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X — 2K 155 200 AR TE T e ap fn e s cp U 1 11
FF £ 2 X E oL A H &, I8
FREM LR E A IR iR, TR AN
P 5% 25 308 5 AR AE TR iR opr 202, v 5 2 i 2 0
X & orb R A 5 A i e e, X — K&
FEBCE T RR I

TEH RN B L %% T £ Crustini
G, ZECATHEI R L [CBHEE, N I A EE 2L
B B B AR DY, B s Rk
B, HREEAEE—EmiimEhaEe . ik
b, —Ee IR AT B B R0 E Y, X
SRR T SRR SR RS RS
(AR . EAHEIE R, IR M TR
i, SR BN (Procambarus clarkii) 51— % Crustin
P, #74 NPe-CruL. W4T T 8 504 FE 91 Hoo A
FGEREA A3 BT [ AP ARG 00 HE 76 e B o P 5 2R o
S 4 A 875 100, % A AR IR 40 T R () R A5 1k, o
1 FF 28 20 2 1 EAT R S B R B U T B I
Pk 4, B RE T A 4R X T B S AR
YR IR (AR R . 45 SRR, Pe-Crul i
17 5, B T 240 2 S 4 ) B T 4 8

1 #RERE

1.1 SRR

SHleLY) i B R B AR ey 5 T = v
KPR T, B15—20 g.

Bt RE#  FURpGEX-4T-1. & ik
B (Vibrio parahaemolyticus). P& /K< 5. i &
(Aeromonas hydrophila). 4 [<< 5.l i (Aeromo-
nas veronii)fl4x 3% 4 %] %] Bk % (Staphylococcus au-
reus) NEH FTE LI A ; TransSa/& 2 540
i, BL21(DE3)/& 32 &40y Tt 404 TRI-
zol. PCRmix. BamH 1 f1EcoR 1 FRi4: A VI
I H TaKaRa”/ @ ; T4 DNAZEFZREIN H 388k ¢ it
IRFHEL v 7] DNAE AL B WG & W H OMEGA
NEIR

S|4 F 5 ¥ GenBank H Procambarus
clarkii crustin 1 H ¥ 41(GQ301201.1), ¥ it4 1
crustin 13K CDSIX 2K e 519, EiFimA
B VIS iiEcoR 1, NUFIMABEVIAL KiBamH 1 o
I HI AR 1.
1.2 REHE

ERNAEE B AL S R fid R ) o I R
IR, AR A R L2328 B IS RNA . AF A TG
BEA70.5 mLPTEGT 02 mL I H S 28, M7 KRR
T ) IS5 A I Ak B2 T B TR 1.5 mL EPE T,

&1 5197

Tab. 1 Primers sequences

5144 FRPrimer
Pc-CruL-F

5| ¥1)¥ 41| Primer sequence (5'—3)
CGGGATCCATGGTGGTGATGGCGATT

GGGAATTCTCAGACCTCAGAGCTACGAC
AAATG

qPCR-Pc-CruL-F ATATTCCTCGCTGCACAAAC
qPCR-Pc-CruL-R TCACATAGCACCTCCCTCTC
18S-F AGTAGC CGCCCTGGTTGTAGAC
18S-R TTC TCCATGTCG TCCCAGT

Pc-CruL-R

P RERIER S, R R A G
Note: “F” stands for forward primer and “R” stands for
reverse primer

800xg 4°CE§.>5min, # i, MA1mL TRIzol,
WFRS), VK Smin. HUAE. B, . CAEAAE
JEAR 0.1 e TLEHAIL.5 mL EPEH, A1 mL
TRIzol, 7721, RS RBIE T HKEPE
H, UK 5Smine MIA200 pL=5 H ke, EHRE
5], UK Smin, 12000xg 4°C &0 15min. &0
i, SR AU R KA E T EBEPE .,
IINEERNE, RS, KB 10min, 12000xg
4°C B5010min, 3 B3, MOA1mL 75% 8%, ¥
BRUTUE, 12000xg 4°C &.005min, #_1iF, BHEE
B iR T 3—Smin fRRAT £ AR,
JEA30 uL DEPC/K &, HIFRNA.

RNAREFR  ffiH TaKaRa /3 % s 57 ks
RNA S5 HlicDNA . REFESFR AR : (1) gDNA
Eraser Buffer 2 pL. gDNA Eraser 1 pLFIRNA 1 pg,
IIH,0%10 pL, 42°C % F2min; (2) 5xPrime
Spript Buffer 4 pL. Primerscript RT Engle Mix 1 pL
FIRT Primer Mix 1 uL, JlRNase free H,0Z£210 uL,
PCRAXH137°C Jx N 15min, 85°C Jx%i5s, ¥ cDNA
F20CHR1F -

AASMm BEHLHS R AR KR,
SRR . ORE. B M. SRRk e
HMRNA, 7R FA R cDNA. I LLcDNAF=Y)
NAERR , 34T QRT-PCR AR I Pe-Crul 35 [K 7 {g
BRSO IR R B R ) S N A B R T RE &
5| #1°HqPCR-Pc-CruL-F/R(F 1), 2 N18S rRNA,
S1¥18S-F/R(F 1). &R N: ¢cDNA 2 uL, qPCR-
Pc-CruL-F/R%0.8 uL, SYBR“Premix Ex Tag ' 11
10 uL. FEFN: 95C Imin; 95°C 15s; 58°C
20s; 72°C 20s, 457013, qRT-PCRIx M. H &
3R, BRI T

FTIREX AR RN R A R () 4 R v
QIR ZR B SH, BAME30R, FHEHT
BRI AR OB I I e B SR MR AR P 9 S AN [T )
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iR . 4 WIVES25 pLIREE A 1x10° CFU/
mL &3 R &) BRI . KA . 4E IR
i B A A NG, X R 2 o B R MR 4625 ul
oW IPBS. {EVESS)E0h. 3h. 6h. 12h}224h%)
A HCHE Ik LR B 8 TRz o132 32 B
RNA, ¥RNA# 5% NcDNA., i#ifqRT-PCRX
MR FT Pe-Crull 8 R 75 v PG Ji 2 0 S8 G 5L 40 i
Jei, MLURES . RN B 75 B G 5 AN [R] B a) i 3Rk
484k . qRT-PCRIZ M E 3R, 45 BEdm f2
T
EHRNAE (1) PCRY 18 H [ FE A .
%% Pc-CruL & [ CDS X 7 41 W 1147 4 5] ¥ Pc-
CruL-F/R(F 1). A & 50 ik 228 211
cDNAE NG TPCRY 1, PCRI“HIZ1.5%3%
JIEHE 4 B RS I  [RT U . (2) B PCRIEHS =) F
pGEX-4T-1Jsu ki FH B 114 N UT 8% EcoR 1 #1 BamH
[ F37CRFMPEEY4n, HEEIFHARIKZE
P TransSarf . EMAPEN: UK L& E30min;
42°C 7K i T IR0 i TV 4 N UK B IR R E
2min; [A A2 AN 500 uLILBE; 7 3E, F
37T CHERKE FR45min; HL200 uL R AR 25 &%
PUAERMLBEE PR, B T37CH KR,
BHRANAIRR AN ZELEE P ik H
TRV, R4 mLE0.1% & P R LB
R FREE T, F37TCRRIKE #£8—12h, JFFEHLE
HF kL. LAPc-CruL-FAIPc-CruL-RAN 5| ¥t 4T
PCR, HIR%E5E, K PH M kL I8 1m0 2 Rl 347
M. M4 8 5 Procambarus clarkii crustin 1 2
IR 7 511(GQ301201.1)33E47 EL 5t
HRERFEZFKIA W TR 5 A 22 R 2
4HMIBL21(DE3)Z Ja ¥ M R LB AR 77 56, 7
1 mmol/L IPTG 16 CiEF12h)5, &0, B HRE
BT R R, B0 EE ST, &R
FIRES, 38T SDS-PAGE/: Hr ik 150 -
BHEHERSGHK  PRWOT: S5 mL pEGX-
4T-1-Pc-CrulL KA AR #2500 mL 35 0.1% %%
A RRLBE R, 37 CRIKEEFR4nE A, 1E
1 mmol/L IPTG 16 Ci#5 S5 12hJ5, 4°C 12000 r/min
B EYN R, PBSEE, mEBR, 4CEMHT
12000 r/min & »30min, WH LiE. KRAGST-
Sefinoseft FREAT S MAE4lifk, MIA100 mL1
PBSA /Pt T, Wil vk 5 i s g 3
Frrh, EAEA SGSTHER R4S 50 mL
(") Binding/WashBufferiG Vitt ¥, BRENREH, &
J& F120 mL ¥ Elution Bufferidt 47 i it 3545 15 it v Ui
£F1.5 mLIEPE .

DB SERE A JURE WA 5 2 B gk
TR . BB N KR E37 CRE AR R 5%
7, 10000 r/minCr15min, FIPBSFE3R, H
PBH: 73 (Poor broth media: 1%EE AR, 0.5%
AAEN, pH 7.5)EE, 4 HH20 pLikE AN
2.5%x10°CFU/mLIKEIA MO E . 48 O 2 BRI
Y TG M B R KSR B T 81 1.5 mL BPY
B, FR R A I N20 LR E N1 pg/uL I Gst-Pe-
CruLE A HEH, BMEX AT FHGST-Tagtk H &
Elution Buffer, # /& FIIA160 pLPBE: %5 IE
5], F37TCRAIEE 16h, {8 M ERTHHORAE 200
B, SEIRE 3R

RERFEEMFEERQN  KiRE KN EAR
L TR) P i B o FR I S MR B ATL 73 44, BFZH30H .
T 56 1) 5 B R MRV 5625 pLiK ¥ N 1 ng/pL i) B4
M Gst-Pc-CruL fIGST-Tag, 1hjaiEst25 pLik
H5%10" CFU/mLII &I MR E , KA ST PBS
T, B TR B AR A R [ P IR 2L, AN B ) L 5
1) 50 K iR B AR A 9 BH X R . SR YL J5 R FR 6h 4t
T IRJE AR PE T s oL, TR AR R . SLIRTE
—MNHNER3R.

2 R

2.1  Pc-Crul FHIEE3T 534

A JE B R SR B 67 I bk B 2 2R b 1 Y Pe-
CruL Zmts X 2K P51, 458K Pe-Crul %
i3 [X 4 K330 bp, ZhS109 MR IERE, C-IidA —
AwapZE i, ¥ v QR ZR AR A1 Ho A 1) F 52 2580 4
HJ crustin [7#blast7#T, &I 78 IR EUR 5% K
ZAUF crustin (W[ JRYE 51264%, 575 crustin [
EUR AL, VA 23%. EWE R % 0 SR
FCJR LU Pe-Crul =E 25 7R /KB IR FL S AR
crustin 2R RBE, S5HEXFEF crustin . HA
JEUF crustin & FAELGREL I crustin {17 41 [R] VR 14 55
K, db g /mBE® D). % L9, Pe-
CruL TER R R RN R LB T 1 M RER
5Fe
2.2 Pc-CrulfE 7= RIEEI P HIHELLA 57

I qRT-PCRA M Pe-Crull 3 K] 78 {8 B o K
JRESUF S AN H R P M RIZEEE M, qRT-
PCRZ5 AR B Pe-Crull 75 {8 5 e IG5 250 11 i ik
B, 0 6 H. R i £k, H
H1 Pe-Crul 7E Ik B2 rp () 300K & e i, 7R IR
i RIEERIKE 2).
2.3 Pc-Crul RiEER

Pc-CrulL 754 ¢ o0 ISR 2R 1) sk EL L o0
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47 :Panulirus Japonicus
100 Penaeus chinensis

Eriocheir sinensis

97

— Portunus pelagicus

1oL Scylla tranquebarica

Portunus trituberculatus

——————  Macrobrachium rosenbergii
100 4|——Paciﬁlsmcus leniusculus
100 A Procambarus clarkii

—_
0.2

Kl 1 Pc-Crul Fi3L A At crustin#E A6 14 73 Hr
Fig. 1 Neighbor-joining tree of Pc-CruL and crustin of other
species

e

=

Mk BB OME 68 H 1%

£H 21 Tissue

Ak
Relative expression
o
2

0.001

2 Pc-Crul#HZ5r A0
Fig. 2 Tissue distribution of Pc-Crul

8. B, AR E KL, NTHE—
PRI Pe-Crull FERITE 5 [R5 B IR HEHT /K0 i BN
R R R B R TIER, e, B
Ik L gk — BRI, PR T R v I MR AR 52
P R P2 J5, Pe-Crul JEPRIESE . 5 A
MR A RIE RS DL, o QR ZEUR7E 4
TEVESS TR AN IR 098 SR 40 18 )5 Pe-CruL 2[RI 7F 1
M P RBEE LI AR . FEVES S0 A %
BRI, Mtk EH LR ) Pe-Crul 7 K I mRNA /K
SEAE3hi (3 52 E R (B 3A), MK A 1 R
J&, FiEEE, BER120)E EiFE XA T (E
3C), SR Pe-Crul JE R 35 K H AU T/l
I RE(E 3B). SIMMkEAFE, Pe-Crul %
DAL 7 68 o ) R IR A =R AR S — B, 7 4 9 (R 4 BR
BRI KB A R R R RS, Pe-Crul
BL K72 3hB R I8 B AU JE T R IR FFRUK K
(B 4)o B AL A Pe-Crul 7 [F 7E 4 ¥% (0 8 4 Bk
A ENA N RS, RIAKF—ERK, B
F24hJ5 4 H W E LIAE SAFISB), 1M 7ERE K5
i B R e JE — BT RAR R A K (B 5C).
M EZ, 5349 TPBSH BT AL, 4

i PR BRI A [R] 99 R B I, Pe-Crul JE R
FKiLEAAM., BMOKELAHEES, RWT
Pe-Crull 5 [R5 78 B B BT R 5 B NAR
G J% IVEAH %
24 Pc-CruLMIEHFTIEMELLL

Pc-Crul 3& K H I v BL K FE 330 bp, 4l
109N R IR, A TR 5 Pc-Crul & [ 78 14 Py 44
SN AEY A Th RS, A4 A ORI PEGX-4T-1-Pc-
CruL, HHPc-CruLiEkH K/NA37 kD, Hpf
T T25kD GST-Taghs%%, 4 FGST-Tags FAE4l
bt SRE A EUE
2.5 Pc-CruL/&sMINEIRLE

N T R Pe-Crull & 75 52 M 9 Ji 410 0 1) A2 K
BEAT B 20052 o ¥ Pe-CruL ALK [ 5 LR
JREETE37 'C I E 1205, 13 A I ERTH 0 76 25l
Be T IME IMEES R R, 5 E A Pc-Crul s
L0 B e i A AR AR BT B PR X R K
GST-TagH B K, FEHPc-Crul i FAX LA
JR B A — s e (K 6), HAME SR 230
WA (] 7)o FE A Pe-Crul & A X &V I 5K
I MICso N1 pmol/L, X 4= % 4 45 BR 14 1
MICso41.3 pmol/L, XFWE/K S HJE I MICso N
2.7 pmol/L, X4 RS H MW MICsoN2.5
umol/L, 0 Pc-Crul & [ % il ¥ I 5B F 400 B 25k
R .
2.6 Pc-CruLyf 5 KEEITRARFMINEGF
SEERRM

IR SEEG KB T Pe-Crul 2 A EAR AN LA
SR B B A — o AR AR, N T — P i Pe-
CruLE A KIThRE, 45 9T Pe-Crul 5 178 78 K iR 2
RN RFEMVER, Wl o IR 5 R A4 P S Pe-Crul
EANE, AR LINE, &Fehgitstr:
BRI FAFIE R . R E 9K (Vibrio) 4,
Gst-Tag+VibrioH ) 5 [K B ZE AR FE60h 5, fEIE 3
L 30%—40%, TiF ST T Pe-Crul+Vibrio ) 5 X
JRBAMRAE I 2R K2 65%(K 8). Pe-CruL E 2 2
REME 7E — 2 R AR I 1 5/ E ) e 1 5 2

MR, IREEIER, X AR B — 1
PRI R
3 iTig

19994F 75 3 8 vh1 R T T FP 5% 26 5 i v i 5 ot
FRG, AT LA B 24 B T AR K B
LD (DS IE e STILY VN R0 E 15N
F, CAIERFEFN 8 rh % e A"
AT 5 MM B R 5 20T £ L 90k B2 o 98 0
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TP B CrustinFE K, oK HAy 44 NPc-CrulL.
Pc-CruL W7 54K ~933 bp, H A 5330 bp4
109N R FEB A X, AL AEYIME B 240
Mt 7R 5 Je AT A 7T 45 8 W type- 1 crustin/¥ 41 [F] U5
¥ 4936.87%", 5 Pe-crustind/F 51 [7] P51 962.33%"Y,
R ME SR ER R . NEASKH ESP, Pe-
CruL N-ui B — MR E 2 X, C-ii i
WAPSE I . TEAR AR 24 1 X I AW A P45 #4352 [1]
TEEIMRRABRREE . SR BRI A S 2L R
B HE . % Pe-Crul 5% 2 M, K Pe-
CruL4y26h 1 B Za11,

N TR FEPe-CrulL 7 7 FQ R B A4 Y 2 75 R 4%
Ihfig, WEF T Pe-Crul 78 {g B va K JE 2R v 1 544

2H 2R B A R SR IE K A 5 EEJ?E?QF%ETLﬁF
E?EI%UJ&FE’J;&H‘T%@K?E’J’E%T H
3 AT 45 B 2R B Pc-CrulL 72 fid B 7 EEJ?’E&QFE’JE[LME
AR A, AR RS ERIK(E 2).

R AT DR N ATLAAR 2= A 0 B IR RN e 928 (R 7 — ik 2B
TE Mk A0 B, 9k B2 440 0 78 LA e A=
R R HE T AR Y, e A s Rk
SV 1) J5 TR T ol 2 I 9 200 P 3 R B B P
FH TURRAS [ 599 5 1 v Sk g 2 1) o O Jisd 2 iR
Ji, Pc-CruLfEff, I ybk A0 B A 1) 3R IE 7K P Al
PBSXT HEALAH LA A R A B (B 3—5). 2%
b, Pe-CruLZ 5 [ fid R v [ 5 25 Jak G ot 4 T
H) S S B A A2, Pe-Crul 2 7 IS JF B0 A Py 1 3

A Pc-CruL in Hemocytes B Pc-CruL in Hemocytes C Pc-CruL in Hemocytes
15 [ PBS XX S. aureus [PBS [IPBS RXYA. hydrophilia
H— 10 ool w 13 (NN V.parahaemolytlcm o : iy
2 Hx 2 1.0 2 L5
:}E} - _g) . _g) Lo sk kR folololo Hkokok
g = 09 05
= = =
0 0 0
>
,\)‘o

NI A N S

OO G O

3 M E A Pe-Crul F kA
Fig. 3 The expression profiles of Pc-CrulL in hemocytes
S A A KRB (A) . BIVE MG (B) A /KA B (C)RIBUR , MLtk B2 Pe- Crul 25 . 1R 723 AR HE 7 ZE 3R R, *P<0.05;
*kP<(.01; **##P<0.001; ****P<0.0001; T [[
The expression profiles of Pc-CruL in hemocytes challenged by S. aureus (A), V. parahaemolyticus (B), A. hydrophila (C). Error bars are the
SDs in triplicate. *P<0.05; **P<0.01; ***P<0.001; ****P<0.0001. The same applies below

A Pc-CrulL in Gill B Pc-CruL in Gill C Pc-CruL in Gill
[IPBS XS. aureus —1PBS .
2.5 sotokon 20 T 3 V. parahaemolyticus 2.0  LIPBS R4, hydrophilia
— ok kKKK
i 2.0 ir 15 s i 1.5 =
2) 1~5 2 dokkok  dokdkok  ckokoksk kkokk = skokskk sokokok dkokskok
Z 0s E 05 K 05
i< < =
0 0 0

A N
Q")‘o\%qyxﬂ,}b

E 4 88 Pe-Crul ik
Fig. 4 The expression profiles of Pc-CrulL in gill

S 5
O &IPS

Pc-CruL in Stomach Pc-CruL in Stomach Pc-CruL in Stomach

A B —pBs ' ¢
2.5 1 CIPBS XIS QUIEUS 15 [SSVparahaem(:i}:ilcus L5 r C9PBS (XNA4. hydrophilia

i\_ 20 i_ sokoskok RKKK dokokok *okokok E; 1 0 gl i
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IDENTIFICATION OF A NEW CRUSTIN AND STUDY OF ITS ANTIBACTERIAL
FUNCTION FROM PROCAMBARUS CLARKII

2

JIAO Hou-Qi"’, HUO Shi-Tian"’, YAN Li-Ming"?, LI Yan-He' and LIU Xue-Qin"

(1. College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China; 2. Hubei Engineering Technology Research
Center for Aquatic Animal Diseases Control and Prevention, Wuhan 430070, China)

Abstract: The crayfish (Procambarus clarkii) is one of the important economic shrimp species which is widely distri-
buted in the southeastern and central regions of China. In recent years, with the continous rise of peoples’ demand and
the continous development of aquaculture industry, various diseases in the aquaculture have frequently outbroken, in-
cluding bacterial and viral diseases, causing huge economic losses to the crayfish culture industry. As an invertebrate
Procambarus clarkii lacks an adaptive immune system, which mainly resists the invasion of pathogens through the in-
nate immune system. Antimicrobial peptide (AMP), as an important effector in the invertebrate’s innate immune sys-
tem, is one of the substitutes for traditional antibiotics due to its broad-spectrum antibacterial activity and resistance to
drug resistance. Crustin is one of the most widely studied antibacterial peptide in Procambarus clarikii. This study
amplified and identified a new type of Crustin from Procambarus clarikii, named Pc-CrulL. In order to reveal the func-
tion of Pc-CruL in Procambarus clarikii, antibacterial activity was determined by means of recombinant expression in
vitro. It was hoped to reveal its relationship with pathogens in the form of the prevention and control of the disease and
the opening of medicines for Procambarus clarikii.

Amplifying the Pc-CrulL gene in Procambarus clarikii and ligating this gene to the PGEX-4T-1 vector to con-
struct a prokaryotic expression plasmid. The recombinant plasmid was induced and purified in competent BL21 (DE3)
for in vitro and in vivo antibacterial experiment. The CDS region of Pc-CrulL contains 330 bp and encodes 109 amino
acids. Pc-Crul is expressed in all tissues of normal Procambarus clarikii, with higher expression levels in hemocytes
and relatively lower expression levels in hepatopancreas. The results of liquid antibacterial assay showed that Pc-CruL
protein significantly restricted the growth of Vibrio parahaemolyticus, Staphylococcus aureus, Aeromonas hydrophila,
and Aeromonas veronii, and had broad-spectrum antibacterial activity. The injection of exogenous recombinant Pc-
CruL protein could improve the survival rate of infection with Vibrio parahaemolyticus. In general, Pc-CrulL is an im-
portant immune molecule in Procambarus clarikii and plays a vital role in defending against bacterial infections.

Key words: Procambarus clarkii; Antimicrobial peptides; Innate immunity; Crustin; Vibrio parahaemolyticus
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