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Screening of Bioactive Material from Sub—material of

the Nile tilapia (Oreochromis niloticus)

Eun Jin Kim

Department of Biotechnology and Bioengineering
Graduate School

Pukyong National University

Abstract

Nile tilapia (Oreochromis niloticus) is a species of tilapia native to Africa
and is of interest in aquaculture because these fish are fast growing and
known to produce good fillets. The visceral and skin tissues of this fish are
discarded as industrial waste during fillet production process. Investigating
possible use of the visceral tissues of Nile tilapia by screening the biological
activities could make Nile tilapia aquaculture more economic. In this study,
we evaluated three biological activities of Nile tilapia visceral and skin
extracts: the antimicrobial, the antioxidant, and the myoactive activities. The
visceral and skin tissues of Nile tilapia was extracted with water containing
5 % acetic acid and then with ethanol. The antimicrobial activity assay of the
visceral and skin extracts against 10 bacterial strains and 1 fungal strain
revealed that the extracts has broad spectrum antimicrobial activity. The
most susceptible strains were Salmonella enterica ATCC13311 and Vibrio

anguillarum KCTC 2711. The antioxidant activity of extracts determined



through DPPH scavenging assay showed approximately low antioxidant
activity compared to that of L—ascorbic acid used as standard reagent. The
visceral and skin extracts induced contraction of intestinal smooth muscle
from Eptatretus burgeri and relaxation of apical muscle from starfish Patiria

pectinifera.
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Aol ARE WAole FARGAAl FHE sl doldle
FHE ekt w3 "epylobd] 3tk A, Hlgol A" gAL
T EEe S+ Aqua Plaza ZFH Wroba] ARgeRgich, 1ha 4 7o
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2.2.1. AHg% #F

gl SH AEE FF wdolE XS 11 N wFE

ALY, O R ol Bacillus subtilis KCTC 1021, Staphylococcus
aureus KCTC 1621, Micrococcus leteus 5 AH&3stSlaL, 18 SATOE
Escherichia coli D31, Salmonella enterica, Shigella flexneri KCTC
2517 & AFEskgitt. ot Za17]19 o a9 FAdH O E Streptococcus
iniae FP5228, 31719 1% S o= Aeromonas hydrophila KCTC
2358, Edward tarda NUF251 Y Vibrio anguillarum KCTC 2711 &
Aty 330 i= Candida albicans KCTC 7965 & AF&-3F3i T



2.2.2. WA Az
ddEdS 543171 9dlA  Ultrasensitive Radial Diffusion assay
(URDA) & 3tk ARES & 3 ml & TSB o H&ste] 37 °Ce
shaking incubator |4 16 A|ZF &t wjoFstth. 2 ml & TSB o Hjkst
100 WE &A 44 & Aduigs skl Al AREsit

V.anguillarum KCTC2711 & 2 % NaCl o] 9|8+ TSB o #j%S st
agarose plate o|% 2 %ol 3|F3t= NaCl & YolFUY. S. aureus <
30 °CellAl 16 AIZF #jeFsisitt. #9He] 5%+& BioMerieux Vitek, Inc.
Colorimeter (Product No. 52-1210, BioMerieux, Inc., USA)&
AFgstel 84 %T (10° CFU/mD7F E5E= agarose 7F H7bEA e
TSB ®iAE ol&ste] 3M Pt o 3|43 918 agarose 7} W] H7F
H TSB & ARgstdloew, o] TSB ¢ AL tt&3 2t TSB (no
agarose): 49.5 ml deionized water, TSB powder 3 g, 1.0M Phosphate
buffer (PB) (pH 6.57). FZ&&%< TY underlayer gel ¢ FA42
t}&3} 2t} Underlayer gel : 49.5 ml deionized water, TSB powder 3
g, agarose 0.5 g, 1.0 M Phosphate buffer (PB) (pH 6.57). 3t#H,
FEE0] ¢&d3 FF¥d underlayer gel ol X&) wjek o
overlayer gel & A2 vt} Zt}. Overlayer gel : 49.5 ml deionized
water, TSB powder Smg, agarose 0.5 g, 1.0 M Phosphate buffer (PB)
(pH 6.57). T3t V. anguillarum < NaClo] &0t #jx|o] vk
st TSB (50 mD) 7122 0.75 g 9] NaCl & 78l 5%th. Agarose
plate & %E7] sl =1 g 9 NaClo] #7Fel TSB (no agarose) ol ¥
£ 3]A3tal, underlayer gel ¥ overlayer gel o= 22} 0.2 g, 1.25

g & Arhstedh WER 7 g ng AFlelA BFAL F, Fol
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37 °CollA 16 ARt &< wiFsta A4S stk kAR Vibrio 9

A3 the FE3} del 25°ClA wFsheTt

2.3. 59 =5 4 o|¢ &4
2.3.1. AIZEZHE 289 =

Hgold 4w AES WPl FEel ALE NS €m Fuol
b SRS A4 ) PR S F, FRORVY 2-3 cm

ool A A=Aty AEF A7l A2 vlE  Artificial sea water

(ASW) ol ®H skt &= E7RA}g ZHE  apical muscle & 2 &3}o]
Ao Abgstth. &7 8] apical muscle 4 &2 E7HAF ] A7t
shzbe B3 FH, Ao Z& sy AEhgo] 1 TS A &89

apical muscle & °F 2 cm 7} A &3}o] AFE3FA T



2.3.2. 5% 4 oj¢k A9 &F

A=e Hge > ASW = A9) ¥ organ bath o &< Sl

obgp o] WlEA ghn BolAA REm WAL ol B F
physiography © & A]7]3 resting tension ©] 1 g 9] =

%73t t}h. physiography & Z#1=Z7} - H A YeERE wi7bA] 15 Erjck
ASW Z w@s)] Fh. ASW 2 AL NaCl 445 mM, KCl 10 mM,

CaClzeH20 10 mM, MgCl2e6H20 55 mM, Glucose 10 mM ©]t}.
27 g ghEd 5x107° M 2| carbachol & 918t AEd Ao

JUE Sl Fol, Debslol FEEL FUS HPS A%

Hht 2 o]l de =%ES organ bath o ¥7] A vl carbachol &

2
i
o
e

7FAFE] 9] apical muscle & =7HA ] =55 F9el AW 50
$J&o 7 T3A organ bath o wWiE&< % physiography ] resting
tension & 1lg Y7 sto] FASAIZTE A s7E o] Fo] A uwj7hA
15 Erttk ASW S wAla] F9la, dstEd 2 ml o ASW & A
organ bath ] 107" M carbachol & 20 w Yol vtz ZAS FelstA .
ASHA Fas Aol AHEst AR 5, FEEs TYst] 4=

sHlstitt,

}ﬂ

DPPH (1,1-diphenyl—2-picrylhydrazy) & ©]&3}o] 3dAglsS
=AstA . TFA ko 2= 10 mM L—ascorbic acid & AFE3FY a1, 9]
ARESE 25 100 o2 Yehfilar Ade] ARESE AEY] & gkl
g @2 vlwstel YEhligith. a2l 0.2 mM ¢ DPPH 100 uE
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W8-S AlAF H, x—fluorescence
spectrometer | A 517 nm 9] FF o2 FFEE =743t radical
A e SASAT. FdAatste> ofdfel e Ag-3te] Radical
Scavenging Effect (%) & 74 3}3it}.

RSE (%) = [1—(OD of sample/OD of control)] x100
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&= 11 e A5l diste] Addsin. Aol AR FE=
% 100 mg/ml °]a, o] FX FEF&ES 50, 25, 12.5, 6.25, 3.125

A, detol U FEE2 6 71 4 3A sk dste] FHEAd=
=43t} Clear zone & T 7]+ calliper & ©|&£3F9] 543 3 MEC
(Minimal Effective Concentration, ug/ml) = A4ttt (Table 1). 1%
A B, subtilis 2F S. aureus X+ 247t 2.55, 4.87 ¢ MEC %=
YeErIYr, % S+ E. coli & S. entrica, S. flexneri 9| A+ 6.79,
1.21, 8.17 ¢ MEC & uYeRIth =3t za7]e) a8 4t S
iniea °| A+ 23.85, &i718 1% I A hydrophila ¢} E.
tarda VA= 50 wug/ml ©]74° ¥ MEC #& Hd. V.
anguillarum X+ 2.67 < YERY AT 70| #21 C. albicans °|X+
9.61 ¢ MEC & Yeliieh 71 £2 242 =79 2% s4d+#<l
V. anguillarum oA 2.67 YEFS, 1 U502+ IH kel B.

subtilis A 2.55 &2 £& Ao
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0,

C.albicans A% FAH S WAt I8 Miuteus oA+ Ao A
Ve R 9k9kal A, hydrophila 8 E. tarda oA E f-olm|dt A o]
ERA] kbt

3, deslol A 22ES 6 /9 7 34 sro e FRBHL

F=
=743} t}. Clear zone & A7]E =43l MEC & AXLst A3= Table



Lol vetdilet. 7 A3 a8 ¥ B. subtilis oA 2.78 ¢ MEC &
vebllar, a5 541 E. coli, S. enteric, S. flexneri |\X& 21.72,
10.05, 12.77 ¢ MEC & dYehislth. =3 a7]e 23 s4+#<l E
tarda ¢ V.anguillarum °)1A % 24.29 ¢ 3.64 ¢ MEC & Xt} 74
£2 MEC 32 =379 % A+ V.  anguillarum3.64 A
=t
=t
albicans °|X= &40l A& yehbA] kskal, S iniae oM E FEJn|gh
AL Holx  okgith EE fREY dFeMe= Wid FEEY
MEC #kel " FE&9 MEC #ru #Zstormz g FEEolA
Gaddo]l P ol &Y Aole FEES UEsH o]8d
o] <ol AR dERn HWtY] wEel Auow Aol xS

I8y, THEAS E. tarda A= UF ==
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I
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s
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Y
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e
G
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x
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=
A& 07 V. anguillarum & AAFZEo] o A Ego]  u

Tl B78ka o] #Fol s S Ued 32 F5
& oot ditolvh, whebA, partl o] A AAM = et S Ad
V. anguillarum 3} B. subtilis & ©]&3}o] &3} c},

L=
=
Pk T% % Fee Y A AFAQL, ASW o] P



7y F=EL2 0.05, 0.1, 0.2, 0.4, 1.0, 2.0 mg 8] < 100 pte] ASW
3 Alsle] 2ml o] ASW 7} £9%l:= organ bath o Fste] S
S skt

detgjete] g FEES HA el dia F5EHES e
(Fig. 3). 849 =71& 5x10° M 9] carbachol o tjsle] #E&=
yebfeleh 2 A3 0.05 mg 914 13 %, 0.1 mg 6.7 %, 0.2 mg °I|A
33.3 %, 0.4 mg oA 53.3 %, 1.0 mg 14 93.3 %, 2.0 mg 14 100 %]
GAE HERQITE didel, E7FAFE] 9] apical muscle oAM= FEEESS
FERU AL 9kSkar, o] ehwb-go A E/do] uvErth (Fig. 4.). @4¢] A7+
107 M ¢ carbachol ] tigte] WiEE=2 YERTh ok
%5 0.1 mg IAHE 8.3 %, 0.2 mg oA 25 %, 0.4 mg °lA 33 %
1.0mg & 2.0 mg oIA 24z} 58.3 % 9 75 %9] o] ¢A§S W)

detylol Ad FEE2 &7 apical muscle ¥ HAo] o] FaeolA
FEHEIAY S HEdY (Fig. 3 3 Fig. 5). =72 9] apical muscle °A
0.4 mg oA 2.5 %, 1.0 mg 4 5 %, 2.0 mg oA 17.5 %2 +5&7d0]
UERskTh Hgol o] 3ol A= 0.05 mg Al 8.3 %, 0.1 mg oA 16 %,
0.2 mg oA 17 %, 0.4 mg °lA 25 %, 1.0 mg °lA 41.67 %, 2.0
mg oA 75 %9 FHEA ]l YEkRk

3. FAts &4

DPPHE ©]£3& Radical Scavenging Effect (RSE)E <&olxH it}
control® 2 10 mM2 L-—ascorbic acidE® AFE3sFF 1, o]o] st
=9 Fgikst TS WMEEE UeRdt. AMES dESo] HolA

=
Agae. detslote Wast A FEEIN FuF 52 Fig. 69

o,
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YeER It 100 mg/mle] &= Wiy #Hd FE&& 100, 50, 25,
12.5, 6.25, 3.13, 1.56, 0.78 mg/mle] FE=2 34ste] DAo|
ARE-3F3i Tt
gdefujol el e @Akt 2 7 9 FEQl 0.78 mg/mlelA
16.6 %, 1.56 mg/ml°lA 21.1 %, 3.13 mg/mlelx 18 %, 6.25
mg/mlollA 21.7 %, 12.5 mg/mlelA 23 %, 25 mg/mlolA 25.5 %, 50
mg/mlel A 39 %, 100 mg/mlell Al 60 %2 FAtst & vebd st
detajol Ao Aarste2 6.25 mg/mlellA 3.4 %, 12.5 mg/mlof| A
11 %, 25 mg/mlellA 13.7 %, 50 mg/mlelA 22.3 %, 100 mg/mlelA
36.7 %8 A & R olF AIARRE WH FEENAY
kst &go] A FEEHRU 58 Pakstes eIt
HFAow olF ANMERH Hgtvol U 9 HA FEES v
Ao Aole oiARE S, FEFE ojkFE U FA A4S

Uebdiglch wets o]E mo]g el f84 1Y¥Ut Ve Ad
Fo AedAd &40l YEHo 7] Wi MEE E4S 2da
3 AlLAQ A E 8ol FQdtt

S
O
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Tilapia Viscera Sample (425g)
!

Boiling water for bmin at 100 C
(Sample : 5% acetic acid = 1 : 4)
l
Homoganization and Centrifugation
( 8,000 x g, 20min, 47T )

l

Supernatant 1500ml

!
Saple—EtoOH =8N 3
|
Centrifugation ¢ 12,000 x g, 15min, 4T )
l

Concentration and dry

b

100mg/ml Viscera extract

Fig. 1. Extraction of Tilapia viscera extract. Viscera tissue was
extracted using boiling extraction method. Supernatant extract was

used in bioactivity assay.
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Tilapia Skin Sample (225g)
Boiling water fo%‘ 5min at 100 C
(Sample : 5% acetic acid = 1 : 4)

Homoganization alnd Centrifugation
(7,000 x g, 30min, RT)
Supernatént 800ml
Sample : EtOH =1 :3
Centrifugation ( 7,0iOO x g, 30min, 4T )
Conceétration
Sample : EtOH = 1 : 3
Concentratlion and dry

l

100mg/ml Skin extract

Fig. 2. Extraction of Tilapia skin extract. Supernatant extract was used
in bioactivity assay. Most of glycan like a collagen was removed with

alcohol treatment.
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Table 1. Minimal Effective Concentration (MEC) of tilapia extracts.
Low MEC value describes strong antimicrobial activity. The
antimicrobial activity assay of the tilapia extracts against 10 bacterial
strains and 1 fungal strain revealed that viscera extract has stronger

activity more than skin extract except E. tarda.

Minimal effective concentration {ug'sl}
Microbe
Viscera Skan
Gram-positive
Bacillus subtils KCTCI02] 258 588
Staphyiococas guras RCTCIEH 487 D
Microvocois Inters XD xD
Gram-negative
EzcherichiacoliD31 8.79 32
Salmomelieentricn 123 16,03
Shigellalexnari KCTC2EIT HR Y FEN
Marine gram-positive bacterium
Streptococows imisa FP3229 2383 =5
Marine gram-negative bacteria
Aeromonce hydrophila KCIC2358 5 D
Bdwardsialla tawda NUF231 =50 PN
Vibrio onguillam KCTCITH 267 184
Fungus
Condidaalbivers KCTCTH63 961 ND

ND means not detected in the range of the concentrations testedupto 3ug/sf of peptides.

17



100

80
60 —
W Viscera
40 —
Skin
= ' l -
e NS

L LHE WY BS EF BN NN

0.2 0.4 1.0 2.0

0.05 0.1

Contractile Activity (%)

Concentration (mg)

Fig. 3. Responses of Tilapia viscera and skin extracts on E. burgeri

intestine. These extracts caused contraction of E. burgeri intestinal
smooth muscle.
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Fig. 4. Response of Tilapia viscera extract on P. pectinifera apical

muscle. The extract caused just relaxation of P. pectinifera apical
muscle
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Fig. 5. Response of Tilapia skin extract on P. pectinifera apical muscle.

The extract caused contraction of P. pectinifera the apical muscle.
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Fig. 6. Antioxidant activity of Tilapia extracts. Viscera crude extract
showed good antioxidant effect better than skin crude extract. Control

was used by 10 mM L—ascorbic acid.
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Purification of Bioactive Material from Sub—material of Nile tilapia
(Oreochromis niloticus)

Eun Jin Kim

Department of Biotechnology and Bioengineering
Graduate School

Pukyong National University

Abstract

Nile Tilapia (Oreochromis niloticus) is a fish species that live in fresh water
of Africa. Industrially, merely Tilapia meat is consumed in forms of pillets
while its viscera and skin are discarded as waste, creating massive amount of
industrial waste. Fish viscera is known to contain diverse immune factors
such as lysozymes, lectins, antimicrobial proteins and peptides. Thus, fish
viscera is a suitable source for the purification of antimicrobial materials.
Fish skin acts as a barrier of fish. Therefore, it has a lot of immune factors
like fish viscera. In this study, viscera extract of O. niloticus was used to
isolate the materials with antimicrobial activity against Bacillus subtilis
KCTC1021 and Vibrio anguillarum KCTC2711. O. niloticus viscera (313 g)
was extracted with 5% AcOH and separated into three fractions containing
eluents of 10%, 60% and 100% MeOH (containing 0.1% TFA) using Sep—pak
C18 solid phase extraction cartridge. The eluents of 60% MeOH exerted the
most powerful antimicrobial activity, which was then used for the purification
of antimicrobial material. Through a series of high performance liquid
chromatography, single peak was isolated from tilapia viscera extract.
However, molecular weight of the single peak by mass spectrometry was
about 2000~4000 meaning there is a complex substances. Investigation of

this single peak is in progress to purify single material.
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I. A4 &

1928 Y9 (Penicillin) ©] 27 1941 383 = o]F wEA
¥ (Methicillin), ¥Fsmlo]Al (Vancomycin), 7HF#| ¥l (Carbapenem) ¥}
2o FAAAZE Jiel HAY [1]. 22 Q&) @ drEeold AW S0l
zolEdARt, FRAISe] EEss awsE MRSA - (Methicillin
Resistant Staphylococcus aureus), MRAB  (Multidrug Resistant
Acinetobacter Baumannii), VRE (Vancomycin Resistant Enterococ), CPE
(Carbapenemase —Producing Enterobacteriaceae) &} #& A A

=o°] wEA F&sH. MELR FEA sFS s o diE
A AEHOR SASHA HAA 7|ES A E dAE + s AR
v =49 Fedo] FH 5o AFHOE AVIHI A [2].

4 AEY PR FFolA st A== Aoy VA F
T w30l T3 22 R 24 HRYORFE AARE Wolsty] 98
Al dAAAE 7HA2 Avk [3]. olgfd WAAAE B[5ol4
(innate) Y7} 50| (adaptive) HY o2 vz 4 9t} [4]. v]5] 4
Wl Hk-go] A9+ g dAd FEFo]= (antimicrobial peptide) Y lectin
Sof 23 AHAA HIuES (humoral immune response) ¥ T2 A|E
(macrophage), 214 (Phagocytosis), %3} (encapsulation) ¥ -7
2 Akl A (natural killer cell) o W8S 283t HMxA WY

HF-$-(cellular immune response) 0% FAE o]ttt 3+H Eo]z ot

28



29 AE vEold Welwkg ) v R AR R E o] o] Foly

= W B 997 ddS AAskaL E3hEo] o THA 9 SolF FAE

ARe %2 8 daHEo 55 FAAES YehhzE @) (7).

W oM Hdadn. AR He AFC2HE cryptdins [8], =
A F70+2] Rana rugosall %

258 AA¥ apidaecine] U+ [10]. =F A& A9l % plant
defensin?} & defensin? AR =& Eo] BT [11-13].
Table 1o yebdl 21 A of ol A Fefieh s &t fletol == 7
H-2}A] (misgurnusanguillicaudatus) 25¥  misgurin[14], =ty
(pleuronectes americanus) )4 pleurocidin [15], &% (moronechrysops)
oA piscidins [16], 7}A] (Pardachiruspavoninus) ©| 41+ pardaxin &
o] Xug uf Ut [17].

AG7HA A FsEANATEH Aol o|27|7H4] st d=s=

A feol==o] AAEAY. I o 7o i % g JE

olert EARTT AZEAAY. SFAT o} AA ofFel AL o] &3
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Table 1. Antimicrobial peptides from fish.

Species Peptide reference
O etx| o
{Misgurnus anguillicaudatus) Misgurin [14]
=ohel Fleurocidin [15]
(Pleuronectes americanus)
50 o
{(Morone chrysops) Piscidin [16]
JHRHO) :
(Pardachirus marmoratus} Eandefi (7]
x| ; .
{Hippoglossus hippoglossus) o (18]
HE i
{Chrysophrys major) B ORI (1e]
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oI. A=z 9 44

1. A
1.1. A= @ Ak

Aol AHEE detvjobel Ry A THHEES Aqua plaza ol

Awrerth, Wae 7y Fow Eysty A v, FEo] 1S9
Bostx gz AHAEAL vHEL AAT AUz AAdiro F5
Wzrslodh AMES5S F=A 7R -80 °ColA XAt HPLC o

AHgEl Water & acetonitrile (CHsCN)2 J.T. Baker (Avantor—
performance materials, PA, USA)AFY] Al#FS AFEsISa o] 99
YA Ak E S5 Aleks AHESHAT.

&8 A= Vibrio anguillarum KCTC 2711 3 Bacillus subtilis
KCTC 1021 & AF&-3}3it}
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2.1.1. €2t¥o} RO 2RY FE25 A
-80 °CollA ®sta UAd U 313 g & Eol Wi Hush 7MA=
2A et B71 AAS AldE VIEe® o 5 B olFel
homogenizer (IPK® basic ULTRA—-TURRAX, USA)E o]&3}9
golgl2 Hole AVt fI=E H5A Zots F, A4S 99 5% A4t
fAHow "rFQlth 7,000 g, 4 °ColA 3027 YA ASdAS
et e w55 3 o, 1:3 (v/v) 9 HEE EtOHE 91 35
& 4°Ce] B@siiv. 28al oekEd Whgeto] ARl gy
FARES Tds7] A8l oAl 7,000 gellA A EEEiit HAES

AAsE AFe Bste] #AEF/NE olgstel o 100 mix

-~
B
o
e
o
o
N
)
D)
7
g
mil
=)
38
)
[
)
tlo
Y
i)
)
il
o
_{>~I
é
N
)
1o
i
_>|i
rl

e Hoig g HopAmE Zeopggled, AES T wels
TREAYeIA (IKA® T10 basic ULTRA-TURRAX, USA)$t 234

WAE ARSI 2 2Fo] QA Zolxl A 4 °C, 7,000 g °lA

flo

30 #1944 Belstel 4Eels AN wsh LW 35

800 ml o]tk A4Z N FZE9 3 W] W& 2,400 ml 9 P L B3

33



4 °CoM shFEst WASAT. ' s 4 °C, 7,000 g oA

AYFeAT YFAL OF 200 ml OF FF F, Aol AgFAL,

2.1.3. 3=2E29] Solid Phase Extraction

7y T EFO FEES Sep—pak C18 cartridge (20 cc, Waters) =
ol g3to] HEl3kAth A Cartridge & 5ol TXAZF AxE AH=
7] wiEell cartridge 39 3w &% 0.1 % TFA7F 591 100 %
Methanol = cartridge ° Fsto] TxAE A, 28l 2
Byo] 0.1 % TFA 7} o3t THF2 cartridge o e H&ESS
A == cartridge o FYsto] E4d& T3 Az T F

%TFA 7} 389 =55 (D.W.), 10 % MeOH (RM10),

™
2
=
o
— —‘}]1
e

ettt Leld Ed2 AAEFZIE olEst FEEo A=
Aes  Ades  AASSE o, "HEpyore  YAFd  FE=9

FaEASHS  f8A 1/10,000, 1/5,000 (v el ek %

AREsRlaL, AAE FEEd Fedds SAs] SsiMd= 1/1,000,

o

2.2. ¥4 84 373

2.2.1 ¥R Az
ARESE = TSB o 16 AIgE HiQFsE & oAl 4 AIZE &<t
Altfuyokste]  AFE3F9tE. Ultrasensitive Radial Diffusion  Assay
(URDA) el AH&-¥ = plate = TSB & o] &3te] wESIth w9 34S
f&l agarose 7} wFH7F ®@ TSB 9 AL vS3 Zth TSB (no

agarose): 49.5 ml deionized water, TSB powder 3 g, 1.0M Phosphate
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buffer (PB) (pH 6.57). F&&%< T underlayer gel ¢ FA42
t}7 2t} Underlayer gel : 49.5 ml deionized water, TSB powder 3
g, agarose 0.5 g, 1.0 M Phosphate buffer (PB) (pH 6.57). 131

rsL'

FE8o] A3 F549E  underlayer gel o EXEste]  wjek
overlayer gel 9 242 23 -t} Overlayer gel : 49.5 ml deionized
water, TSB powder Smg, agarose 0.5 g, 1.0 M Phosphate buffer (PB)
(pH 6.57). T3t V. anguillarum < NaClo] SEoi3F #jx|eo] vk
st TSB (50 mD) 7122 0.75 g 9] NaCl & %78l 5%th. Agarose
plate & #E7] sl =1 g 9 NaCle] #7Fgl TSB (no agarose) ol ¥

FEE 34353, underlayer gel 3 overlayer gel o= Z2+2} 0.2 g, 1.25

NS ZIF 4lo] ThE Agarose plate & Vaccum & ©]&3fo] oF 3
mm ¢ &F& WET T ko] 5 e 001 % Tt Hd FEES
Tttt oF 3 A 5, ZHOIE FEEY F5 Y
W37 °Cco wjek7le] YWa 16 AzF BoF wjkd ¥

clearzone & calliper & ©]&3}o] =43}

2.3. AA

2.3.1. d2pyol g FEE9 AA

AAE HAOoR ot HEol= AT FFIE
Ay, 8B E dhtdo® FI3 FadEAdS vetda Y SAS
b3 FHEepol =7 @o] §EFH+= RM 60 FEES 220 nm I3EE
nero =z AAE PPt 7HF WA Sep—pak & ol EEe

rlo
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gebyjol U RM60 FEE2> TSK—gel SP-5PW column (7.5 mm X
75 mm, Tosoh, Japan)°l B €9 5% 78] 0% 80 &, 0 —> 100 %=
601, 100 %olA 40 Fox AdAgste] FF AAlstleh A &rlZ= 0.02
M PB €9 (pH 6.0), B &+ 1 M NaCl ©] £9l+ 0.02 M PB
(pH 6.0)0= AREslth whe= vebd @49 235 X o 5
speed vacuum ©°.% #=3}o] CAPCELL-PAK C,s column (4.6 X 250
mm, Shiseido, Japan) ©] B €9 TE®E 5 —> 65 % 60 &, 2
ml/min 9] #F&HOE EASTY. o714 ARE®E A &= 0.1 %
TFA =89, B £l acetonitrile (ACN) in 0.1 % TFA o]t} thA] &4
Td== dxAM 5, SP-5PW columm °fl AR&-dt= A2 o] =9
2}z thA] TSK—gel SP—5PW column (7.5 mm X 75 mm, Tosoh,
Japan) ol =Stk B &l ¥l 50 —> 100 % 50 +o.=2 A3t
g40] e #YES A4 Eor 51 CAPCELL-PAK Cig
column ° FYFtk. ACN &&= 7Hl= 18 —> 30 %= 36 & (1 %l
30 #3h) AAste] FA stk 2ol mpA o ® FApo] A 7]l whebA
E22 #d3l= superdex peptide FPLC column < AFE3F3ith o] &9

AA Al AA gL Fig. 5o vep AT

2.3.2. @2tvlot AA FEE9 A

4 Sep—pak & ol WSt Hepyol W RM60 FEE

CAPCELL-PAK Cig column (4.6 X 250 mm, Shiseido, Japan) | B &l
FE 7l 5 > 65 % 60 2o FE AAET A §viEE= 0.1 %
TFA €9 B &9li= ACN in 0.1 % TFA & AFE3Sith 24 oA
30 & Abelel 7BE F=2 wbee dEEth dd #8S speed
vacuum 9.2 TSK-gel SP-5PW column (7.5 mm X 75 mm, Tosoh,
Japan)el B & HFE=FWE 0 % 20 i+, 0 —> 100 % 50 &, 1

S
=
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ml/min ¢ F&o® EASAT o714 AHEE A §vl= NaCl o] gl
0.02 M PB (pH 6.0), B€m+ NaCl in 0.02 M PB (pH 6.0)°]t}. o]
7 B3 ¥HE yAr] CAPCELL-PAK Ci;s column (4.6 X 250mm,
Shiseido, Japan) ol T3t] A& AAstY AE=E A4S STt

o= AAA] A HF L Fig. 2 o YR I

2.4. A 24

gdgtyjol Y FEEAA 94 HPLC & &3 st #3302 yehd
B4 BAEgS 54387 91814 Brueker maXisHD LC-MS/MS Q-
TOF system & A3, 22 Waters Acquity UPLC BEH C18
column (2.1 mm x 100 mm, 300 A, 1.7 pm, Waters, Milford, MA,
USA) & AHE-3FA T

Ay 2o E A buffer (0.1 % formic acid in water [v/v])$ B

buffer (0.1 % formic acid in ACN [v/v])E AF&331om, 20 % B (0 —

1.0 #),20B—-40 % B (1.0-21.0 ¥),40% B —- 95 % B (21.0 -
22.0 ) o r AHYS ATt EAY A electrospray

ionization (ESI) ¢} multiple reaction monitoring (MRM) &2 =7 3} t}.

37



1. &

1.1. €2tgo} YFo=

-
£
o
i
e
BN
Y

detgjol Ys 5 % A4S ol ge 5 FEHE ol&ste] FEES
Azttt detvlol g FE= FdAdL Part 19 Table 1 9
ety %ol gekst #5o v 24 JedRlth ol A¥E EdE
o] %, Sep—pak C18 cartridge & ©]&3%t Solid Phase Extraction
(SPE) & &sl H&tES &mZ 3te] D.W., RM10, RM60, RM100 °.%
E45 28 §EsGth #Ele E4E2 B subtilis KCTC 1021 g} V.
anguillarum KCTC2711 F = dial 22+ 1/2,000, 1/4,000, 1/5,000
83 1/5,000, 1/10,000 o siFshes S AHE-3t] URDA F843%
F4s9tk (Fig.1 # Fig. 2). 21 A%, D.W., RM10, RM60 ¥ RM100
TFolA Aol vElt HPLC & ARgstel FAE o4 C18
column ¥ ©]&A & o]&3= SP-5PW = wzol 7bdAX AMg3A L
superdex FPLC column & ©] &3 b2 ato]= #e]stsich. detgjo}
W FE2E A 2742 Fig. 5 o Wit

1

1.2. €2l¥o} AA=RY F5& A
gohlol A% 5 % 2ALS OlEF 95 FENUS olgde] FEEE
Azstgch, FEHHelA Tehl HROR ols] ALolAE i A4l

BAM WEHs 2 F H9 ogkE AgE eglvh 7+ W] oEs



Al Foll 4 °C olgtollA 2 Aol AN, FEE A5t ZX
A stlvh. defdeol A FEEC TS Part 19 Table 1 ©f
el o] ¥ Sep—pak C18 cartridge = ©]€3&9] SPE
st ar, MekEo] 9l= 0.1 % TFA S &3 759 0.1% TFA =
-3t RM60, RM100 °] Wgs FTo2 FE2ES 3t FE52
1/4,000, 1/2,000, 1/1,000 ©°= 3Xst] B subtilis ¢ V.
anguillarum °| tste] &S &lekdltt (Fig. 3 ¥ Fig. 4). 1 A3},
D.W., RM60, RM100 #&& E5FolA dunteg= yetwlon, ddido]
gely detyjol HA FEE 5 RM 60 FE2ES 402 FA s
HPLC & AR&3ke] C18 column ¥} o]&/d2 ©| &3t SP-5PW W Zo}
7P AR, A% column 2 superdex FPLC column <
ol-g3sto] Wttt detylol AH FEFES A AEL Fig. 6
LFER ST

i

2. =2 FA
2.1. dgo} YAZEZEZHE FHFE2 FA

RM60 F&&< HPLC o F3te] fepol= Ao S <l 220
nm £ FH8H AL stk 7 WA TSK-gel SP-5PW
column (7.5 mm X 75 mm, Tosoh, Japan)ol F=&E5 FY3st4, 0O
M el 1 M ¢ NaCl % THE Fo tels A8t (Fig. 7).
13 ~ 140 &l sidstes g Foe A4 =712 Hebioh
A= Bl AR Ede Kot w41 x Sidlth. F WAl HA dA =
5 —>65 %9 gradient 2 CAPCELL—PAK C18 column (4.6 X 250 mm,
Shiseido, Japan)°l] 33t} (Fig. 8). ¢F 28 Fof YeEd A F3 oA

(@]
s
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B4 Es ol w41 x § o] gufo] oy SP-5PW column o=
F45 sk 1 A3}, Peak 1~5 (P1~P5) vl 7l Iz vHR o

(Fig. 9). 5 719 a5 247 s41d=x
column o tElth2 F{istel &S gQlsitt. 1 A3, oAl A9
3 Foq P4 o BAHE YEFYUY. P4 9 Superdex peptide FPLC
column & o]g3 Ex= FgZutE ;LS Rig. 10 o] YeRRUrT}. Fig.
10 o Yebd ZA" P4 = A AR g8 oy i ya=
EHEd, 75 A A daeds Fd E4o] YERETh Fig. 10 oA
FHEAdS vERd A WA I3F C18 column ol T34 &3t 4,
main peak oA &wk-go]l YEG (Fig. 11), ©] &89 1/10 &

AHg3Fe] LC-MS & S4 3t (Fig. 12).

% Superdex peptide FPLC

s
R

-

O

2.2. €gvjo} A FE2EZHH FH=4 A

RM60 FEES 94 HPLC o Fsi89 220nm & F43+
FE A A= st 4 CAPCELL—-PAK C18 column (4.6 X 250 mm,
Shiseido, Japan)°l] F&&& FUste], 5 —> 65 % & ACN in 0.1%
TFA & &% FHlE 60 2ol 434 F& 283t (Fig. 13). 24 & ~
30 & Atelg FAOA FHBES dEhlow, A FES AA
s 7] 2 el 84S Hel F3°] EFE Rol HAUx AT F
0 %°lA 20%, 0 —> 100 %% 50 % TSK-gel SP=5PW column (7.5
mm X 75 mm, Tosoh, Japan) el =3ttt (Fig. 14). Fig. 14 o] YelH
AT Peak 9 FElso] £A ool S SHA &, 6 719 peak
[ ~VIZ Ro} 7tz o4 HPLC o F=sk3ith (Fig. 15 a~f). A3} peak
I, peak M4 I=27F 85 AS &AL (Fig. 15 b, o), HHA
g3 w7t YeEbgA skttt (Fig. 15 a, d~f). F=3 o] A9
% AAE B. subtilis © sl URDA A& stgloy, Itddo]l
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Gehb gtk ok ASEANM ok FFBYS vehi]
mlel GASH: sgeld o] 28 Row grhec

3. TAF &4

Fig. 11 oA &4 vekd W FEE2 Brueker maXisHD LC—
MS/MS Q-TOF system = AR&dto] £42 &Fdvt (Fig. 12). C18
column & ©]&3%F HPLC tHlolg ArelA stye] IaE5 942 =49
BareEs BA3 A3, 607.63(+6), 742.45(+3), 835.25(+4),
968.42(+2) 2 multi—ion FH=Z #AHT oS EUE BAFS
AArsbd BEApeko] zbzh 3645, 3341, 2227, 1936 Da o|glth. A
Aol 4 7o BAo] EAshe AR v]Fo] Hol HF AAF BAL

3
BgAE EAFHE AS oJu gt

H degbyole] EST Aol ¢3d piscidin, hepcidin, B —defensin ©]
Aty dE A=, o5 A piscidine ©] 2.12 kDa [20],
hepcidin ©| 2.54 kDa [21], B

N

—defensin ©] 4.45 kDa ©|t} [22]. o]&

TFY FAFE B =wedA AAE 3 BEd FAFE oF
2,000~4,000 ¢ ®Welel afEsttt. wepA 2 AN FrdAds 7
gdepujol el HeES "ebylols ol8d EST Aol s #hsx
piscidin, hepcidin, B —defensin ¥ FAISH FAEAAEZ A FAolgtar
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B. subtilis

Fig. 1 Antimicrobial activity of Tilapia viscera extract against Bacillus
subtilis KCTC 1021.
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V. anguillarum

"y

Fig. 2 Antimicrobial activity of Tilapia viscera extract against Vibrio
anguillarum KCTC 2711.
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B. subtilis

Fig. 3 Antimicrobial activity of Tilapia skin extract against Bacillus
subtilis KCTC 1021.
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Fig. 4 Antimicrobial activity of Tilapia skin extract against Vibrio
anguillarum KCTC 2711.
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Tilapia Viscera extract RM60

1t Cation exchange chromatography
NaCl : 0-1M (SP-5PW)
l
2nd Reversed phase chromatography
ACN :5-65% (CAPCELL-PAK C18)
|
3rd Cation exchange chromatography
NaCl : 0.5M-1M (SP-5PW)
|
4th Reversed phase chromatography
ACN : 18-30% (CAPCELL-PAK C18)
l
5t Size exclusion chromatography
ACN : 20% (CAPCELL-PAK C18)

Fig. 5 Purification steps of Tilapia viscera extract. The extract was

purified using cation exchange column (SP—5PW) and reverse phase
column (CAPCELL—-PAK C18)
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Tilapia Skin fxtract RM60

1<t Reversed phase chromatography
ACN :5-65% (CAPCELL-PAK C18)
l
2nd Cation exchange chromatography
NaCl : 0-1M (SP-5PW)
!
34 Reversed phase chromatography
ACN :5-65% (CAPCELL-PAK C18)

Fig. 6 Purification steps of Tilapia skin extract The extract was
purified using cation exchange column (SP—5PW) and reverse phase
column (CAPCELL-PAK C18). But it was not shown antimicrobial
activity at the 3™ step.
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Fig. 7 1% purification step cation exchange HPLC of Tilapia viscera
extract. RM 60 was eluted with a linear gradient of O M — 1 M NaCl
in 20 mM phosphate buffer (pH 6.0) at a flow rate of 1.0 ml/min. The

black bar shows the antimicrobial activity fractions.
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Fig. 8 2% purification step Reverse—phase HPLC of Tilapia viscera
extract. Active fraction was eluted with a linear gradient of 5 % —>
65 % (60 min) ACN in 0.1 % TFA at a flow rate of 2.0 ml/min. The

down arrow shows the antimicrobial activity fraction.
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Fig. 9 3™ purification step of A peak using cation exchange HPLC
column. RM60 was eluted with a linear gradient of 0 M —> 1 M NaCl in
20 mM phosphate buffer (pH 6.0) at a flow rate of 1.0 ml/min. P4

shows the antimicrobial activity fraction.
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Fig. 10 4® purification step of P4 using superdex peptide FPLC column.

Active fraction was eluted with an isocratic elution of ACN in 0.1 %
TFA at a flow rate of 0.5 ml/min.
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Fig. 11 5™ purification step reverse—phase HPLC of Tilapia viscera
extract Active fraction was eluted with a linear gradient of 18 %—
>30 % (36 min) ACN in 0.1 % TFA at a flow rate of 1.0 ml/min. The

clear zone show the antimicrobial activity of the peak.
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Fig. 12 LC/MS result of single peak from Tilapia viscera extract. This
figure shows that the main peak is a multi—substance. It needs to

conduct additional steps for purification of the singly charged species.

53



!
i
— | A
g 3000 i i 65
H i
E {Ll A s
£ I | | By ®
& 1 t i \, et ’ @
N i Al e T
2000 |  ERE A R

® | TR | c
@ I e z g
= el ‘! @
o il 0l i Z
£ el |
o | et [} 1 b !
:{% [T L - S W L l} |{£ | u| ...... 5

i' j [' i ]; L Iy \ %

e o e M |

E;H 3 'Er‘s ﬁ,ﬂ?‘ L |

i iy Lt T

A ifg,ffu SI%W“H : i A
10 20 e 4 56 66
Time {min}

Fig. 13 1% purification step of Tilapia skin extract using reverse—phase
HPLC. Active fraction was eluted with a linear gradient of 5 % —>
65 % (60 min) ACN in 0.1 %TFA at a flow rate of 1.0 ml/min. The

black bar shows the antimicrobial activity fractions.
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