electrophoresis and activity
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14. 7]} 3-8 +FF2] Screening

7}, Gram 7d ol ch3gt 3=

E. tarda, L. anguillarum, V. ichthyoenteriof th3} &g Ado] F3351A LIER
%] QLokrh. EDTA A2l Gran P47 Gran SHF] hEAHS 18] M luteus
9} V. ichthyoenteriS Zu|stitt. ¢ A&z} Zo] ¥EEA|Zl & paper discdlol
Nisin& 3I|Mu|&E2 AP A} M luteusol MR FtF/do] Uehta I

ichthyoenteriol| M= ¥t /do] LIEhA] Qkatrt.

M, luteus V, ichthyoenteri

Fig. 83. Antimicrobial activity of nisin against gram negative bacteria

L ASed daEEdAd

Vibrio sp., L. anguillarium, E. tarda 3%2] X|AX|FF5 24A|7F ZAnjof o 19S5
HAE F 6A17F B¢t AE4E filtration 8F 212} filtration SFA] 92 z
3ml%] £33t cell growth &} protein ¥ T3l +HA
Azt filtration® AF+ el AAlol 23 A3 Asli= vt
HWHEA] dodrt. 4847 HEE F A P
anguillarium 2] 73-%- filtration SHA| %2 HNFTE AHEEH BESFolA A=)

7 gasol A% Zabeh Aol WY 2 @tk

Vibrio sp. L. anguillarium E tarda
20 - OB 2
1.B - S
A = 1 o7
Lo i i B [ s = v :
2 [ .o o5 E g — g K =
E 12 & =
& 10 - na @ e 1 g
4 os d TR £ 2
; e S as % —— a 5
L - ] nz:g | —8— po-w ] E
o4 S [y | Sk o =
oz ] O L R —— 8
0o oo 1]
n 2 4 -] ]

i
i
1
H
[
a
™

Timel hour)

Fig. 84. Antimicrobial activity of deep sea water
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15, Aihjx] A4 43

2,18
7t. 3 ZEN49 — e v
(1) MRS 7] wix|of ¥tAHz A -
o] Wste] mE At AF % 000 -
ZEN49 straind MRS 100%2} MRS2} §
YG zZ}zb 50% Eyhix]  2ea 5,08
YG100%2] wiz|ofl Z}7z} wjorste] 2
ztol&  A¥sidh. Y6 wiAlE= 01— ;

WIS 1008 WY EDY VE100
Glucose b50g/L, Yeast Extract

20g/L, KH,PO, 4g/L ,MgSOs; 3g/L  Fig. 85. Growth rate of strain ZEN49
,NaCl 0.5g/L, & wt5o| 176ml & in MRS, MRS&YG, YG Broth
F35}lo] AF8-3F3 FeSO4 0.01g/L , MnSO4 0.1g/L , CuSO4 0.01g/LE= 252318t E

WSS WS fls] W2 RbE F 2ol, 20ml, 2nlE 247 o] ARE-sioict

49 strain ;uq :.. ".\, [ )
LT o i
fjrom -

MRS 100% Zoms |

:um- nitn §
D430 - i £
0%

oo 430

165 Bl
e o
vim §
i H
MRS &YG & Fom ek
0% & 50% § feon e |

am vam

P by

1 4 ) L] 1
Teep

T =

L] i -
1M | e W 5
" 1800 e |

TGio0% !;m_ ris

L iy |
ot e =
L] 00

[t
[ + W

Fig. 86. Growth curve and Protein content of strain ZEN49 in MRS,
MRS&YG, YG Broth

AW A URS 100% wixlolA A W FRBFol Y A Uehsth MESS Y6
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s
N
s
a1
<
X
et
Oft
'
Olt

g vl 7E A 2] MRS 100%2] wi=] o} 90%2] AJHEI 95%2] YHBAEE

— o]
S UEhd REA Y6 100 x| ol M= A& Eo] 7H Yoten Y= 72 UE}

olelgt Aol A BT 4 YFo| o] £ MRSUIAITHE AFE-5Fo] bacteriocin

[e]
=
< Aatste 23 Hli’ﬁ}oi MRS50%2} YG50/HHZI§ AL B AL sUdd B E
%

BAARJ] FEollM AA3E 23 A7bEzEe] JHY BEA HA uix] AFAY
& AAstolnh oi® HAEE 3 iRl 4 ©adde] mE AR AlelE
H| 2224510t BlAY 22 Glucose, Fructose, Sucrose, D-mannitol, Starch,
Maltose, Mannose, Lactose, Galactose & 9%&2] WEZE 20mg/ml Nutrient BrothZ
nitrogen source® 3¥F ¥ Z} BLAYS 20mg/ml A Wil 25CoA] 1847t wjjoF &+
2 o|3HE F4 & sto] HlLLstert. AR EM 2 A7hE 0DE ZFA5te] CFU/mlZ
#Aitsto] LIEtTH
Fig. 879 UEl Azl o] BlAYK O Z Glucose?Zl AtjA o E =2 A3
et ool glucose?| H=E Welste] F & ol thgt #H glucose v=&
Qrh 2 Az} of dmg/mlel Aol ThT W stEr) zay 2
¥ glucose 10mg/ml®] FEO|AFE AR FFFIHES L}E}LHEL 7] wfEel 18
A Zv7}=] 8] nj ok systemoﬂ}ﬂ glucose?] 5 E& 20mg/ml &%
oA FbE Ay e wer

40 ;B
o.Bo 5

=
=
=
v L
g E
e 0.75 =
g &
|- DR 0,70 =
= zo [
5o ] = 39
£ : Z
FRSLAE (R M
(= an
=] - 0
e 255 i
= -
4 -
= o 2.50 & a1p
-
i x o & + =
x-"'{ ;" A7 g \H;" ;:&' E .l H;o" a7
I % E "-\.\-\. - Y e =
< 1] 1 20 30 ] 50
Carbom source conc. {mg .
@ 1 Glocose{mg/ml)
CFU/'m] afterizcobatca g after)lzibd pH

Fig. 87. Effects of carbon source
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cgdej ol = &L} ZAdol BT FR3F factoro|th whabA Al Enb
oftel el meEtE W PG5S W] e A ALdAdY AP 51
t}. 53| #|¥F productsZ} peptidee]”] uwhiZoll BRZR|LHel productsE A B4ty
4 2= peptidert FF-gt wix]e] FFo] FAETE F% Zlojrt. o] APS ¢35

A] yeast extract, Peptone, Proteose peptone, Soytone, Tryptone, Tryptose,
NZ-amine, Beef extract o]} 8%2] nitrogen sourceE 10mg/ml 4! glucose
20mg/ml S 173t wiR|of Z3tsto] uwjorstaict. oA 2} Zro] nitrogen source
2] A9 Proteose peptoneo]| 7} 43t ZAIE Vet 2|3 tryptoned}
tryptose L2|3l yeast extract Qo F 2] AlSof d3FS njx= ZAoZ LElY
T}. uwleli] Proteose Peptone?] ©F2 w3t A3 of|A] Proteose peptonel] 7}ZA o]
=2 HAZE beef extract®} 2:1H|SE EZI3l nitrogen sources XA ST wt=
o] &%} nitrogen sourceE glucose 20g3} ZHZh E3I5lo] wjR| S tso] AdHS5}
T}. Proteose &%} nitrogen source?] #ZFo| 20mg/mlo]AtollA] ARAFo] A2 o

A GATE Ao2 Yeht HA STl 15~20mg/nl SEol AAste Zo] up

32

oﬁ
ol
L

=4
S AT =4 [e] o o] ol e
A Zlog wictE o] wjfAZte Y F-¢ 15mg/ml 7} 7HE AU Zlog AA
3t

40 a.Bo -
lﬁ‘ ] s 35
p i .73 i -
g 307 :: o
_:"‘ % - Fomgo =1 25

= =
E’ 20— r 5 E an
£ = o0 = -
5 - e
i 2.55 B
a7 i
S d50 = 5

+ & ¥ i 5 & aF {v-' 3
SOV B AW Y Y A 0

1:.-\_"- q o o e T T by 10 = a0 A0
o of @ 20 yo 1
T Nitrogen source cone, [mgml) Prnmf:]ﬂ:mm;?h"t
CFU ‘ml alleriscubalios pH alter Inikia pH

Fig. 88. Effects of nitrogen source

(4) m| Lol oS Frtd

Ml se] WE A Aol AskTh ABL AH DLUOE glucose

20mg/ml, AAHU LT proteose/beef extract =¥t A 16mg/mlE 7|EZH o T vt
A

3 2 ugaaE e A7 xS Zol vhal g4y MstE ulwsiein,
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3 Az} Fig. 89042} ZHo] KH,POs, MgSOs 4H,0, CaC030f
th 2y oE Agd7 9

2 Ueht of

P

1.5

Foelatiive rabefolngl

3 ]
EHzPOy Fel0a
JHID

KaCl DMgS0g
TE 20

SAb Aol A CaC0sel o
o hstols & O A7E

2]

LY

B 7

InS0y
BH20

Minerals

HzQ sH20

Fig. 89. Effect of mineral

n
%
og

MoS0y CuS0y Calls

(5) =& wjz|
Qo] A Ve, AAY DT nBALS ZHstel A WS 245
TH o] wix|Z BPG wix| 2 HwEstadct. MRS whrpe] of 43% 4=F, o3} vizrd4t
ZAoll= BPGURA] S ©]-&3}2drt. )

Medium che| A8 12 AleF 7t H/Liter
Glucose 10 g/L 5,000 ¢ 34,000 ¥ 68.0
Proteose Peptone 10 g/L 5000 g 1,075,000 ¥ 2,150.0
Beef extract 5 g/L 5000 g 1,017,000 ¥ 1,017.0
Yeast extract 5 g/L 25,000 ¢ 1,175,000 ¥ 235.0
KoHPO,4 5 g/L 1,000 ¢ 11,000 < 55.0
MgS0,.7H20 0.3 g/L 500 ¢ 2,700 o 1.62
CuS0O4 5H20 0.01 g/L 500 ¢ 4,600 ¥ 0.09

32.01 g/L 3.526.7

2] A wf| o)A yeast extract?] bg/L 52| A J}E yeast extract GA] AtpE

2] AAle] Holsle FROF QAT HIE AASIcE A7 A wix] ZA

[e]

o] 83l ZENAIHFE

=z =

ajefgt A3 71E

2] MRSof] H]3}o{ stationary phaseZ}Z]

o|2& A|Zto] mi-f Fold Zl& o 4 gldrh

A iR AP 23S v SR 24413, 50A|%F, 754 2ol A fresh media
S 7] vl FIY 10%5 FFste] of 150417 v Add S AAIRE A3} ZENS,
ZEN49, ZEN2013 A &5 BT ZI7IFEH wE 43S vehfoden 1504 7HEe
dead phase® FoEX| ¢= ZL2E UElyttt. wieF X7] Protein®] &7t 7+4:3519)
2ot 10A12F A2 F F43 protein®] ZEATH UEIR= o] @42 3¢ BEF 2
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Fig. 90. Growth of strain ZEN49 with optimal medium
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Fig. 91. Cultivation of strain ZEN49 with optimal medium
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L}. Bacteriocin’@At #F2
(1) Z}& wi=|ollA e 2=
(7} =5 LK7, VK24

LK7 w57} 234t5h= bacteriocin®] A4 d& doli] 213t A wiehulx|E 2AL
stadch ol Fe uix], wid AIZkE delste] #FE wgstden FAz)
bacteriocin AL ZAstgc}t. wIr|EX= MRS/NSS wix|oA FH ZA1z7}
bacteriocin &/do] 71 =A UElE L} LBuR| oA o] 3= g

o2 U7 ol LBUfAIE 7] wiA| 2 St AYHE ¥}

B

3

(L) o5 ZEN102

ZENIOZ7E AAtst steleloale] A e dotnr] S1% A wjduixE Zabst
gtk Table.25 7t Zol 24 Welstel FFE mjofstelon], 24 wejele
A S FPSHATE AR BHIARSEY wixlol A A F43t wee e ¥
ol 744 A UEhtout BHINAIOIN S B ER 5 £FEOT U] wfRo]
BHIIZ| S 712 wix| 2 sto 4@ Astelch. (Fig. 93)

Growth(OD at s00nm)
Clearzone size{cm)

L 12
12 ;
1
038
0.8
06
06 -
04 - Lo
0.2 0.2
0 0

TSB Macl TSB TSBY Nacl TSBY MNutrient NssMRS — VNSS

Medium

Fig. 92. Growth and antimicrobial activity of Aerococcus sp. LK7 with

various mediums

Symbol: W, growth; —, antimicrobial activity(cm)
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Table 25. The composition of medium for ZEN102 strain

T8 MRS BHI MRS+BHI
BHI(g/L) 0 37 18.5
MRS(g/L) 55 0 27.5

0.16 por)
w Srowi raie
s 0GR R 2
= E
z E
£ 2
E b
< ops | B E——— i Liogs 7
0 16
MRS BHI MRS+EH

Fig. 93. Growth and antimicrobial activity of strain ZEN102 with

various mediums

A dreus £ aureus L anogenlisrna

Fig. 94. Antimicrobial activity of strain ZEN102 with various mediums

(2) Bxhaf=] A8 A&

(7h) Atz A4 ¥ K7 VK24

Bacteriocin 34t #3+Q1 Aderococcus sp. LK78] A A3} bacteriocin i ato] o33k
2= gratdz} ALde] J%E dotiy] I8 50%2] LB wix|7} E3HH wjx]
glucose®} peptones X3 ZHE B4z AAYES M7} 147 ==& HUst

30Toll A 24x| 2kt B wigsto] JFEI LB S AESIATHFig. 95).

4 o =2 o
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Z 32} Table. 263} Zro] ElAYKM O T L sodium acetate, AANCE malt extracto]
A 7 st A3 " AEE UehdTh E3 K24FF28] 7% MRS 1/10 uf
2|7} £33+ wiR] Z}ztol|l glucose?} peptoned EFEH Z}E BhAYI} AAYS 7}

.]

|
7 1l FEE EA T 30TelN 2N HES B ujel

2} Jst] AAEL FAEA
& ZAESIYUTHFig. 96). 2 Z3} Table 22. 2} Zo] MRS 1/10uiX|oflA & EFA O
2 sodium citrate, AAYOZ yeast extractolAd 7} $3F RS sloi o}
El4AH 02 sodium acetate, AP OZ beef extractoflA] 743t 3pA4FAd S LIENY
aict.

Wl : Growth,—— : Activity

Growth(at 0.D 600nm)
0
Clear zone size(cm)

(NH4)2504 Urea Peptone Yeast Extract Tryptone Malt Extract Beef Extract

Nitrogen sources

Fig. 95. Effect of Sodium acetate and nitrogen sources for the growth

and antimicrobial activity of the A. sp. LK7

Table 26. Effect of carbon and nitrogen sources on the growth of V. sp. VK24
(0.D. 600rm)

C Sources
Sodium  Sodium  Soluble
Glucose Lactose Maltose Sucrose
acetate  citrate starch
N Sources

(NH4)2504 0.292 0.319 0.318 0.682 0.768 0171 0.301

Peptone 0.532 0.560 0.562 0.833 0.836 0.752 0.542

Tryptone 0.785 0870 0.857 0941 0.907 0.953 0.851

Yeast extract  0.788 0.840 0.868 1.074 1.410 0.932 0311

Malt extract 0.313 0.330 0.323 0641 0913 0.729 0.315

Beef extract 0.756 0.803 0.781 0.654 0.793 0.904 0.742

Urea 0.031 0.016 0.102 0.060 0.003 0.329 0.014
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Growth rateat O.D. 600nm)
v
Clearzone size(em)

=]

Sodium acetate Sodium acetate Sodium acetate Sodium acetate Sodium acetate Sodium acetate Sodium acetate
+(MH4)2504 + Peptone + Tryptone  + Yeast extract + Malt extract + Beef extract + Urea

Fig. 96. Effect of Sodium acetate and nitrogen sources for the growth

and antimicrobial activity of the V. sp. VK24

Symbol: M, growth: —, antimicrobial activity(cm)
(Lh) srAadzt Aade] J3F ZENI02
O wt4ddol mE B4Hd
BAAQ] FEold AdsE 213 7P b BEAA A wiA] AFALR
At o= LEE S FHuiR]olA] A gtadde] mE JA Aol & H]
BAstact  welelea Ax -
39l Lactococcus  lactis. e il ke [
ZENI02 o AT Wdol Wy s R
& ML sy A Yok T : £
7] 93] glucose?} lactoseZ % 0.10 4 %
olgstel uln AP FWA I -
t}. Table. 237} Zto| glucose  gos h B

[=1]

2} lactoseE MRS nwjz]of] YL
BRI BEE vlaEeEd stal 0.00 5
t}. (Fig. 97) 233} Zo] 2 1 2 3

Meadiuvm

Z|3F MRS o] glucose?} lactose
Y2 salpleoA] S 9 =

gol 744 27 Yehrt,

il

Fig. 97. Effect of carbon sources on the

growth and activity of ZEN102
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Table 27. Medium composition : carbon source

Medium composition
1 MRS(Difco)
2 Glucose 0.80%
3 M-MRS
Glucose 0.50% + Lactose 0.5%

otd AP S U LR Lactose o] #aE Z+2 0.5, 1.0, 1.5, 2.0% FollA w2
Az B4E Folsigrh Fig. 9804 R 23t o] ZENI02 ¢ AAES
Lactose®] &&Fo] 1.5% FFollA 718 &=A LEl 2, lactosed] &S 1.5% o]
4 TEE woE AFodle & d¥E XA U= Ao UEelWTh o] A@EE& HE
ElO Z lactoseF2 1.5% B IAASIH glucoserS gdle] AAS EolAdHE 4
8%k Zlojtt.
009 =gowma - 20
- E
E 0.06 - 155
% B
E b
o =
% 003 - 1of
iz &
L]
0.00 L5

05 1 15 2
Lactose conc. (%)

Fig. 98. Effect of carbon source(Lactose) on the growth and activity
of ZEN102

glucose UYFS ©elsto] & BFol| nxs TS UolE7] 2I3l Table. 280fA

0.8% FFollM i BEE UehfAAIz Bl glucose 0.6% 2t B35t
gdrt glucoseE AFY HIISlo® 52 A HFHA| g ZIeR wictdc
Fig. 99& &3lo gluscoseU @2 0.65%5-F L% Hsto] AYE F712 QLA d)

- 104 -



013 0.15 &
— AT ARS
e CALAIZOOE
& = £
3 o - o 14 5
T o W
o E i
| 0.05 P05
E om g E
(5]
e 0.00 6

03 Q& 0t 0s

Glucose conc. (%)

Fig. 99. Effect of carbon source on the growth and activity of ZEN102 (1)

Table 28. Medium composition : carbon source

Medium composition

1 MRS(Difco
2| Lactose 0.8%
3] 0.5%

4 0.3%
-5 | M-MRS Glucose 0.6% Lactose 0.5%
6 | 0.8%

7 0.9%

Qo] Al S HIEIC Z Glucose S 0.65%% A3 lactoser&F2 0.3, 0.6,

% O T Sto] 2] 4AS FHelslalt). lactoseddFol 0.3%0lA HAdo| 713
=

A okt Ao TRk (Fig 100) o AWS wHes Hd wxel e

glucose 0.65% ¢} lactose 0.3%H]|&=E wli3st= Zo| 713 Adsirial siwhHAT]
045 - ooz

T pao 18 E

= =

: :

& oo 14%
o.oo L e Mirteus Saureus L angguilianaem

MMES MES- Glweoss Gloocse Glucosa

Gluwopse 0b3+- o055- 0DB5=+
08  Lactose Lactose Lactoss
o3 o6 og
media

Fig. 100. Effect of carbon source on the growth and activity of ZEN102 (2)
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Fig. 101. Effect of carbon source on the growth and activity of ZEN102 (3)
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el 8yt 12
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Table 29. Manufacture MRS medium composition

Medium ZA z2A
1 M MRS (Difio)
2 M1
3 M1(1/2) Ml - 50%
4 MF1 MRS B %] Peptone 0. 15g
5 ME2 ZAAEI] Beef Extract 0.15g
6 MF3 = Yeast Extract 0.075g
7 MF4 Detrose #]2] Polysorbate80 0.015g
8 MF5 Glucose 0.65% Ammonium citrate 0.03g
9 MF6 Lactose 0. 5% sodium Acetate 0.075g
10 MF7 < 313 Dipotassum Phosphate 0.03g
1 \IFS Magnessum sulfate 0.0015g
Mangamese sulfate 0.0075g

23t MRS &
A2} MRS+

2] AHES vlete® 2| Gluscosel & 0.6%2} lactose 0.5%
MRSo]] Peptone, beef, Yeast, K2HPO4ES F71E & 7}5te] ASES FHolst

glucose 0.65, Latose 0.5%0lA 7} £ 4HES UeEhAATH

[3
Ln
4

g
E o0
E
g
[

0.06 1— = - - - - - - % omposition

MRSL : | ZF MRS- MRSZA X E3} 54 3}
0.00 L ) glucose 0,65%, lactose 0,5% &
MRS MRS- MRS1- MRS mix : peptone 0.15g, Beef 0.15g, Yeast
T e 0.075g, K2HPO4 0.03g in 30ml)
Fig. 103. Effect of carbon and mineral source on the growth and

activity of ZEN102
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Table 30. The medium composition of jeotgal combine

7 &= Salt concentration
0.5
Anchovy 1
1.5
0.5
Sauced intestine 1
1.5
0.5
Shrimp 1
1.5
Pollack 100%
. 50%
(protein 161mg/L) 25%

A 0.5
SI 0.5
S 0.5

Pollack
(50%)
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Fig. 104. Growth rate with jeotgal(salted-fermented fish products)

for bacteriocin ZEN102.
% A: Anchovy, SI: Sauced intestine, S: shrimp P: Pollack PA: Pollack & Anchovy, PSI; ollack & sauced
intestine, PS: Pollack & shrimp

Table 31. Inhibition size with jeotgalfor bacteriocin ZEN102.

. Clear zone size(mm)
strains

A SI S PA-0.5 | PSI-0.5 | PS-0.5 P P1/2 P1/4

M.L 17.0 171 19.0 20.0 18.5 18.8 191 18.8 18.8

S.aru 121 131 115 11.7 114 129 135 129 129

L.ang 10.1 9.8 9.6 114 111 9.2 10.2 9.8 8.9

Fig. 105. Effect of antimicrobial activity with jeotgal
(salted-fermented fish products) for bacteriocin ZEN102.
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o, oo H|3] mix4Z} mix1+MRS R/g> wrel MRS, BHIWRA|E A}&-3F Zlof ulsf

oFZF &2 S vehfdcth whebad mixl+MRSo] thdt wix|RAHE S EY e
oAk

S 2 MRS+BHIWRZLS AT 4= ol A4t 2 & 7Hsd& Uehial 2ot

flo
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ox,
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b
32
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]
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Fig. 106. Effect of growth rate with jeotgal(salted-fermented fish
products) for ZEN102.

Table 32 .The composition of jeotgal combine medium

Yeast

p| s |st| a Glucose KHPOL |\ ot [PEPIONE nipg BHI
(1.5%) | (0.5%) (0.5%) (0.5%)
mix1 o|o0|] 0] O 0 0 X X X X
mix2 o|lo]| o 0 0 0 0 X X X
mix3 o|o0o| o] o0 0 0 X 0 X X
mix4 o|o0o| o] o0 0 0 0 0 X X
mix1+MRS(50%) o/o| o | o 0 0 X X 0 X
mix1+BHI(50%) o/o| ol o 0 0 X X X 0
MRS X | X | X X X X X X 0 X
BHI X | X | X X X X X X X 0
MRS(50%)+BHI(50%) x | x | x | X X X X X 0 0
MRS-P MRS + peptone
MRS-P3 MRS + proteose peptone NO.3

A: Anchovy(salt 0.5%), SI: Sauced intestine(salt 0,5%), S: shrimp(salt 0,5%), P: Pollack(protein 16lmg/L)
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Fig. 107. Effect of growth rate and activity with jeotgal concentration for

ZEN102.
e A F59(2%, protein 1.8g/L) 2} MRSZufx|oll A 8] B5 %*é
3% S 3B 2AGD RS S Welolol HAE Bl T A% 2 W
d& H siolrt. A4 =9 32t MRS- 2. 3g/L Z =] of| A MRS 100% «l ARE
< Ko}t 374 e] 77 MRSl Hls] of 94xF w2 H/JS Hrh
0035
— learrons 20
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g Groeyth rate -
0.025 1] E
- E
%, 0020 A o
£ 0015 5
B T 5
oo | o
0.0 - L 45

MRS conc.(g/L)

Fig. 108. Effect of growth rate and activity with jeotgal medium combine
for ZEN102.
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Fig. 110. Antimicrobial acitivity of nisin with PEG
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Fig. 111. Antimicrobial acitivity of antimicrobial agent from strain

ZEN49 with PEG
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Fig. 113. Antimicrobial acitivity of antimicrobial agent from strain

ZENA9 njokelof PEGE00S 15%(v/v)E Fo3taL NazS0,

ZEN49 with sodium sulfate
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Fig. 114. Antimicrobial acitivity of NaCl concentration
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Fig. 115. Antimicrobial acitivity of antimicrobial agent from strain

ZEN49 with NaCl
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Fig. 116. Antimicrobial acitivity of antimicrobial agent from

strain ZEN49 with centrifugation
SR 72} =% PEG600 15%(v/v), NasS04 20%(w/v), NaCl 2%(w/v)Z A
1

Ze] zlol & Bl st AE2 MRS niR|ollA 1242t

olo
R j=
afokgt njorele AR 2[(10,000rpm, 30E)E 3t FAS A|AT A, AR

- 116 -



2] okn EA|ZF gt AEjolAd IulE SR E 5}
bacteriocin®] &AL u|zstdct FAHE A ASE
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Glucose 10g/L, Proteose Peptone 10g/L, Beef extract 5g/L, Yeast extract 5g/L,
K;HPO; 2g/L, MgSO04. 7H,0 0.3g/L, CuSO4 5H,0 0.01g/LZt2+S AHeksto] ZH B ulo] oAt
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Fig. 117. Powder type from strain ZEN49
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18. Freeze dry powder?] ¥4 A&

Zbzte] Bk 20ml/mle] solution WEo] A EML A wsladct. Fig. 1189]
A UpERt B2} Zro] Freeze dryoll HI8HXA] spray dry®] #4 &&o] F4351A W2
& & 7 Ut =0FAL20] =&EF o] Peptidert ARE = ZlHTH= Bl e
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Fig. 118. Comparison of antimicrobial activity with freeze dry and

spray dry powder
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C}. bacteriocin Fo{3 AA

(1) bacteriocin wXof UlS HAA2] A

of

A

Z| A L. 2 Micrococcus luteus, Streptoccus aureus, Listonella anguillarum,
FEdwardsiella tarda & A}231QT =ML zenl02, zendd, LK7, Vk24Z 37 wuj
oksto] 300mé7tF w=5to]  0.4548 filter® o2} F bacteriocin HFYLoE A}
slgdtt. 96well plateo]] Total volum 200p4% St XA+ 504(0D 595nm: 0.2
% &% 200 thsf 0, 5, 10, 20. 30, 50
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Fig. 120. Antimicrobial activity of antimicrobial agent against

pathogens
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aureus o|Al= 10%, Listonella anguillarum o= 20~60%, Edwardsiella tarda
= 10% & QoA A7t doj s A adrt ZENA9S] A3 XX 4710 ©f
Slo]  Vk24, LK7S 37}A] (M. luteus, S. aureus, E tarda) B3t 8td {37}
L}ElYECE. (Fig. 120)

(2) L2 =0l whE bacteriocin FFAe] B Hd
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Edwardsiella tarda & AFg&35lelon], =<=%ol2 7EN102, ZEN49, LK7, VK24( 3/ nj
oFsto] 300me7tEF =5t 0.4544 filterE o2h) & HH 2| A 5FHOZ AlE
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Fig. 121. Antimicrobial activity against pathogens
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Table 33. Result

of flatfish challenge test
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Table 34. Analysis of prototype 1

]2 che] zend9 zenl02 zen24 zen77
(135, 2H) % 92.19 90. 73 92. 68 93. 65
Zeha % 5.78 9.54 6.63 6.32
ZZ|4HE.E) % 0.02 0.02 0.01 0.01
ZA (A2 % 0. 44 0.49 0.11 0.08
245 % 0.06 0.07 0.07 0.07
Z3 = % 4.66 2.55 2.75 2.63

Table 35. Analysis of prototype 2

A5 Tk zend9 zenl02 zen24 zen77
K % 0.46 0.58 0.16 0.22
Mg ppm 89.75 38.83 23.75 33.32
Zn ppm 2.33 4.13 4.76 4.72
Mn ppm 43.95 23.71 1.32 1.2
Cu ppm Eh= Eh= Eh= Ex=
Fe ppm 6.73 8.82 8.92 7.56
Ca ppm 420.14 60.2 35.29 33.91
P ppm 0.2 0.28 0.22 0.21
Pb ppm 1.59 1.51 1.47 1.56
cd ppm 0.64 0.61 0.61 0.67
As ppm Eh= Eh= Eh= Ex=
Hg ppm Eh= Eh= Eh= Ex=
Cr ppm 1.06 1.58 0.4 0.81

Table 36. Analysis of prototype 3

] 2 che] zend9 zenl02 zen24 zen77
HIEIR] A 1U/L Eh= 723.2 s | 24
H|E}T] E IU/L s | 23 | EHE | EH=
HIE}R] K3 mg/L 20.8 34.92 18. 68 22.87
"] e} D3 1U/L 817.62 1020. 3 455. 34 402.1
g M| = & 841 7 (ADF) % 0.27 0.49 0.56 0.31
73 Al A &84 -# (NDF) % 0.54 0.55 0.63 0.43
0.2% Al 43H& % 96. 45 99. 86 91.14 97.5
o2k Kcal/kg | 1930.95 | 2095.62 | 1897.26 | 1864.72
H| = g/ml 1.05 1.06 1.03 1.04
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Table 37. Analysis of prototype 4

AR The] zen49 zenl02 zen24 zen77

Egeyd % 0.17 0.3 0.28 0.27

Al”l % 0.19 0.35 0.25 0.28

=27 % 0.53 1.1 0.7 0.68

gl % 0.22 0.82 0.39 0.37

o] &F Al % 0.16 0.42 0.3 0.29

o} F4l % 0.33 0.29 0.53 0.52

Hi] Bl 24 % 0.11 0.75 0.14 0.14

& gto] 4l % 0.26 0.17 0.42 0.43

;‘5 2zl % 0. 44 0.01 0.35 0.35

Zaj odahyd % 0.36 0.89 0.39 0.38

U7l % 0.21 0.59 0.14 0.15

- FERI A % 0.72 1.18 1.02 1.02

o} A u}El Ak % 0.4 0.72 0.55 0.54

& AE|T] % 0.15 0.29 0.16 0.17

Hdataiyd % 0.17 0.13 0.29 0.29

o] - Ab R % 0.05 0.11 0.09 0.09

TEA Al 28l % 0.03 0.04 0.04 0.04
A<

EYET} Ez gy} % 0.03 0.04 0.05 0.5
AL

7} AY AR
ZENI9 FEE wistel AAW F 1 45N 52 Azstel Jet AR 2y

3lal tablet® el 2 2| & AlAF(Riocin®)E o|&-slo] Agstgrt.

AMAFEES 1, 2, 3, 47§(0.5g/ea)E EEFFF 30mlo] Fo] A2 FSHE A
( Micrococcus luteus)S E=U3l plateo] paper disk WHOZ 671 =<t 4%
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F. 1 714 1 2 ‘ 3 ‘ 4

Size(mm) inhibition size(mm)
128 9 16.3 19.8 21.5 22.5
032 o8¥ 18.4 20.9 21.6 22.6
06& 08 14.7 14.9 18.0 16.9

12¢ 094 03¢ 08¢

AAES T AR A, ANZOL Luteus)o] The) AT BFBAYL A A
mol Uetiton], AE 83 3749 FolE ggxol el FFUAL T Y&
Helstgitt o] AAE BT AXE BB FolsHA VTHA 1 B 0UF

97 @ 4 grkx B

350 7

300
oh AAEel gERd A i
(1) Nisin ol TE AHE  E o,
BT i
Nisin ghepol wel AMze]
YIS HlLstel gupud
o YFWHS LA Yol 5 om B §
E]__C})l-{:]. Inoculation concetration
HA, AAES 0.1g/nl $E2 Fig. 123. Antimicrobial activity of
ZAstal HAdE2] (8, 000rpm. prototype and nisin
20%)38t] AedE 0.2 filter® o3 F Mo AREsSIsict. 100, 10, 5,
2.5, 1.7, 1.3, 1.0, 0.7, 0.545 2|5l A|A|H(Micrococcus luteus) 10045 Z+
Zy A7 & volumeo] 1mdo] E|EF g F 307 30T a27]oA shadZEAdnt
<< AlZth. 1 F, BHI soft agaruix]o] Z}2} 1004 #]3te] colony & S35}
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o] stFEH S =Astelct. (Fig. 123 , Table 38)

Table 38. Antimicrobial activity of prototype and nisin

Inoculation concentration

nisin(mg/L) 100 70 30 10 7 5 3 1 0.5

Colony(CFU) 1 16 29 76 110 132 218 304 442

Fish-Lac(ul) 100 10 5 2.5 1.7 1.3 1.0 0.7 0.5

Colony(CFU) 5 68 86 106 122 130 156 164 192
0.1g/ml8] AJAF 10ulE HFA| nisin 10ppmel| st S Felstady, A&
2] AAZAME ZTh nisin L] of 2v] o] L] HAES Kol Hojdt AAIE2
EEE HUE + At
E3], A% A AHE(0.05ppm)ofl A= tablet Img® X[t 0.06mg 2] nisin =2}
e HAdo] HeE QL nisin X 7|£LF tablet 7| 30mg?] nising -3
oz Aarsl gk

0 %
35l 1 Aol thgt X AF (M. luteus)2] HBH cololy +5 &3l A3}

g
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Fig. 124. Antimicrobial activity of prototype content
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Fig. 125. Antimicrobial activity of prototype content(3)
O A3 Fig 124004 B A3k gol AFES Folo BAlel M luteus 72
Z4A47) Fels]) UehdE st AAIES IR o2 ol uvls] 0.5g8] A
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Fig. 126. Antimicrobial activity of prototype content against M luteus
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Fig. 127. Antimicrobial activity of prototype (1)
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Fig. 128. Antimicrobial activity of prototype (2)
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Fig. 129. Antimicrobial activity of prototype content against M. luteus
R(M I : 9. 6E+06CFU/ml), 1000ppm, 500ppm, 160ppm, 80ppm, 40ppm, 20ppm, 10ppm , 5ppm, 0. 5ppm,0. lppm
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27 QFUN BA A 172 A 5 14, 242 7102 el AHES T
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Fig. 130. Biological toxicity test : 1Ist
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Fig. 131. Biological toxicity test : 2nd
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Fig. 132. Growth test of mouse with antimicrobial agent

t}. (Fig. 133, Table 39.
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Fig. 133. White blood cell counting of mouse
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Table 39. Mouse toxicity test : serum analysis

= YE Fot F o T
GOT(ul/L) 43.3 28.0 45.0 41.5
GPT(ul/L) 26.3 18.0 26.5 19.5
ALP(ul/L) 116.3 125.0 169.0 133.0
BUN(mg. d1) 15.0 17.0 16.0 15.5
Cre(mg. dl) 0.9 0.8 0.7 0.7
Glu(mg. dl) 166.7 187.5 178.5 188.0
T-Cho(mg. d1) 96.0 110.0 77.5 109.0
T-Pro(g.dl) 5.2 5.0 5.0 5.2
Alb(g.dl) 1.7 1.7 1.7 1.8
T-Bil(mg.dl) 0.0 0.0 0.0 0.0

*AST (Aspartate aminotransferase), ALT (Alanine aminotransferase), ALP (Alkaline phosphatase), BUN (Blood
urea nitrogen), CRE (Creatinine), GLU (Glucose), CHO (Total cholesterol), PRO (Total protein), ALB
(Albumin), BIL (Total bilirubin)

AL AdeF 75 WHEE WS st AN QY F EES &
2|3t F sty HAAE Ajsgstdct. A ol g, AFEge] fx], Hoyt
S0l Hofsts AR albumin®] FEF ZAIR A} tj2Fet 2 Alo]7t ¢l
Roernz Hioletil ietE| ATt 7F cixbe} F#Eo] = ALT, AST, ALP #4E
2 W7} ZAEEA Ao g Sa|Fo] Ut 2718FA El 3, Bilirubind ZhA]
Eo| Moot wrEsues Wuzael Ui Hrh duze 2 w4y
bilirubing] AL thzZ Wr} WAL wEeA Ushterns 7, uw, g
ot Qe A b T 2 & 4 ATk AT s WohE HAsh] 9%
o] blood urea nitrogen(BUN)Z} Creatinine®] F£X|& &A%t Az} AL} |2+
o Aol g Holx] YUYOET 4 Fbelt A A Ui The A U 4 9

- 139 -



Al

[e]

)

23 w2 stk

1 O F malt extractof|x] 7}

[
st

=

=

s

Az} derococcus sp. LK7E HEE Sl MRS/NSSuix|ofl A 7}

o
=1

yil ]

Pz
tel o2 o Aol

o, bacteriocin®] QH3
[}

°o]-&
}

AA

t}. Table 392] ZAz}olA2} Zo] AAH bacteriocin

ol
ARt v]-go] A LBrfZ|

A 44

ol
AR
A
T
o
E=1
oAAc

ol

e

sodium acetate,

70l 744 A

=N
)

tolem wi=] pH

‘]:!"5

30C7F 7HE F

2EEE

RS

51

—

©

¢

p—

0

A A}

5

o]7}= Ao ZE U}ElYCE bacteriocin

| =y

=

104 Zto] LA B =] 7]0]

oF
]

ol

St
b

°

°

01]

b Uehgsit
242 I &

| -

)

o

‘gol Stolx|A|RE, pH 7]

Rt

2] B 60T

o] fA5]

A7 70T o]

| -

Ehiglom wier 24A1 2742 =2 = Tt

bacteriocin®] pH ¢

A

919l 31 protease Ko

g

1

o]

o
ol
S
|

2l =

=]
3.5-4kDa2

g trypsino] &

bacteriocin®] & A|
A=, I Z2} pH 604 bacteriocino] A Aol F2E 25 pH2A

Al
=2

= T %t

bl ol 100% 2
o
=

7

°

9]
=
T

Bl bacteriocing®] F7|E

|3

®O

ol
GRS

)

2

—

¢

o0
%O

VK24

Boirt,

Jo.
=

A
o

5

3

A2} Vagococcus sp. &F 97%2]

MRS/NSSui=| ol M 7} =

| -

)

ol

] 0 F Beef extractof|x] 7}

A

sodium acetate,

70] 7t A

=N
)

tolem wi=] pH

‘]:!"5

30T 7

2EEE

RS

51

—

©

¢

p—

0

- 140 -



Azl on, wfek 8AIZHREE AFEE ] AL

bacter‘iocin.‘l] pH QHE A2 pHE ~ 79

A b we BHE Uthith £ A A 100~10007H] BEE 87
|

AAEE 2 SasEn Fel K 27

2
I~
>,
S
2,
N
o
Hir
Mo
i
oX,
Mo
<
)
)
32
a

o5 4] A =)= bacteriocine Listonella anguillarum ¥ Rtolu e} Edwardsiella
tardsol] AT T AT ST olo] BT HE7 B Ao Az
ZEN102252] HAS A A2} Lactococcus lactis} 713 %)\}3}7‘]] LIEFRE ST,
MRS, BHIZZPuiz[olA A5 W Hdo] 7by Fokom, whA Y} HAAYNOR Jds
olgstel Wel, WAIZ TN Y 2L dre ushuc, =
glucose?} lactose?] ¥rako] wlE A RAEH ZA3} glucose 1.6% , lacotose 0.5%0]
q b Aol Egem T wa FUTh A AL BAT ol WAl 2
= FAZE AU W w275 o 4 AATE e} Aol Tistel Bl
gt MBS AN, 121Coldell = Zido] xteplch &4 AHelo ntE &4
A2} bzl B3| F 4Ql proteaseo] thsle] 100% #3|E O, proteinase-Koj

s e 50% AsiE eTh ol ezl 2Al A =S Fst] d2 2] ¥

—

A=A 2} cfE vl E o]zl & 4= 9ltl. 7]|£2] bacteriocin A #|+= bacteriocin A3
W el orelol 2AE AAT HEAS B FAUL o BAAAT, 2 A

S At ey, 2 A} SDS-PAGE(Sodium Dodecyl-Sulfate PolyAcryamide Gel
Electrophorisis)& AlA|5}o] 3.5KDa F-ZolA] EAS 7}A|E= bacteriocing Eel

stelct.

X,
_‘_514’
o
in
kD
3
i)
2
e

o
m?‘-
+

o%
_?L
2,
M4
k1
il
Hr
2,

i)
2
R
)
me,
i
o
ah)
le]
S
@,
(@]
o,
=}
L

[o 112
i
)
0.

& Bolyo] W wHY BFBAL I @ £
,{":_

ANES BAAYG e AE AMETL HYu

- 141 -



A4g EBEDHE Q FAR 9 s
D 9=l -5 3 JrhaEkge 4ae Ay g4 e
ARATEE Brel Ao 9 A% e
okAlo] 2o WHEITY) =& BWQHo -
OBacteriocin_o—'_(HTr I &% r OT‘ I k% =23
Py 3t g peptide AT R GEE o) BE olA
T SCTCCl 7BN49, ZEN102, ZENS, VK24, LK?) ST el e Te
-BP! i
0 % 7] % () ) [PRe medlim (g gy
Gzo] RA Hi 2] cost(A|EH7Fe} 2 A )2 A |0 57% down —
s e (300kg fermentation-1257F<¢) -YG medium °F
A7) ok
: 70% down |’
ZEN49
Streptococcus sp. : LDsy 28,000AU
Edwardsiella tarda : LDsy 120,000AU .
o olyz ol |ZEN# _ el
L Mluteus : LDsy 6,450AU 43 scale test
(Bacteriocin®] ‘
) S.aureus : LDsy 29,000AU Lab. scale test |(11¥9 &
s} A] 1-1;4/\4) ~
=0 LK7 A X))
L. anguillarum : LDsy 100,000AU
VK24
L. anguillarum : LDs 136,000AU
- A 719 % 3lo]
o GA71= 2l 2 -PEG &Sodium sulfate-UF system (‘;5 ] 03;0021:
BAAFEE) Cl B 2AANEQAAEETES) oo
TFE55E 27, 4E5E 11, 24 ,
o} 7]ﬂ' N oo]:§_
27(1249 94), sh=A =8/MA 17,
2) ATk Ve Vdr 55 Ve
L gt&A AA
S

ukbe A, &
+ Bacteriocin®

pPp.291-295

3.(2010) 4

a3 HHOo

7+

- 142 -

o| 5] Streptococcus parauberis 7A97tF7} AAES)
5t 2% . the Korean Journal of Microbiology. Vol. 46, No. 3,




2 gl

I
LN

do
el

5)
GRESE

(2011.2) Characterization of the antimicrobials Substance Producted by

Aerococes sp. LK7. Gdisrw thahyd.

v, ASA (201229 A) Production and Characterization of the antimicrobials
Substance Producted by vagococcs sp. VK24. dvrthetn tha-9d

3. 71ek 5= A3

7}. Vagococcus sp. VK24 5 7|8F & &
w}. Aerococcus sp. LK7#F 718 2 E3)
t}. PEG-Sodium sulfate ¥ @
Protein®] A £

i HjFeol A Aol FAIE o &7 Hi kel

4, st3dk
7}, 2009 dilnfo]l @ thA(2009) (EAH WiE
P~

B A, Avhel, Qs 247 %Tﬁ

—1

S.:_]E‘;

al &, 48 5.(2009)
P

rotein® 7HH F

. 20109 SR YRS AG FAGE S EaE B
1) Yun-Hwan CHo, Jung-Mig Kim, Hong-Je Park, and Youl-Lae Jo. (2010)
Characterization of the antimicrobials Substance Producted by Aerococecs sp.

LK7. the Korean Journal of Microbiology.

2) Ho-sun Sung, song-lee Jang, Eun-Hee Jung, Hong-Je Park, and Youl-Lae
Jo. (2010) Production and Characterization of the antimicrobials Substance

Producted by vagococcs sp. VK24. the Korean Journal of Microbiology.
3) Han-Hee Ye, In-Seop Jeong, Youl-Lae JO (2010) Purification of bacteriocins

from Aerococcus sp. LK7 by Cell adsorption 2010\d 3 tietw A H 3-3f
sha 3 (2010.10.27.710.29)

- 143 -



Post
7F. 2009 € ulo]l o oA (2009.10.23 ~10.25)

. - PeSO R Wil =80
e US| BRE B, PECR)
3% Gy nfto ol WEm R

IO By DR 2

HET

Rachi2OTEE] WEARIE RS0 O Wl

O S B patts cartll RS,
TG A1 g

BT G SR BHE 8 S
] RE HEEE e EC | e R
o Bl R M S
WEIE] DY BB G SRM
EE AL LS

M YIS B R ] g
MIEECID @ P H0) (R L AL &
FLH Y AER D] AU B
o B R ey

WIS VTS I O T Wi T
| MCEE PS04 WHD 2 g
q’-.;}:f'é:::-:r.;.z; s
g 1. B saashl Tesd robue i ) W3S VRS 5P sed TG BT o D o
Eols] D WE RO TAT Y
23 B0ty D) g
S AW UL AN EEH o
HOES T VB CUIE B CHE AR
" o 30 S A BATESE R MAE
Ag 3. Tha arhiersy = rardd red e N e & sy ma
EE W ME 25 W QR 22
B MAFES F VRS SO ared T R, amdl (G ek {f e o Wt B

iy
i
=
g
)
1

o
A
[~
)
12

of 1y
. - A ) e g
T ) CLE
i T EMa pEs G WHY FHE
R EER & e EEEE
I I [] EARzg.
- o

Fig. T. fl PR Hea REY 0E pofals.
T e cher <L

- 144 -



. 2010 = B E3)

3 AU 3 (2010.10.14.710.15)

Characterization of the Antimicrobial Substance
Produced by Aerococcus sp. LK7

Yun-Hwan Che!, Jung-Mi Kim', Hong-Je Park?, and Youl-Lae Jo'"

"Major of Applied Microbiology

ﬂndﬂl'n'[ednlmfagy, 'r'eungnam University,

*Erwiranmental Science & Biotechnalopy Consultonts ZENITH

[ ]
ot Abstraco
The bppees probicm of fab oukun ks fh dasans aed Bva baciara shas <an

narm 2 Uik e el e i ol ek e

e

OV I VR LS £ 300 IVl prh et kit
rid'y imdevarn e bt s, Thesehre im pober the. probien al corsnd
&y ancibdoric naad oo dovekan 1 B berodest nuch 1 baciariogn

[— S
kit

i chia ey, ol e anel

S1zuz m vikeiath

Moricsior, clmras LET war perfarned By 155 rORk mqescingand
ok rrwed Serrs w0

[ n e a—
st o 1 LT wia Sitzrming LA modan [Luri Bersi et
Pl rph p-ﬂpw: rometh ol i -Ww—m—--«vpu!l !-n‘-\-
i agens and s
ogeT bewe, %wﬂw- lv*wﬂ“‘.‘-k-\. 'd-uﬂqH
Wi e Ermed segrive

Results

. b, B "

T ]
T o et 7

Materials & Methods

Tands | Werer af sarkan s rirrugys samrars bar ke prews o tha dog LST
[,

[ PP

[ i i

b | i
ST
Shr e

W
Rt g
wur |
L
ma o

I

A ———————

il

exea

[,

T kB Rrry o e marvans v maengan sy
el e oy g e LET

LT rkan KT, ek

Tt o1 LT i b i
PR S ———————

g B e e . A

S e i 38

Tip B rioar modomnacd | ML) o acmansca drws d g LY

e

b v e

I
.
I e ——
[ T——

i . i

B2 M . i MY
Pip 1 Py of mewirierabd o acsving mivh Frasioers K & Troes
1 g, e €1 g a3 LT b B

145

Fiah instastines LD medinm
= Triptoms @ 1'%
1,187 dilstica - Mal 055

= Teast extrecr D055

Spread an LB resedien with
Lhmcaeile snguileram

1
I dehr incubation

1

lealation ol ansimicraddal

Fanbe £ Characinritio ol the siran & ap LE?

Test A KT | Amesocon ap
Call o e ey
L=t - -
Agrobc =
Came :
e 3
iy £
Crowregor -
Carcewrth by Mol £ 1% e
Croeth AL T - -
-
i I I
r“’"-v-.a “wm-'w-
Conclusions

LET wruie s benbiped from mocstne of warss dok, prosuned assvermiil apes
e Laala opalaner.

0in tha basis of rear . phyticiopics asd bochorical dacaon ai sl 1t
rachenisi voeree an v ol SK5 rLAULKY mon deradied n dnsnem g

Cigairns | regeda e o e prevae od 120 smpy cipsrrrmenpd L Lurs- Bt ey

, Opriral pH and iomporesrs bar the pross of LEF wn confirrsd pHe T asd 171

Sacern womonm wed Fuit e vere el reon oo oron e i
PR e,

Aorreirebial sctskny of Aty LT rorigd s badag Reorsd i 100 1 dor e 1o
§ howrs,

Sovrrirmisil sl el £ 3p LUEY wan eyt in Protesae K

References

B Bl A Bedell A1 R

Abmieuch pedued by
oEAAgY T,

ety i B 85 s B, A3 AT B
[

IR Catacton e
1 pachmd by n
teryar

Foris Biine Duws (s, MADule Boasonugacn, Seiarie fol o Paadcs La
Crarenlar and Vansick Paar 00 Macmiacn i Weacsus b iss M
Bed Potert Joicrions

ANMHBCH AATIA T GOWRH F1950H devprrisan a Ues
ans

Wi, M) L0 D

[-mernn o et u cimar
on anresa ANERAL

IR
Loz et

s
T




t}. 2010 S| QL3 A3 A3 (2010.10.14.710.15)

yu" Production and Characterization of the Antimicrobinl
_;:.:', Substance Produced by Fagococens sp. YK2Z4 ,

T

Ho—5un S5ung', Song—Laa Jang’, Eun—Haa Jung'. Hong—Je Park?, and Youl-lae Jo'*

T W g o i o W Fesvdfo foggr oivad FlNeleokmotagy, Vewwgreass & aioerail
T il Sedence & Fiatenbralegy conernlients ZENTTIF

Matarlol & Methods

[L
=ymee 1

e e e e 1] = g T
mrmgrins B paama B s wp e . I

§ e il
mpard o rim i WL o e e bedas e s ma el =Cmstmn TR
o = bt o R TR TY
[T ey
i CLEEIEI A, O T
mm-w\il%ﬂh-vw-ﬂrw P s

.|.
Bk, 1 S, Gt botd T L S
e s sl e aai s b one |

E e, or B SH S IR B armis

o A e

P e el
9.0 TS 1A P BT M H-'“"—HIHI
KT gy
sl ANE 20 Rl
. rinw |
B i n s e g e pd oven peel_ ol g .Hr
i i o el 0l o ik ST s Earty
g i wo ol oty e pmed (00 o (e Her
- i s B I
R R B AT 1
ity i

— ()
e

A v e ik
Amae e i 4
e e b - -1
T e SR T ©
jix ——G N0 Lot S Tin
s —=r + -n ana
-

A L e Y e T

2 e B i
"
=
.
-

Concluslons

LI 1. P B W WO T T T £
em A ey et

B
A R P i

LY

e ]
WL wmm el ks g v g -

|
| . '
3 1l | 1 |
. | H 1. VT AT e Db B Gl T
il | B E B - I sy e
=
| - R | . 3, Mamrpisrierahind mn iy nl ¥ o N
: | t 1 | M G ] B AL P K
i HEB - b
- - - - . - L 2 ———
; ; v = = B M sl s By sl 1 . VO e
L Foraren s s i e S - _jr' A .-"-J__.- e e E e i |
’ i
_‘,.‘"f R e Fa L T L — :lwﬂwmnnw-ﬂlmm
~ frip ey e el
i i iy Pl

L 1, P ——— I e

IR IH
B L e e
i oy S A e L i
B

-oﬂ---—- s
bri R

T :u—-.u MK e

s

el o el

B P, PR R &, R L]
Fom h Alterdient ey e et g
ol AL Amen L e L L
S e WL M1
& st
eungnar Urivendty

146 -



2t 20109 Jdista AEF3 a3 (2010.10.27.710.29)

Y

Purification of Bacteriocins from Aerococcus sp. LK7
by Cell Adsorption

Han-Hes e, In-5ecp Jeong, Youl-Laa jo*
Muajor of Appled Microbiology and Biatechnology, Yeungnam University

Abstract

v okl apeer. Bicxrics prodiced by Anszos
. LT s, g o b ool of o g LET,

R d T e o o T ey D
degros o I ol thow w

ol purtaes

Inpomcral. bomeaon ¥5 g 100% of P Bearricdn
ki wern ededi bl o ek it B8 2 md D leveat

Materials & Methods

Malhzd lor ooctariccin odesrgtian.

Gathes o b

Acdpai il : Sendd SoceaT phoCh ol

(0% aduoamne ook phye p pH IDL eyt

e P iy o P proguieip, @ vereny sbodyialen g bud

- clevpbaped Tor Bucseriad in froa . o LT, L TR L -,

That pciteied prinduacd] o baghetr yicdd it et l

pressdesin srhich maly on prec i, of th B <

bperemn by w e ool cdiem losae PSRN LG Wb b

I i e s e e o e [ . of oev hazatien

barricain Baws wwi wiceohin i oo e aed 30w

e ok e e L '-urn-
nm}-m- Dot
LS _1| @A

=

-
S 5
141k

L e I
B e Hartor Kamscrn B B Halte
1 ot arwrer P Fa
1 L ol e
| i o b g T o s
'

Conclusion

| B oy o b v sl ol b BB

¥

B L e skl LAy B TS PSS G ey S,
Fip B Temmmbod o kst e e i B LY TR

. Bmn s wh Ced By T 0 53
B Tou et 1500 el e e e EL

{ AR R i e b e DY e A e
[ fesrvirmpinier)

E I Referances

fm" Ho g i B 00 s O Find WO, i s | P g
Sy b B i e B e B o BT, ;ﬁf{mﬁﬂt"wfm s Vamid 40 SRR
Fommrrs Bt A i K ] 5, B ey ol i v o .
= q o s vl saomar o gy Mol Lanact i 11 2ERTD
3 L By § Pray . i l-:lﬂhltd“::b—hr

SEATRFNTAN W KRR

\ B o gt s b iy
Fa A5 ==
e o v g e | ] im0

» y g o By Ty s, b B o s s i by Rt il
gl = - L~ S — et EeiMomiad B, i

-

By Bk v ol B e e B LB

- 147 -



A5 ATAR A 2 A% A

D A3 &8 AF

M, Hi5, =S

Bacteriocins
Market

[ 1

go‘l“'ﬂ. =5 Iine, L = §|Elr0h gq' [=F= =

a4s=

- 148 -



=2
(¢}

EEEXS
92 a2 =
probiotics& T

shel Hg 7}

S

T

T

=]

LA

o] Fhkell &

bacteriocin®] ¢

3} Protiotics

g
°]-&

T

L positivez =LA T

gram nagative =-

7k Fhsstel Fusy

| bacteriocin®] & A4k~

=]

LA

probioticsoll A Al A4 =

ISl

AL el Al
o2 7lgEn.

T

T

] A

1
<]

kel
pa

e
FAA o

[e]

o A

=

o] E4 F)A4 = antifungal

A Aol 2]
- Priobiotics¢] A9 &=FEAo] glo] o]d

o]—
211, o}A7A

A
- AoHo s |

al

]_

[
1

A gk, bacteriocin®] 73-¢-
[}

I g8 spectrume H

ol

Q.

)

ol

—_
o

3.

A 71E&9]

el
mﬂ
2

)
‘o

A

v

w5

)A
il

)

#)

3}

=

A Al

Ak

= A

FAAA g Akeke] 7]z A

[e]

ko)

N

9 A9 GMP Al A & -8(Fermenter)
ol

84}

=
A

F

571 AT (EAA OEM > A 4% Line T
o 4
- 149 -

P
)

7]

A ok

*

=
=]

i

EEETEE R

==
=

FAh.
)

S

N Aka Ak BHAA 75

AR A 7

|



= [e]
'T'%]CE'

=

A A RS =Y

=

L

dE o Fr|ste] o

} A
B A

[e]

- AaRsE A

- Priobiotics®l] Y] 3]

- Priobiotics<]
38747 =t-

- 71ES] B

- s A

s % 7 ou ) o B
Z ) ﬁ ) H
5 BT e L ow i)
N ~ T P i W £
o N < g R T Mo
T = Hjo .
nxaw X m.__ o B , T ey
Ny %o 8, 3 Hﬂ__l pin ~ oo
-y T R g D T oF
o o o} %0 — =
EO o»nA_.r O_E o ZT_ T0 X ﬁ “H_.Iﬂ
<0 ~ 0 4+ = &3 E X0
W = B M S =
= WA 0 s o
o O X oF 0| sl = o
-2 L rE e}
CI . o B z "
—_ o ‘W_“ A8 ~ = nml S
o] + 5 Bl o © dho
- £ 5o R BT Pty
~ ujp
o i 7 = W o ~ o Mo TH
XS i CwO _—
- =1 oF ol O_ = ox = 1°
W o ® . %o S % = Ey o
R T § Z &%
ol i} " X = :
_ 3= o ME T o 2 o ok
—_ mn ~ —_— MA_. ja N ..
T LI G 0 e a0
i FozrH oo o ” y = " T
< 3 R oo dkp = s moz
T 5= do M TN w0z %X
T2 o m wou o " o < N
ﬂ ZT \_IKw/! ﬂe O_ O_E O_ © T = m.wo o) A
o TH wm 3 T WX E o & = T xE <
T A SFE 5 Wy
ufmoix %m%%ﬂ%% @mm o T
B W T o -l
=R S C T - X
0 Bl mx bd R
W oo T N o< B 2 % % = o %
R B Nl R N ST N
- = - T ! foh- ofu 0 0 1 X
PETE Tlimagddy Zom X Paogw
ur @ ) N N - R S N N N So ~
S 'FFT B = -

- 150 -



~Z7FA] bacteriocing ©] &3+ ko] F2AAHE 9l
¢ 7] Probiotics¢] 3HA| A
-AAAAZ vpolARZ AR v E o] E3L7]9] ofrfu]e] A# AR o} HFH 7

toh
2
o

SRR ARe BY FRoR B3] anEsd wEse B34
—gpol el AR Mol YAE FEFOR WG Aol EaAel
— %Z’: e}

[ ]
o
@]
=3
O
jang
@]
[02]
o
N
2
&
odt
W’
oS!
&
—t+
@]
2
@]
Q
o
[02]

, specific episome)

-2 agEa 2 AR @ WA 7F IE;1Y Bk 2 Al A
- Carrier g% Immobiliztion{Encapsulation/linkage) — Matrix 7] &
eEA W o] asly]do] Ulak obHA 2 FALXNE 9o oA Ho

)F LunE FANG AFHN, WFYAAA-E N FA-F A o

(i

7] o

-2 ZE A A: Probioticse] AEE, BEA, okAA Fold, 74, 484, bdA, B
A4, 7843 59 Uiy we HeES FHaske

A AT A gle AL} 2] Peptide® 75 o] 48l E A0 #3
—ar g 9w 9IS d

[6]

gL 3 2t , A

-~ FAAA L ASUE T AV e Ao E AAYH S 2E
-Recombinant : FAA 7} 22 AMBEJDH ¥ Bacteriocin & #7198 AR
58 A3 A HERE A2 2402 AAFE Hus 24 " FA4 WHols
%38 u% ¢ bacteriocin 3

-Nisin: 20061 ghe] HIEAHE Fol7] 8 FHAEAAHESFA)NA <
6.25mg/L%E AH&3| 7} oln| W=, ZF, dolx el gl #Alof Sk T& XTI 409

o

- 151 -



7=

M-

oy
=
&

FAA S} S epALg Ao e

[e]

ko)

1d 3o}

!

-7l

[N

oy
re

X

<

M

FAHA =t

=

Mg ARow =yl oy

-

1.

5t

<]

o uw}

T

ans
R4

[e]
x71&

]

[e]
1l

3334
57
Fe) T A

kel
d

-A 7}
—X]—
-9 5 A

M-

Z7h ua 2 448 849 A9

o] e WAy
- 162 -

ikl

DA

BA ARETEA
(¢d=71d A 7

5}

—-Z~H] Pattern® W3} © Well-being,
-0,



d27]4d Al A (ol A,

- 153 -

I ) NS
o = 3
wn E.__l <
plo %
ks =
M o | M
= g o o e ﬂm )
~
= Z = o
= = 5 B o T
£ = =2 B8 ur |
W\_ o v e% L W e
~ — © S mr -
- N = Y %3 Do o
5 S - ; *
_ﬂ e 2 Z &
B! o | o | o
o T i 2|28
o} Mo & o NN
1_.E s
N N
Njo |~ ilo] o] %o | T
=Y K<) X X
o CHICEGS i Mu o | o
— N o
T owo — M | & d
[ X muo oF |
i W el L
W ol T L 8% £ o LW
oy mm Ho w < w Mrm_ .m i LG "R
do B 2} TIE® I R
—_ 0 U_ﬂ_ 00 O Y Q _z_.E ol ol
< DI P 5; i
o X = sy Y| E|l®E R T w
W © G o amdie | 0™ R
4 o o o T i
B R o iy =S| o
R B _— o . oa = | 2
~ W = |y LT B S
) ) \T/ (&




HE 1. 43 Design 13 %<t

FISH LAC H LAG

Fish Lacticin Flsll Lacticin

Lﬂ l:-‘.I'

g

Tur caltwring i Fich ool thee Tk, ke
e [Tk i 1A 1 st .

Bacteriocins 2] A A% 87]

- 154 -



23t Design HF<t

291 Qo] vl E o] o] & Bl & Bacteriocins®] §A& 71 A4 d

A= HE designg AA sl AFEET olyE} box design, pamphlet 52

A4 o4

e}
=

PN
T

For marine and freshwater fish
N —
Explanation

1. Improve Resistance to Disease,
Reduces the Spread.

2. Using for Bacterial Infection(in
Flatfish, Rockfish, Eel, Bream, etc.).
3. Prevent infection by pathogenic
bacteria(vibrio, listonella, edwardseilla
and staphylococcus efc.).

4. Bactericidal effects, pollution
prevention and water quality
improvement feature.

Ingredients / Contents

Peptide and peptidoglycan from
lactic acid bacteria

Balance sodium chloride and
dextrin solids

Usage :

1. For regular use : 3~5ppm(add 3~5mg/L
of water)

2. 4 week vaccination period (A vaccine
according fo the changing water cycle)
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=> Mode of action of lactic acid bacteria bacteriocins.

From the following article: Bacteriocins: developing innate immunity for food

Paul D. Cotter, Colin Hill & R. Paul Ross

Nature Reviews Microbiology 3, 777-788 (October 2005)

Lactic acid bacteria (LAB) bacteriocins can be grouped on the basis of structure, but also

on the baSiS Of mOde Of action. Class li Class | Bacteriolysins
(Sakacin) (Nisir) IL\MUJI 3phing

Some members of the class I (or

lantibiotic) bacteriocins, such as @ N,

nisin, have been shown to have a

dual mode of action. They can

bind to lipid II, the main

transporter of peptidoglycan %\gglg agc» o E’

subunits from the cytoplasm to 3 3"5 g .3 3 g\, g' .\E g

the cell wall, and therefore E'< :‘§< }EK E EEEH " (}' §'< XE

prevent correct cell wall synthesis, U'goggﬁ it >§K ¥, a‘? "ﬁjgbg Jguguguﬁgguﬁi i .g’og
leading to cell death. Furthermore, 7e

they can use lipid II as a docking
molecule to initiate a process of
membrane insertion and pore

formation that leads to rapid cell ©©

death. A two—peptide lantibiotic, Peptidoglycan subunit § %‘5"
o

such as lacticin 3147, can have e
Copyright @ 2005 Nature Publishing Group

Nature Reviews | Microbiology

these dual activities distributed
across two peptides, whereas mersacidin has only the lipid-II-binding activity, but does not
form pores. In general, the class II peptides have an amphiphilic helical structure, which
allows them to insert into the membrane of the target cell, leading to depolarisation and
death. Large bacteriolytic proteins (here called Dbacteriolysins, formerly class 1II
bacteriocins), such as lysostaphin, can function directly on the cell wall of Gram-—positive

targets, leading to death and lysis of the target cell.

=> Nissen—Meyer, Jon; Oppegard, Camilla; Rogne, Per; Haugen, Helen Sophie;
Kristiansen, Per Eugen(2009) Structure and Mode-of-Action of the Two—Peptide
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(Class-IIb) Bacteriocins. Interaction between GxxG motifs | Hydrophilic outside

Trp8 Trp5 Trp3  Membrane
"“'___w interface
T+ 5
~>G18 J .
ﬂ Hydrophobic core
—>G22§ of membrane
25

. 29‘-;‘
and its orientation in target—cell o) / '-21 ad
T

membranes. The two eptides +-( y t t Membrane
bep + - .u’u-peptlde p-peptide interface

interact through the

Probiotics and Antimicrobial

Proteins Vol. 2 Issue 1

University of Oslo

Cartoon representation of the 12

. 5 positively charged C-
structural model of lactococcin G|  ierminal residues

. . . Inside cell
G7xxx(Gll-motif in the a—peptide

and the GI8xxxG22-motif in the PB-peptide and form a trans—-membrane helix?helix
structure. The highly positively charged and structurally flexible C-terminal end of the a
-peptide is forced through the membrane by the trans—-membrane potential (negative
inside). The tryptophan residues in the structurally flexible N-terminal region of the B

-peptide are in or near the outer membrane interface

=>Jason Mulvenna 2005-04-24 | the Institute of Molecular Bioscience IMB,
Brisbane, Australia.

Cyclic Bacteriocins

The bacteriocins are a heterogeneous group of proteins of microbial origin that are
ribosomally produced and secreted extracellularly by many Gram-—positive and
Gram—negative bacteria. These proteins act mainly against bacteria of closely related
species using a variety of inhibitory mechanisms such as inhibition of cell-wall synthesis,
permeabilising cell membranes and inhibiting RNase or DNase activity [125]. In recent
yvears a number of bacteriocing have been discovered that possess a head-to-tail cyclic
backbone, including AS-48 from Enterococcus faecalis [127,126], gassericin A [129,128] from
Lactobacillus gasseri LA39, and circularin A [131,130] from Clostridium beijerinckii. These
proteins are between 58 and 70 amino acids in length and are among the largest

ribosomally produced cyclic proteins yet discovered.

Figure 1.18: AS-48 and microcin bacteriocins Ribbon diagrams of A AS-48 showing the 5
helix structure and cyclisation point between Trp70 and Metl and B microcin J25, which
was formerly thought to be cyclic but was shown to possess a ‘‘noose’’ structure in
which the C-terminus threads a ring formed by a N-terminus to Glu& sidechain amide

bond.
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The best characterised
cyclisation point

of the cyclic "~ (Trp70-Met1)

helix 1
bacteriocins, AS—48 1S a  pelix 4 !

highly basic 70 amino

. . helix 2
acid protein that N-terminus

(Gly) ™~~_

contains a high
proportion (49%) of
hydrophobic amino acids
and lacks cysteines or Citesrii
modified amino acids

[132]. Its solution structure shows that it folds into five —helices arranged according to the
topology shown in Figure 1.18 [133]. Cyclisation occurs between residues Trp70 and Metl
in the middle of helix 5 and cyclisation appears to confer additional stability to the protein
with its melting temperature being as high as 102C [134]. Along with gassericin A and
circularin A, AS—-48 is resistant to a number of proteases [131,136,135] and this could be
explained by its compact globular structure. However, AS-48 did lose activity after
incubation with trypsin, Glu-C and Lys—C [132,137] suggesting that, unlike the cyclotides,
it 1s susceptible to endoproteinases in its native form. The combination of hydrophobic and
cationic residues in AS-48 suggests an amphipatic structure and several crystallographic
and bhiochemical studies have shown that it produces its effect via permeabilisation of the

cell membrane (see [125] for a recent review).

Gassericin A, circularin A and AS-48 are expressed as larger precursors of 91, 72 and 105
amino acids respectively [131,138,139]. Interestingly, while AS-48 and grassericin A both
possess precursors substantially larger than the mature product, the precursor of circularin
A is only three residues longer than the mature form. In general bacteriocin production in
bacteria i1s a complex process with additional genes required for the maturation and
secretion of the mature peptide. AS-48 is encoded on the pMB2 plasmid [139] and
transformation of a large portion of this plasmid into a non-AS-48 producing bacterium
resulted in the production of AS-48 in the recipient [140]. Analysis of the region
transformed into the recipient revealed nine genes, as—48BCCDDEFGH, that are involved in
AS-48 production and immunity [141]. The results of these studies suggest that the full
complement of enzymes needed for the production of AS-48 is encoded in the pMB2

plasmid.
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