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TEE: Kazal AL AR EGHEMF AT UNEI KA AL LEARE AN T, £ £ WK FH
PSR S EM LT KEEEEM, LAATH 5w % oy F B 9 3 IT Kazal & 2 & 8 & & B 31 #
7| £ ( Fe-Kazal ,GenBank 7% fit 5 % DQ318856) Jy F il , w2 o i 45 #3847 J¥ 71| bb % An
M AR RE QT ERERA, ZARAL Bl Bk BETEA8 P E R TEE, AR
W o ERPAEERA AR ERERR G ZEERRIR R R #TT EHLAE, 4
FHEWNEARAHFEEN 0.4 ¢/LERB;EEMNERE T, 8 )5 rFe-Kazal x4 91 H |
SECHERE FHAERE AT R EAAENIEEA,

KW P E X ; Kazal Bl 2 @B E G BIG Al SRR, EAkE; THEN

hESEE: S917; Q 784; Q 786

22 G R AE I T 50 (SPL) | IZ A E TAE Y
FHHURN, EATEN AL | R BEL Wy A R
6 RG AMERGE Ay O 5 Z A AR B T &
FEEELEN e sent f v, SPL 3= 2 5 i 4%
22 SRR I (SP) 1% J1 (AE . SP il SPT — 2
Z 5 AR N, WA T Ok 2
il , 82 % A0 M AR AL A4 R K 2 B 1), SPT TEAE 1
W R S 07 R HE T EEAE, AT L
B L 2 1 il ) 3o o K, AT e i R AL 2
Bifn. H Kazal K% Kunitz K% a-BERE
I Z 05 FN Serpin G UE W AE 28 0, Hh R FE
FAERY ), Kazal % SPI J& KAZAL %' 5wk
R LA LR 7 (PSTL) [ & 19, B T2 —
K F WG — DR 2N ER Kazal 451451
H S Kazal 254855l 50 ~ 60 > HL iR ik
FELH A, Horh 6 AR AR B LL 1 -5/2 —-4/3
-6 MBI 3 X it . 7E58 2RItk

S HH7:2011-04-19 &= A H#3:2011-06-24

MERFREAD : A

B Z 5 S AR EEIR L s RR A P A AT, Ut
RIEBRNG AR N P1 SRIES AR B E
Kazal 454 358 i 48 B 1) R P o

H A, 76 A [/ 19 3l 9 v & A &8 4 Kazal 5
SPI ¥ 43 2§ Ak, I o8 7 H A5 FILfg, an .3
A~ Kazal B 25 14 B A 000 5 28 B9 28 KGR B
(covomucoid ), FF £ dU Wl M 5 B i
( Toxoplasma gondii) 1 EAG 4 4~ Kazal 25448119
TgPI-1, GEGE 1 il 1 2 11 i , JR 456 7L 2 1 i i
PR R 005 PR, XS BT 35 1A 7 A I Ak
EIAMG T, K& (Bombyx mori) WL T H AT 3
AEERY I Kazal #)14) HF BmSPI™ | 3 5 5 45
( Ciona intestinalis) F Y & B — > Kazal %I 45 #y
S B4 M A A A 3R W S B DL (Argopecten
irradians) " LA 6 4~ Kazal 4% 4 3§ ) AISPI-*
A KA AL DL ( Chlamys farreri) B + A 454
B A ¥ CIKZSPIN . [ 7, 72 W1 72 31 1)

TR B : B R A RElEIE4 T H (30871907 ,30901119,30901094 ) 5 KT £l 2= (10JCZDIC18200,10JCYBIC09200 ,09JCYBIC15000 )
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W1, 45 o v [E AT A Kazal 722 58 I 55 1 BRI i 77 26 X ( Fe-Kazal ) #0241 208 s A4 B 1311

L iRIE T — 28 Kazal Y SPI, & BLAF7E T i
IR T 1Y Kazal-SP gt 32 B 14 592 B 180 28 58 9 47
W M ENFERRRERET REEELDN
YER o 5 K KB ( Pacifastacus leniusculus)
PR I 40 6 — A & A7 4 > Kazal 254448 /) SPI,
Xof JER B 3L AR T R A R A R AR T A AR A
RN FEBE NS IR ( Penaeus monodon ) 1) 1fil 41 i
AT — & 5 > Kazal 454 38 (19 30 1 51
SPIPm2 , 124 il 57 Xof Aty 5 A T 2 0 Al A 410 i 5
P S0 T B8 A s DR AN B A SRR e o R v R
g A AT R R B WO AR
( Fenneropenaeus chinensis) W) JFJEIEH AT
— A HA 9 A Kazal 45 #4358 19 #0 1] 57 ( FeSPI-
L) M HAS TR i vk A ) e G i & 454
i 25 [ B & S R, B2 H R
H 1k, FSEK A 1) Kazal BRI H 5 BAR TR T
—SERF Y, H S A I AR e B R B B L2
LRI B b, BB W58 T 0 56 1 AR W 240
PE A6 HRS 1 D) e 0 7E S0 58 0 25 3ok R v Y O
THLHI BT ST AN G A A0 X 07 T ) A
PRAPE2H R GK 3RS H 1Y 8 H 80 AL RNA T
PEH AR S 5 ) 58 F0 I 35 AL 1) #4247 1Y
R o AR FT I LA K 3, 55 € A7 78 T 1l
YL Fe-Kazal TE5% 5% K FZ2 5 W A BELE G
{IE 995 75 ( white spot syndrome virus, WSSV ) 5| &
{1 56 R G g8 o 25 5k A AS R S AE L A B
BT 1B TR ) 235 4 S0 AV 23R TR R AR, X
HS AR X Btk A7 1T HE A R IRV 5, I X E A
WA A G R A S e AT T IRV,
T FE R TR H [ BH G IR 5 R e 58 28 ik i R
AIEILH S22 %

L MRSk

1.1 #

SR Hh A T AR R SHEIPOE QNS
8 ~ 10 cm) W T R HEM 47K 7 F 1 IR 5 A BR 2
A SERRTTE K AR b 78R 7 7 d, Al 5
B % NIRRT ; Rk DHb5a g AR SE00 28 R A7, 46
K Pk BL21 (DE3) plysS W Tt 5t RARA: LR
PR w5 B0 TR B8 5T | A 2 FCOIRR | 4 B (0
EIRRTE RS R = S AT R R T
KRB B A O PR AL v B R pMDI18-T
W [ TaKaRa 2\ ), 3% ik # & pCR® T7/NT

TOPO® TA H i R} et PRI 5% I 2% 5 A6 5%
T

X, 7 TRIzol j RNA 42 Bk 51 &
(Invitrogen) ; B il £ #% B8 N VI i . T, DNA j% $
it B A 9 DI . DNA- Marker ( TaKaRa ) ; 5 kL
PEHUAT & & DNA B alifbiAf & 7N - B
-D - AR (A TAEY TRRA R
] ) ; 25 [ Marker ( Fermentas ) ; 5 3 [A 17 15 77 ik
(AE AU A= Dy B R il ) 5 B IR B S AR
B CAC BT RO Py 1 R B ) 5 Bl 1y
Sy 7= itk 1A 4 o

L% PCR {¥ ( Bio-Rad ) ; BioLogic
DuoFlow JZ#1 & 4t ( Bio-Rad ) ; 15l 15 7746 ( L1
RSO A RA A BES TR ) s 5 R R E L
HL(Eppendorf) ;8 mm SMEA AR (I B 2546
A E AR AT o
1.2 2 RNA gyiRER5 5 —#% cDNA HI& A

AR £ (] X6 M 55— M A i 5 il
B bk B, 28 B0 AR I AU M . 5 43 85 v [ W)
IR RN LA O JUE 90K B2 28 T L A
28 LA A7 T, R AR A, A 2 R
A5 1M 2 L — 2 2 B TRIzol 15 W] 45 11 J7 125 4 B
& RNA, FEHUR B RNA 2B HiHEE I FL 1k 51k
LR E H I E (X (Bio-Rad ) #E17 & 1 FlE w46
W, —80 CLAAF&H . Lh2 pL M40l e RNA
f % 5 KA, poly (T) 51 %) ( AOLP: 5'-
GGCCACGCGTCGACTAGTAC(T)16 (A/C/G)-
3") UG, 5 U — % cDNA,
1.3 Fc-Kazal & ORF X EWEEZEHH

W W 1) Fe-Kazal 1§ 2% K 228 55 1R )7 F)
BlastP T.E. (http: / www. ncbi. nlm. nih. gov)
AR IR LR 7347, >R H Clustal X F1 MEGA 4.0 %
PEXT AT 2 7 50 LU B MRS I3 4, RGERTR
Neighbour-Joining J7 EEH %,
1.4 BLAREKDH

H4 v [ B XT AR 9 2 2 RNA % 558
cDNA, i 56405 ik AfE] . LA ZHZH cDNA
BEARY 1 B-actin 853791, 51490 B-actinf (5'-
AGTAGCCGCCCTGGTTGTAGAC-3') , B-actinr
(5’-TTCTCCATGTCGTCCCAGT-3") , Jz v 45 14
94 CHASHE 4 min;94 CTAEPE 1 min,58 CIB A 1
min, 72 CIEff 1 min,26 MEH ;72 C AR 10
min, FIRRELF7 45 4141 cDNA i i ok P 1
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Fc-Kazal ¥ %) i B, 31 ¥ & Fc-Kazal-f (5'-
AACCAAACGAAGATGGCTCA-3 ), Fc-Kazal-r
( 5'-TTGAATTGATCACATGGTGCATA-3"), %
WA 94 CHIASPE 4 min; 94 CTA5#: 1 min, 50
CiE k1 min,72 CLEM 1 min, 26 M§H ;72 C
PR 10 min, PCR j“¥J7E 1. 2% W BEREHHEEN I

AT HLIK T o
1.5 Fc-Kazal BFR=Fn44k,
FOR H AR 0 M 12 & Fc-Kazal ( GenBank ;

DQ318356) [5:41]#1 pCR® T7/NT TOPO® TA #ik#;
K SRR, &% 31 )7 4% 3 38 51 ¥ Fe-Kazal-Ef (5-
TAAGGATCCAACCCTTGTCTCTGGCTCCGGA-3 )
1 Fe-Kazal-Er (5-AGCAAGCTTCGAATTCGCCC-
TTATCAATATCCCTTCTTTATAAC-3) , L it 5|4
5" & BamH IREYIALEL, U514 5 % & Hind 1
0. LA cDNA St k17 PCR g, 93
LI PR BSGEJUR DX 35k 00 5 1A %) B2 o 114
ki 5 Fk B TR pCR® T7/NT TOPO® TA [l i}
FH BamH 1 Hind T4 T XUV, 3 b 58 s i ok
[l E) B B i B8R ok, 3T H] T, DNA % 4%
itk 2 , M 7 B 20 2538 Bk pCR® T7/NT TOPO®
TA-Kazal, 546 KJ#T 1§ BL21 (DE3 ) plysS &322
A (EL AR 48 /E 2 | pCR® T7/NT TOPO® TA
Expression Kit) , 4 P4 v R4 il e (b ARk
HAEYIATD) o

TR G 0 HF R A E L e 5T
Bl mL ARFP B IR A 20 mL BTfE 1) LB 8557
(5100 pe/mL Z R HEX),37 C,220 r/min
3% 0Dy, 155 0.6 ~0.8 B, B 1 mL i
S, AR PR AE 37 € 220 r/min 508 F
PIZye E 3 1 mmol/L fi) IPTG 445 S 1535 6
h,7£0.5.1.2.3.4.5.6 h 435U (B 1 mL) ,
R AL S ZE 4 T,10 000 r/min 504 F &
05 min, R T -20 CHRE A, ERAFEM
hn 100 pL _EAESE ik (1 mol/L pH 6. 8 Tris-
HCI,1% J[ %5 ,0. 154 ¢ DTT,10% SDS,10% H
) AL B B K AR R A B IS B AR AT
12% SDS-PAGE Hi kil , LA 25 1 19 e FE 15
A

J& W B fif 5 LC-ESI-MS % % ¥ SDS-
PAGE fig b/ H 401, IR R 2 1 B 2E 1 7
JBE A TR, BB 25 WL AR F A i 2R AT B 1 B B
1&43 #1 (LCQ DECA XP™ MS, ThermoFirmigan,

USA) , #] ] Bioworks # {4 5 SEQUEST %k /¢
AT XS .

THROW s BAARLE 37T CKkE
B SRR R R 2 ODyyg 0 N 0.6 ~ 0. 8, T ALY
J£4 1 mmol/L %) IPTG 55 555% 5 h 5,10 000
r/min,4 CTE.0 10 min YRR, #1 g 85 10
mL B IR (&4 1% TritonX-100,2 mmol/L
EDTA ) (1% Lt 1] 55 A TR 1A%, DK 6 75 s A 3 IR, 4
C,10 000 r/min Z.0> 10 min P LA ; FH AL
¥ % & (300 mmol/L KCI, 50 mmol/L
KH, PO, ,5 mmol/L Iminazole,1 mol/L Urea, pH
8.0) PRIk 3 W, G 2P L s ik, iR PR R
10 A TR A T T A R A 2R A M (300 mmol/L
KCl1,50 mmol/L KH,PO,,5 mmol/L Iminazole,8
mol/L Urea,pH 8.0) , B T s 1% 20 min,
4 C,10 000 r/min &.0» 10 min, B¢ |3, W
BioLogic DuoFlow JZ#1 & 4t ( Bio-Rad ) X} H B &
FARSEAT 70 B 2lifl , BARARAE 4% IR Bio-Scale Mini
profanity IMAC #4/EF-WHit17. Zreaifb)/s i H
HEE S T A B TR RO S A 8
6.4.2.1.0 mol/L JR & f Tris-HCI 2& vh i 77 (50
mmol/L,pH 7.4) , —Hh BEITE 4 CHIPEET %
4 b, ZHEEHRTHRERET -80 T,

1.6 FAFHREHRIE

HERGAE ORISR 5 MR
TEFRGREFHE 35 CTHiFR 12 h [ L, i
J&i FH PBS 2 iR BB 5 x 10° B RV 45 o

F 40 B 89%& g rFc-Kazal 5% ¢ 4) & pes
AR T 2 T PBS 22 MBS i, F Bl 10
pg/mL F15 pg/mL fFH .

RS EAR B 15 mL 7 R 5018 B A R
FRHE FEEE IR AR BE [ S, B 50 pL BRI A iR A
TRERRE TR b SRR Wik 3 M HEE ., B
SRR R 3 AN AR (A2 8 mm) |, g
SR B W 10 15 wg/mL 1) 54 8
VR 200 wL, 53 5h—AHIA 200 WL PBS 22 ik
PEBAPE XS IR, B T 35 C1H il 35 57 46 85 9% 12
U R R B B S M,
130 # AL

2 4

2.1 Fc-Kazal EE ORF X cDNA F545 %
Fc-Kazal 3£R ORF [X 4K 390 bp, 4t £ ik

http : // www. scxuebao. cn
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B W], AE R E WA AE Kazal %122 58 I 5 1 BEHI ) 77 26 [N ( Fe-Kazal ) 21 858 s A4 B 1313

J¥%51 130aa, Hri {55 KX & 14 4> aa, AV X
£ 116 4~ aa, 4 Expasy [ SMART 43 #fr FH i
IR T IV )5, K IR & A WA B Y
Kazal %5 #4 $f ( FcSPI-D1 F1 FcSPI-D2 ), X &
Kazal 22 53 R £ 11 A0 1] 550 2 16 ) 5% ) 1 S 780
FRE, FeSPI-D1(E{fi =1.37¢™ ") 4 F45 28 {if,
LR T T ARG D B 58 % Kazal 2514
B 6 AMESEEBEE R B R 3 A~ R (C7-
C*,C¥-C” fil C*-C™); FeSPI-D2 (E {H M1.22
e ") HRTER 76 i, 20k TS 121 7, A5 6
AMRSEL R I K 3 A~ gk (CT-C™, C -
C™HI C”-C™) , 7EIZF ) ik B 51— s H g
HYZHREPEN AL, AN A AL W B A s 7 R
b (A O T A e
2.2 ZEHEXHH

T BlastP 25 04 Fe-Kazal B3N & LR
P HHERT Y P Kazal 454450 5 H & W 7 sh Py
1) Kazal Z5 033517 LU X, 25 R B M ETH —A~
SEE BN IIRZE[ VCG-x(4)-TY ] (Bl 1) , ¥
HAcsh W5 Fe-Kazal 45 % 5 [R5 14 1Y Kazal-
SPIMARGE K A (&L 2) , 43 A BEATT 2 8] 1 i 4k
KA ARG R XL Py R P, 53 HR IR T
I 2 AR, P26 Kazal-SPT L[] 381 A 511
HAEBWNER2ZR

2.3 Fc-Kazal IR AL R

FIH 2 & & RT-PCR J7 %93t T Fe-Kazal
mRNA 7EAR R FRIRFFIE (& 3) , NEI AT
LB 2155 PR e L4 SRR 2% 1 45 2 1 4m
LA 2R ek 7K ey, RO IE g A ep
WA —EMRIE , MTEIRAR PP AL TR,
XU Fe-Kazal (F8 BA — e R 1%
2.4 BEHAFEAMRESSWL

Fe-Kazal s Gk 69 4 38 B & 20 % 3k Ak 69 My
#  ME Fe-Kazal 1) cDNA JPH A 1)
PR 514, L&A Fe-Kazal (1) J5i kL Fe-Kazal/
pMDI8-T M5t T PCR 434, 345 & A H ORF
B R BB R B R B, A SR IR E K
pCR® T7/NT TOPO® TA J5#41k BL21(DE3) plysS
JERAZ A 2 L, A A e 4 SR 2 I R A R
)

TR G 0 TR A EIE WA 5T
2 IPTG 53 J5 , SDS-PAGE fill 41 H & H
(rFc-Kazal) 135315, tFc-Kazal 193534 5155 0) 6]
WA G, N A LW EE R 1 mmol/L i) IPTG Z
J& , PEREE 5 S B TR R B, 3 1 A Rk 1 I 2 0
4155 8] 5 h JF RIS R IA R 6 W, gk gk
7%, HIHE H i Rk s A X R e , A T2 2 35
(E4),

Fc-KazalDl L[§AKF - -[@DV I S - JAEIEEFNAK

Fc-KazalD2 R[4PR A - -[dP Y T[§N ) AR MmN R KK
hePISPI2DI R{8P ST - -[oP L NBIK)ANAeEI L K pRYCAI S KKL
hePISPIID2 Q8P S 1 - -[4P L DEIN)ARAEEHYAK pRYS AL RVD
hcPISP2D1  L{MGRY - -[dG RD L RANAEEINIA R pRYHAIA E - HQ

hcPISPI2D2  L[MARY - -[64G STV Njpggeteple T PR EP N Q
LAKY - -[@D V' I S - iagelelhIgK jayD 8 R

hcLvSPID1

hcLvSPID2 R[MPG 1 - -[6P T I §IL i Nee: S
hcLvSPID3  A[MNP VV A[GP E | ¥ ADARIERS K 5 @YD N D
hcLvSPID4 D[MTPL LGP KNS RISEEES I E BRYN A |

hcSPIPm2D]1 L{MAKH - -(MTT 1 S - aNeei K IRED Sl R
hpPmSPIID] T{@MDF V - -[@P DH L D) gAeleRP i Nes I SYP AL

hcPcSPID3

hcPcSPI2D2 L[MARY - -[8G S I S QUARXIEERIN{ VIRYYNIQ
hpFcSPI2D1  T{®DF A - -[4P DH 1 D|L (MRS T Vis@P N1

hpFcSPI2D2  S{@MDML - - [@Y TN
hpFcSPI2D3 N[@MDNG - -[@PDN
hpFcSPI2D4 D[MAFG - -(@PDN

hpFcSPI2D5 N[®D SG - - (6P D N §iD i elei-g X el VIR #S N L
hpFcSPI2D6 D@D F P - - (6P D NSID ) geIeR 3 I VIERYS M V|
hpFcSPI2D7 S{MDF G - -[oS G LMD ANl e VImEs AN L
hpFcSPI2D8  P[9D I L - - [4T A NEIDAXACENLENIRYCAIA

B 1 SRiEFRFEsNY Kazal ZUHIH EF 4480 & F 5 b3t

WAIFFBIRLE[ VCG-x (4) -TY T HERR L

Fig.1 Multiple alignments of Kazal-type serine protease inhibitor domains from crustaceans

conserved signature sequence[ VCG-x(4)-TY ]in Kazal domain are marked in the box.
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{PISPB ACU46739  ~\
99 PISPIA  ACU46744
99 L hPISPIL CAAS6043
PISPIS ACU46743
—‘W{:hcpcsm AQ196221 >A
100 hcPISPI2  ACB78013
—:thcSP12 ADI96222
P —  Fe-Kazal ABC33915 <—
m heLvSPI  AAT09421
_M{:hcsplpmz AAP92779_/
10— hpPeSPI3 ADI96223 )
L hpPcSPIA  ADI96224
hpPmSPIL  AAP92780
hpPmSPI2 ABBO3GOT \ o

hpFcSPI2  ACL36281
hpFcSPI1  ACL36280

78 hpFcSPIA  ACL36283 —/

B 2 Fe-Kazal 5EEFRETHREYE Kazal B E 5 EH] S 7 L #5347
Pl v A 45 R 5 T 38 1 X R 1% heLvSPI; 2R 5T 58 IR R B MR Y hePeSPIL  hePcSPI2 . hpPcSPI3 #1 hpPeSPIA; 3 I T BE 55 X% HF 11
hpPmSPIL hpPmSPI2 hcSPIPm2 ; 365 F1% /K FEWF 1Y) hePISPIL  hePISPI2 | PISPI3  PISPIA Fil PISPI5 ; 3 I F v [E WA %t iR [ Fe-Kazal
hpFcSPI1 hpFcSPI2 hpFeSPI3 il hpFeSPIA . NI B 33 T MEGA 4. 0 %4, GenBank E-4riF e & . 41 A H Kazal-SPI 3k i T
ILZHAE, 2 B Hh Kazal-SPI R TP , Hrp i Sk przs S o [ IR UF Fe-Kazal
Fig.2 Phylogenetic analysis of the Fc-Kazal with other crustaceans Kazal-type inhibitors

Kazal-type inhibitors were used from L. vannamei ( hcLvSPI) , P. clarkii ( hcPcSPI1 , hcPcSPI2 , hpPcSPI3 and hpPcSPIA) , P. monodon
(hpPmSPIN ,hpPmSPI2 and hcSPIPm2 ) , P. leniusculus ( hcPISPI1 , hcPISPI2 , PISPI3, PISPIA and PISPI5) , F. chinensis ( Fc-Kazal,
hpFcSPIL ,hpFcSPI2 , hpFcSPI3 and hpFcSPIA ). NJ tree produced by MEGA 4. 0 software, the GenBank accession number of each

85

97

inhibitor is shown in the figure. The inhibitors in group A are from haemocytes,and the inhibitors in group B are from hepatopancreas. Fc-

Kazal was marked with the arrow.

006.2 ku s
45.2 ku
M 1 2 3 4 5 67 8 9 g
3 RIPCR ikl EAH AR 25.0 Ku e
4A 4R Fe-Kazal RE1ER ", »
M. Marker; 1. 65 2. WA s 3. LA 4. 0 5. 3K ELRSE 5 o. i

FFBRMR; 7. #2e; 8. I4NHE; 9. . M oh 05h 1h 2h 3h 4h 5h G6h
Fig.3 RT-PCR analysis of Fc-Kazal

gene expression from different tissues of

4 FFEFSHE rFe-Kazal
RIEERFNT
Fig.4 Expressed profile of rFc-Kazal

F. chinensis
M. Marker; lane 1. gill; lane 2. eyestalk; lane 3. muscle; lane
4. heart; lane 5. oka organ; lane 6. hepatopancreas; lane 7. during different time after being

nerve; lane 8. haemocytes; lane 9. intestine. induced by IPTG

http ; // www. scxuebao. cn
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B, E KR Kazal 022 5200 2 1 EI 61500 5L 8 Fo-Kazal) (0T 41335 B MEAM

1315

Frik % w5 R 2 11 4 SDS-PAGE
SrE NG, VIR B YA, FI ] LC-ESI-MS #4743
PrndsE . F Bioworks #{45 SEQUEST %k %
AT WX e & B, B OB X AR Kazal-type
proteinase inhibitor ( GI83638451 ) -5 i) 2 LR F
G4 3 KBS rFe-Kazal 8 H 5¢ 4 VL, /741

594.327

4000
— 924.447
-
= 30001
= 423187 668,868
P 110,00 87 1 864,279
&
ﬁ 2000 693.347808.25

209.063
303.143
1000 2| 27
74.?5

Intens. [a.u.]

100 200 300 400 500 600 700 800 900 1000

(@
297.977
4000
— 3000
=
5 411.063
—
@
% 2000
%}
= 175.015
= g 540.085
1000

200 400 600

725.119

435} — CHLENAACSGLR - ., - VTFHHAGR —
#1 TYPNLCDLENDRNCNGIYVSK (& 5) . H It
ATDAAIE , R ER 1 2k R o S 413k A 0 H 1 2R
M rFc-Kazal , i [E| X HF Fe-Kazal AR Hb
PAR T RSN EA RS

6000- 1880.453

50001 2544,996

§ 4000-

1681.393
3000

1210.250 2285.464

2000+

212.005
1000
599.971 1017.029

-

500 1000 1500 2000 2500

(®)

oJ‘

m/z

1387.537

1296.612

848.279

21.276
917.2271108,779

httitiid s
800 1000 1200 1400 1600
m/z

(¢}

VSGSGKGGGYRLCAKFCDVISPVCGSDGKTYDSRCHLENAACSGLRVTFHHAGRCYP
PNRCPRACPYTYNPVCGTNGKTYPNLCDL ENDRNCNGI YVSKKHDGPCAAKVIKKGY

B S EHZHA (rFe-Kazal) h 5rh[ERXRELER 3 BAE (a.b #0 ¢) AR E 114 E AT 4R
Fe-Kazal i AKX EE R 7 S H G E
a.c PCECHRBET T RIRhR T, JrfEH o b DURCIKEL , B8 AR AR ITAZ L , YA bR IR B 3R

Fig.5 Characteristic spectrum of the matched peptide fragments with F. chinensis

a,b and c showed the spectrums of matched peptide fragments of - CHLENAACSGLR -,

TYPNLCDLENDRNCNGIYVSK -

- VIFHHAGR - and -

The abscissa represents the nuclear mass ratio, the ordinate axis represents the ionic strength.

F4%& G rFc-Kazal 494 4L 5 5 M F) FH
Ni-IDA AN H B8 H #7240, W ko 2 7R
£ 18.4 ku T H—4%7, iX 5 rFe-Kazal il
S F(16.25 ku) (IZ55AH— 3 (E 6) , glifk iy
HIEAE TSR L R 0.4 ¢/L,

2.5 EZHZEA rFc-Kazal B)iE S
FHARFEPR T 6 1F 8 41 2 3k 1Y rFe-Kazal £
XoF 0 BRI P00 BT 3 e, 45 SR 0 45 A2 T Al i
T2 J] BRI 2 ot 0 B S P BT 18 5 Y rFe-Kazal i &
WeREN 5 pg/mL B B8 IR | 4 B (0 7 2 BR 1A

http : // www. scxuebao. cn
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ARSI ER | I 25 <5 28 ST T A B 0 0 B A
F 5 M0 B ok BE A ) 10 wg/mL B, X 1 3A
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Fig.6 The purification of rFc-Kazal
analysis by SDS-PAGE
M. protein molecular weight marker; 1. total proteins of bacteria
(non-induced) ; 2. total proteins of bacteria( induced for 5 h) ;

3. purificated target protein( rFc-Kazal).

£1 FEHFENME rFe-Kazal (10 pg/mL)
XF 4 FHEE E R E B
Tab.1 Antibacterial circle of rFc-Kazal on four kinds of
pathogenic bacteria by oxford plate assay system

i # bacterial strain

H/mm diameter

#3K# Vibrio anguillarum 15.4+1.2
LW A% R Staphylococcus aureus 14.2 +1.6
Ft S B TE Aeromonas salmonicida 14.6 +1.5
T4 F AR Bacillus thurigiensis 13.2 0.6
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Recombinant expression and bioactivity assay of Kazal-type
serine proteinase inhibitor ( Fc-Kazal ) from Fenneropenaeus chinensis

HUANG Ming'**,| LIU Yi-chen'*, ZHANG Yi-chen'?, SUN Yan®, SUN Jin-sheng'**"
(1. College of Life Science , Tianjin Normal University , Tianjin 300387, China ;
2. Tianjin Key Laboratory of Cyto-Genetical and Molecular Regulation , Tianjin 300387, China ;

3. Tianjin Aquaculture Disease Prevention & Treatment Center ,Tianjin 300221, China)

Abstract: Chinese shrimp ( Fenneropenaeus chinensis ) is one of the most important aquaculture animals in
China. The studies on the innate immune responses of shrimp,especially on immune defense against the main
crustacean pathogens, will provide more knowledge of shrimp immunity to prevent infectious diseases.
Arthropod innate defence responses| e. g. prophenoloxidase ( proPO ) activation and Toll pathway initiation ]
and many other biological processes are mediated by serine proteinase( SP) cascades. If the activity of SPs is
out of control, it will be fatal to organisms. Serine protease inhibitors ( SPI) play a critical role in precise
regulation of SP activity,and also directly participate in the selection and digestion of pathogen. One of the
well known SPI is the Kazal-type SPI which are usually multi-domain proteins containing more than one
Kazal domain. Each domain contains 50 —60 amino acids with six cysteine residues forming a 1 —5,2 —4,
3 —6 disulphide bridges resulting in a characteristic three-dimensional structure. The inhibitory specificity of a
Kazal domain varies with a different reactive P1 amino acid, which is the second amino acid after the second
Cys. However ,the knowledge about the Kazal-type SPI in aquatic animals’ innate immunity is limited. In
this paper, the fragment encoding the Kazal-type SPI ( Fc-Kazal ) mature peptide was amplified. It was
predicted that the mature peptide was composed of 114 amino acids with a calculated molecular mass of
16.25 ku and a theoretical isoelectric point of 8. 9. Fc-Kazal contains two tandem Kazal domains. Each of
the domain contains six conserved cysteine residues forming three disulfide bridges(C1 —C5,C2 —C4,C3 -
C6) , which are identical to those of the classical Kazal-type proteinase inhibitor family members. Semi-
quantitative RT-PCR revealed that transcripts of Fc-Kazal were highly expressed in the gills, haemocytes and
lymphoid organ. Low expressions could be found in the heart, intestine and hepatopancreas. No expressions
were observed in eyestalks, ventral nerve cord and muscle. The recombinant protein was expressed by pCR®
T7/NT TOPO® TA system. The result showed that the fusion protein ( rFc-Kazal ) was expressed in the form
of inclusion bodies. The LC-ESI-MS analysis showed that three peptide fragments of rFc-Kazal were
identical to the corresponding sequence of Fenneropenaeus chinensis Kazal-type proteinase inhibitor
(GI83638451 ). Fusion protein was purified by immobilized-metal affinity chromatography and Ni-NTA
technology. The concentration of purified rFc-Kazal was 0. 4g/L. The effect of refolded rFc-Kazal on
bacteriostatic activity was assayed in this research. The results indicated that the rFc-Kazal has antimicrobial
activity against Vibrio anguillarum, Staphylococcus aureus, Aeromonas salmonicida and Bacillus
thurigiensis. The results reveal that Fc-Kazal may play an important role in the innate immunity of the
shrimp.

Key words: Fenneropenaeus chinensis; Kazal serine proteinase inhibitor; innate immunity; recombinant
expression; bacteriostatic activity
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