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ME R A JL 44 7% % #T (Litopenaeus vannamei) M % & # & B (CHC) By 2 /N 3h fiE 45 #4748, Clathtin

Propel Repeat (LvCHC1)## Clathrin Heavy Chain Repeat Homology (LvCHC2), 47| it 2 X 4F 7 1%
Bl4, ¥ E B, JFm 4 E pBAD/EIIA # ¢k L, UL E.coli Topl0 % £ W, &4 (h 4%
% T3/ LvCHC1 #2 LvCHC2 E41 & 1. b Co™ A1 EAf 7 %, 44 {Li LvCHC1 #7 LvCHC2
BA, HEREPIIIE, % Far-Western 77 3 247 LvCHC1 72 LvCHC2 % & 5 A3t 4 A 10 &
(WSSV)#E 4% & VP26, VP28N fn VP37 Wy1Ef, £ R B, LvCHCI fr LvCHC2 § VP28N & H
EHER, AR VP26 fn VP37 £ 4, HP 5 VP26 WEAEA KM, R ANEEANTHA
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KL KEERTSERBT, MARE NS5 2R AR 25T
T, XA AR T L A A IR i i B S A
Y12 TfE(Royle et al, 2012), #R1T, AR EE A 0
WHEERE G MR IR S0 EE R 28
FiAe, (Al T R e A Y 2 Bk 2 —(Li
etal, 2016). Posiri Z£(2015)0F58 FK M, 16 Rl b BE 5 %t
IR (Penaeus monodon) i) P % F & 8 (AL f5 , SER T
YL 3L T (Yellow Head Virus, YHV)RYBET X 4R
MFET . BERIRAE(2015)WIEN], WSSV &l if A%
EEN PN R AL MHSN MR, EB7
(2016) 4 YK 5[5 ML4H 75 % i (Litopenaeus  vannamei) %4
& A R LR, 21K 5052 bp, Zifid 1684 TR,
T A clathtin propel repeat . clathrin heavy-chain linker .
clathrin-H-link . clathrin heavy chain repeat homology
PUASZE R I, IFFH RNA T3 AR rT i CHC 3K
Ik, SR WSSV FLARTEXTHF A SE T 3R B W B

ABEFEET X PN XT AR PR AR SR ) 2 T
REAEDA, dEfTEAHRBIF R A EHED, A
Far-Western I ARTiE e 51X 2 DMIIREE M AR
B WSSV HH, R RARE H A WSSV R
LR ISR , [FI Lo BIR A 2 TR R WSSV
SRR HIL T N7 R4 B8 S

1 #wREFE
1.1 LI

WSSV Z5H 8 1 VP26, VP28N Hl VP37, #ik
Ak pBAD/gIITA Fl FLAA I T A X 4 o i 2 11 0 4 o
B A SEBG AR E; E.coli Topl0 JBSZ 25 40 il Il B
TIANGEN /A ] ; Taq i 2 DNA #5:1f(DNA Marker DL
2000)I14 [ TaKaRa /A% ; T4 DNA Ligase. FREITEN
YIWE Nco 1 . Xba I M4 Marker g H Thermo 23 7 ;
M5 24 (DIG)IA H Roche 24 Al 3 2% 5 % % (Amp+)
L-Fi 57 A B (L-Arab) . R/ & 5 Solarbio
o BRSO & [ ZYMO A F .

12 KEHE
121 g ¥F 2 4k 2 B LVCHC1 4= LVCHC2 &) 52,
% HR4E LvCHC 19 2 D IIHE 4545k clathtin propel

1 250 500 750 1000

LvCHC1 LvCHC2

repeat(600~1350 bp. 200~450 aa)# clathrin heavy
chain repeat homology(1650~2340 bp. 550~780 aa),
Iyl 4 J9 LvCHC1 #1 LvCHC2(JE 1), %3 2 %F5]
YI(CIH1s. CIHla; CIH2s, CIH2a) (% 1), # LvCHC
FHBARFREE , 7 LB(Amp+, 100 pg/ml) & {A&
R s R, 37°C 5] B i 35 9% . PCR Y34 LVCHC1
FEIFN LVCHC2 JE [, § 38/ 7. 25 Wik &R, 94C,
Wi 5 ming 94°C 30s, 55C 30s, 72°C 30s, §°
35 MG 72°CHEMR 7 min, PHEFEHIZ 1% B
RAREE I FL UK S, a3 e T iAe e [l i) Ty vk 4 R
ZYMO 7 7 Jig [0 & #4647 , 3/ NanoDrop 2000c¢
K H i LVCHCL Fil LVCHC2 ¥ .

122 kixFEAReMmE o pBAD/gIIIA FUkFIEE
Y 2 A4S B BE LVCHCL, LVCHC2 4351l 47 Neo T
Xba T WY . BEPIRCR 1 %3 i b i p T2
PRI S DI e, IR e R . ] T4 DNA
ligase ¥ H ) Bt 5 pBAD/gIIA #RER:; BUER
P 5 ul INAE] 50 pl TOP 10 @S2 4nird, wKin
30 min; 42°CHH 60 s, K B4 Bk L b ARz 540
e A 890 pl LB WA 25,37 C IR 4555 1 h,
BRI S HiME s B 100wl YR HUPE 0 TR IR A E
LB [E{ARE IR H(Amp+, 100 pg/ml)H, 37°CHIE B3
14 h PRHCR B 75 A LB i AR5 572 5 900 ul H1(Amp+,
100 pg/ml), #5355 Sh)a, VAW A&, F pBAD/g
A ik 5 W TR 7% PCR %58, FFrIk4s
TEAiff 1) BH P P Y

1.23 LvCHCl1 & &4 LvCHC2 EZaw ki ¥
N X ) B8 TR 5 TR 1% A9 FE B AGET £ LB
WA R I (Amp+, 100 pg/ml), SRKFE. RIGH
HR 1% LA TR A3 A LB WA 8: 57 FE(Amp
100 pg/mhyH ¥~ K¥EFE, #3E5 h)E, WA L-FHifa
FEAWREE N 0.2 g/L)iIESEARE, XIRAAM L-
BRI A0, 4 h )5, B LL 10000 r/min B0 5 min,
FH PBS ZZphil BB UTTE, B MRS 7 A,
W R 5 R o0 5 BBGE 1 IS WFUE T EP
b, DIVE M PBS 2% vhif # &, SDS-PAGE £l 4347 o
124 % & FTHEFFENLELES e 1 R 2
10000 r/min &.0> 30 min, 7% F3HW, UIEM A (S

1250 1500 1684

‘ ‘hC‘l H C1LH‘ |l Cl_rl |'C£HI IICII,H' IIC£H' |'CLHI |‘ CILH' H Litopenaeus vannamei

B FLAABERT IR A% F5E 8 2R 81 (i A 187, 2016)
Fig.1 Amino acid sequence of LvCHC (By Wang, 2016)
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Tab.1 Sequence of primers

J¥%1 Sequence (5'~3")

5|4%) Primer

CIH1s TACCATGGAGATTGAAGGTCATGCT
CIHl1a ACTCTAGATGCCCCTGAGCTAAGAC
CIH2s TACCATGGCTGCTGATGTTAACCAG

CIH2a CATCTAGAGCCTGTCCCGTCTTGCA

6 mol/L #hRAE S, T 4C4&4 T, 10000 r/min
B0 10 min, WU EIEWIT 5148 0.8 pm Fl 0.45 um
BRI UE . MR BRRAZ AT, S PBS P e
K, A BRSNS BE R 0, AR EIHW,
RAEVKE 2 h, A A B IEEVER Z 0, RIEH
150 mmol/L BRIEVEM:, WAEEMHAEH, fEREME
W EEEN, 2/ HBIEE Tk, H
SDS-PAGE K5 5 25 11 4G LR
1.25 DIG ##i% LvCHC1 % & #» LvCHC2 % &
FHAE L B 2 DIG By AR T DMSO H, 435
A#ifbi) LvCHC1 A M LvCHC2 A, efsiRe
IXHRIR2) 2 h, 4°C PBS WP RGBT, it
) DIG.,
1.2.6 Far-Western #%& M 5 LvCHC1 & & #= LvCHC2
FEarEiERAeY WSSV &g KEARALK WSSV
EHAEE VP26, VP28N ., VP37 #4T 15% SDS-PAGE
Jii, ¥EENE PVDF |, 4°CTE 5% BSA HE ik,
PBS-T V& ¥EE 2+ 3 A DIG FRic ¥ LvCHC1 & 11
LvCHC2 &1, =iR#LMEE 2 h, PBS-T{HVE 3 i
JE A Anti-DIG-AP (1 : 3000), Z#OGHEE 2 h,
PBS-T ¥ ¥k 3 # )5 ] BCIP/NBT i (6 REG ik €6, 5
IR S SR i

2 #R

21 LVCHC1EHES5 LvCHC2 EFE =&

FIH PR CIH1s. ClHla H1 CIH2s. ClH2a W
SRS Y40 B9 3 LVCHCL JE KAl LVCHC2 3
R, FLUKSE R LI 2, Fi %A1 5 BEFE 750 bp 247,
5 LVCHC1 4 750 bp FEAMAST . Jo51H 5% HIAE
500 bp 1 750 bp Z[], 5 LvCHC2 J[H 590 bp FEA<
FHFF
2.2 pBAD/gIIA-LVCHC1 #1 pBAD/gIIIA-LVCHC2

BARMNWEE

H1 T4 DNA Ligase ¥ W] J5 () 7 B 5 5 At R
Kk AR v 4 pBAD/gIIIA ks e £z, A a1
TR BRI AR Top 10 RKIGFFREEBZ ST, &

bp
—2000
—1000

—750
—500

—250
—100

% 2 LvCHC1 Fl LVCHC2 3 [X Y 7 [
Fig.2 Cloning of LvCHC1 and LVCHC2

M: DNA FrifEfh DL2000; 1~2: LVCHC1 3&[H ;
3: FATEXTHE; 4~5. LVCHC2 A
M: DNA Marker DL2000; 1~2: LvCHC1 gene;
3: Negative control; 4~5: LVCHC2 gene

1 2 3 4 5 6 M

bp
2000
1000

750
500

250
100

K3 HE4H ORI PCR
Fig.3 PCR identification of the recombinant vector
M: DNA Fri s DL2000;
1~6: pBAD/gIIIA-LvCHC1 B 2H [ it
M: DNA Marker DL2000; 1~6: Recombinant
vector of pBAD/gIIIA-LvCHC1

M 1 2 3 4 5 6
bp

Kl 4 mEHBAREBR PCR

Fig.4 PCR identification of the recombinant vector

M: DNA Fr#fEfh DL2000;

2: FAMEXTER; 1~6: pBAD/gIIIA-LvCHC2 B 4H [Fi ki

M: DNA Marker DL2000; 2: Negative control
1~6: recombinant vector of pBAD/glIIA-LvCHC2
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Amp+PitEiftfs, PRECRTRE, 37CHSE Sh A,
PP PCR % 5E, PCR F=H R Ik 45 50 WLIA 3 FnlEl
4, SR R/INE 1000 bp 45, WIALWE R BHE ok .
HCRH P v B RN P, 2803 DNAMAN 5 A4:438T, IE
B E 4 SRR AR T 9 2 B, TS .

2.3 LVCHC1ZEBA# LvCHC2 EAm&

W EA R RN E R T KRR, &
L-BTHi b5 T )5 , Bl 2 AR S 0 LS A iE
S3EEAT BB FL VK (BT 5 RNEL 6). ATl 5 Kk
B, B LIRSS LR E A B
AESL&A; WA FULEAE 25~35 kDa Z A LR AE S
IVLIEZ 1 48 A (B b e ik irdg), HAH K
/N5 LvCHC1 Fig 8 4> F i i 26.19 kDa FHAF, it
BiZ A il & LvCHCL . 2008 6 kI,
HER EERAMEASESN EEREA -3, BAEHHR

K5 LvCHCI A M %KL
Fig.5 The expression of LvCHCI protein

M: EASF bR 1. KRBT LW
2~3: FREEW; 4. RESUUE; 5~6: FHRIE
M: Protein marker; 1: Supernatant protein of non-induced
LvCHCI; 2~3: Supernatant protein of induced LvCHC1;
4: Pellet protein of non-induced LvCHC1;
5~6: Pellet protein of induced LvCHC1

M 1 2 3 4 5 6
kDa i
170 —
130 —

100 —on
10—
55 ———

40—

35 —.

25—

15—

e S

Kl 6 LvCHC2 M MKk
Fig.6 The expression of LvCHC2 protein
M: EHS TR 1. RiES R
2~3: T LiEW; 4. RIFEFVIE; 5~6: HFIE
M: Protein marker; 1: Supernatant protein of non-induced
LvCHC2; 2~3: Supernatant protein of induced LvCHC2;

4: Pellet protein of non-induced LvCHC2;
5~6: Pellet protein of induced LvCHC2

B MIBFUIETE 25 kDa A LA IB R
B2 1 FEAW(EPa ok i), L0 KNS
LvCHC2 ¥ig & /0 F Bitt 17.49 kDa M1F, Ui iZ
A THEE LvCHC2 & H . ¥AE BERME
AT A ST, UL B, LvCHC1 FEH M
LvCHC2 & H B IEMf(E 2 FIEE 3). 2 D UIRE S A AP
HEAE S S ROUCTE T, UL 2 AN ORI,

24 #UEa®RN

FIREIK pBAD/EIIIA FAFA 6xHis %, 1] F)
F Co™ 2 AZMr kX Heb A7 alifl , Vet 28 )R b6 1
BrEE/RIERT&ENER, R/5#1T SDS-PAGE
K oA, g5 En, faifbEAaiEE s, T
Tk —2 58 (B 7).

®2 LVCHCIRESER
Tab.2 MS analysis of LvCHCI protein

Observed Mr(expt)  Mr(calc) Start End Peptide
734.446 733.439 733.376 120 125 K.WISSNK.L
768.391 767.383 767.400 1163 1168 R.YLVMAR.K + Oxidation (M)
841.418 840.411 840.475 1517 1523 R.IAAYLYK.G
905.448 904.440 904.480 676 683 K.AMLTANLR.Q+Oxidation (M)
913.384 912.376 912.438 1047 1053 R.VMDYITR.L+Oxidation (M)
1012.490 1011.482 1011.517 618 626 R.AHIAQLCEK.A
1382.653 1381.645  1381.706 579 590 K.NNRPTEGPLQTR.L
1514.630 1513.623  1513.676 633 6440 R.ALEHYTDMYDIK.R+Oxidation (M)
2168.954 2167.946  2168.079 696 713  K.YHEQLTTNALIDLFESFK.S
2821.281 2820.274  2820.380 714 737 K.SFEGLFYFLGSIVNFSQEPEVHFK.Y
3126.336 3125.329  3125.462 591 617 R.LLEMNLMSAPQVADAILGNQMFTHYDR.A+3 Oxidation (M)




142 ook B

E %395

&3 LVCHC2 RiENHTLER
Tab.3 MS analysis of LvCHC2 protein

Observed Mr(expt)  Mr(calc) Start End Peptide
734.446 733.439 733.376 120 125 K.WISSNK.L
768.390 767.383 767.400 1163 1168 R.YLVMAR.K+Oxidation (M)
841.418 840.410 840.475 1517 1523 R.IAAYLYK.G
905.448 904.440 904.480 676 683 K.AMLTANLR.Q+Oxidation (M)
913.384 912.376 912.438 1047 1053 R.VMDYITR.L+Oxidation (M)
1382.653 1381.645 1381.706 579 590 K.NNRPTEGPLQTR.L
1514.630 1513.623 1513.676 633 644 R.ALEHYTDMYDIK.R+Oxidation (M)
2168.954 2167.946 2168.079 696 713  K.YHEQLTTNALIDLFESFK.S
2821.281 2820.274 2820.380 714 737 K.SFEGLFYFLGSIVNFSQEPEVHFK.Y
3126.336 3125.329  3125.462 591 617 R.LLEMNLMSAPQVADAILGNQMFTHYDR.A+3 Oxidation (M)
iDn it ; 2 [y He AR 7 25 R = R 115 o AR BIF SRR FL
1387 GRS E R AR BRI, A3l T 2 RS
70 — 14, IR E R 2 D IEERE N LvCHCL A1 LvCHC2,
o Z3% Neo | . Xba | SUHH B 4 51 pBAD/gIIIA #1k

15 —

10 —

51 7 SDS-PAGE 73 #r4lifk#) LvCHCI1 £ Al
LvCHC2 FEH
Fig.7 SDS-PAGE analysis of purified protein
LvCHCI and LvCHC2
M: AT abiE; 1. 2ifb)5 1 LvCHCI;
2: #ifLf5 ) LvCHC2
M: Protein Marker; 1: Purified LvCHCI1; 2: Purified LvCHC2

2.5 Far-Western $#f

¥ VP26, VP28N. VP37 FlI4E [ Marker X #K
¥, FEDT PVDF i -, 5 DIG #ric#y LvCHC1 &
FA1 LvCHC2 ZEHfEH , B 8 /x, LvCHC1 HH S
VP37 fil VP26 fi45G M, A5 VP26 LK, VP37
IS S 8055 . K 9 B, LvCHC2 5 VP37
H1 VP26 #4541, {05 VP26 ML, VP37 4b1H

3 itig

WA S5 R = AR B A A = AR
R AR R, B AR B 45— MR R

IEHE A5 TOP10 Bz A Z0MEr, 354 BH M w1 TR
P& L R A R IR RS 2 DY AR LvCHCL A
LvCHC2, 2 /M5 B Zead &l B 7 A gl A 15 3 ik
MHEMNEN, ZJ5MH Far-Western BF98 & 4140 915
WSSV RS 1 VP26, VP28N Al VP37 AU 1.
YEM .

AR LvCHC1 & H{ M LvCHC2 & H Y
HIEESUES, J8 MRS, Far-Western
S5 EW], LvCHC1 FEHM LvCHC2 &EHYS VP28N
A LSRR, HHARRES VP26 Fil VP37 A
HAE, W H 2 ~MEAYS VP26 IS4 e T 5 VP37
(L5 G RE 1. VP26 J& WSSV H & HE 85 1 Bl I 2
(Tsai et al, 2006), 7T LISEERFE H VP28, #ZAKCHE
F VP51 454, 2% 4H/E A (Chang et al, 2008; Wan
et al, 2008), HZI KM VP26 5 [E I X IR
(Fenneropenaeus chinensis)FIZS T ifil 41 s #5 2 A 45 &
VERT, &Ri%50 0T, 5 VP26 A 45 & VEHNE -NLzh
FEH(Liu et al, 2011; Xie et al, 2005), i p-WLshEH
FE Y P9 ) AN A e R PR AR, TRl
S5 5| — LR BRI AR . A0 DY 38 FORE A i
I H: B B AR AR AL T R IEVE R, DA
o5 2 2 IS 02 0F HVR B T 22395473 #8 (Gouin et al,
2005), 1fif VP37 J& WSSV S i) — B Z A
BEA—1 RGD i, #EMILAE WSSV B L b
KIEREB/EM, WF5EEM, VP37 590F i1 i s 4n
MRS 25 AR ATP A B 3L, D]
AEN VP37 £ 1 T 40 LAY 52 14 8 1 (Huang et al, 2002;
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3 2 1 M

kDa
180 —

100 —
75—
63—

48—

¥ 8 Far-Western-blot Z34ff LvCHC1 5 VP26, VP28N } VP37 UtHEAEH
Fig.8 Far-Western-blot analysis of LvCHCI interaction with VP26, VP28N and VP37

A: Far-Western-blot; B: SDS-PAGE; M: EH/4r FHimbrE; 1. VP26; 2. VP28N; 3. VP37
A: Far-Western-blot; B: SDS-PAGE; M: Protein marker; 1: VP26; 2: VP28N; 3: VP37

Da M 1 2 3
180 — kDa
180
75 —
75
63— 6
48 —
48
35 — 35
25— 25

17— 17

11
11—

Kl 9 Far-Western-blot 73 #7 LvCHC2 Y5 VP26, VP28N M VP37 tHEAEH
Fig.9 Far-Western-blot detection of LvCHC?2 interaction with VP26, VP28N and VP37

A: Far-Western-blot; B: SDS-PAGE; M: &[4 FIiibrik; 1: VP26; 2: VP28N; 3: VP37
A: Far-Western-blot; B: SDS-PAGE; M: Protein marker; 1: VP26; 2: VP28N; 3: VP37

Liang et al, 2005). HAESTRLE R PILHEN WSSV Wi WSSV AR LAY BRFR 254 THLHI L M A

TEARILINERS AR AR AR, VP26 1 VP37 sty I, A i I

Pt EEEE R, A WSSV EATE R4, s = 3

AT T WSSV 5 #E 7 fi 1 P9 44 . =
R GA5 H POA% SR SR I AE S WSSV Ji 3 Chang YS, Liu WJ, Chou TL, et al. Characterization of white

M) VP26 1 VP37 FHEAEH, (BXT MK EFE L spot syndrome virus envelope protein VP51A and its
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In vitro Interaction Between Domain of Clathrin Heavy Chain in Litopenaeus
vannamei and WSSV Structural Proteins

WANG Zhongyi'?, LIU Qinghui'*”, HUANG Jie'?

(1. Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National Laboratory for Marine Science
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Qingdao 266071; 2. National Demonstration Center for Experimental Fisheries Science Education, College of Fisheries and Life
Science, Shanghai Ocean University, Shanghai  201306)

Abstract Clathrin heavy chain protein (CHC), a conserved protein only found in eukaryotes, is one of
the essential components of clathrin. White spot syndrome virus (WSSV) infection is one of the main
diseases in aquaculture. It belongs to the Whispovirus genus of the Nimaviridae family. WSSV, a
rod-shaped, non-occluded baculovirus with large doubled-stranded DNA, can infect shrimps such as
penaeid shrimp and crayfish. WSSV has a wide range of hosts in crustacean with high infection and
mortality rate, and it causes up to 100% mortality within 3~7 days, which causes great economic loss in
aquaculture industry. Recent research showed that the clathrin mediated endocytosis path regulates WSSV
infection in the Cherax quadricarinatus hematopoietic cells. However, whether the clathrin heavy chain
protein plays an important way in the clathrin mediated endocytosis pathway is unclear. To address this,
two primers were designed to clone the LvCHCI1 and LvCHC2 according to the two structural domains:
clathrin propel repeat (LvCHC1) and clathrin heavy chain repeat homology (LvCHC2) of Litopenaeus
vannamei CHC. LvCHC1 and LvCHC2 were cloned into prokaryotic expression vector pPBAD/gIIIA and
transformed into E. coli TOP 10. The recombinant LvCHC1 and LvCHC2 were successfully obtained by
inducing with L-arabinose. The pure LvCHC1 and LvCHC2 were acquired using Co*" affinity
chromatography purification. Mass spectrometry analysis showed the correctness of the recombinant
LvCHCI and LvCHC2. Far-Western blot results indicated that LvCHCI1 and LvCHC2 interacted with
VP26 and VP37 with higher banding activity with VP26, and that LvCHC1 and LvCHC2 did not bind to
VP28N. Taken together, the results indicated that clathrin heavy chain-mediated endocytosis is required
for WSSV infection.

Key words Litopenaeus vannamei; Clathrin heavy chain protein, White Spot Syndrome Virus;
Interaction in vitro
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