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, S A
o ’ L L1 SRt
, 1.1.1
(Pichia pastoris) GSI115 Invitrogen ,
, Top10 pPIC9K
10 100
[13-16] 1 2 (FcHC-C1  FcHC-C2)
-C (FCcHC-C1  FcHC-C2) FcHC(GenBank
, FJ594414) 1741~1947  1936~2055,
NCBI
#1 51¥F5
Tab.1 Primer sequences
PCR
CPF23E 5'-TACGTAGAATTCGGTAACGAACAGGGTCTG-3’ FcHC-C1
CPR23B 5'-ATCTGGGGATCCACGATCCAGGGGGTAGCC-3’ FcHC-C1
CPF13E 5'-TACGTAGAATTCTTTGAAGTCCTTCCCAAC-3' FcHC-C2
CPR13B 5'-TTCTATGGATCCATGGTGATGGATATGTTC-3' FcHC-C2
AOXF 5'-GACTGGTTCCAATTGACAAGC-3'
AOXR 5'-AAATGGCATTCTGACATCCTC-3'
1.1.2 EcoR1  BamH 1 PCR
Taq DNA Polymerase TIANGEN T4 (His) pPIC9K
DNA Ligase MBI , EcoR1 Sall BamH 1 , DNA ,
, Tris EDTA T4 DNA
marker marker Agarose Tryptone Yeast Escherichia coli Topl0 )
Extract Biotin YNB dNTP UNIQ-10 pPICOK-FcHC-C1 ~ pPIC9K-FcHC-C2
DNA a-Factor (TACTATTGCCAG CATTG CTGC)
. 1.2.2 pPICIK/FcHC-C P. pastoris GS115
1.2 XBFik
1.2.1 Sal 1 pPIC9K-FcHC-C,
Invirogen , PEG
FcHC cDNA (GenBank GSI115 R
F1594414), cDNA GS115 MD
, FcHC-C , ,307C 2d, 2mL
FcHC-C1  FcHC-C2 CPF23E/CPR23B MD
CPF13E/CPR13B FcHC-C1 G418(0.5, 1.0, 1.5, 2.0 g/L)
FcHC-C2 EcoR 1 , YPD(1% , 2% , 2% , 2%
BamH 1 PCR : ) ,30C 2~5d YPD
95 C 5 min; 95 C 30s,60°C 305,72 C , 30 C 24 h DNA,
30s, 36 ;72 °C 10 min AOX-F/AOX-R ( 1) PCR ,
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pPIC9K

1.2.3 GS115 FcHC-C
50 mLBMGY

, 1.34%YNB, 1%

sl 28C,

(1% , 2%

04¢g/L 1%

230 rpm
Asoo  2~5

20 h,
5 000 r/min
50 mL BMMY (1% ,
2% , 1.34% YNB, 0.5% 0.4 mg/mL
1% ) 500 mL
28°C , 230 rpm 24 h
(100%) 0.5%
1.24 rFcHC-C1 rFcHC -C2
96 h , 12000 r/min
, 20 mmol/L
, 20 mmol/L (pH7.4)
His-GraviTrap , 20 mmol/L
, 500 mmol/L (pH7.4)
FcHC-C1 FcHC-C2 ,
Western blotting ,
Tricine-SDS-PAGE "7 |30V 15 min
, 1'h (
His 1: 50000 ), 4C 12h ,
TBST 4 ( 1: 2000 ),
, lh , TBST 4

[18]

5 min

20 min,
, 0.5 mol/L

, 0.5 mol/L

1.2.5 rFcHC-C1 rFcHC-C2

rFcHC-C1  rFcHC-C2

(Micrococcus luteus),
(Vibrio anguillarum) (Aeromonas
hydrophila)

aeruginosa),

(Pseudomonas
(Fusarium
oxysporum) (Pythium ultimum)
(Botrytis  cinerea) (Pestalotia
diospyri) (Colletotrichum orbiculare)
(Sclerotinia sclerotiorum), 10
(MIC) [19-21].
0.01% 0.2%
, 10 uL 96 ,
100 uL LB (2x10°~7x10°
/mL) 80 uL PDB

(10*  /mL) 30°C 24h , 600nm

2 X

2.1 pPICIK-FcHC-C #4kty

(FcHC)cDNA
, PCR 2 C
FcHC-CI FcHC-C2,
100~250 bp FcHC-CI
207 bp FcHC-C2
120 bp (D PCR
pPIC9K
FcHC-C2 ,

pPIC9K-FcHC-C2

FcHC-CI
FcHC-C1

pPIC9K-

1 2 3 M4 5 6 7

250bp
100bp

1 FcHC-C PCR
Fig.1 PCR product of FcHC-C
M. DNA ; 1-3. FcHC-C1; 5-7.FcHC-C2
M. DNA marker; 1-3. FcHC-C1; 5-7.FcHC-C2

2.2 PCR %R H#4F
pPIC9K/FcHC-C1 pPIC9K/FcHC-C2
Sal 1 PEG
GSI115 , YPD ,
30°C 24 h DNA, AOX-F/AOX-R
PCR

pPICOK

2
700 bp(pPIC9K
) 2.2 kb(AOX1)

; GS115/pPIC9K-FcHC-C1

GS115/pPIC9K-
FcHC-C1

610 bp 2.2 kb(AOX1) pPICOK/
FcHC-C DNA
2.3 FcHC-C1 #= FcHC-C2 AR ABEF
8 R
G418 2¢/L YPD

, 96 h
His-GraviTrap
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2 PCR

Fig.2 PCR Analysis of Pichia Integrants
M: DNA ; 1~4.AOXF/AOXR ; 1~2. pPIC9K/
FcHC-C1; 3~4. pPIC9K/FcHC-C2; 5.

M. DNA marker; 1~4. AOXF/AOXR Identification of transformant
1~2. pPIC9K/FcHC-C1; 3~4. pPICIK/FcHC-C2; 5. negative control

1 2 M

i ku

B 0.1

. 7.8

il
k-“ ’—. 5.9
33
3 rFcHC-C1  rFcHC-C2  Tricine-SDS-PAGE

Fig.3 Tricine-SDS-PAGE analysis of the expressed FcHC-
Cl and FcHC-C2

M. ; 1. tFcHC-C1; 2. rFcHC-C2

M. Protein Marker; 1. rFcHC-C1; 2. rFcHC-C2

%2 EEHEK FcHC-C1 1 FcHC-C2 & /MIE MK E (MIC)
Tab.2 Minimal growth inhibition concentrations (MIC) of rFcHC-C1 and rFcHC-C2

Tricine-SDS-PAGE, 7ku  5ku
« 3
SDS-PAGE ,
(22] Tricine-
SDS-PAGE

, Western Blot

C

(FcHC-C1 ~ FcHC-C2)

2.4 RIAFHREE AR

rFcHC-C1  rFcHC-C2 s
6 1
3 rFCHc-C1
rFcHC-C2 ( 2)
rFcHC-C1
MIC 1.1~2.1 umol/L  10.6~21.2 umol/L
rFcHC-C2
MIC  1.3~2.6 pmol/L,
MIC 13.0~26.0 pmol/L rFcHC-CI
rFcHC-C2

(MICchHC—C1>21-2 umol/L MICchHC-C2>26~0 umol/

L) rFcHC-C1

rFcHC-C2

2 3

MIC (pmol/L)

rFcHC-1 rFcHC-2
(Fusarium oxysporum) 10.6~21.2 13~26
(Pythium ultimum) >21.2 >26
(Botrytis cinerea) >21.2 1.3~2.6
(Pestalotia diospyri) >21.2 >26
(Colletotrichum orbiculare) 1.1~2.1 1.3~2.6
(Sclerotinia sclerotiorum) >21.2 >26
(Micrococcus luteus) 5.3~13.0 1.3~2.6
(Aeromonas hydrophila) 10.6~21.2 13.0~26.00
(Pseudomonas aeruginosa) >21.2 13.0~26.0
(Vibrio anguillarum) >21.2 13.0~26.0
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rFcHC-C2 5.08 6.77,
rFcHC-C1 rFcHC-C2

3 d#

i , [23] [24] ’ ,
rFcHC-C1
cDNA s rFcHC-C2 R
FcHC(GenBank : FJ594414) Destoumieux
> , TFcHC-C2
s rFcHC-C1, rFcHC-C2
C- Destoumieux 7.0,
(P. stylirostris) GS115 ,
PsHCt1 PsHCt2; (P. vannamer) , ,
PvHCt, 3 ,
[4] 2 C
(FcHC-C1  FcHC-C2) Destoumieux ,
(PsHCt1 PsHCt2 PvHCY) -C , )
FcHC-C1 (FcHC- .
C1--LVVAVTDGEADAAVEGLHDNTDFIHY GSHGK , ’ C
YPDNRPHGYPLD) PsHCtl PsHCt2 67.7%
69.7% ; FcHC-C2 C
(FcHC-C2--FEVLPNFKHIQVKVFNHGEHIHHH)
PVHCt  91.3% ’ c
¢ ’ : FeHC-C
3 )
(Penaeidins) (Crustins)
(Anti-lipopolysaccharide factor)?*2"]
> [1] Flegel T W, Lightner D V, Lo C F, et al. Shrimp disease
FeHC-C1  FeHC-C2 control: past, present and future[J]. Diseases in Asian
5.08 6.77 -1, Aquaculture VI. Fish Health Section, Asian Fisheries
>~70 ", rEcHC-Cl Society. Manila, Philippines, 2008: 355-378.
rEcHC-C2 [2] Lightner D V, Redman R M. Shrimp diseases and
current diagnostic methods[J]. Aquaculture, 1998, 164:
GS115 ,
o-factor, 28] 201-220.
Kex? Stel3 o-factor, [3] Stoeva S, Idakieva K, Georgieva D N, et al. Penaeus
monodon (tiger shrimp) hemocyanin: subunit composition
, and thermostability[J]. Zeitschrift fur Naturforschung C,
[29] ’ 2001, 56: 416-422.
’ C FcHC-C1 [4] Destoumieux-Garzéon D, Saulnier D, Garnier J, et al.
FcHC-C2 Crustacean Immunity[J]. Journal of Biological Chemistry,
rFcHC-C1 2001, 276: 47070-47077.
rFcHC-C2 Destoumieux [5] Zhang X B, Huang C H, Qin Q W. Antiviral properties
PsHCt1, PsHCt2 PvHCt 4 of hemocyanin isolated from shrimp Penaeus
PsHCt1, PsHCt2 PvHCt 5.65~6.54, monodon|[J]. Antiviral Research, 2004, 61: 93-99.

R ; TFcHC-C1 [6] Smith V J, Desbois A P, Dyrynda E A. Conventional
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Recombinant expression and antimicrobial activity analysis
of hemocyanin C-terminal fragments from Fenneropenaeus
chinensis in Pichia pastoris

QIU Chu-wen" ?, LIU Mei', WANG Bao-jie', JIANG Ke-yong', SUN Shu-juan’,
MENG Xiao-lin"?, LUO Zuo-yong™? , WANG Lei'

(1 Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China; 2. University of Chinese
Academy of Sciences, Beijing 100049, China)

Received: Dec., 10, 2012
Key word: Fenneropenaeus chinensis; hemocyanin; antimicrobial peptides (AMPs); Pichia pastoris; recombinant expression

Abstract: Two C-terminal coding sequences of Fenneropenaeus chinensis hemocyanin FCHc were cloned into the
Pichia pastoris expression vector pPIC9K to produce the pPICIK/FcHC-C yeast expression vectors. The con-
structed vectors pPICO9K/FcHC-C1 and pPIC9K/FcHC-C2 were linearized by Sal I enzyme, and transformed into
Pichia pastoris GS115 using PEG-mediated transformation method. PCR identified transformants were screened by
G418 selected YPD plates. The P. pastorist transfomants of pPICIK/FcHC-C expressed the two hemocyanin
C-terminal gene fragments by methanol induction. The results of Tricine-SDS-PAGE and Western blotting showed
that the recombinant FcHC-C1 and FcHC-C2 peptides (rFcHC-C1 and rFcHC-C2) were expressed successfully. An
antimicrobial assay showed that rFcHC-C1 and rFcHC-C2 have antifungal and antibacterial activities as anionic

AMPs.
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