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3.0,4.0,5.0; LA A E AT 30 A pH 2.0.4.5.7.0) & o i, F B & 35 4 (& T K # A0k
R EMAELDA G R MRAAEBEAAE)BRA N ABFIFRERATRS> FAECRRATT I
BN THERY HEMHILREERERM T EEFENRE L, 2REF:pH 4.0
ZHABAREETRERNM, ZEARNE N 16.43% , 15 2] 2 5k & ; KA A B AT 3
FPHEW RS ERRALTEL  ERILBRENME SR MAMENERARAZRE K
BETRER TR BEMERR, AMEZERS AL ARG KT XL FHMRK I
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1 MRSk

1.1 L

UKUR IR H A 8 fig I R B T 4 2 2R U505 68 A
BRA T (h E R H ), -80 CLAA& . Mk
Rl % AL [CTE (E. tarda, BO9 ) | S MR
( Aeromonas sp, B18 ), & /K X . Jig (A
hydrophila ,B27) 2 £ & 2A #5 ¥ ATk (4 0lk ) B
W& U Fh R ER AL S 5 Y W AR R i . O, =
LR (TFA) N kol Hog 25 5 ol
1.2 FHEEAHERNTE

AR E E W R0 3 FREUHIE 150
g, Y I3y, AR R K T U, in A 900 mL 10%
VKSR , 2J9% 10 min(6 000 r/min) , &) 5 W H]
FiiFER 4 CHEFEL B, H 4 T ,10 000 x g #
> 35 min, WCHE B ULIE A 500 mL 10%
VKSR 4 CHEFE3 h, T4 C,10 000 x g B .L» 35
min, YR FIEW, DOVE SRR, B OO ICEE R BN R
HT &1

BT IR 30 & M R 8 R AR WIFE TR T o
A 500 mL 10% yKESBR , 1 71 5 FE 2% 4 CHEdE3 h,
T4 CT,10 000 x g B.0> 35 min, 4 FE W
BLIEMA 300 mL 10% pKfESfR , F 4 € ,10 000 x g
B0 35 min, IR RIEW . A IFICER RIS, O
K 10 min, B F kKR H, T 4 T,
10 000 x g5 .(» 35 min, T8 FIFBRE T, & M.

AR R AR 04 B B AR I BB T i
F 500 mL Milli-Q 7K #1,10 000 x g & .{>» 10 min,
WV, BT K L IR 10 ku 8 38 25 2 4 D) )
TR ARG SR EE 8 ~ 10 Psig, W& 4
/T 10 ku BRESL UR T, - 80 CTRRAFFR .
1.3 AEpH ZRHBEXNBEFLBRERSB4L
E=ESE 3:0p=A |

Milli-Q 7K 7 fi#t /N T 10 ku ¥ T FE i, 4 C,
10 000 x g & 0> 10 min, & ¥ W& A #l 3% 4
(HiTrap™ CM FF 5 mL) & T4 2 5 85 . 46
{2 4. AKTA Purifier 100, 3 E1AH: Zop i A
[0.1 mol/L Z @4 (pH 3.0.4.0.5.0) ] ; &
B[4 mol/L & % | . o355 R 45 A 1 FE &
A 20 mL A e 456 a9 AE 5 A 100 mL 4 mol/
L ZR% 0 ~100% 2P, i 3 1 mL/min, £
D280 nm, AL 3 Fh pH H X 2 1 2 UAs
YR, 4R B A = R e T AR/ I T

I, e VAT e £ B8 AR
1.4 AEpH ZFBENRBHREBIESBAL
EAMRENZ W

P B 28 4 23 B A 2 U 0 4 A 5, ] Source
SR RPC-ST-4.6/150 P 3 A Sz AH W AH 2 B 43 5 o
Tk HEFE A S mL A YRR, A WAL 45 : Al (pH
2.0,0.1% TFA,2% £ Ji5 ACN) (A2(pH 4.5,0.01
mol/L Z &% ,2% ACN) .A3(pH 7.0,0.01 mol/
L4, 2% ACN), Fiffl 45 mL B & (70%
ACN) 0 ~ 100% # & Uk . 4l fb & 4. AKTA
Purifier 100, Jit 3 : 1 mL/min, & M 3% £ : A oo
oA 3 i pH R 1% I e €335 151 73 B 8OR .
1.5 BRIEMRERHEHEHEREXN S ELH
HEBRRNZME

Milli-Q 7K ¥ fi# /N F 10 ku % T RE 4,4 C,
10 000 x g5 .0> 10 min, - {75 ¥ FH 58 1 1o 38 )2 A7 4
Sephadex G-25 ¥ ¢ b U8 J2 #7385 . 4lifb R 4.
AKTA Purifier 100, ¥ 5 F#E )5 A 300 mL Z, 2
B 2% 0 (10 mmol/L ,pH 6.6) Ye i, ik 1 mL/
min, KA 2 Ay o

A BE e 2k U8 2 BT VI WA &, L Source 5R
RPC-ST-4.6/150 Tl 2 A S AH W AH 2 BT 43 25, Tl
BRI SEH 5 mL A % (pH 2 0. 1% TFA,2%
ACN) Y&, Fi ] 45 mL B J% (70% ACN)O ~
100% #6155 v Wi . 44k & 48 . AKTA Purifier 100,
P 1 mL/min, & 0K A o B R I U
5% B B ROR
1.6 FHAERNNEFEENLE

WS R Y BN R E E B e FE D
€2 8 Bradford J7 1, 4 Il 1 11 8 114505 HE 4T
HR IO B AR K S A AN P AR PR R UK vk
Bk 1 x 10° cfu/mL , P 4E 5 20 mL 5 40 55 Wk 3
1 x10° cfu/mL (IR F . R FARAH G,
BAFRIT 4 ALK 3 mm @FL, 17T 3 LA
3 16 WL 500 weg/mL fHE &, 56 4 DAL
JA 16 wL Milli-Q 7Kk ,28 C};5% 24 h, W 23 I
E AT B R/, R 2R AR R R BB TE RN,
T RE SRR, VR Sl 250,125 62,5 .31, 25
g/ mL, [F] o 57 32 A DU 4 B 0 1k

MILR AR IR E AN R E R %%
Anderson %5 1) 75 ¥ WS N 2 Bl o OB X B K
{10 20 BTk R A B R K A B R 1 X 107 cfu/
mL, [ B4 /N T 10 ku (9 4 & 5 Bl v EE 500,
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250,125 62.5.31.25 wg/mL % . H0HE G
R =R 96 FLARAS I, SEE 4l in A 16 pL ¢4
T AR st R S5 R BRI 0 T RV, R S L oA
16 L 77 A6 A & A SRR B 0. 85% AF AR K 5
NP 4l rhoin A 16wl 40 B A R AE R B
0.85% A= JER K, A 25 AL M A 32 pL 0.85%
A FRER K o TR 96 FLEE IR E T 28 THEE 3
h & fLP A 50 L T # MHB 5 5% 3, 28
CHFE 21 h FERFHR AL LA OD g (I H . 5250 &
B2 TFINAKITERERE (K% ) .

AWK % = (1 - (L4 ODg, — K hb
2514 ODy,, )/ (4 # ODg,, — 4 H 25 4 OD,,, ) ) %
100%

2 4

2.1 AEpHERNBEHNBFRLEM I BLEWL
EAMREMN

TERFE R Ay 25 44 7,3 A pH(3.0.4.0,
5.0) 2% vpoyl 0y B AR U R 00 B Ol 1. 82%
16.43% ,6.59% , v pH 4.0 2% ik 19 25 1 42 3
FhE (B 1) . pH 3.0 Al pH 4.0 22wl 43 25 26
R F A3 2 A Ve, pH 5.0 Z2rhil A A5 3] —
ASVEBLE U] pH 3.0 Hl pH 4.0 2% vl 43 25 41
R A R, £55 % % pH 4.0 22 vfrif 41 25 21
W ORI 8 N sC e E TR B A .
2.2 AEpHEZRBENRERERIESBLR
B % M

By A4 A A R B A i (&L 1-b) T SOAH
A0 )2 #r Fi 2 +E Source 5R RPC-ST4.6/150 4 3 Fir
AR pH 22 vl 43 250 3 FP pH 92 i ik 1k I 2%
RPN, PR B 0 BE LR AR &, O A TR — 1 U
L, BEHT H A 8 i JHF U W] RE & A K B K PR AR I
HI B, 0 SR G B 3 B — A ) T, A 2 SR
Mo B 5 i G2 v AT (L 2-a) Y JId 06 S 06 ff
2% 12. 60 ~ 23. 02 min, J& B 2 05 W E R
11.82% ~28.03% ;2% vy A2 ([&] 2-b) P JIi s
U B[] A 13. 19 ~ 33,95 min, Y& B 2 05 Wk E N
12.74% ~45.03% ; 28 wh ik A3 (& 2-¢) ¥k i v
U B[] K 35. 15 ~ 46. 03 min, Y& B 2 05 & N
46.90% ~63.82% . HH 2% vhi A1 ¥k 0% B
I [] g i, R & W B B il . TFA J2& H i i
T Z R R AL A TR R, 5
AV R TR B 25, 7R IR AR 5 A R N 3R S

I B AR e K Segm ks 7 H A A R
URE R E PR DRI T S S 5 SR T L A 2 B
D7, SIS T R B GE v AL YR, ZEE N
WGV B A 45 G SR e B8ORS BT €3 B 4 2 3
— B E Ik ATHba'"

*
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Eg
§ & 3000
28
< 2 2000
= g
§§§ 1000 + /
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0 . ; ; ; .
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ZEMIRARRR / mL
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©)

1 AR pHEZHMERATEFIBREN
SESTFEMNT 10 ku EHHERPIAR
(a)pH3.00.1 mol/L ZFR¥NZE vhif; (b)pH 4.0 0.1 mol/L
LRGN (c)pH 5.0 0.1 mol/L Z RN thif. B

TR UL AU Sk R BE b
Fig.1 Effect of different pH solvent in cation
exchange chromatography for isolation of
the protein sample of MW <10 ku
(a)solvent of 0.1 mol/L sodium acetate, pH 3.0; (b) solvent
of 0. 1 mol/L sodium acetate,pH 4.0; (c)solvent of 0. 1 mol/L
sodium acetate, pH 5. 0. The asterisk indicates flow peak, the

arrow indicates elution peak.
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0 Mr-LlL

0 10 20 30 40 50
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N
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W =
o (=]

6 A280 / (mAU)

0 Wu\'A L 1 Il Il 1 1
0 10 20 30 40 50
B} 18] / min time
©

B2 A EpHEZMEATREGHEEN
SEBETFIRERIERNIR
(a)ZZ Wik A1(pH2.00.1% TFA 2% ZJf5) ; (b) 2% thilk A2
(pH 4.5 0.01 mol/L Z R4 ,2% Z %) ; (c) ik A3 (pH
7.00.01 mol/L BEM 2% 2 J5) .

Fig.2 Effect of buffer solution with different
pH in reversed phase chromatography for
isolation of the fractions obtained from
cation-exchange chromatography
(a)solvent A1(2% ACN/0.1% TFA,pH 2.0); (b)solvent A2
(2% ACN/0.01 mol/L sodium acetate,pH 4.5) ; (c)solvent A3

2% (ACN)/0.01 mol/L potassium phosphate,pH 7.0).

2.3 BERIBEMREGEREENEERSG B ALE

575 BT BEE 70 181 AK 53 B8 4 L SR 0 7 1

/NTF 10 ku A 5 FH & B AE Sephadex G-25 FI
SRE VAR € 3% 2 0 41 4 25 (1 3-a, [ 3-b) , i 5
I8 I AT VRAH 2 B R B e ([T 3-a) 28 S AH WA )2 A

Ve, JL-T-BEAT s i (18 3-b) , al DL E 22 558 I
FE VB0 AR a5 S A IBOAR (535 FE 25 5 JE 9 4, Ut
Ji W42 % | R 22 R TE H— HAR BB A, S k- T
IR, RV I 22 A0 AR BR (HHEC 1 T B 1 i 4
B IR PG, X T A 68 fi T
JUEATE B K 73 B 2 Ak, 5 MBS AT 55 S AR RO 2 i A B
FHZE O T 5 85 SOARROR 2 A A 1 o 8 0O
R E2) .

N W = wn N
oS o o O
T

W6 A280 / (mAU)
(=]

absorbance A280 value

—
(=]
T

0 50 100 150 200250 300
VEREBARFEL / mL
(@)

20 /

W EREA280 / (mAU)
absorbance A280 value
o w o

g*

_5 L ) . ) ) ]
0 10 20 30 40 50
VEREBARR / mL
(b)

3 BERIRENMEMEEREAEEN
HECRA X B AEBE AT/ T 10 ku 25
HEmaBaUnsR
(a) B BRI AT 20 85 /0 T 10 ku A FEA ;s (b) RO

W 3 5 B5E G 3ok D8 )2 i D L DA i PR
Fig.3 Effect of Sephadex G-25 gel permeation
chromatography and reverse-phase liquid
chromatography for isolation of the
protein sample of MW <10 ku
(a) Elution profile for Sephadex G-25 gel permeation
chromatography of the protein sample of MW < 10 ku; (b)
Elution profile for reversed phase chromatography of the fractions

obtained from Sephadex G-25 gel permeation chromatography.

2.4 ARy AERNTEE NS

R B HOE R 73 7 5 /h T 10 ku A
[ 2 (4 & B % 1 x 10° cfu/mL B09 \B18 FI B27
PR PR AL IS4 BR 8 g 3 FURE il A BT VRS
HARE AR AR BOR B I PR PR (R D) .
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®1 FERTHERMNSFENTF 10 ku TEEE QAT 1 x10°cfu/mL B09 . B18 f1 B27 Hk KA HE

Tab.1 Antibacterial activity of different quantity protein sample of MW <10 ku against 1 x 10° cfu/mL
B09,B18 and B27 with agar plate diffusion method ( radius of inhibition zone,mm)
e ARV B R A0 2R 4R/ mm
LS different quantity protein sample bacteriostatic radius
bacterial strains
8.0 ng 4.0 pg 2.0 pg 1.0 pg 0.5 pg
B09 11.00 £0.85 0 0 0 0
B18 13.20 +1.27 0 0 0 0
B27 15.50 £3.11 0 0 0 0

2.5 WAREEFERNAEEE
R P AL AR B 57 1A 0 23 1 /) T 10 ku
AN TR R R Al DRI A, AS TR 2 R AR T

10° cfu/mL B09 .B18 FiI B27 W& Kk i Pt 18 15 M
22 iR ,5 FORTRIEE (AR S AT 1 x 107 cfu/mL
B09 \B18 F1 B27 B k3 e A I H BT B8 1 1 o

K2 WABRBEFERUSFENT 10 ku REAEZEAHHST 1 x10° cfu/mL B09 . B18 1 B27 & #k i 1 5 & 4
Tab.2 Antibacterial activity of different quantity protein sample of MW <10 ku against 1 x 10° ¢fu/mL
B09,B18 and B27 with microtiter liquid culture method

TRV R R R IR R ROK %

Ll different mass protein sample bactericidal/bacteriostasis index
bacterial strains
8.0 we 4.0 we 2.0 weg 1.0 ne 0.5 we
B09 100% 100 % 79.75% +1.83% 65.27% +£2.00% 28.05% +2.33%
B18 100% 100% 85.04% +£3.13% 73.35% +4.39% 30.79% +3.19%
B27 100% 100% 96.38% +3.49% 87.47% +2.71% 45.07% +2.35%

3 e

3.1 AE pHZHBEXMNEFXHMEMRIER
skl

RN T R ORISR RV ) o |
B, 2 SR pH B SE . 2 pH /T
S5 R pl I EE B 4 9 E LA, T 24 pH > pll
IfEE Tl A TR T o S B R R IO pH
REPRIIE H (4 70 541 b — 52 H A 11 & A W BR, [R]
INf 2% St 1 R] RE 2D b B R o £ T T ) I
ZHMETEA/L, g BEPERAHE T
At . Noga % R BH B F & i+, Lk pH
5.5 S8 N U B A N A% 22 Y A% BB ((white
bass, Morone chrysops, female, x striped bass,
Morone saxatilis, male ) 2 ¢ 4 % Piscidin 4,
Wang % '3 FI B B 72 4 bk, L pH 5. 0 2% b
BT S, K 1 ( Siganus oramin) Il 3% 44
A3 3 — A X il B2 A% R ( Cryptocaryon irritans )
ABSLEMMER . AR pH 4.0 i fF
A R SIS TS E N EARE A
2 AU 0 [ IR AT BE HE T xR AL R 2
BMEAFHR/MKRT 4.0,

3.2 AEpHZHBENREZRERIETEIR
sk

JZ A £, % ( reversed phase chromatography,
RPC) i BT Jot AR 1 3L 3l AH A0 AR AR 1 [ 5 AH 2%
TR ) F8 37 7K A5 0 A N7 ) — b g A 2, 5 A 20
B R AT L oy £ 1 R 22 IR Al A Y A A T
Ho ROARE T 5 253 % 7248 pH 550 T k47, —
MBCAE pH 2 ~4 i AR pH AT LSS B it i) ¥ £
P 0 7] P 000 5 R A B SRR b R A i R S Y
B Ak B R B R R R R — B A 0 O
HAEB M T E A AT RAFAE Y TG PE. pH E AV HL
RAZACAEAE 23 %8 73 B 45 R 7 A AR R 52wl , DA e O
SfAH pH E A I 19t 02 23 M A b G A —
AFRAT . RK S ST T M pH (X 9
AHLR 3 SRR 2w, 25 R & AR pH {E X
I3 BT R AR K, A2 R R MU & A HLIR 1Y)
REHE, 2SR LEHS AR E, B
S BT LR AR I pH A % whR e RO R o
H s fi g JJL R A o 0 5 A R8OR 1 52 ), 25 3R
B pH 9.0 Z& wh i (0. 01 mol/L Tris-HCI 2% Z,
i) SR BT o ECR R £, B AR
B A% B B ] B K, Jiravanichpaisal 2" R F
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0.05% @) TFA M /N J& ¥F ( Pacifastacus
leniusculus ) 1) I3k B H 43 25 75 3] — A5 & Il 20 R
FUHE 2 B2 1 HU A K astacidin 2, AR SZEG FR AT H 4
KT pH2.0,4.5,7.0 (2% nhi, 24 pH k%] 7.0
I, WA R A /b, M MR RE 0l 100% , U W] B
pH B 3G R, IF IR [ B AR A 25 & bk, B4 &
1) 22 20 5 7K AFBL I 90 5, DL O 98 0 BE A 2 S R
pH KT 7.0 M9 S0k .

3.3 AEA®IEHE A AEBHATERER S B4
L& e 0]

Xof TR B 2 R 43 S Al Ak — R B Ay B
B2 5 P AR 1) €8 1% AR IR 40 B8, TR SR XA T D
W e — T M AR RL A B 1 B IR R B . S
0 G 3 % B B - 3 e b W AR B P 3 L, T
FH BCAHAR JZ BT, WO AR 3 i Kk 1k 2 1 () sl e )
J R A T o AEL 2 52 AH VA )2 AT 43 B 88RO A
U, DR FRATT 4 R 8 i 3k 1B J2 A R VR S AR 2 A
1056 FH 43 5 4l Ak H A 3 B 0 70 0 IR A 802 o X R
FPRE 743 25 JE 3 AL A [, 8E X Sephadex G-25 4
BARE 1 ~5 ku 4rF R A SEEE U T v A
BRI FL B8 T3 4 0 SORE VORI 43 B A
Rbr, HABRFNE 1 ~5 ku 7 FREH S RKAHR
MIZPTAELS AR I, L IRA (& 3)
% b AR Z P IR R Gl S O ik 4 5 1S 3
fgC0 T AR A R S TR HAR B, B C
C;.C, 5%,

3.4 AHMmBEFEERNAENERE

FEHTTE IR 43 25 2 Ak b 72 o, o] FRIE 40 1
WP RERTEZEN ., B, 76505 o 5 4k
B — 0 T TR I B B T M, SRR LT 4
A X o WG PR ) e B, R AR
Z B AR 208 B AT B TP R I P i b
& e SL ey B alidl, AR B ROk R D>
HJE fJa B — R, 2 Ak B OR g, A B T
WM EA SR Z WD, H, A LT
PR PR DN 7 3, o 2 0 1 IR 5 ki A 17 i B4
ARo ASLES AL T SRR AR HOE R AL IR A B 5%
TR I BT DA Pk e R, R B FL R A B 7R 1
B AR HBO A R, W AR . AL TR R S
FRIERE M /N T 10 ku A5, B A H] 0,625 pg
B8R BEXT 1 x 10° cfu/mL B09 B18 H1 B27 W #%
I U E P T BN AR T O T s )
4 pghsf BIXF = Fh bR R BN BT TG . 4R B

Rt Y B A 0, iR e o, SE I 45 R |
W, SEH0 AR 2 Bk S . RIbAESEge Wl , &
P& 055 0 FH Bl AR 7 HIO A D B R P T S AR
e/, ok 8 0 B LR MR 35 97 36 R I Bt
Wk

H A% 0 o T A I 42 AR o A — 2
[ 45238 . Birkemo 25" FIGCFL WA 5 55 1 0B
M H# vk K W T A B P B BK hipposin Fl
pleurocidin ML & 17 4 , & 0 LR 1A 85 5% 1k R
i R A T L R A A RO 5 e — K,
UM T35 At Hipposin X 2% i 4 QR (L.
ivanovii ) E X HE AT R B, BE AR Ok
il Hipposin )& X} & 5 3K 1% ( E. avicum) %
JE AR L B ( P. flourescences ) | 18 I B (V.
anguillarum ) ¥ 11 R, X 3R A [ 0 05 P
W 75 325 P RE 23 5% el Bt T3 JOR T A48 77 ) 410 TR B8 % TR g
T RIS B AR R BT BK B9 4 T 45 A Bt
R RV R 2y, IF Ho S B0 AR W 0% e aE 7
T I 23 () 25 4, T Bl A bl T HE IR 25 4 1
SR RE 23 52 M T B K 1Y 255 8] 25 44 1 AS g 3L IE R
5 P e IR B30 AE F o B e KT TR I 1 R
R AHRZ AL W AC R 3k TR A s T
TR F5 75 S5 55, S B oy I AR i 5 B 1 0 1% %
HixTH,

S E WK
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Effects of pH and chromatographic column on isolation,
purification of antibacterial peptide from Japanese eel liver,
and determination of antibacterial activity

ZHANG Dongling'*** | GUAN Ruizhang'**** | HUANG Wenshu'*,
XIONG Jing'*, XU Jisong'*, SONG Baodong’
(1. College of Fisheries, Jimei University ,Xiamen 361021, China;
2. State Key Laboratory of Freshwater Ecology and Biotechnology , Institute of Hydrobiology ,
Chinese Academy of Sciences, Wuhan 430072, China;
3. Graduate School,Chinese Academy of Sciences ,Beijing 100049 , China ;
4. Engineering Research Center of Eel Modern Industry Technology ,Ministry of Education ,Xiamen 361021 ,China;
5. Subio-Tech( Xiamen ) LTD ,Xiamen 361021 ,China)

Abstract ;. In order to quickly isolate and purify antimicrobial peptide, different flow phase pH values( cation-
change pH 3. 0,4. 0,5. 0, and reverse-phase liquid chromatography pH 2. 0,4.5,7. 0), and different
chromatographic columns ( cation-change and gel chromatography coupled with reverse-phase liquid
chromatography respectively ) were used to isolate and purify antibacterial peptide from Anguilla japonica
liver,and the results were analysed and compared. The merits and drawbacks of agar plate diffusion and
microporous liquid culture methods on determination of antibacterial activity were analysed. The results
showed that pH 4. 0 buffer solution was the best flow phase in three-pH-value buffer solutions, which had
16.43% extraction ratio and isolated two elution peaks;We did not obtain perfect result from reverse-phase
liquid chromatography ( RPC) in three-pH-value buffer solutions; Sephadex G-25 gel coupled with RPC
significantly improved the isolation effect, elution peak amounts were greater, peaks were sharper and
narrower ,baseline was flatter and low than those of cation exchange coupled with RPC. Agar plate diffuse
method to determine antibacterial activity was simple to operate, and experimental result was intuitional. It
required much protein,so it should be used to determine antibacterial activity during protein crude extraction
period ; Microporous liquid culture method to determine antibacterial activity was sensitive. It required little
protein, so it should be used to determine antibacterial activity during isolation and purification of protein in
chromatography period.
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