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1.1 SKIesr#

H A 88 i , 14 B £ 249 300 g, 4 W TG B % 28
A, ok B 4R 58 KA K AR Y

iR 4l % 1 42 & ( Edwardsiella tarda, %% 5
B09) .S ¥l % J& (Aeromonas sp. , %5 B18) g
KK AR ( Aeromonas hydrophila , %= B27) 1
by DA 58 53 3] A B0 T, Eh AR S R R 4R
it G5 A PGS
1.2 EFZEiK{H

CM-£-4E 2 g § Amersham 2\ &), 1% 4> T
bR HEE F W A 3¢ [F Fermentas 23 7], JIK7> 7 b5
HENE B Amersham 23 m] , 7K 5 R \ It PR % . £ TR A
Oy b AR 2E RGN 2 ) R Tris R =9 £ R
(TFA) Ry 53 4l , C 5 (ACN) Jhy (a3 4
1.3 BEAEsERA AL

AL R ] B 1) HB 68 g AL AU, I A 100 5 44
TR 10% B IR , AL EL 51 AL 8 )5, TR g 4 +F
R 4 CHIPER A, K IE 10 min, i E K F R
7,8 000 x g,4 C .0 60 min, B EVERZET . 7
T Milli-Q /K i J5 , — #8401 10 ku 2F 4
HEHIED B, —3 0 H 3 ku R4 3805, %
FE i 23 o3 i (Mw) RF 10 ku /N T 10 ku Al
/NT3 ku 3 ER Sy, o B R TR

' & T kBT /NTF 10 ku K& 5 /N T
3 ku A543 T Milli-Q 7K H1,0. 22 wm P8 ot
7%, % ] CM_Sepharose_FF_16/20 B % H: ({1
40 mL) P78 1 3 JZHT 23 8, /N T 10 ku B i o)
BARFLL0.1 mol/L ZFRHN (pH 4) 5% v i - 1y
200 mL, R 454 AL S L 0.1 mol/L Z, % &l 3% i
200 mL, %54 A9 FE A 4 mol/L £ iR % (NH,AC)
ZEoh L 0 ~ 1.6 mol/L 4 B ¥k Bt 200 mL, # LA
1.6 ~4.0 mol/L £pE¥EME 100 mL, i3 4 10 mL/
min, /N3 ku BB AEE DL 0.1 mol/L 2R
B4 (pH 4) ZZ ol V-1 160 mL, R 255 FIAE R LLO. 1
mol/L ZFRENYEAR 40 mL, 254 B 4FE 5 A 4 mol/L
LIREEGEThLL 0 ~0.96 mol/L # Ji P& it 20 mL
JG,L4 0.96 ~2.0 mol/L % & ¥t i 80 mL, T 4
2.0 ~4.0 mol/L #f & ¥t 20 mL, 7 # & 8 mL/
min, KOG A,y , AR 2 BEPEIIE

BAR@ R EANE &N /NT 10 ku FE R

PH 85— 28 480 J22 B 3 2 1k JI3% 04 ) s AH il 2 A Source
5_RPC_ST_4.6/150 (#E{AFL 2.5 mL) # LA F &%
HEAT4y B . Al 3% (0. 01 mol/L Tris-Cl/2% ACN,
pH 9) -4 7.5 mL, "kt 2 mL,Al B 5 mL,B
W (70% ACN) M 0% ~25% L8 PEVENG 5 mL,25% ~
100% ZePEBEE 15 mL , 42 0 U 4 25 Ve B 4 43, 4
0.1 mL,ji# A | mL/min, T 545 o XHIGE M
-1 0k 8 06 FH 2 AH 1 2% A Cosmosil-5C i -MS-II,
4.6/250 (FEARFR 4 mL) 4% DL R R P iE— 2541 B9 Al
WP 8 mL, A 0.2 mL, Al JE N 4 mL, B &
(70% ACN) M 0% ~ 62% 25 PE Vi 20 mL,62% ~
100% LRV 4 mL, 32 W e B2 4% Uk L 41 45, 1548
0.1 mL, i # K 0.5 mL/min, % T J5 £ I 1 0 1%
PEo ZINT 3 ku B BH B 32 48 J2 BT 32 23 ot 0
A Cosmoil-5C ,-AR ,10/250 (FE{A&FL Hy 20
mL) # DN P47 43 85 AL JCOF- 1 40 mL, FAE
2 mL,Al /i 30 mL,B % (70% ACN) M 0% ~
100% L PEPE I 100 mL , $2z W e 45 4% Bk I 41 45, 5
0.5 mL,# N 2 mL/min, % T )5 5 H. %G
PEREGT (/) 21 53 F CAH B2 4 5C 5 -MS-ILL, 4. 6/250
(FEAR 4 mL) #F — 2 7 By 2lifk: A2 7K (0. 1%
TFA/2% ACN,pH 2)-f 8 mL, F4£ 0.5 mL,A2
Ve 4 mL,B ¥ (70% ACN) M 0% ~48% £ Pk
Jiii 16 mL ,48% ~ 100% 25 V6 4 mL , $e 6 i B2 4%
Ve 4l 4y, 445 0. 14 mL, 8 7 0. 8 mL/min, %
J R AT B
1.4 ERQRENE

H MY RO %2 R Bradford ™ 5 %, 4R
MG H & AR AR
1.5 HEEER

SR NG A L 7 Bk A A ) B 1 & i R
JE R T 10 ku /NT 10 ku FI/NTF 3 ku ££ 5 X
10° cfu/mL B09 B18 Fl B27 WHL B 06 M. I &
0B B 2 A2

SR PV VR MR B 5 A I /N T 10 ku FIZNF 3
ku B AR 15 %% WK JZ B vk B 04 T 10° cfu/mL
B09 \B18 Al B27 MHi b i 1 . 2 R 26 ™ ik
Wk . SCER A B 3 WL BT KRR A3 pL
TR s X RRZH 03 L 0.85% A= B 7K F1 3 pL
WBIR A ,28 CWER 1 h, 43 5l S 56 21 v B 21
MR AW 4 pL s BE T B 3R 5 1,28 “C o35 24
h Z B F S G A RN B A R IR 3 B AR KB
% QU /N i Y VR i YO Vi i Y ¢

http : // www. scxuebao. cn



1238 Koo

37 %

¥R

(%) =[1-N(EEH) /N HRA) | x100% .
1.6 HFERAGENE

XFATF 10 ku B4 N 10 ku B850 AN 3 ku
FEM R 2 J2BEIE AN E S /R R Tricine-SDS-PAGE
LK B BN 16% I 2 1 o M H 16

afi Ak B T T IR 2 82 SR T 2 5 4l Bl 0O i W/
2546’ AT I 8] BT % (MALDI-TOF-MS ) # 17
W, S5 3 B el BT K2 A B 2 2 B 6 AT, T
%} REFLEX III Ji& i1 ( BRUKER ,Germany) .

2 4k

2.1 BEPFATF 10 ku /NF 10 ku Fa/hF 3 ku #¥F
mIEEERERER

TEARIA) 8 450 T I/ T 10 ku A5
FNT 3 ku FE G A0 BTG PE LR T 10 ku A 5 R
JNF 10 ku B8 55 %) 10° cfu/mL B09 B18 F1 B27 7
B4R 4y 54 3 mm,4 mm Fl 10 mm; /N T 3
ku £ & XF B09 B18 F1 B27 i 1 1 2 12 43 4l M 4
mm,4 mm Fl 15 mm, K T 10 ku #£ 5 %} B0O9 Fi
BI8 (4 E 42 4351 4 3 mm, 1 mm, %} B27 JoH
WEPE, RUKE R B, KT 10 ku #5800
Z% KR 223 10 ku F1 3 ku Y[ i £F 2 4 B 98 )5 R
H B RANFEARTE 10 ku IR (B 1),

Mr 1 2 3 4 5 Mr
116 600

66 200

45000
35000

25000

18 4007
16 949
14 400 14 400
10700
8159
6214

Tricine B %k % #7 /N F 10 ku,
INF 3 ku FAKF 10 ku &
1RT 10 ku By 20 AR5 bR i s 3. KA F AR E i
4. 8T 10 ku BESL 5. /T 3 ku BES .
Fig.1 Tricine SDS-PAGE analysis of the protein

BE1

samples of Mw <10 ku,Mw <3 ku and Mw >10 ku
Lane 1. the protein sample of Mw > 10 ku,Lane 2. low molecular
weight markers, Lane 3. peptide markers, Lane 4. the protein

sample of Mw <10 ku,Lane 5. the protein sample of Mw <3 ku.

2.2 MEREIMEARR AN

T 10 ku B o B 44k /NT 10 ku FES,
Z P 1 2C i R AT AE 420 ~ 460 mL 4b i B 32 2 Uk
Ji0e (1 2) , 2 3% i 0 22 Source 5_RPC_ST_4. 6/
150 Sz AR K J2 A7 )5 7E VE B AA TR 14 ~20 mL 2
AR 7 A F 245 F1 ~FT(E3) XG4 r
I F3 2 4y it — 25 i i = A A Cosmosil-5C,; MS-
I1,4.6/250 43 &5 AR5 PS4 3 F3-1 F1 F3-2 (4]
4) F3-1 %} 10* cfu/mL B09 B18 I B27 3 {545 %
9391 49% ,0% F1 40% (151 5) ,F3-2 JeHl i G P

— VEMBRAE280 nm T IR —— - ZRREIR X

mAU 140
500 -
132 5
E 400 | RS
g o / g
22 H24 =3
Q 8300 | / o=
o 2 / &
§g 200 | 116 N
////
100 e 108
///
7
Y S 10
0 100 200 300 400

YEAAFY/mL  volume

B2 /HMF10keERESFZHEREREL
TR PRI 530 T 420 ~ 460 mL, W82 %H 53 o
Fig.2 Elution profile of the protein sample of Mw <10 ku
by the cationic exchange liquid chromatography

The main fraction distributed at 420 mL to 460 mL was collected.

— VEBEBAE21S nm PR ——- ZREIRE
mAU 70

£

'f:‘g 42

= g S
() z O
a g %<
B

F F2F3F4 F F6 F7

0 1 M A PO AP T

140 150 160 17.0 18.0 19.0mL
YVeiAAF/mL  volume

MNF 10 ku EREEFIRERIESR
RESHBBERSEEE
TEVEBLAR B 14 ~20 mL 2 [l YR ) 7 A> 32 92 1 JB i (F1-F7) .
Fig.3 Elution profile of the fractions obtained from the

&3

cationic exchange liquid chromatography of the
protein sample with the Mw <10 ku by RP-HPLC
The main fractions of F1 to F7 distributed at 14 mL to 20 mL

were obtained.
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. 2.3 PRI A A
A7 RE 4 B, 45 2R 7, #E T 47 B (m/z) 1 000 %)
. o0 4 000 7 [ 9 (AT — 1 85 T-0 , BT 2% 2014 o 81—
58 4 HTL A TR 1391.82 u(#10)
o S
RE 5 — YERAE280 nm IR — — - ZERERIRIE
B mAU
0 200 132
. M i ~d0 g, .
140 145 150 155 160 165 g g 150 {24 =
YEBAAT/mL  volume % £ é %
. 22100 116, Z
M4 F3IAHRASHREENS @K = ° &“
A 1 T B -1 A F3 2. 50 Jog N
Fig.4 Elution profile of the fraction F3
) ot " T 40
by RP-HPLC 0 20 40 60 80 100 120

The two fractions of F3-land F3-2 were collected. YEBABUmL  volume

6 /NF 3 ku #HEREETFRBREREIE
FEPIEH 53T 100 ~ 120 mL, i 8% 4 53
Fig. 6 Elution profile of the protein sample of
Mw <3 ku by the cationic exchange
liquid chromatography

The main fraction distributed at 100 mL to 120 mL was

collected.
— VEBLRAE21S nm TR ——- Z R BE
mAU F4F5 170
B S5 F3-1453 10" cfu/mL B09, 500 - s
BI18 f B27 {9 16 A E a0l
D. HW + F3-1 Bl s D', W +0.85% A BER K . v 8 142 <
Fig.5 Antibacterial activities of the fraction F3-1 % "5 300 ﬁEz E):Z)
against 10* cfu/mL B09,B18 and B27 §§ 200 12N
D. indicated bacteria mixed with the fraction F3-1; D’. indicated 14
bacteria mixed with the 0.85% saline. 100
\ . . . 1 10

R 3 k s AR AN L 7N 3 ku AfH 55 60 65 70 75 80 85
i v AR 2 hT B i YEAAF/mL  volume

2B T A JZ A AE 100 ~ 120 mL 4 i B 32 22

VIR F 6) 0k I W 2 12 ) B 4 Cosmoiil- 7T S ku R T

REEHKEEH S EEE

5Cs-AR,10/250 OB TEVE IR TR K 55 ~90 mL VUL 55 - 90 mL = (A E] 14 55 B
LI&%@J 14 4\1%%&6} F1 ~Fl4( 8 7) ’jﬁ*%:ﬁi Fig.7 Elution profile of the fractions obtained from
TRPEBCHR B F7 217 4k 82 AR 1 A Cosmoil- the cationic exchange liquid chromatography of
5C,-MS-1I,4.6/250 it — 28 7 B 24, 3R Ak — 4> the protein sample with the Mw <3 ku

FEE P F7-1 (18 8) , KXt 10° cfu/mL B09 by RP-HPLC

B18 Fll B27 1 X548 505 51 0 30% ,40% F11 66% The main fractions of F1 to F14 distributed at 55 mL to 90 mL

were obtained.

(E19).
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o 37 %

— LEBERAE215 nm F R ——- Z R
mAU i 70
15

10

absorbance
(=) W

% 6AE/215 nm
|

A
=

-1s F7-1
-20 N | N )
15.0 155 15.0 16.5 17.0 17.5 18.0

PEfAAF/mL  volume

8 F7IHSRESYREEHSEEE
HAF— A FE BRI FT-1,
Fig.8 Elution profile of the fraction F7 by RP-HPLC

The main fraction of F7-1 was collected.

B9 F7-1 A% 3t 10* cfu/mL B09,

B18 #0 B27 My & 1F A
AT+ FT-1REfh; AT Y +0.85% AR FEEK

Fig.9 Antibacterial activities of the fraction F7-1
against 10* cfu/mL B09,B18 and B27

A. indicated bacteria mixed with the fraction F7-1; A’. indicated

bacteria mixed with the 0.85% saline.

9000 |
8000 |
7000 |

6000 F

®5000
4000 -
3000 F

2000 m—-—

1000 1500 2000 2500 3000 3500 4000
JiAr tem/z

1391.82

10 EFHBMABR/ B FLRIT
Bt 8 BRI 4 4 F3-1 Ao F 2
Fig. 10 MALDI-TOF-MS analysis of the fraction F3-1

F7-1 45 F i o #r 45 R X F7-1 414y it
T BTG B, 45 R WoR Bk & b B0 3 A (8] B ok
SO A B 7 0, 0T EE 43 1A 839,19 .861. 12
877.10,861. 12 3 T 14T fE K 839.19 454 T
BB — A T, 877. 10 B F & ] BB N
839. 19455 I A=A P — 7, Hikix 3 1
BN R N EEAEN,ZER S TR
7 839.19 u( & 11),

11000
o
10 000 o9
9000 | N
8000
7000 F
6000
5000
4000 -
3000
2000
1000

~8717.1

al.

900 1100
JHfr Eemyz

B 11 ERHBEEHER/EFHITRE
RIS FT-1 A9 HFE
Fig.11 MALDI-TOF-MS analysis of the fraction F7-1

3 3t

PR KR R RET " &
2 G E H EUE Y Tz AR B IS )
J§i. Ruangsri 2" % B P 2 65 fa gt 0T 72 $2 K
WX T 8 {0 3 M BRI ( Planococcus citreus) F
1P KT 1 ( Psychrobacter immobilis ) Y545 ) /E
JHo Zou %' il if RT-PCR ${ A, fE1E % B o #
14 JALIUE 55 5 B RN 31 T defensin Bt B Ik 1 3%
ik, Bao %17 R BT W B0 A % B — 5 W D
1 7% 1l 48 [ B ( Edwardsiella ictaluri) 35 3§
J&, BUNE H LEAP-2 B X Y 5% 3K /K F- B 2
Sun 4" AE B A9 B RE R B 2 piscidin
mRNA, Chen 2" % ¥ hepcidin 3 [H 7£ K 35 61
JELE Hh 3R 7K AR o LA B BRI W AE 28 1Y
LI vh T 22 RS M B R 0T R . E R
R DL F N H A 58 g e I w2 BT 187 JEK ) #H O SCRR
I, R, A% S 00k R H A 68 i ALNE A Sy 4 B 2k
BT IR BB BB A — 5 RIS S

VAL I S TR REL 4 DA T 223 10 ku A3 ku 1) 1]
VAT YEAE U8 )5 70 R T 10 ku /N T 10 ku A/
T3 ku 3 RSy X3 FAE G IEAT UK o0 BT 2
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B7n, KT 10 ku # 5 43 F 2 K/NF A 7E 6 ku F
116 ku Z 8], % B K T 10 ku A 5 1Y 32 2 71 &
KRB LB 8 KT 10 ku By K450+, 7]
REIR T A — L R P RBR M IE L R 2= 5T, /N T 10
ku FI/NT 3 ku FFaEE HAH Sr FEATE 10 ku DLF,
UE B 1) 1) 375 8 0 T 9 B ) 8 fig L DA 5 o AN [R)
TREH D IATAHBIT BT B . B3 BRI ALY
BUBE IS, /DT 3 ku #£ 5 % B09 . B18 #il B27 H
A BRI PR G PR, /N T 10 ku B X B0O9 (BI8
A1 B27 A B AR 9 B9 PR TS P, TR T 10 ku
FESLBR X BO9 A — & HU s 4FEH , %t B18 1 B27 J
ARTCHUE TGP o HE W H A 68 b 5 0 P A Be v 3 1k
YER F 08— 2 /Ny P . SE R PR 00 T 4
SREY/NT 10 ku FI/NTF 3 ku A i i — 2P 00 B 4l
b, 45/ T oy B L B T BRI

BT CHENERBEEAR S FE—EN
pH B -5 B 2% A T BT A A 1) 25 S AT 40
W J5 k. fE—& pH &M F 55 H 5 (pl) > pH (1)
B IE L, BB S B T 2SR 45 G, — i pl R
KRIHE S8 T8 ANGE4S S ™ /N 10
ku FE AN T 3 ku MG & B 2SR 2 AR 2
P I — A T S I e, 15 B S e P R R )
EESEH ST, AR T 4, X/hT 10 ku # 5 F
/NT 3 ku A B R A 4 J2 A 3 Uk M UG SR
pH 9 ZZh 4k (0.01 mol/L Tris-C1/2% ACN) #17
JAH R SO £ 35 2 AT, ARAS I VR IR e A B 2
PRBIXSFR A . U W SR pH A BE I 3K
TRBHT ) 43 B ROR . B ET 00 SR e R0 A
TSR AT T B S A 0 pH (ELAE 2 A4, H
TR B AH B I = 98 & TR (TFA) B 5 X il
FY Rt BESE K B, AR  AAH €3
B X pH (B2 b s . Aot A Y S 4 B
MK B AWk HPLC 37 J5 2%, 25 48 T 86 B Ve
B G 22 v pH (E X Ar B R . 4
0.028 mol/L K,HPO, (pH 7.5) ¥ & pH {8 2% nh
T Ay B R VAR, 1t 7K R IOV o B A W A
IR E, pH [ RAK, A W AE C oot B AR B 8K
55, JLRN LA AN REAS 2 A 20 40 B . X AT fig 2 il
T pH {E I 22 o 30 ) TRE A 0 B A (A
FE S Ty THE RO AL B #EAT 43 e, AT 7 A e K
5 B I5F 18] 5 L 42 50 2% B R

H A8 & I — R P ke — 2 p R
H B —A/ B, GER U8 T H AR T R 43

TERAKEB B, mimaEE &AM
I - S o N RS S SR - 3 UK WS R P e
GRS U N (DY NITRE S i R
S ESBIMPLRE IK SAMP HI, 73 F & )y 2 836 u, &
R HL NSRS/ RO B 5 B 3 i 26 0
43 8 B B LB K Parasinl, 43 T &2 2 000. 4 u, &
AL H2A N-Si /NI BE ™ o e 4 1 e
PRI T il ST A AR S S AE 43 B 3 A v R Sy — s
a3 05 A T N/N i s o = N 7 B N O 8
PLBIE AN RARTEAE . A WF 58 2 WAL o v A ) 1
JOR PR 3 15 2ok A v 9 3 1) B 1 0T B T ) 2 K
FEFEAT AR M U1 E), AT LUK B A 005 M 0 BR R
Bl k™ . Wang 2% Ff| Sephadex LH-20 %t
B )2 #r f1 RP-HPLC M 4t Wi ( Crassostrea
talienwhanensis crosse) S /KB P 4L 7 —
A9 AN Sk TR kAL 2H R T R /D IR W
A3 A A G R B2 AT RP-HPLC M\ 01 A (1)
ity A B 23 B 4 S /NRE G o AR 2R ML R
By BOR Tk ks A TR, 23 B B 2 ANy
T U IR 7 2 R 20 7 8 1 PR AR e 1) R B
O SR T iR 2 1l S = i DN =t L g R BRI |
Ik SE IR AL H 7E 10 ~ 100 Z Ji], 43 F R R/ R 1~
10 ku Z ] Hod R/ 19 4T IR Myxinidin
J&: Subramanian %" W\ T 88 1 52 Kz B W 43 85 5
1, @ AERECH K 12, T8 1328 u, JF T
i EE X2 AEA AT LIE M 28 o) a5 5
AOBT R R o A, 92 50 3 A v s IR Sl 4, Wb /K i
Tk B vEZE ph i RP-HPLC 43 &, Ui Bl iX 3 >4t
FRBRXT #4 L BR L B 3 AN BURR, AT RE 2 — 2B I it
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Isolation of antibacterial peptides with low molecular weight from
the spleen of Anguilla japonica

LIANG Ying'®, GUAN Ruizhang'** , HUANG Wenshu'”’
(1. Fisheries College, Jimei University ,Xiamen 361021, China;
2. Engineering Research Centre of Eel Modern Technical Industry ,Ministry of Education,
Jimei University ,Xitamen 361021, China)

Abstract; The acetic acid extract of the spleen from Japanese eel, Anguilla japonica, was separated by
tangential flow ultrafiltration with 10 and 3 ku fibre columns, and the two protein samples of the molecular
weight( Mw ) < 10 ku and the Mw < 3 ku were purified by using the cationic exchange liquid
chromatography together with reverse-phase high-performance liquid chromatography ( RP-HPLC ). The
results showed that three compositions ( the protein samples of Mw > 10 ku,Mw < 10 ku and Mw <3 ku)
were separated from the acid extract with two fibre columns. The samples of Mw < 10 ku and Mw <3 ku
exhibited stronger antibacterial activity than the protein sample of the Mw > 10 ku. The protein sample with
the Mw < 10 ku was purified by the cationic exchange liquid chromatography and using pH 9 buffer solution
in RP-HPLC, and we obtained an antibacterial peptide with the molecular weight of 1 391. 82 u when
determined by MALDI-TOF MS. The pH 9 and the pH 2 buffer solutions were applied in RP-HPLC of the
factions obtained from cationic exchange liquid chromatography of the protein sample with the Mw <3 ku,
and we also obtained an antibacterial peptide with the molecular weight of 839. 19 u when determined by
MALDI-TOF MS. This study suggests that the main antibacterial components in the spleen of A. japonica are
the proteins of low molecular weight.
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