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Article histor : White spot s %drome virus (WSSV) is a hlghl athogenic and prevalent virus infecting shrimp and other,

tved | L crustaceans. The potentialit
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Ke¥  ords:

f binar geth imine (BEl) mactlvated WSSV against WSSV in cra
Procambarus clarkii, was 1n tlgatedﬁ ﬁ stu ac of BEl-inactjvated WSSV was teste ,b
vaccination trials followed b_ghallenge of cra wi WSSV he cra injected with BEI-inactivated )
WSSV showed a better surxal (P<0.05) to WSSV on the 7th and Jlst da_gpost-vaccination (dpv)
compared to the control. Calculated relative percent survival (RPS) values were#,l;% and 60% on the 7th
and 21st dpv for 2 mM BEI-inactivated WSSV, and 63%, 30% on 7th and 21st dpv for 3 mM BEI-inactivated

White spot s gdrome virus
Procambarusc#ﬂ

WSSV. However, heat-inactivated WSSV did not provide protection from WSSV even on 7th dpv. In the
rkii inactivation process WSSV especiall {heir envelope proteins ma ﬁ’e changed as happened to 3 mM BEI

Vaccination and heat-inactivated WSSV particles.)These results indicate the Jrotective elﬁ,r f BEI-inactivated
BEI WSSV lies on the integrit gof envelope proteins of WSSV and the possibilit {)f BEI- ﬁctlvated WSSV to
Inactivate protect P. clarkii from WSSY. )

© 2009 Elsevier Ltd. All rights reserved.
U o N

virus (WSSV) is envelopéyl, bacilliform in shape and have a tyil-like
appendage at one end [1]. The virus contains double stranded DNA
with an estimated si e of 292967 bp, with 181 open reading frames
consisting of 39 structural proteins [2 4]. However, different
genome si es have been reported from diverse virus isolates and
large genome sequences have been reported from virus isolates
from China and Thailand [5]. White spot s_gdrome virus has
a broad host range within Decapoda crustaceanﬂncludmg penaeid
shrimp and cra [6 8]. White spot s_gdrome virus (WSSV)
belongs to the newj virus famil imaviridaeﬁenus Whispovirus [9].
In China, production losses of 0% of farmed shrimp were attrib-
uted to WSSV [10,11].

Crustaceans do not possess an adaptive immune s v?tem, but
now it is doubted for some investigation [12,13]. A recent)stud i’n

Electron microscop ‘;EM) showed that white spot s '?Fdrome

vaccinated cra surviving from experimental WSSV ihfectior S
showed that it pPossess a resistance against WSSV [14 18]. Of the
viral structural proteins, envelope proteins often pla i/ital roles in

)
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especiall ,WP28, has be€p reported to offer shrimp protection
against SV infection [22 24]. However, a neutrali ation assa
with the combination of antibodies against different envelope
proteins showed that a combination of VP36B and VP31 antibodies '
could strongl ginhibit WSSV infection in cra . It revealed that
multlple envelppe proteins are involved in WSSV infection in
cra durmg this process [25].

Firthermore, immunostimulation of shrimp with inactivated
vibrio have been reported to provide some protection [26]. The
shrimp intramuscularl g vaccinated with formalin-inactivated
WSSV can induce a resﬁpnce to the virus of intramuscular (IM)
injection on the 10th da_gpost-vaccination [27]. These reports
suggest that some of envelppe proteins can induce an immune
response and protect shrimp against WSSV. Thus inactivated WSSV
will be a good vaccine to shrimp but inactivating with formalin and
heat are not good method. Binar §th nimine (BEI) is a kind of

virus entr ﬁnd assembl {).1‘9 21]. Vaccination using viral proteins,

d iridines and formed b the C n of 2-chloroeth Jamine
h_grochloride (BEA). BEI is }(nown o alk Jate nucleic acids hut do

ofjdamage the protein of inactivated virusjin the concentration of
1 mM [28,29]. In veterinar gmedicine BEI is the preferred inacti-
vating agent for producing \#;Zines containing animal viruses with
DNA or RNA genomes [30 32]. Although chemical agents and
ph ‘iical methods have been studied on the inactivation of WSSV
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[33,34], but envelope proteins of inactivated virus was damaged
when WSSV was inactivated. Our stud gwas carried out to explore
the possibilit gof protecting Procambar'gv clarkii from WSSV infec-
tion b "/accirﬁion with BEI-inactivated WSSV.

)
2. ME®: Fra amCly i &
2.1. Cra¥ sh

Cra P clarkii, approximatel g20g and 8 cm each, were
reared ay 2541 °C. The_gwere kept‘p tanks with sand—ﬁfered,
& one-treated and through freshwater and fed with
commercial pellet feed at 5% of bod _gveight per da_gWalking legs
from randoml_gelected individuals vﬂe subjected to PCR assa_gto
ensure that t‘l% cra'Fh were WSSV-free before experime‘r%al
challenge. ) '

2.2. Measurement of viral infectivi? (LDsg)

The infectivit_glethal dose 50%: LD5g) of WSSV was used as the
criterion for thjyirus inactivation tests. White spot s_gdrome
virus-infected shrimp, Fennerpenaeus chinensis, were cojlected
from shrimp farms located near Ningbo, China. Ten grams of
infected tissues (gills and tail muscle) were homogeri ed in 500 ml
TNE buffer (50 mM Tris HCl, 400 mM NaCl, 5 mM EDTA, pH 7.5)
containing a combination of protease inhibitors (1 mM phen J-
meth Lsulphon L suefide (PMSF), 1 mM beA amidine, and 1 m
NayS; ),A,and then centrifuged at 10,000 x g for 10 min at 4 °C.
After *ering b_gn_on net (400 mesh), this homoggenate was
centrifuged at ‘Gapo g for 25min at 4°C and PHrated using
a Millipore hfer (pore si e 0.45 pm). This hfrate was the original
viral suéd that was used for the inactivation tests afterwards. To
measure the infectivit_of this virus sué 10-fold serial dilutions of
the‘g‘ui‘ were made fr‘cﬁ*‘ 10% to 10° and ﬁfrated using a Millipore
er (pore si e 0.45 um). These diluted suéds were injected into
each of 30 health gra (average bod gveight 20.0 g) at the dose
of 0.1 mL/cra ‘.ﬁ/lor (plit .fnd clinical sjgns were observed dail <
for two weeks.) ) )

2.3. Inactivated WSSV

0.2 M binar eth Jenimine (BEI) was prepared b ation of
0.2 M 2—br0m0£1'§ ine-HBr in 0.2 M NaOH at 37‘* r 1 h. The
(

B-naphthol violet (4 pH indicator) was added to the solution to
check the formation of BEI which causes a change in colour from
violet to orange. This solution was added to 10' WSSV dilution as
1:100 (v/v) to a concentration of 2 mM. The solution was incubated
at 37 °C with continuous stirring for 6 h, 12 h, 18 h, 24 h and the
reaction was stopped b_gaddition of sodium thiosulphate. And
0.3 M BEI solution prepargd b_gthe same wa_gwas added to 10
diluted WSSV solution to a conc'e%tration of 3 mﬁy and incubated at
37°C with continuous stirring for 24h and the reaction was
stopped b _gaddition of sodium thiosulphate.

For pregration of heat-inactivated WSSV, the viral suspension
was diluted 10-fold in TNE and inactivated for 15 min at 65 °C.

For in vivo injection experiment the health gra #5h collected
from stock were divided into nine groups (30‘£a per group
per tank). For test the safet of BEI and heat-inactiv. ‘ed WSSV six
groups of 30 cra werﬁintramuscularl (IM) injected with
0.1 mL inactivated WSSV solution. A group (#,30 cra was IM
injected with 0.1 mL of WSSV (10 dilution) which werg heated at
37 °C for 24 h to test its effects on WSSV. The positive control
groups were injected with 0.1 mL of WSSV (10 dilution) and the
negative control was injected with 0.1 mL of TNE solution
(Table 1).

T 1

Effect of BEI and various temperature tested on WSSV infectivit {n Procambarus

clarkii. )
Group Treatment Dead/tested Mortalit %)
2 mM BEI )

2.4. Electron microscop¥ and SDS-PAGE

BEI-inactivated WSSV and heat-inactivated WSSV particles were
negativel stained with 2% sodium phosphotungstate (PTA, pH 7.0)
on collodiolp-carbon coated grids. All observations were made with
a JEOL 1230 transmission electron microscope (JEOL, Japan) oper-
ating at 70 kV. The two kinds of inactivated WSSV were analZged b
sodium dodec  sulfate-pol _gcr lamide gel electrophoresis SDS’,
PAGE) accordi& to Laemmlj) [33]. The gels were stained with
Coomassie brilliant blue (0.1% Coomassie Blue R-250 in 1% acetic
acid and 40% methanol). A premixed protein molecular weight
marker (Fermentas), with proteins ranging from 14.4 to 116 kDa,
was co-electrophoresed to determine the molecular weights of the
WSSV proteins.

2.5. PCR anab sis for WSSV

Total DNA was extracted from walking legs of cra ‘With an
animal tissue genomic DNA mini-prep kit (Sangon, Shapghai). The
samples were tested with one primer set VP28-FW (5-CGCACA
GACAATATCGAGAC-3') and VP28-RV (5-GTCTCAGTGCCAGAGTAG
GT-3'), amplif_jng part of WSSV VP28 gene, was used to screen for
WSSC-positive gnimals. PCR was performed with the VP28 primer
pair using the following protocol: 5 min at 94 °C followed b_g35
cgles at 94 °C for 1 min, 55 °C for 1 min and 72 °C for 1 min.ﬁle
P& products were analiged b_glectrophoresis on 1% agarose gels
stained with ethidium Bromide and visuaH ed b_gultraviolet
transilluminator. ‘,

2.6. Vaccination ex periments

For vaccination experiment 12 groups of 30 inter-molt cra 3
with an average weight of 20 g were selected. Before starting the
vaccination experiment the cra were tegted for the presence of
WSSV b_ne step PCR. Six groupyof cra were vaccinated b JM
injectiorﬁvith 0.1 mL of 2mM BEI, 3mMBEI and heat-inactivatyd
WSSV and the controls were IM injected with 0.1 mL of 2mM BEI,
3mM BEI and TNE solution. Seven da_g after the initial vaccination,
three groups and their control groups‘syere IM injected with 0.1 mL
of WSSV dilution (1 x 107) for the challenge test. Another three
groups and their control groups were challenged b {he same wa <
at 21st da{)ost—vaccination (dpv) (Table 2). )] )
)

2.7. Statistical anal sis

The mortalities of the tested and control groups were compared
statisticall_gising the chi-square test (y2) at a signiﬁ.’ance level of
5%. The r£tive percent survival (RPS) values were calculated
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T3f 2
Resistance against experimental WSSV infection in Procambarus clarkii vaccinated
with BEI or heat-inactivated WSSV.

Time of challenge

Dead/tested Mortalit{%) RPS (%)  P-value
)

7 dpv

2 mM BEl-inactivated WSSV 7/30 23 77 0.000*
Control 30/30 100

3 mM BEl-inactivated WSSV 11/30 37 63 0.000*
Control 30/30 100

Heat-inactivated WSSV 27/30 90 10 0.609
Control 30/30 100

21 dpv

2 mM BEl-inactivated WSSV 12/30 40 60 0.000*
Control 30/30 100

3 mM BEl-inactivated WSSV 21/30 70 30 0.021*
Control 30/30 100

Heat-inactivated WSSV 29/30 97 3 0.831
Control 30/30 100

Control group cra " were injected with TNE solution mixed with BEI or not.
Signii'ant differencp (5% level) compared with the corresponding unvaccinated
roup in indicated b g
group ‘,
according to Amend [36]. Cumulative mortalities, RPS values and P-
values were determined at the termination (24th da iof challenge
)

test made seven da ‘i after the last vaccination.
)
3. Rk"ts

3.1. Measurement of viral infectivi¢* (LDsp)

The results of viral infeActivit (LDs5g) as measured b_gthe
mortalit of injected cra showeq 100% in all test groups until
107 of tﬁserial dilutionsy but showed 55% for the 108 dilution
group. Therefore, the LDs5o value of the original viral suéd was
estimated to be 108 dilution. So we used 1 x 107 dilution of WSSV as
the challenge dose in the challenge test.

3.2. Inactivation of WSSV

IM injection experiment showed that WSSV had been inactivated
b _BEI completel jand the solution was safet gfor oral vaccination
(Talle 1).2 mM BElyesulted in mortalities of 100§ in 6 and 12 h, 90%
in 18 h and 100% in 24 h. The result reveals that BEI can inactivate
WSSV in temperature of 37 °Cand the proper concentration of 2 mM
and 3 mM BEI also inactivated WSSV completel gNo mortalit_gvas
recorded in the negative control and the positive Cpntrol resul?&lin
mortalities of 100% on the 17th da_gThe cumulative mortalities in
the 37 °C heated WSSV group inmpated WSSV could keep the
infectivit_geven exposed to 37 °C over 24 h. So onl_gBEI as the
inactivan;’:ntributes to the completel gnactivation of WSSV. WSSV
could be completel _gnactivated b_githef 20 min exposure to 60 °C
or 10 min exposureﬁ; 70 °C, but WSSV was not inactivated b_gven
30 min exposure to 50 °C [33]. Although aquatic viruses r‘efpive
thermal protection from the natural aqueous environment as water
temperature is seldom higher than 35 °C, WSSV showed aresistance
to high temperature under 60 °C and the resistance is as stronger as
in lower temperature. In this stud gWSSV could be completel
inactivated b ‘fs °C for 15 min. ‘, ‘,

)
3.3. Electron microscop®

The TEM microphotograph showed that the envelopes of 2 mM
and 3 mM BEl-inactivated WSSV seem to have a little changed
compared with the purim WSSV (Fig. 1), but the virus particles are
intact basicall gBut the envelope of WSSV was destro_gd badl _and
the nucleocapsid was exposed to the outer in heatﬁnacti&ed
WSSV (Fig. 1).

3.4. SDS-PAGE anal sis

The §,DS—PAGE anal_gis showed that more than ten bandsA,in the

puriwd WSSV and 2 mM BEl-inactivated WSSV, but onl J¥e bands
in the 3 mM BEl-inactivated WSSV (Fig. 2). In the puriPed WSSV

and 2 mM BEl-inactivated WSSV, the bands of VP15, VP19, VP28
and VP281 obviousl_gxist. In 3 mM BEI-inactivated WSSV onl_ghe
bands of VP26 and V28 were obvious. No protein was found)in
linear heat-inactivated WSSV (Fig. 2).

3.5. Vaccination ex periment

The time mortalit gelationships in the vaccination experiment
are shown in Fig. 3. %e cumulative mortalit gpercentage (CMP)
of the groups vaccinated with 2 mM BEI, 3 mM BEI, and heat-
inactivated WSSV and challenged at 7 dpv was 23%, 37% and 90%
respectivel Table 2, Fig. 3a). Calculated RPS values were 77%, 63%
and 10% foﬁ,he groups vaccinated with 2 mlyl BEI, 3 mM BEI, and
heat-inactivated WSSV (Table 2). Signii'antl lower mortalit
(P<0.05) in the 2 mM BEI-inactivated WSSV (2%) and 3 mM BEI—‘,
inactivated WSSV (37%) vaccinated group compared with its
control group (100%). But no signimnt differences in cumulative
mortalities were observed between the groups injected with heat-
inactivated WSSV and its control group.

The CMP of the groups vaccinated with 2 mM BEI, 3 mM BEI, and
heat-inactivated WSSV vaccinated groups challenged at 21 dpv
were 40%, 70% and 97% respectivel g Table 2, Fig. 3b). Calculated
RPS values were 60%, 30% and 3% forythe groups vaccinated with
2 mM BEI, 3 mM BEI, and heat-inactivated WSSV (Table 2). Signif-
icantl Jower mortalities (P < 0.05) were observed in the 2 mM BEI-
inacti%ed WSSV (40%) and 3 mM BEl-inactivated WSSV (70%)
vaccinated group compared with its control group (100%).

4. YT

Recentl gvarious agents, i.e. inactivated WSSV, antibacterial
componen&,and subunit recombinant envelope proteins tried so
far against WSSV have shown encouraging results [14 18,22
24,27,37,38]. Now more and more report indicated that envelope
proteins, especiall gVP28, could offer shrimp protection against
WSSV infection [422‘,25]. In this investigation we found that the
protection effac_gof inactivated WSSV is dependent on the
integrit of envelopg proteins as previous report in the vaccination
trial of Vpterinar virus [30,32,39,40]. We also found that the
protection will decﬂpase along with da {lfter last vaccination like
previous reports [23,27]. )

The Electron microscop_gshowed that ma Qe the envelope of
WSSV is changed a little in 2ymM and 3 mM BHI (Fig. 1). And the
SDS-PAGE anal _gis indicated that higher than 2 mM concentration
of BEI ma hargg the envelope proteins of WSSV more (Fig. 2). The
loss of envejgpe protein in 3 mM BEl-inactivated WSSV ma_gxplain
the signii'ant difference among the RPS of 2 mM BEI, a@e}t-
inactivated WSSV. Because envelope proteins have been conpfmed
that could protect the crustaceans against WSSV. In this stud gwe
think that 2 mM BEI can inactivate WSSV completel jand pre;%\i,.e
the integrit gof envelope proteins in optimum. Th signi%nt
differences (B< 0.05) between BEI and heat-inactivated WSSV
ma_Qe explained b_ghe loss of envelope proteins, which provided
theﬁfotection againsg WSSV. :

No mortalit_gwas recorded in vaccinated cra before the
challenge test iﬁf]icated that the inactivated WSSY vaccine was
safet_gfor vaccine cra as conpmed in the inactivation experi-
ment‘ille challenge tegt made on the 7th and 21st dpv resulted in
signiﬁ.’antl ower mortalit P < 0.05) in the 2 mM and 3 mM BEI-
inactivated WSSV vaccinat‘e% group compared with its control
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B . 1. Electron microscopic view of negativelﬁained, normal WSSV particle (A), 2 mM BEI- inactivated WSSV particle (B), 3 mM BEI-inactivated WSSV particle (C) and heat-

inactivated WSSV (D). (A. bar =200 nm; B D. bdr = 100 nm).

. -y

VP28 = — -
-

— VP28
— VP26

VP1Q -—
VP154—-- -

_I& . 2. Fifteen percent Coomassie brilliant bLue-stained SDS-PAGE gel of purm‘WSSV
and BEl-inactivated WSSV. Lane 1. Purlwd WSSV. Lane 2. Protein marker (14.4 kDa,
18.4 kDa, 25 kDa, 35 kDa, 45 kDa, 66.2 kDa and 116.0 kDa). Lane 3. 2 mM BEl-inacti-
vated WSSV. Lane 4. 3 mM BEl-inactivated WSSV. Lane 5. Heat-inactivated WSSV.

group (100%). However, the RPS on 21st dpv showed a signimﬁt
difference between 2 mM and 3 mM BEl-inactivated WSSV. The
difference ma_gbe examined b_gthe damages in the envelope
proteins of WSSY that showed in)Electron microscop _gand SDS-
PAGE. Electron microscop_gshowed that a little damage Bappened
to the envelope proteinsjof WSSV in 2mM and 3 mM BEI-
inactivated WSSV but heat at 65°C for 15 min destro_gd the
envelope proteins completel g(Fig. 2). The anal §is of SDSyPAGE
indicated that in the linear of 3 nM BEI-inactivated WSSV the band
of VP28 was not obvious and the band of VP15, VP19 and VP281
could not be found compared within the linear of 2 mM
BEI-inactivated WSSV. The envelope of heat-inactivated WSSV
particle was destro_gd ma_gxplained that no proteins was found in
the linear of heat‘—ﬁ]activa d WSSV (Fig. 1d, Fig. 2). The high
cumulative mortalit_gn the heat-inactivated WSSV vaccinated group
indicated that heat—‘is;:ctivated WSSV did not provide a protection
from WSSV, and Namikoshi et al. also reported the same result [27].
So we think that the protection provided b_ginactivated WSSV is
dependent on the integrit Qf envelope proteiny of WSSV.

Our results showed thay vaccinating cra with BEI-inacti-
vated WSSV would protect the cra againgt WSSV seven da
after the last vaccination. Cra P. clgrkii is susceptible to WSSV a
penaeid_ shrimp and WSSV cgused more than 90% mortalit_gin,
cra through oral challenge and IM injection [15]. Cra
injecled with 3 mM BEI-inactivated WSSV showed no bad signs&g
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clamlative mortality (%) =
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Days post challenge

L
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& . 3. Time mortalit gelationship of experiment 1. Juvenile cra ‘were vaccinated
inactivated WSSV follvgved b_gviral challenge at (A) 7 da_g and) (B) 21 da_g post-
vaccination. Cumulative morta ates of shrimp from the‘%xperimental groyps, as
indicated in Table 2 are plotted a%nst time (18-da i}eriod) after challenge.

)

be active like normal cra¥ﬁ‘in this stud _gWe believe that vacci-
nation with )] 7 2

BEl-inactivated WSSV was successful in protecting cra against
WSSV, similarkdings were also obtained b amikoslﬁial. using
formalin-inactivated WSSV [27]. In conclﬁon, cra can be
induced a resistance to WSSV b_BEI-inactivated WSS ybut BEI in
concentration of above 2 mM wﬁﬁamﬁge the envelope proteins of
WSSV and reduce the protective éfi'ac f BEl-inactivated WSSV.
These results conm] that the protectiveﬁac f vaccine made of
BEl-inactivated WSSV lies on the integrit_gof enyelope proteins of
WSSV and reveal the possibilit {f vaccina&n of P. clarkii with BEI-

inactivated WSSV.
Afm <P g fls
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