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RLaEIHR RAS 5 WSSV-VP26 B E{ER"

EFda-—1 xkEY # fF!

(1. H SR SRR USR8 s v ol B 5 ™ i B s L g
PN AN FR UG K TR E PR E R IE T R IR IR AT 5 AR Y R R R R
T E KR E TR B SR T E & 266071
2. KPFREEE R R LWL RIEEERS R 201306)

HE BRG AR EFEWSSV)EN AP EENREZ —, RESBEEEAEN FRERL
MEZIML, RAS&® AL RasHEQWWRFES, HDNGCEARKN—R, TREETNER
WEHIA WAL, EAEER IR R At s T Ty, &gt d
RREREFTHEAR, EXT RAS 5 WSSV 4k F # F B # . A#H 54 FL4Y % xt#T (Litopenaeus
vannamei) Ras #t & 5. [ £ pBAD/glll A k3£ # 4k |k, DL E. coli Topl0 % & £#, 7 L-FTH 5%
STHBRASEUE G, U Co EMEMN Tk, KB4 RASEH, REMHET, ZEEH
JL4hE X 4T RAS, & fl Far-western 2 ELISA #:3 77 i -4 RAS 5§ WSSV £ 44 % & VP26, VP28N
F1 VP37 th A B AE . Far-western %5 £ & 7%, RAS 5 VP26 A R th 4 &4 1EF, ELISA L &R E
7, RAS 5 VP26 & gt Al E1E I F RAS B8 T 3% . A K KW, RAS &5 WSSV 2 43t
2, WIt—FH % WSSV 12 LALF 4 T H it LAl

KA

thESRE S945.1  SCEkERIDAD A

H B 25 & 1iF 9% B (White spot syndrome virus,
WSSV FRFE X IR B E 2 —, HALREERE .
O S R 3~7 d BYAET R E K 90%~100%,
K FEFRFE B B T BRI B AR (R AE S, 1995;
Lo et al, 1996; hEiHE4E 2012; fifdtE4E, 1999), #f
FRW, R RN ST S 1 Rk A A0 EAE
FMEZR T, iR IR CHEN, VP26,
VP28 il VP37 j& WSSV i R B8 1, VP26 f71F
T HERE R M A e 8] A 2 R B S VR (F 1 %%,
2008); VP28 LRI MEA &, TR EE AT £

M4 E TR ; RAS & A3 WSSV; Tk
TEHRS  2095-9869(2019)01-0062-07

Ji 3 2 v ik 85 224 FH (van Hulten et al, 2000, 2001);
VP37 SRR T, WIEZE WSSV R Y4id B (Liang
et al, 2005; Liu et al, 2009),

Ras 3 RUZ 7R AR Wi A B v 38 — 9l e ok
SOEI SR TSS )V S I e e w N = S B ET PN
B ECAZ R b, PR e R BT K A R v B (Rat
sarcoma, Ras)IfM{54 (Liu et al, 1995; Winston et al,
1996; Fan et al, 1997), H/rA R RAS & 2 kAN
i 32 T 32 A 5 10 N BRORE R - B 5 5 i 1, T A
BN, J& T/ G HE KR, Be45& GTP #l GDP,
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454 GTP BERIETERAS, ABHE S5 N iFZ AN K+
PHEAEHATE S L %55 GDP WAL THETEME
R, NEELIEIE S AT, RAS E H7E LR 40 i s
R AZ AR T (55 B i 2y TIPSR AT, FE4H
MO . A PR AR ARy A S R Y
£ F(Wennerberg et al, 2005; Winston et al, 1996; van
der Weyden et al, 2007; Castro et al, 2005; Greenhough
etal, 2007), HAl, XTI G HEARKEIFGREL
fEHPTE Rab 45 |, Praween 55 (2017)WF58 £, 7E
X} R B YRAL etk e R Kot 1 40 2R IR BE S B (THHN V) Fll
WSSV H}, Rab5, Rab6, Rab7 —FlfE KA I
W, U S E S5 TR S R SR B R S

A58 i v P R TR AR AT FLANEEXTHR ) RAS 4R
M, FIH Far-western B RTERSI % GBS RAS &
FAHEAE IR WSSV 45fg 8, Jfidid ELISA Kk
THEEEGE FMHEAER R, AIRASHBRR
WSSV YL AL AR 5 16 it 22 BLAi

1 MREH®
1.1 LI

WSSV Z5#J# 4 VP26, VP28N Fll VP37, ik
# & pBAD/gIA HALE ERAF; TRIzol i .
PrimeScript RT Reagent Kit with gDNA Eraser i{7 & .
Ex Taq WX DNA #ri#f(DNA Marker DL2000)W [
TaKaRa /27l ; E.coli Top10 B3z 44 1 TIANGEN
ANFl BORHERRAmp). L-FIRARE . kL /NER
FI &M H Solarbio 2 7] ; T4 DNA £ . FREIE N
VI Nco I . Xba I M4 Marker W H Thermo 23 7 ;
ML (DIG) I [ Roche 23] 5 M2 [l i 7] &0 A
ZYMO Al

1.2 LI H*®

121 JUMAE XTI cDNA 8946 BY ORI X
UFAYEE 22, fin AGE B RNAiso FE4-0FE 5, #1A
RNAiso 12071 £ 156 B 5 #2 B RNA K I PrimeScript RT
Reagent Kit With gDNA Eraser &7 & U0 45K RNA
JUG 5% A% cDNA

1.2.2 JL4hEIF Ras %A R AR & 5% it
GenBank | 19 JLAYVEXTEF Ras mRNA 351, %1145 H
£ 5] ¥ (Rass :  5'-TACCATGGAGATGACGGAATA-
CACG-3'; Rasa: 5'-ACTCTAGATCGAACACAATGC-
ACTT-3', RIZkAb>k Neo I it Xba I BEVI{ &), LA
YRIEXTERER ) cDNA SH#iHR, PCR ¥73 Ras K7
51, PCR =2 1% M B BEWEEERS Uk 5, [l fieatifh

1.2.3 T4k k#H 4k pBAD/gll A-Ras & #12

PCR =¥l pBAD/gIl A 2k 4A%4: Nco I il Xba I
Y], T4 DNA #H:MGEE:, WHEEARKEIAK,
54k %) E.coli Top10 B3z A4, B 100 pl F#4bK
BAiE LB ARG HE(Amp”, 50 pg/ml) |, 37°CHH
B, PRI ERE, JETT IR PCR gk BH P s b
D5 36
1.2.4 RAS W F 5 FIFHTEL 3/ ProtParam
tool 43AfTEE MY AL S F oy 5, WA SignalP 3.0
Server M & FEMR)T 514 Jof5 5 K, FIF] NPS Network
Protein Sequence Analysis 7EZEH4:, KA PHD J7ik
T RAS 5 1 A5 (FAE D75, 2016).
1.25 RAS & @ # Rk I T 1) TR I i
) LB #EFM(Amp, 100 pg/mDIEFEZE ODgoo pm N
0.5~0.6, HAWEZF L-BTHifA M (LN 0.2 g/L),
37°CHER 4 h, XA INFEFH . 10000 r/min #5.0
5min, WAEREMA, PBS Z& il (pH=7.4)E %, Fi#Es
W REAGHE ARG . 10000 r/min 850> 30 min, 435U
EIET | RIBESFHEIN EIEWAUTNE, SDS-PAGE 434
RAS SEHRBEN, IPHEAZFIIT, &% HiFEE A
R AT R H S 0T -
1.2.6 Co* "M %A= EAr4hit RAS &8 W RIA
AR DTTE ] A (7 6 mol/L EhRAN, pH=7.4)% fi#
J&, 4°C 10000 r/min #.0> 10 min, Y& LiEH, K
K2 0.8 pm F1 0.45 wm JE B U8 o ] JZ A AT Hfim AR
fig, PBS ZZ ik (pH=7.4)F-Hits, A WO £ MUK
WEVER 0, A LWEWIRS), KB 2 h, A WUk
W I K 0, CIR(E 150 mmol/L BEME, pH=7.4)V%
B, FFUcsE RAS . RAS BRI ERE B IEW
(4. 2. 1. 0 mol/L)iENTEPEf5He4i, SDS-PAGE i
IS I e &
1.2.7 DIG 4732 RAS %% ¥ DIG MKRBET
DMSO(1 : 1000)+, 5 RAS FEH /MR-, 4C PBS
G P (pH=7.4)iL R BT, DL EBRI# Y DIG,
1.2.8 Far-western % 5 RAS & & Z 445 WSSV &
2 s WSSV 11 3 Fh 4514 85 111 VP26 . VP28N VP37
1 BSA(FH: X HE)HEAT 15% SDS-PAGE Ji, #:E1%E
PVDF Jiif |-, 4C 5% BSA £ Mt #, PBS-T Wk
fnA DIG-RAS & F1, EiR#HLME 2 h, PBS-T iEvk
5 3 e, IAHE M IR B (AP) R IC R $T DIG ik
(Anti-DIG-AP, 1 : 3000), =& CHFE 2h, PBS-T
THVE 55, F BCIP/NBT (5 35GEE Y (1
1.2.9 ELISA # | RAS % & 5 VP26 948 Z4F A

VP26 H] Na,CO; L # i B2 0.02 pg/pl, F35I
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2 R %40 &

B 50 pl B BE4F 7 VP26 A 96 fLtk 1, BSA Sh [Pk
X, 4 CHpad . PBS-T WG, 5% BSA ik
£ 2 h, PBS-T Ptk 3 Ko A 50 pl AlHE&EH
DIG-RAS % H(0.1.1.0.2.5 pug), % #E#FF 2 h, PBS-T
Ve 5 YKo MILA 50 ul Anti-DIG-AP(1 : 5000 Fik¥), &
T 2 h, PBS-T ¥EMR 5K, MIA 50 ul PNPP (%
W, H 2 B, A 50 pl NaOH (0.3 mol/L)
Hb R BERMCIGE 405 nm A RWOEE I PN
{E o PN TH5AT: PAN=(0D.sg5 nr—ODugs nm 1)/ (ODaos nm

BsA—OD405 nm =:11) 0

2 LWER

21 RasEEMHEE

DL LA T R HREE ) cDNA SR, AR 51
Yy i Ras Je[H, BRASHEGEIC B UKA R LA 1, g
1) B AE 500~750 bp Z[A], 5 Ras A 5 B(561 bp)
KNS o

bp M 1 2 3 4 5

2000
1000

500
250

100

Kl 1 Ras B [H (1 5o b
Amplification of Ras gene

Fig.1

M: DNA Fri#Efh DL2000; 1~5: Ras [
M: DNA Marker DL2000; 1~5: Ras gene

2.2 EHARIEHM pBAD/gIIA-Ras HEE
T4 DNA & B Hpk V) 5 1 B 0 B Be 5 2 A A

R A 5 pBAD/g A ik gk H:, i3
E. coli Top10 #H i, £ B M PCR %2 B 72 f% , PCR
FEPIHIKEE UL 2, AP R/NR 500~750 bp, TR
45 R 2853 DNAMAN #8008, 4R A IkF
FFEAIEM, JomFAS L RS A 58 45

& 2

H AR IKEIA PCR %5E
Identification of recombinant vector by PCR

Fig.2

M: DNA FrifEdh DL2000; 1~10: pBAD/gIl A-Ras
HEARBEM; 11 PIPEXIR
M: DNA Marker DL2000; 1~10: Recombinant vector of
pBAD/glll A-Ras; 11: Negative control

23 RASEBHEYZEER

%4 ProtParam tool 57T i 7~ , RAS FiBF =N
21.3 kDa, %54 5.97; SignalP 3.0 Server 737 i
N, ZEHA TSRS, NPS Network Protein
Sequence Analysis Tl RAS 2 H — 45K 3), o
I2TE R 40.64%, B E AR 36.9%, FEEE L 22.46%.
24 RASZEARKEMN

SO . RIS T WY IS WA TE AT
SDS-PAGE( 4), 5K 15 S L35 509 LW .
RIFFIUITEF L, 5 TR UIRELE 25 kDa &£47
BB — A5 BH I IR A B 1 Rl (8] 4 £ Sk B
), B SR AT R L BE AT (R 1), AR EOR,
N LNEXTERE RAS & H .

T
|

ol e e

M it

-1

100 120 140

K3 RAS &HEH %4
Fig.3 Secondary structure prediction of RAS

25 RASEQm4AWL

T4 RAS & (A 6xHis %, THA Co* g
MZENTE4i1k ., SDS-PAGE Wr(& 5), RAS K H4k
B, MR-k, WHT T -5,

26 RASEH{LE WSSV £HEANHEEER

# VP26. VP28N il VP37 #4728 [ L UK 5 5% B
% PVDF i I, Kk 41t DIG-RAS % [ #il Anti-DIG-
AP HH., DO R TR, £ VP26 JKE B I
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B (K 6 AL A Fi sk rn), 1 VP28N ., VP37
1 BSA Pk JC &7, Uil RAS HEH HAES VP26 4%

%QH = o
kDa M 1 2 3 4
180 —
100 —

75

63— .

m—— e
e

==

Kl 4 RAS & FIRBHAN
Fig.4 Detection of RAS protein
M: EESFREE; 1. RiES R
2: T LG 3. RFTUIE; 4. FFUE
M: Protein marker; 1: Supernatant protein of non-induced
RAS; 2: Supernatant protein of induced RAS;

3: Pellet protein of non-induced RAS;
4: Pellet protein of induced RAS

2.7 ELISA &#f

K H ELISA J5ik, #t— ik VP26 5 RAS &
£, 4 4r on PN {Eﬂj(ﬂ: 2 7), H VP26 5

%1 RASEARL
Results of MS analysis of RAS

Tab.1

RAS & FHIM EAEFIBE RAS 2 [ 4 039 fin i 14 5
2 RAS HE M E 2.5 ug B, P/N {03 16.4,
Uil VP26 5 RAS A W LS 1EH .

1

S ()
e 35
- s
__ s

Kl 5 SDS-PAGE 7r#r4ifbi) RAS H
Fig.5 SDS-PAGE analysis of purified RAS

M: EHSFHEARE; 1. 4ifki RAS HH
M: Protein marker; 1: Purlfied RAS protein

L HT S R

AET71737.1 Score: 472

JLYAEEXTHR (L. vannamei) RAS

BRBAN T RECRIA T KBORIRA TR RGLE KRG W Peptids
Observed Mr(expt.) Mr(calc.) Start End

712.3231 711.3158 711.3010 69 73 R.DQYMR.T

733.3842 732.3769 732.3589 118 123 K.CDLQVR.A

950.4329 949.4256 949.4109 124 131 R.AMDMQQAR.E

1087.5304 1086.5231 1086.4982 89 97 K.SFEDISAYR.E

1386.6968 1385.6895 1385.6649 150 161 R.MGVDDAFYTLVR.E

1397.7080 1396.7007 1396.6874 136 147 K.NYDIPFIETSAK.T

1402.6870 1401.6797 1401.6599 150 161 R.MGVDDAFYTLVR.E + Oxidation (M)
1579.8684 1578.8611 1578.8406 74 88 R.TGEGFLLVFAVNNAK.S

1583.8523 1582.8450 1582.8753 103 117 R.VKDADVVPMVLVGNK.C

2648.4163 2647.4090 2647.3282 74 97 R.TGEGFLLVFAVNNAKSFEDISAYR.E
2869.4583 2868.4510 2868.3521 43 68 K.QVVIDGETCLLDILDTAGQEEYSAMR.D
2967.5479 2966.5406 2966.4298 17 41 K.SALTIQLIQNHFVDEYDPTIEDSYR.K
3095.6543 3094.6470 3094.5247 17 42 K.SALTIQLIQNHFVDEYDPTIEDSYRK.Q
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E %40 %5

15— & B

Kl 6 Far-western 7381 RAS & [H 5 VP26,
VP28N K VP37 flAHHAEH]

Fig.6  Analysis of interaction of purified recombinand RAS
and VP26, VP28N, and VP37 by far-western

A BNIGTERZEERCHIK; B: Far-western; M: HHT
FEFRAE; 1. VP26; 2. VP28N; 3. VP37; 4. BSA
A: SDS-PAGE; B: Far-western; M: Protein marker; 1: VP26;
2: VP28N; 3: VP37; 4: BSA

18 4=3;%+SD

2.5

Total protein of RAS/pg

7 ELISA 43#T RAS F 15 VP26 fAHEAEH]
Fig.7 Analysis of RAS interaction with VP26 by ELISA

3 it

KPR, W5 H 500 E & P AR
WYY | BUW A IR TT . WSSV R YL T 41 i 2
—MRE 2R, REEERE SR S S 2R E E
AR R AEAE L AR, CARIEZ M s 001 (R
% Rab5. Rab6, Rab7 %/ G H)ZS 5 WSSV 112
Yk 5 (Sritunyalucksana et al, 2006, 2013), {HXT

RAS A5 WSSV AR ELAE I 4 A B

ARAFFTARYE Ras Fifih X FF 5151514, PCR 3545
Ras 741, il i JF A% 235 F Co™ SR FZMTIE1S 5 RAS
HEH, SDS-PAGE 45 75, RAS 1 AEE TS0
W, BT EN., L WSSV [ 3 3B
HE VP26. VP28N Hl VP37 {ENWFFEX 4, #id
Far-western A1 ELISA il =& 2755 FL4H X #F
RAS EHMEAEH ., W55k, RAS EHEAES
VP28N il VP37 tHEAEH] (HAES VP26 R R4 &,
H A EAE RS RAS 2 (5 Ry 8 i s
VP26 j& WSSV Hr & it i m I A, R
(Tsai et al, 2006), BEAlLIS#AREH VP28 454, X
ISR FEEA VPS1 454, =F Rt e s
A MR B RS E 9 B 45 49 19 /E A (Chang et al, 2008;
Wan et al, 2008). VP26 HE%E S P4 & B 15 X oF
(Penaeus monodon)ifil 4ffitl, 5 WSSV RILHIH] i
M B (X E %5, 2006), 1 [E B %t 4 (Fenneropenaeus
chinensis)f¥) Tetraspanin-3 K [ 7ERSMILBEFE 7 M 45
4 VP26, 25 WSSV RGOS W4, 2015),
VP26 i i 5 H A &%t i (Penaeus japonicus)p L1155
FER, 52 WSSV AR | i85 AR i 45 3 # (Liu
et al, 2011; Xie et al, 2005; Gouin et al, 2005), Vi
VP26 ] 5245 £4-FAEAEN

RAS Z4IME NG S EE T RH T, fFEES
@R EW N EEREM, RAS 5 VP28 A
VP37 e, Ui RAS AZ5 WSSV WK [ 15 3=40
Mot . ARIERFR LR AT HEN, 7F WSSV 7
Y PLYN T ERAN AT, RAS 2 (g 5 VP26 M EAE
., 3 SEEAS WSSV JEAAMA, Miiihn
PRT WSSV FEfE RN GRS, BARVERDLE
WRAWIFE . ARG R it — R WSSV RYLfs
F2 41 A 1 {5 5 B A B 1 2 AH VR AL SR AL T
PRSI
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RAS from Litopenaeus vannamei I nteracts with WSSV-VP26 in vitro

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

(1. Laboratory for Marine Fisheries Science and Food Production Processes, Pilot National Laboratory for Marine
Science and Technology(Qingdao), Key Laboratory of Maricultural Organism Disease Control, Ministry of
Agriculture and Rural Affairs, Qingdao Key Laboratory of Mariculture Epidemiology and Biosecurity, Yellow Sea
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071; 2. National Demonstration
Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai  201306)

Abstract White spot syndrome virus (WSSV) is one of the most harmful pathogens in shrimp
farming, which has great impacts by causing economic losses in aquaculture industry. It belongs to the
Whispovirus genus of the Nimaviridae family. However, how the virus enter the cell is not very clear.
Interaction between the virus and host is important for viral infection. Recently, some researchers found
that GTP-binding proteins, such as Rab5, Rab6, and Rab7 interacted with infectious hypodermol and
hematopoietic necrosis virus (IHHNV) and WSSV. However, the studies did not reveal the interaction
between RAS protein and WSSV. The RAS protein belongs to the GTP-binding proteins and exists in
eukaryotes from yeast to humans. Being a membrane protein, RAS becomes post-translationally modified
after synthesis and is transported via the endoplasmic reticulum and Golgi complex route. Thus, in this
study, the RAS of Litopenaeus vannamei was cloned. Then, it was ligated with prokaryotic expression
vector pPBAD/gIIl A using T4 DNA ligase, transformed into E.coli TOP10, and induced with L-arabinose.
Pure RAS protein was acquired using Co”" affinity chromatography purification. Mass spectrometry
analysis showed the recombinant protein was RAS of L. vannamei. Far-western and ELISA assays were
applied to determine the interaction of RAS with WSSV-VP26, WSSV-VP28N, and WSSV-VP37. The
Far-western assay showed that the RAS protein interacted with VP26. The ELISA assay indicated that the
interaction between RAS and VP26 grew stronger with the increasing concentration of RAS. Taken
together, the RAS protein was responsible for WSSV infection. This study could provide the basis for
research on the mechanism of WSSV invasion.
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