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Abstract

Project Code: MRG5980197

Project Title: Heparan sulphate on the surface of shrimp cells is a potential receptor for

VP37 from White spot syndrome virus

Investigator: Asst. Prof. Dr. Pongsak Khunrae Microbiology Department Faculty of science

King Mongkut's University of Technology Thonburi
E-mail Address: pongsak.khu@kmutt.ac.th

Project Period: 2 years (1 May 2016 to 30 April 2018)

White spot syndrome virus (WSSV) is an envelope virus causing a high mortality of shrimp
within 3-10 days. Currently, there is no effective way to treat or prevent white spot virus infection.
However, it has been reported that sulfated galactans (SG) extract from the red seaweed (Gracilaria
fisheri) has the ability to inhibit the infection of WSSV and SG can interact with the several proteins
of WSSV. Moreover, the VP37 is one of the envelope proteins encoded by WSSV that can interact
with shrimp haemocytes. Therefore, in this research, the ability to inhibit the interaction between
VP37 and shrimp haemocytes by SG was investigated. The results showed that SG can inhibit the
interaction between VP37 and shrimp haemocytes. Therefore, the SG-like molecule is a possible
component of shrimp cell surface. The Heparin-like molecule has also been reported in shrimp. It is
likely that VP37 protein may bind to Heparin to infect into the shrimp. The hypothesis was tested
with Native-PAGE and Surface Plasmon Resonance (SRP) and found that VP37 protein (Full length
and C-terminal domain) could interact with Heparin with a binding affinity (K;) of 1.0 uM and 2.44
uM respectively. Moreover, SPR results revealed SG can inhibit the binding between VP37 protein
and heparin. It indicated that SG might be used to interrupt the interaction between VP37 protein and
heparin. Therefore, this study may be concluded that the VP37 protein utilizes Heparin as a receptor

for binding to shrimp cells.

Keywords: Glycosaminoglycans / Heparin / Sulfated galactans / VP37 / White Spot Syndrome Virus
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Y A o y A 4 v A y A 4 A A A
Tavinmamzideativu Tduangeu uazdansluur Tdumuuniuedaoiiouiioann
[ Y o @ ‘dal Y I 91 Y o w
nennsy IAlmsmivayuuazianmamzipesiuasailuddsoeniesedinyves
aa 4 <3 1 A v v
Tan uazandoyadnamstszualuil 2556 Fldmundszmalnetionmizi@esneluuaunia
Yy I o a g A a <
nanlszana 42.59 % malaaalu 28.13% maazTueenaailu 17.5% uazdugaailu 11.78%
a U I a 1 [ 1 a
Taswananfuelszmalnodszuiam 90% idudumideoon ldsszmaga nazusinn
a  d 122 i a3 dy Y o =~
molulszmaaailu 10% uansedielsnawgadmnssumsmizifesdaestszmalnedanadl
d‘ d' a dy 9 d' =3 (% ] 1
ANUIFBIND1IZIAATUINTANIAdEN LTI IU 5IMDINITEIAURI TR BNdIBE1uYY
1 1 o a g
Tuasi) 2554 Uszmalne lddszaudymimsszuiaveslsamearu (EMS) i ldnanaadaues
(] I~ 1 ] a FY 1
Ineanasediesiansa Taonountinlugaeil 2549-2555 UszimaInelinananded lda1nnis
g (%} L=} A (% =) ::. A =
Mzaealszane 5 uauduaell uazanaurae 3.25 wauaulull 2556 vazaadmigamasiiie
(%} 1 a 9 { 3 1
2.3 naruanludl 2557 uagluraedl 2558 nun Tduwanaade Inetinua Tdunayunnmsiuiie
o vy o o Y A v A
AunnymiveImunyaing masguazniaenyy Mlndszmda IngauisonegSoionay

Y 1 Y] 4 a, [ 1
deatumsszuiavedlsaaeain’ld (EMS) Tasnmsisulasaadravhsunazisnssaniseds

I = @ a an dy 3’; = Y Aa d'c!dg! U Y 1 a
Wusguy FaunsUsudasuasnsmnziaes FIUTNUGNINNUAUNTNNAVY mwaimmmwa@]

]
A o v a

v o Yd ! o v q 9 Yy A
nadrngvesInelunianzTueenuazninlddeen Insuazdanziasuaninldnandagen
A 2 ] [~ Yo A 9 1 A a g v I o 3 Ao o A
imnvueduiiy ldde vieuiualymimannmsszuaveude hiandsnailutlymindingn
g ldamnsanumatesiuniesnuld Taslsaszuiainann lhiandinyludaldunlsa
(% % ] 1 = = 9 %

AAIA991 andded 1l aell 2537 Inmsaununisssuialindanasannunnlulssma
TngnedagliniaazTueen Jariadunifs asia malddeazfueen 19MIAUATATHITNI Y
Taail uazdenziuan 3amianss 9nmsszuinveslsaduasadsunlulszmalnedana

4 4

NIZNUBGNNINABINBATNINIZIR0T taznarsgnovesszme danaliinasnsdimiziaes
vy & (4 £y o & £y 4 ' =
NaulasuanmamizieananaduilunsmizaganavIunu iesanuaz luaialaiell

[

g)/ Iy Y o 4 [
2559 wuMsszuIanswsnued hiaduaiananlussaiuduaud Ussmaeoaasiao dawaly
9 X Y o & Y A S o = VA g o W @
mnuasnsfunziaesdssududecdarhsudninn 7 wdaiedumsiinauaz dosnumsszuia
Iy o [ dy td'd' a I 1 =\ v Y dy
wo3 hiaduasnisn ldsmunou Aadluyasianudene 1 wudwum tazuenainiinig
Uszinavomasiedilsemanmssatiuiidiaaninanlszmalaomniz luuauede e aind
Y
MIduiBgIuIIMIszuIaves higauasasuniuilzunnldsamalutouede Tag
Uszmaimeimisienudimsszuiaued faduaia1ava 1dun Heauy 3u v uade uag

Tne (4)



2.2 135aRMAIAIIVI (White spot syndrome virus, WSSV)

Thfadainiu (White spot syndrome virus, WSSV) ”l’aﬁ"ﬁﬁﬁmmgumq a0

[
(%

4 v
afranudenie ldedraunmisa TagmmzHansgnuAUNANUYAAIHATTUAITINIZIALININD
[ o 2’, =~ d‘ Y [ gj/ ~
Tan mssziaves hiaduasarnmgnwuasasnludl 2535 Adszmealan u 9n1iul 2536
a A 4 dy 9 . . = v A [
wunUszmeaair)uluwinwizi8e9A Penaeus japonicas Tawizon Iianilugunqueslsni
penaeid rod-shape DNA virus (PRDV) W3o rod-shaped nuclear virus of P. japonicas (RV-PJ) (30-
Y
31) aeunanedl 2537 numsszuiavea hiadasalravnnluilszmelne TasiSonTsaiion
systemic ectodermal and mesodermal baculovirus (SEMBV) A1555U1AU049 115 a@21A9A739v12
Y 1o 2% o o A Yy 1y Ta oy 2o Ao o X yy 1
awnsoyngnngdatindimanasaadeu ldun fuihie quindn azy Taslidahinre laun

Tsamlos (Rotifer), 015 N33 (Artemia salina), 1afinoa (Copepod), INAAA (Polychaete worm),

o . . I Y
#290ULNAY (larvae insect) tiagVioanzia (Marine mollusk) wuau (32)

7

v W I [ a a g J . A A

Th§aamasarsvrniuliSasiiafouoaiog (double-stranded DNA virus) NN
1 [ I 1

waﬁi’n (envelope) ﬁuumslmy anyazuung (rod-shaped) YH19 80 -120 x 250 -380 w Tuuag

[ A = [ o [ 1 J 1
33) sananalugin 2.1 Tasluedalrsadiuasnies1igninegluied Baculoviridae 1101910

= 2 a 1 [ S 1 A Y = Yy [ ' v
msanyunuaunyN higauasananiidiunsuesnuindionisasldinmsvangu i
A11A9929912 1131 TA® Intermational Committee on Taxonomy of Viruses (ICTV) “lﬁ’ag:“luﬁqa
14 . o o

Whispovirus 798 Family Nimaviridae (34-35) Tuilagiiu'ldlin1ss1eaiudoyasisiugnisy

J

Fanuaves hiamuaann1d 4 meiuglasumimuundsiivnsfauenide Idun aeus
91n1/52MATU (WSSV-CN; GenBank Accession AF332093) fivuia 305 flawe Uszinalne
(WSSV-TH; GenBank Accession AF369029) Huu1a 293 dlatud (35) 1413y (WSSV-TW;
GenBank Accession AF440570) HUuIA 307 nlald uazinIva (WSSV-KR; GenBank Accession
IX515788) ui1a 296 Alawa Tasdoyaiugniswves hiaduaiaianiuen l§nnudas
UszimatinnuadiondanuvesdAUIIan 97-99% uazll GC content sz 41% drvisudoya
mqﬁ’ugﬂﬁmﬁy’qmmm”h%’aﬁmmmwnﬁuﬂﬂ"lﬁ'ﬂmﬂszms&r"lm%zﬂsxﬂauﬁ’aﬂ 181 daufi

2 X o I
asouaateaniulys@u'ld (open reading frame, ORF) F99za1u15000a5aoanunu

=

TusAuRTvunatlszana 50 - 6,077 niaeziily waz Tulaguny Y ORFs 1N 6% iy
annsoneasianiluTusiundrfinnmuadionds (Homology) FuTilsAuduiioglugiutoya Tas
TusAudrunniiiinmsasasiasenuiinilueulsifiRe11041un32uI11nT nucleotide
metabolism, DNA replication 11 protein modification #3% ORFs fitnaewuiuiloneasiaeenin

d ] U 4 { 4
WuTdsauudr lulinnuadieadanu Tdsauduqnlimssnenuidlugiudoya 36) vaziiied



9 9 @

MIANBIIUIUN VDL T AAIAIAIVIANAY WU NI NNGIV9NY Immediate early genes,
. . .. . { 9 [
DNA metabolism-related genes, latency-related genes, ubiquitination-related genes HazINeIVINY

anti-apoptosis pathway (37-40)

3B
23
33
333
VP26 — 2400 6-7nm
.
VP28 — 2330 & L 45nm
> — 19 nm
>
> - 210-420 nm

oY,

70-167 nm

517 2.1 Taseasves hiadmasain (41)

o o Y Y ) ' Y 1 { 1y
hiaduasansvnmazilsznoulddelaseadrelusdunan 3 dau ldunaruiilulysfunedy
. y A J . ' A d a = a .
(envelope protein) @341 U Tegument protein oz dIuNLT U Hanalouanda (nucleocapsid
. = =S g}/ a g A 9 [ Y 1 4 [ A A
protein) ¥4 115AUNT 3 ¥lalvznertosnunszuIumsyngningasadves id TasTisAun
o { g ' ' < { o { & A
wnihiduTdsauverduldun ve2g, vP19 uaz ve24 ifludu Tdsaunvmihniduiiingle
a Yy 1 Y Ao a dy [ % ~
uANEa laun VP26 taz VP15 Tagnanimsaaie 113ada1an19u1192uda991115300 290199
a Y A A a U o kY 9 o w 1 Aa A Y
vinaldnldennusnadiuiinasMudnd1d1dIununIa 0.5 - 2 Jaawas 1aziinaon
2’1 v AA d’ = 9 dy [ @ Y o &’ 4‘ g‘/
Nl Anaus o suRIUd Iy vonvIntl hiaduasarsu g ihaiessuuilewo vy
a =\ a o Ya = J a
1A AN (Ectoderm) ttaz i 1A (Mesoderm) lagazinlvitindsavousaainanisuinla

0 o <3 { @
saduhIdduTvinabnas (U7 2.2) wazazaenolu 3-10 3u (5)



a

M o H v H 4 o o
31 2.2 dnvuzaravninuludinaawe Tiadnaniav (Wssv) (5)

2.2.1 nalamsaawevedhiasnasnlsun

A v W = 3 v Aa = 1 Y . [ g
lu'E)\'ifl]']ﬂll'gﬁﬁﬁ'll!ﬂ\jﬂ'l\ieu'rlilﬁﬂymglﬂuquﬁﬂuiﬂﬁﬁu‘ﬁﬂﬁu (envelope virus) ANUU

a dy [ [ A o v J 1 = ] 9 . [
nalnmsaareves iavzordel fauiusseninelusAurenu (envelope protein) N Tuiana

v o U

) cy A o 9 o Y J 9
A5 (receptor) VuRNFaanuNodiuayuli hiaynyndigraa Taonszurumsyngning

u

s 2 [ 1 { g 1 [ v (%
wasazisun hialddiuiidluTiUsAurodu (envelope virus) TilvhnsgameinTuanadasy

a J 3’/ 3 o U s a .
uruwaans 1niu higazihmsyngmngaaasienszuiumsioula laInda (endocytosis)
Tﬂﬂiﬂsﬁuﬁaﬁm (envelope protein) fuztﬁﬂmﬁ’mh"m%ﬁ'mauiﬂimm (endosome membrane)

Y
uazyhmsanlaseiiind Teuandadg la Tnwaradu (cytoplasm) 91n1iutiang louanaganz

1A a

gngosuazinaewigusnuiundemeiinsdsasnugnssnves himdgiundon

u

moeluiiundedazinanszuiumsiassanesved himiomuduouhiadwaaslugli 2.3

{ < Y @ { a av o 1
@1) 93U 2.3 szmuldnnszuaumsdamzaes higimanl jaunusszuineldsau

] Y o v o a 0'3’; I o § o Y a Y
weunu TuanadrsvuuAiusaatuunszuiumsdaynezaivayulimnamsyngning

U

9 w

PR == = 1 9 o Aa =2 o
Lyaa ﬂ\iuuﬂ'ﬁﬁﬂ‘lel']ﬂ'J'l1]ﬁ'lﬂﬂul"ll'lf]\3Iﬂ5G]u1’7ﬂ?jumﬂquiﬁﬂwﬂj'luﬁ'lw'ﬁﬂiuﬂ'ﬁﬂﬂlﬂ'lgﬂ‘u
(I a JY o oA 4 9 Ay o oA
TuranamSuuuHIsaaNIelANNEIAYENEY o nIns M uuazi ladel fauwusn

a g dy o J o as [ Y 1 4 [ F2
Lﬂﬂﬂluu’mili]zﬁmTmuﬂﬂquu’mNmiwmumazm’mﬂmﬂummﬂ’;ﬂw”lqmamrmlhiﬁ'lﬂ



‘\/’W i 2
’\/“\,‘
O 4 Enveloped WSSV
' 5 Naked WSSV
nucleocapsid
\
\. 7, injected into
nucleus
10
&
\ :& ‘\
\ -
N
\

‘ljﬁ 2.3 ﬂa"l,ﬂﬂﬁ'ﬂﬂiﬂl"mﬁl“]faasll?J\ivl?iﬁﬁ’JLLﬂ\iﬂ’NEUn 41)

2.2.2 wmnnvedlsAuriedin (Envelope protein) vadliZafmasnisvnaemsynyndng

Y

¢y v
taala1uIu

9 1 4 @ [ = 1 9 [ o =< @
nszUaUMIYngnEngaaues igzerds Tlsaureduves hia lliimsdamenu

J o

v @ a J 1 a a 1 g’/
TuanafmsuuuAngaanenownanszuIunIsionla la Inda (endocytosis) tgiaas Aariu

Y =K

= 1 =1 ] Y o 1] v @ Aa I
ﬂszmumﬁﬂmmziz‘wmTﬂmuwayjmm”hiﬁﬂuTmaQauummuumwaaqwuﬂu

]
v A Y

?x‘/ ) [ a U o 9
duapudingynaiuayuld himnanmsyngndigaad FeludagiulaimsdunuTilsAuves

9

Y A

hfaiimihnduTsdureduninnii 35 wiia (36) ondediasu TisAu VP28 uag VP37
2.2.3 TsAiuvietinving 28 kDa (VP28)

I [ { 1 1 4
Tsau veas ituTdsaulaSaninsanyiegraunsviate tiiea1nluil 2000 Iae
Y o =2 = o ) [ o Y Aa dy o
Van Hulten tagaatz lavimsansllsduveshialasiimsdauenlhianndandadonii
1 ) A o o w 1 A d =1 1 Y =1 o v A nm Yo ] 2’,
MIUNAY NP40 tivesiimsmiadiunilu Tsdureduieuny T 5an luldtuny NP4o 91011
W13 15129 Taelimadia Sodium Dodecyl Sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) wun'hiaduasansnnlszneuaie Tlsaundrdnyedraion 4 via TaunTisau
YUIA 28 kDa (VP28), 26 kDa (VP26), 24 kDa (VP24) 1182 19 kDa (VP19) taziiio1i1u111n13
Y =) a v A o 1 [ Y 1 =} A
asvaeudle Ina Inaueatouassunsunzae lhfaauasareuianunldsaunivuia 28
uaz 19 kDa enansany Idmwz lu Thsan li'ldsinsuudy NP4o naz Tdsauvuig 26 uaz24
Y H Y Y Y
kDa duasony lammwizlu lSaniinstunsy NP40 daiuananudsesutiansouen ke

NTs@u veas naz ve19 simthinidluTdsauvedulvsu I fadanasaieui waz Talsdu
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VP26 ttaz VP24 vnhiiduiiand Teuanda (42) aeunluil 2002 Idiasiududadumia
woaT1lsau vp2s TumsfluTisauveruueslhfadiemaiin Immuno-electron microscopy with
gold-labelled antibody (43) ﬁ’mﬁﬂﬂugﬂﬁ' 2.4 Taowunldsau vp2s ﬁ’mﬂuiﬂiauﬁaﬁ’uﬁwu
vuad e 91015 Van Hulten nazaaz Idvhmsanymihivealisdu ve2s Taeviinis
w?muauauaﬁﬁﬁuwwdaiﬂﬁau vP28 11 baculovirus expression vector system udnieuAued
f 1Rl tusy hiadunsasuniianududuseg e liaigdaudansasins

a

A a 49( = 1 AA o ' = g o vy
ANINAYU G]f\?%?ﬂﬂ'lﬂ/lﬂaﬁ]\‘lw‘]J’J'ILL’E]HGIU@@VI%1LW1$GI@T‘]J§§IH VP28 uummmwﬂﬁmmﬂ

z ngll
U

Fasldnwaududuaosouaued Mnniy asiudedmsonvzazyllainTdsdu veas

= 9 v 9 1 J 1
mmmmﬂumzmummﬂgﬂmqwaamm%sﬁ (44)

gﬂﬁ 2.4 MUKV VP28 YU WSSV virion A8nAHA Immuno-electron microscopy with gold-

labelled antibody (43)

A ] Y A o

9
dionsruazilandriTusdu veas dudluTisdureduiichdgueslhSaduasnng

yvatinIveaulviimsaniteanuansalumsinalfduiusiumaans Taeluil 2004
1Ay Guahua Yi iazasizwun Tisan vp2s ﬁummsmﬁﬂﬂﬁﬁuﬁuﬁﬁ’mmaﬁfﬁ’ﬂﬁ’ Taan1ida
nan T3 VP28 §28 EGFP (VP28-EGFP) mntiuninlnageulumssudy Lymphoid organ
wu111sAu VP28-EGFP ﬁ’ummmﬁfnmﬁﬂﬂﬁﬁuﬁ’uﬁﬁ’u Lymphoid organ 1@ Taa3 pH A

g 9y o Y o v o J T v o
L“I/Tll']%ﬁllﬁﬂ pH 6.0 %']ﬂuu“VI'Nﬂﬂ!3@’3%Hulﬂﬁﬂﬂﬂ1ﬂ'l§'ﬂﬂﬁf)ﬂﬁ1ﬂ'NNﬁlJWH‘ﬁﬁ%W'N\‘lll'J‘iﬁﬂ'J
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uasa9v 1Ny Tdsdu ve2s Tasldinaiin Competitive ELISA Tagvhmstu h§aduasaieun
7uT13A1 VP28-EGFP innuidiudua1en anmsnaasanunanyamisalumssvveshya
H 1 Y
#211A9A 991D Lymphoid organ 3¢anasauanuuyuveelisiu VP28-EGFP Atiiuauias
Tuymzidernunagive ldiimsuuTlsan ve2s-EGEP nu'lhiaduasarsumnanududu
1 <3 1 o g’/ v W
A anuNanuasalumssuveslusiu VP2s-EGFP tinanasmuanututuves hiadn
A A da! v [ [ g’/ a v dy Y = a
HANANUNMINVUFUN U aaiuInuITetasoasd1anTsdu vP2g amnsaiia
a o v o I Y @ < o '
Ufduiusnuadns lauazmsdvveslsau ves iunnuiumz (44) aewluil 2006 Tag
! . . . Y o
Kallaya wazaae 1AT1891UN GTP-binding protein Rab 7 Y94NNA1A1 (Penaeus monodon) 91392
o { g v @ o ° a
wihinduTuanadSulinuTsdu vees Taeldvimswan Tds@ulu Escherichia coli. udn
° A o v o s Y a . . . .
u1u1ﬂﬂﬁﬂﬂﬂ§]ﬁuwu‘ﬁﬂm%aaQﬂﬂﬂ%}mﬂuﬂ Virus overlay protein binding assay (VOPBA)
v
Tag1ien shrimp haemocyte membrane protein WYIMTLENYUIAAIY SDS-PAGE 1A UDY
TJ5@ula/guriy nitrocellulose membrane AWV INIT AL TI)sAUgNHEY VP28 (rVP28) 1Az
o vy a A Ao ' = = dy ' =
MNIATINAoUAIBLOUATDANT UWIZAD 115AU VP28 eninmsnageuinu ldsau vp2g
a a o o J g’/
mmﬁamﬂﬂgﬁuwuﬁﬂﬂﬂi?}umm shrimp haemocyte membrane protein lTanariua 3 vu19
9 T ?z}/ ) S 2\’1 dy o a J Y a
1@un 14 kDa, 25 kDa uag 30 kDa 11nHu TUsauns 3 vuratl ldvimsiasizdaramatin
Y
Mass spectophotometry wunTUsauvuIa 14 kDa Hianuadeny Cyclic AMP-regulated protein-
like protein YU19 30 kDa iANuAdIenY Haemocyte kazal-type proteinase inhibitor LIAgUUIA 25
Y
kDa in21uA&1811 GTP-binding protein (Rab7) ¥oA1NHIVININTEUTUANUTIAY VDS

1 1 o 1] a a { o 1 ]
PmRab7 aomsgaimiziazyngningisasues lia Tagmsnanaueuauodniumizae Rab7 now

v
aA o 1

11 1M UUAY WSSV $9910mM5NAa0dnuINmMILoUALoaNIUNIZAD Rab7 HANUEINITD
o a o Y] 4 9 g/} = @ @ [ .
Tumsdaval§ausus lansldsaugnuan vP2s uag 125 d@211A9A2991910Y shrimp

' 4
haemocyte membrane protein 1AAIINAINITO IUNITYAVINNVLINVUYUAIUAN T UTUVD S

2 v J v

a aa 1 1 ] < a o 2 Y ¥ Qo
UOUAUDANIWUYY (10) !L@@EINU];‘iﬂ@ﬂhﬂj‘]ﬁhwu‘ﬁigﬂﬁ'lﬁiﬂiﬁu VP28 N1 PmRab7 UUNYIA

(B ] 1" (Ao Y4 o A o Y [ a Y 1 s A = =
uli]uﬂ‘b"]_]3;]ﬁilwu‘ﬁﬁaﬂ‘ﬂ‘Vﬂch/i‘ll’)ﬁﬁlﬂﬂﬂi%ﬂ’)uﬂﬁuﬂgﬂﬂﬂg!“ﬁﬁﬁ IHBDITINUNITINIYITUDN

Y A o = VoA 9 o A o Y a =
HINNIHUYe TUsaY Rab7 2029890 Uns2UIUMTNI 11NN late endosome BILLHA

< v v A a . J Jd
Tdmun himnanszuiunmsoulaleaIndea (endocytosis) igiradnounas Tsau Rab7 34

o 9 o d

vihi Idianudu 18l gduniusseninedys@u ve2s fu Rab7 lilsdfdusiususn

9
o J ax =

v A 1 [ a J
IR himnamsynymangirad uenantilinis 51891 Tuanan3 (receptor) DUAITAT

{ ) g Y [ [ I~
aervzhmrhnduTuanada5D (receptor) 1D TUsAY VP28 AN Hsc70 1Az FeLec3 11w

e oDe  SSD

=

U (11-12)
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2.2.4 IsAuviodiuvmna 37 kDa (VP37)

TUsAunefuuuia 37 kDa (VP37) H30i38n9n081971 VP281 30 VP33 (GenBank accession
Y
number AF411364) gnaununsansnluil 2002 Taenguaues Canhua Huang Hagame (45) 91003
4

Musgnounia T adaIn19u12 (WSSV virion) (46) vimsuenlisauves lhiaduasaig
= 9 a =1 a da! 1

vy llsaualemaiin SDS-PAGE wunuu Tisaunavyuunndi 24 uuy Tagilsing
~ a3 g‘/ d%l = o o a Y Aa

HUUNVUIA 37 kDa tuaseusnayuut 3911 1 insAmsziaremaiia MALDI-TOF Mass

spectophotometry #3121 1A UNYUIA 37 kDa liTinuadiendenuTdsdulugiudeyais

U

Y

o A a 1 =Y a o o
MMIANYUNAUNU N start codons LA stop codons YBIGY VP37 0gu3aIAg 1o Indd sy
d' o W é = 9 0o W A = I3 c’:’/
1 14169 1Az 142538 Aa U 398U VP37 Usenoualod1auiiiong 1o Inananua 843 bp uag
< X a I H o Y
annsoudasiuldsdulduuia 281 amino acid Feaailuiiviin Tuana @m0y 3145 kDa
1Azl TATA box NN UIN 46 nucleotide DINAY U upstream YBIA W UINITLAA
translation WU polyadenylation signal (AATAAA) NA MUY 101 91NA LN U downstream VD
o ' . 1 = S va g 4 A .
AWK UINITHYA translation UONIINU TU5AY VP37 Uaraniiailunsaiina91niial Isoelectric
. 1w o v A = J ~ 9 a =
point (pI) 11171 4.69 Tagdeuiiang lo Indvessu rP37 uaz Inssainlguglveslysau vr37

vuaaaluzili 2.5
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(a) GTA CAC TCT GTT AAT TTT TTC AAA CAA TAA ACT AAC CAC CTT GTA TAT
TATA box

TTT TGT TTG TTT GCA ACA CCC TTT TTA TGA TAC CAT TAA GAC ACG ATG
M
GCG GTA AAC TTG GAT AAT GTT CTT GTG AAT ATC AAC AAC AAG GAT GAA
A VvV N L D N V L V N I N N K D E
GAT CTT ACA AAR CTC GTA TCC GAG GCA ATA ARG CGG CGA GCT ARA ACT
p L T K L VvV § E A I K R R A K T
GTA TTT GAC ACT AAR AAT CAA GCA GGG TTT GAC ATG AGA CGT CAA GTT
v F D T K N @ A G F D M R R 0 V
GAA GCT GCA TTA TAT GAA GCA ATA TCC AAA AAG AAA GAA AAG GCC ATA
E A A L Y E A I S8 K X K E K A I
AAG GCA TTC GAT GAG CTC ATA CAA GAA AGA GGT GAT GAA ATT ACA CCT
X A F D E L I Q E R _€ D E I T P
TTG ACT ACA ATG CAG TAT GAAR GAG TGG GTA AAC CGT ACA ATA ACT CCC
L T T ¥ ¢ Y E E W V N R T I T P
TCA TTG ACG ACT GAA AAT TTA TTA GGT GAT GTT GAG CAC GCC GAT TTT
$ L T T E N L L 6 D V E H A D F
TTA CTG GAC CGA ATG ACA CCC GTA AGC GAG GAA GAT ATT GAA GGT TTC
L L D R M T P VvV 8 E E D I E G F
GCT GCT TCT ACT TTT AAG GAG GTA TCA GAT TCA AAA ACT GCA ACA GIC
A A S T F K E ¥V 5 D 8 K T A T V
ATA GTT AAG GCA GAT TGT GAA ACG GGG GAT ATC GAT GAA GTG TAT AAT
I v X A D ¢ B T GG D I D E V Y N
CTT GCA CCA TCA TTC GGC GTC ACT CAA GAA ATT AAA ATA TAT AGG TCA
L A P s F G vV T @ E I K I Y R S8
AAC AAT TCC TCG GAA TTG GAT AAT GIC GCA GAT TCT TTC CAT ATT TAT
¥ N 8 s E L D N V A D 8 F H I Y
AARA ATT TCT GCA ACA GAT AGC GAC AGT GGC AAT ACT AAA ARA TTG TTG
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oo lunguuenelasy Sulfated galactans WU 1851 SG Aanududuganigd
[ ] t:' J d' [ gi a o tiyﬂ ] dy Y td' (%
9A3IM30g50ANYINNI1 (FUN 2.12) ANIUINNUITBT9U9% 1411 Sulfated galactans NANAIIN
Y
A5 10FUR (Gracilaria fisheri) Wulinnuansalumsaemu hiaauasarsunlunsyn

samngnald (15)

U q
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——WSSV(-), SG(-)
100 - —8-WSSV(+), SG(-)
——=WSSV(+), 100 SG(+)
——WSSV(+), 200 SG(+)
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Cumulative mortality (%)

20

0 2 4 6 8 10 12 14
Day post injection

~ o ' v A Yo ~ Y Y Y o a v
‘j‘lJTI 2.12 ’E]G]ﬁﬂ”l’iﬂgi@ﬂsllﬂﬂf]%ilﬂllﬂiﬂ Sulfated galactans NANUVUVUAN LAININITRANIY

Y

White spot syndrome virus (16)

v 1 a

' awv . a o o J J v W [
Tuilaeumninddenguiandsaulaivzdnudal fauwusszrnang hiaamnn19v1In Sulfated

q

{ 1Y ' 4 < !
galactans Aanalannansieduas (Gracilaria fisheri) 1199910 Sulfated galactans Lﬂumsﬁgﬂ

[ 1

v 9
@ﬂiuﬂqm Sulfated polysaccharide F¥9zlaIulsznouved Sulfated group DYNIN ANUUNN

Rl

=)
)

v R o

o W v a Aa o v Jdo [ %
EJﬁN'VHﬂﬁﬁﬂHTﬁQﬂ’NlJﬁ"lﬂfg"ll’EN Sulfate group Gl’ﬂﬂﬁlﬂﬂﬂi‘]ﬁllWu‘ﬁﬂﬂuhiﬁﬁﬁllﬂﬁﬂ’lﬁﬂﬂ?

oF

GT;Q 1ANITANBIRIBINATA Solid-phase viral binding assay W11 Sulfated group U®A Sulfated
galactans &uﬁd’mﬁﬁauj@iamﬁuﬁu"h%’mifmmmwn iiesniniiiesiinissisanie
Lﬂﬁﬂuuﬂaﬂmqa $19v04 Sulfated galactans (D-sulfated galactans 48¢ Dextran-Sulfated galactans)
aemal¥nruauisalumssusy hiaduasarnanasegiuiuldsaiieiouty Sulfated

galactans Unaaaueaaalugin 2.13
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U

311 2.13 msfinmanudiAyveryFamaden1stuved hiadianav (17)

[ g’/ 4 1 [ { < o w ] v W
astiuiionstuudrinauinilu Sulfated group Y4 Sulfated galactans Inud ANV
Thfadaini9v1 399 s@nu1luseqY n virro assay DIGAYUE cytopathic effect (CPE) 7
a X ] o J o 1w < A Y [ =~
inavu Taen151y WSSV 1 Sulfated galactans nouti1 lildunuidianeaduiiouny wssv i
M Y o [ @ U < A Y A o . A % =
1i1@vmsunnD Sulfated galactans WU UTAROANITANHULYDI Cytopatic effect NA1INU
<3 1 a . [ 3’,
uaaal9itiu 1a70 Sulfated galactans HANNaIWI50lUAITAANITIAA Cytopathic effect Aain 11
1 = o = a o v 1 = [ (% @
msnaaveae lTekinsAnyljaunusseuinTdsauves liadauain19u120Y Sulfated
galactans #281MAHA Far-Western blot 1A8W1N1TAAAINAIY anti-LMS5 (IgG specific (1,4)-beta-
galactan) NTUWIZNY Sulfated galactans FI91NMINAABINUNNULLU TI5AUNVUIA 24, 26, 28,
o 1 { o 1 I 1
31 uag 39 kDa awd1ay ualuinsiunuainTdsduauia 26 uaz 28 kDa 1iuTds@ureduy
o 4 I @ o = {
VP26 g VP28 muday uaztiioslunmsaudusaiinisasivaeudiemnatin Western blot 1

a Y

AANINAY anti-VP26 110 anti-VP28 91NNIATIVADUNUNNULUY T15AU VP26 118z VP28 B8

F4
L=

v Y
A1 aReIn D T15AUNTVAY Sulfated galactans #9111 9% 1831 Sulfated galactans §11159

unuTsau VP26 uaz VP28 (16) adudndlugili 2.14
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WSSV VP 28 ConA BSA WSSV VP 28 WSSV

39 kDa=> '

-

31 kDa>

VP 28>

VP 267
24 kDaﬂ

Anti-VP 28 Anti-VP 26
Far Western blotting Western blotting

d‘ = a o v J 1 = o @ (Y
5'1.]‘“ 2.14 Wﬁfﬂiﬁﬂ‘l&lWﬂaﬁﬂ\lwu‘ﬁigﬂ'ﬂx‘lT‘]Ji@]usll'ﬂ\?h]ﬂiﬁ@]')llﬂ\i@'{]\ﬁﬂ')ﬂﬂ Sulfated galactans

Y

FenATiA Far-Western blot (16)

2.4 Tnalaanfilulnanauneunuinmsidulinanadasy

a I a 4
TnalaaiTulnauau (Glycosaminoglycans, GAGs) 1Y uiaimo Isnoaudnailsa
. ~ ' A o | a 3 J '
(Heteropolysaccharide) Ainuu1nlusienie Taslanvaziiluneaudna lsaaiosn liuanmuus
a Y o [l 4 [ o
pazdvsnandudunialumsiyeuaenuTysa e lnauau (Proteoglycans) TneTaseadna
a <3 4
vodlnalasiiTulnananlsznoudae laudnai'lsd (Disaccharide) 2 Tuianane
N-acetylgalactosamine (GalNAc) 3o N-acetylglucosamine (GIcNAc) (L@ ¢ uronic acid LY U
2 o a I
glucuronate (GlcA) %350 iduronate $1911 TaglnalaadiTulnauausziianuiluilszyavga
4 [ 1 3 o a
iHesnniidiulsenevuves hydroxyl, carboxyl L@i& sulfate groups agmummumﬂ lnaTlaani-
1 I 1 [ 1
Tulnauauannsoutsesnilunguld 6 ngu'ldun Heparin/Heparan sulfate, Chondroitin sulfate,
. . v -d' é a
Keratan sulfate, Dermatan sulfate 1182 Hyaluronic acid aanaadlugili 2.15 &a'lnalaaniilulna
1 = (Y I 1 Ao o Y . . ~ a A A 1a
uaunnnguazinydamlailudiulszneundinty endu Hyaluronic acid ifieariiadedin Tul
[N a Y & A 1 %
nygaa vag lnalamiiTulnauauaunsoadieiuse InrnaudidonaenuTdsauldlae

i5on31 T11s5a 1o lnauau (proteoglycans) (64)
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€o0" 5 CH,0505" - CH,0H CH,0805" CH,0505"
0, oH o [0~ 0, o [0~ 0, 0,
OH o (oH o 3G fon
OM
OH NHCOCH; OH NHCOCH; 0503~ NHSO;~
Chondroitin 6-sulfate Keratan sulfate Heparin
“0s5 CH,OH €00 CH,OH
o 1 0
(o] 0 Q2 0 0 2ol
€00~
= OH
i
OH
OH NHCOCH; OH NHCOCH,
Dermatan sulfate Hyaluronate

51 2.15 stiaveslna lnmdi TuInauay (Glycosaminoglycans) (64)

Aa Y, A Aaa a YA a a 7
ulﬂaTﬂGImJTu%mmummmwu%ium3Jmﬁwmﬂﬂmwuﬂmmiawuvlmflmnmmmfaa
. o Y A A A v % v .
118 extracellular matrix 1Ag9E U TNENOU co-receptor N8 1¥itsaanon 1A secreted signal
. dy [ a Y dy d’ d' [ a Y
proteins (64-66) uaﬂ%1ﬂuENﬁm15aW‘UllﬂaTﬂﬁ]ﬂaﬂuulﬂaLLﬂu'lﬂﬂluLu’eJLEJ’e)Lﬂmwu WINUN
1 4 a 4 1 1 1 o 1
ﬂizg}ﬂ’ﬂ@u L%gm (basement) HALHEAD LATFDINNNTEHINNLLAD (67) mﬂmiﬁﬂymﬂuﬁﬁﬁ
1 a ~ 9 1 4 [ a @ ] [}
‘W‘U”nllﬂaiﬂmﬂullﬂmmummsffmﬂ‘umiuﬂ‘gm%qmaaﬂmﬂaiﬁwmwuﬂ YNANIDYILYU
Dengue virus and Yellow Fever Virus (18), Rift Valley Fever virus(19), Herpes Simplex Virus (68),
.. ) S
1182 Hepatitis C virus (69) Wuau

Y '
1NNTINANDIVDN Kanokpan HASAUSUIBINT1TANA Sulfated galactans V]Ul@g]}ﬂWﬂﬁWW‘ﬂEl

9
= Y % U 4 v
auaa (Gracilaria fisheri) Hulianuaiwisalumsvaviemsynsnndesaaued Saaluag

Q. a QU

Y Ya

PR
@’NGUTJUI&B]} I@Eli]$‘1/1WﬂW‘if]’E)ﬂt]TIﬁﬂﬁ’Jul’JiﬁIﬂﬂﬁi\? mwa“lwmi]ma] INATUNATIUIININ

x

[ Y

kS ! @ v J 1 1
Sulfated galactans HUA1M15DNIZTAVI9MTYngdgiadveslaTals Ued' 14791 Sulfated

[ [

1 % Aa o v 1 =) ] Y 4 o A o a
galactans 1vzaRvUduwusszae lUsAurneduradves haddnynuTuanauuin

9

Y o & Aa Y a A wa 9 o
aany ﬂ\iL!‘Ll‘UuW’JL“]fﬁﬁQ\‘1@1%ﬂ%uih!ﬁﬂaﬂuﬂmﬁﬂﬂﬁﬂa']ﬂﬂﬂ Sulfated galactans (Sulfated
. = = Y 9y . . .
galactans-like molecule) % a3 2008 1@Tin15189 UM TAUNDY heparin-like glycosaminoglycans
Tu fj) 117 (Litopenaeus vannamei) (20) 148 ¥3) 2011 W Heparan sulfated 1u fi} WFIY (Penaeus

: I J v o ] {o o o
brasiliensis) (21) #a01milula 1l 1d 1 hiaduasarsvnene 19 sduefuidngduny
4 J Jd o 3‘/ aw £ f o
SG-like molecule 11N NEiNgaanainluauIsesutiteaulaiimsnadounnuamiso lu
o Aa o v 7 1 s 1] =] A Yy 9 =2
M3varNfauiussenia sy VP37 numaaiia@enanie sulfated galactans 3IUDIN3

wilfdunussgnanalalsiu VP37 iU Heparin 1oas19d0UauuAg1UNI1 Sulfated galactans

7
i leengnisgrneTlsAuneduves 15aaaen1911901 SG-like molecule
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A A d
3.1 !ﬂi@@u@!!azqﬂﬂimﬂcl%ﬂuﬂ']ﬁﬂﬂaﬂﬁ

A A
3.1.1 IN393UD

Autoclave (TOMY, SX-700)

Cylinder

Disposable pipette 10 ml

Gel electrophoresis (BIO-RAD, sub-cell GT mini)

Hot air oven (BINDER, FED400)

Lamina flow (36211 -04; Labconco)

Microcentrifuge (HETTICH ZENTRIFUGEN, Mikro 200R)
Micropipette 0.5 — 10 pl (AV — 100; Accumax)
Micropipette 100 — 1000 pl (AV — 600; Accumax)
Micropipette 20 — 200 pl (AV — 800; Accumax)

Microtube 1.5 pl

Microwave (R — 3S68; sharp)

Orbital shaker (4581; Thermo forma)

Petri dish (K1004; Hycon)

pH meter (713 pH meter; Metrohm)

Pipette tip of Micropipette 100 — 1000 ul (Greiner labotechnik)
Pipette tip of Micropipette 0.5 — 10 ul (Corning)

Pipette tip of Micropipette 20 — 200 ul (Corning)

Power supply (Power pac 200; Bio-RAD)

Refrigerator (SJ-D48H-BE; sharp)

25



Refrigerator & Freeze -20 °C (FC-19; sharp)

SDS-PAGE (BIO-RAD, Mini-protein II cell)

Spreader

Sonicator (SONIC & Material, VEX600)

Vortex mixer (vortex-2-genie G560E; Scientific industries)
Water bath (WB-14; Memmert)

a J
3.1.2 ’61’15!?13»1!!%13!91!"!‘1511

Acrylamide (OMEGA)

Ammonium persulfate (SIGMA)

Ampiciliin

Bis acrylamide (OMEGA)

100X Bovine serum albumin (BSA) (BIO-LAB)
Coomassie blue (CARLO ERBA REAGENT)
Ethanol

Gracial acetic acid (OREC)

Glycerol

Glycine

High Speed Plasmid Mini Kit (GENEAID)
Hydrochloric acid (HCI) (BDH)
Isopropyl-Ol-Dthiogalactopyranoside (IPTG)
Mercaptoethanol

Methanol

Nikle resin bead (Ni-NTA resin bead) (QIAGEN)

Protein molecular weight standard (BIO-RAD)
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Sodium dodecyl sulfate (SDS) (AJAX FEHECHEM)
Sodium hydroxide (NaOH) (CARLO ERBA REAGENT)
Tetramethylethylenediamine (TEMED) (SIGMA)
Trise-base (PROMEGA)

Tryptone

Yeast extract (SPRINGER)

TMB substrate

A” A A a
3.1.3 waUUANLIY LazWa1aNa

Recobinant plamid VP37 (pTAT-VP37)
WUANITY Escherichia coli strain BL21
WUANIS8 Escherichia coli strain DH50L

WUANISY Escherichia coli strain RIL 913 Recombinant plasmid TEV protease (pRK 793-TEV)

3.2 M INAaLIMIANEIUNLINHINNazMIanNanIlsau VP37

321 msadananadiagnway  pET-15b(+)-Thio-VP37  dmduldlumsanuims

naaseanvadlisau ve37 lussuu E. coli

=

A o 2 Y an o Y ) v o I A
AITENUITUIUYUIU VP37 A3873F5 PCR ‘Vn]lﬂjﬂﬂ‘lﬂf total genome ﬂl@ﬂllﬁiﬁﬁlllﬂﬂﬂflﬂslﬂfllﬂuﬂ

< 9 Ao d o o A o 2 A KX YA Yo
L’E]‘L!!ﬂ@ullﬂu%uﬂlﬁ]ul@tﬂ?ﬁlﬂﬂ (template) AIURTUDITLNNITUIUS LYY VP37C]N%3°’I]EJ]‘1§]5'L|

4 [ Y] ’a o 4 < a
AYTUOYIATIZH total genome YOI 1T AAIUAIAIIVIY INGUIIToNOAIIWIT WIS
S Y o [ . d‘ 9 A o Qy =
maTuTady20 M09 @ 145U primer 7115 TUMNTAVTIUIUFUTY VP37 00AUUUNIIINNIT
AIVAUMAUIL AV VP37 Glugmﬂsfaya NCBI (GenBank accession No. AF411634) MMIHAY

9
nsnddvsusziin il PCR daanlalil



Component volume/reaction
Molecular water 19.5 ul

10X PCR buffer 2.5 ul

dNTP 0.5 pl
F-primer 0.5 ul
R-primer 0.5 pl
Template 1.0 ul

Taq 0.5 pl

Total volume 25.0 ul

[ o [ o { 9 Y 4 ?.'/
lavaoanaaeid sy PCR nauaisinliseuissudiaaliunsas PCR Tagaellsunsy

1UfjA3e1 PCR siano 11l

L a dyy 0 Y an . oA y Y
ma%ﬁammmawuﬂum%mﬂmi‘m PCR 21877 agarose gel electrophoresis NUAITWIUNUY

1w = = v o a g
YD agarose gel IN1NU 1.0%11! TBEbufferTﬂEJL‘VlEJ‘]J“IIHTﬂﬂJ’ENEJu VP37 NUALDULDUUIA

NIATFIUY

Temperature  Time Cycle
95°C 5 min 1
95°C 30 sec

55°C 30 sec 25
72°C 1 min

72°C 5 min 1
16°C o -
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3’1 o ay ~ ~ 9 o v Y Jd o o ) oA
niuarugu re37 nlduiiinmsaadleou laidas uniy BamHl uaz Xkl 11 11/uun

A o g d = v do o Y an
auUnu 37°C L‘]JHL'JEH 16 G]f’JIiN ATIVFADUNANITAAYUYU VP37 @'JEJLE]U“%?J@@%HW'I%@’JEJ’J‘]}
9 g Y
. g % o a aAa 9)
agarose gel electrophoresis wmmﬂmﬂuummqmﬂmﬁu VP37 en9%n Gel/PCR DNA Fragments
J Y
. . a aan 9 a .
Extraction Kit Gl‘i’Ji]ﬁ’E]“]Jﬂmﬂ1WLLﬁZ@ﬂ’NNUiQ’Wﬁ%UEAju VP37 A2075 agarose gel electrophoresis

GIGER
3.2.1.1 Msta3guna1aia pET-15b(+)-Thio

NS rmnaraiia pET-15b(+)-Thio A2em3n1e Tounaalaingisaauuaiiise £ col 1o

]
= a

[ 4 =Y o gj/ o 4
WU$ XL1-Blue @289 transformation NNl 42°C 31n1iuii1Ialatlveaasuuaniie £ col

a Q U

=l.

Yo a o A o { a L. )
”lmuwmﬁmmmﬂmwummuclummi LB broth ﬁﬁmﬂg%uz amp11c111n ANULUNVY 100

&£

o o [ a 14
Aunan 16 F1 e hmsananaaiineenanaauuaiize £ col Iasl¥ High speed plasmid
g’/ o (J a do o ] {
mini Kit 9101 UmMsaanaaiia pET-15b(+)-Thio oo lysldas iz BamHI wag Xrol v
a ° <3| o (5 a . a
gauvgi 37°C 1Jual 16 ¥ Tu3 As29d0UNANTAANAIEUR PET-15b(+)-Thio A2875 agarose
. ~ [ a A " Y o v 9 d o o o a Y
gel electrophoresis 1oAY waradan lilavinisaaaisen laidasunie iwaraiald
7 )
Uiij‘l/l‘ﬁfs?lj’w Gel/PCR DNA Fragments Extraction Kit 910U U Kit A53900UAUNINLALANINY

Y
a

{ ad =S g}/
VIFNTVUNAIANA pET-15b(+)-Thio #1835 agarose gel electrophoresis 8NAI

A a A A A g v a
3.2.1.2 MIPINNAITHALAS T UL UIWBTINAIWNAIaNAGNIN TN

v 9

a ~ do o o o
du VP37 uazwanaiia pET-15b(+)-Thio Ngnaadieou lmidasumziFenioeuds hwkinsg
4 Qy 1 = Y] a @ 4
OUFUTIUVOITY VP37 AUNa1ala pET-15b(+)-Thio tiharenu Tasldten lasi T4 DNA ligase
° oA a o I < ¥ o a .
i ldduigungdl 4°Ciflunan 16 92 Tue MnuuAA@onWAIaNAQNNAN pET-15b-Thio(+)-
A o A o 9 ax . Y 1 4 aA 4
VP37 Amayoud 15941075 transformation 191gIsaalUANGY E. col @10¥WUF XL1-Blue 1ng
o A ~ s A A A a Y 3 Aa o
Aaaenlalativeuraauuniiise £ col Namnsonia lduuemsuds LB ager NTe1 Amplicilin

AANUAUYY 100 pg/ml

3.2.1.3 msnaaemasaauuniiite E. coli NASuwaraiingnean pET-15b(+)-Thio-VP37 @638

colony PCR u#ag plasmid PCR

o [ i A 1 I~ 1 °
mmsaaden InTaliNnsgeguue11sude LB agar 910M5NARBINDUHINLITINGATIVAOU
= A Yo a . k) ax A Qy
Talall E. coli N 1@5unmanaiiagnue pET-15b(+)-Thio-VP37 @283 colony PCR INDATIINITU
a Y Ta o oA A o 2 4 9 = & LA
ou P37 Tawld primers graunui gl umsiusausudu rr37 uaz 14 1n latlveuso £ coli 0
a < S 0w L v & o
WIYUULIMITUUL LB agar 11U template dIUSUMIATIVAOUFUBY VP37 YzAgINUN

{ I 1 g’z { <3 { a
master plate 10819 IaTatfinlHilu emplate a1 IUABAIVUDMITUTY LB agar NTe)§Fug



30

amplicilin AMUAINYY 100 pg/ml 1AM colony PCR Fovuiosihdrosnsi lduasivaeuna

1 Y
V=

o A ~ A A 9 ax .
msaaaen Ia lalNU¥UBU VP37 A187% agarose gel electrophoresis

y . adg Y o A a A X 9
vintuihlalafinldwavinuiimsmulsnawaiaiiagnuan pET-15b(+)-Thio- VP37 A2t
k4 Y H
M3UUT0 E. coli 910 master plate A8 1149IM1511a7 LB broth N8 I1g amplicilin A21M
I o g}J o o a ¥
AU 100 pg/ml iJual 16 2 Tue MinduimsananaaiagnHaueenNINIFe E. coli A0
. . .. . [ A v ! a A [ Y AAq Y de =S
High Speed Plasmid Mini Kit 1msguduimmaraiananauldainlalafin l¥inauiniausu
VP37 04130 1l @reimalina plasmid PCR Falunisnaassaz Imatiagumernunisii colony
v Y
PCR 11092 19 template AWa1@iAgnNaN pET-15b(+)-Thio- VP37 fidna Ia lun1snaaeil i
% ] d' 9 o [ A a d’day = 9 ad
A196197 1891011591 PCR masaa@eunanisaaaonnataiagnuauniyusu vr37 41035

agarose gel electrophoresis

U

o v d °
3.2.1.4 msasvaevdauiadle Inauazdriunsaesiluvesdu VP37 vunaalingnuan

pET-15b(+)-Thio-VP37

g‘/ A A o Y o v A =\ 4 = A 9 I a

nniuieduduaugnAssvesdnutiang lo lnavestu  ¥p37  adwdlunanaiiagnueu
. 0o < o A . 4 1

PET-15b(+)-Thio-VP37 159 JONWaaliagnmeay pET-15b(+)-Thio-¥P37 910 I Tatiuana1g
[ A 1A do v A = I Y a . . A o v A =
nu 3 Talail delnseiainuiiong le Inadlemaiin Nucleotide sequencing iionsudutiing
To'lndn1891nM39  Nucleotide sequencing  ¥a1auina To Indn IduvhmsulSeuiieu
(alignment) fudwDTIAA T Induosdu 1,37 vngudeya NCBI TaoldTisunsy ClustalX

. o v o v A = R o w a =
version 1.81 [98] wazihmsutaswadaviiong le lnailudidunsaesiiTuveslylsau vp37
Tael¥11/sunsueeulal ExPASy - Translate tool [99] tazsiimsufFeuiisudidunsaezii Tun
18 Tag1411/51n53 ClustalX version 1.81 iieasrvaeudnunsaezl Tuves TisAugnueay VP37

= [ o w a d' 9
nlssumeunuaaunsaezi Tungnasa

d
3.2.2 mIAn¥IMsnaaseanvadlilsau vr37 lussuusaauuniise E. coli

3.2.2.1 msaeleunanadingnwan pET-15b(+)-Thio- VP37 1ingisadnuaiiise E. coli luae

o da = a A 1 [
wu‘gﬁ“l%“lumsﬁnmnmmm@)anmmiﬂsﬂummnmanu

msmeTounaaiiagnwan pET-15b(+)-Thio-VP37 1ngwaduuniiise E. coli vz 14imaiin
transformation TagmsiwaIalagnway pET-15b(+)-Thio-7P3 151103 2 ul laasllunaea

A 4 A A A ] 9 A v A g Y 1 g
naaeINNraduuANise  E coli  Negluanmuiounezivainuemeueningmeluead

(competent cell) %mt‘fWﬁJuﬁ BL21(DE3), BL21CodonPlus(DE3)-RIL, Origami 8¢ Rosetta


http://web.expasy.org/translate/
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a

Z o 1 Y2 g A o ' v 24
vinwh lunlihudaiiunar 30 wid $51ms heat shock Tastivlusraihinuaugungi
{ a ° I a 1 g}; a
(water bath) Ngaivigl 42 °C 1Hural 60 31N AeIINUUANLIMNITMAY LB broth adlunaoe
) A a o <3| < ¥ o v A J
naad 1511935 500 ul v ldwaiguugi 37 °C Wluna 1 91 Tus nindwhmsaa@enyad
A A Ay Yo a . I Y 4
uuaiie E coli N1Asunanaiiagnuey pET-15b-Thio-/P3 Iasmsanaznouaanlonisiu
4 4 < < A Y o s o X
MIBINAMNG 6,000 ¢ Wunar 1 W uaimsazaieaznouaanavyu ludsunas
Y (Y g o < = ad g
gamaminy 100 pl nnuily spread adUUBDINITIUN LB agar 3JEJ11J§]G]5’JH$ amplicilin 7714

a

Wty 100 pg/ml Vuwaa liiufigaivigil 37 °C flunan 16-18 2 Tug

Rl

d' o 4 d N A . A Yo a . a
3.2.2.2 nwmumuflmmaauuamm E. coli ‘Vl“lﬂﬁ‘lJWﬁ1ﬁNﬂ§]ﬂNﬁN pET-15b(+)-Thio-VP3 Wan

T1ls@u vP37

Ao lnTafiveu¥eunaiise £ coli a1w¥us BL21, BL21-CodonPlus(DE3)-RIL, Origami 1Az
Rosetta 1 1@5Unaaiingnuen pET-15b(+)-Thio-7P3 ldasluemsideayoiad LB broth

a A

a o A A o & & 3 & 23
Pimnasnaoaay 5 daaans udnih lduiguugli 37°C Junar 16-18 ¥ Tua el uradas

v
J o A

9 9 9
A 1nHUMBraaAIn N 18Y511aT 500 ul (BA518U 1:100) a4110111518891%¥814a7 LB broth
A a ax o o ' 4 & A . .- Y
Vlmllfﬂﬂj;]sb"luzﬂ%']LW']%ﬂTJLL@]ﬁ%ﬁ"IEJWﬂ‘EfU@Q!GH@LL‘Uﬂ‘V]!iEJ E. coli (BL21: amplicilin ANUNUU
100 pg/ml, BL21-CodonPlus(DE3)-RIL 1@i¢ Rosetta: amplicilin ANNTY 100 pg/ml LAY
chloramphenicol AN 30 pg/ml, Origami: amplicilin AN 100 pg/ml L8 kanamycin
o ' : o ° v <3
ALY 50 pg/ml ) 131193 50 ml $1uw 2 flask Aevileaneniusg udai 1 AnuEaseu
~ a ° 3 & A A o J aa o A 4
200 rpm ngaungy 37°C Wuan 3-4 “]fﬂliiJQ ‘ﬂﬁ'ﬁ]tll@u“clfﬁallﬂﬂ‘ﬂﬁfﬂf]J')ﬂﬂTﬂ'Tlll@ﬂﬂﬁuﬂﬁu
~ 9 = o ~ o 9 o == a a = 9
1IN 600 nm oMl 0.6 1/]1ﬂ15lﬁu8]u11ﬁlcﬁﬁaLLUﬂﬂliﬂ!ﬂﬂﬂ?iﬂﬂ@jﬂiﬁui'ﬂﬂflﬂ
) . . Y Z o VoA
YUAY Isopropyl B-D-1-thiogalactopyranoside (IPTG) AMINUY 0.5 mM nniwih lvenen
a 0. A < < < o < o o 4
gauunl 20°C AANNEIsU 150 pm et 4 $lue imsnuaznewsaa lagii 1y

Q U

Y A ) A A 3 3 A oA A
ANAZNDUIFAAAILIAT DI NIBINANWGITOV 5,000 g WUma 10 I NYuUYN 4 83N
~ A X /e A & = o < A o
CEATOE UAZINDIRIUYAANHADIUATY 16 F2 119 JINIMINVAZNDUEAdINDYT IaT19a01
msuaaioonuod1lsau vr37 ao 'l

3
3.2.2.3 mavu3gnsldsau VP37 luszaudeavesnaaeumsnaaseanlisiuvesllsiu ve37

agneuwaan lanaannmamilenilifinamsnan TUsauuaza1eaie lysis buffer (20 mM
v
Tris-base pHS8, 0.3 M NaCl, 15 mM Imidazole (8% 0.5% TritonX 100) 15110535 ml 1INUUINS
o O} = { 4 4
analisAvesnnnwaduuaiizemematininl¥naudss Tael4Ha3e sonicator (Amplitude 40)
o = ' I A A y ~ A <
mmsuenldsauaiulaeennnaznouaduuaiise TasmsdTumileainanuizisey 20,000 g

Wunan 20 wii fAgangl 4 °C ieiilunisasieaeuinTusdu ve37 eglugiveslusauil
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%:’ 1 o I G 1
a£a181i1 (Inclusion bodies) ¥30 1Uvz¥1ATIAUAZAOUITAA ld I UaDANAADY HaIaz a1y
d Y . =y ) [ 1 =3 (]
ALNOUIFAAAIY lysis buffer UTN1A515200 50 pl dwmTumsasrsaeuTsau vr37 oglu
' Y 1 o 1 U
silvesTisAunaza1e1in (soluble protein) W30 14 vz Tasmsusne 1saudiulalaaslu
g’/ a a 1 Y I
NaRANAADIVUIA 50 ml INHULAY Ni-NTA bead Y311935 100 pl udrtinluiduiunan 30
Wi (wanvaealiindignng 3 wii) Uaesl Ni-NTA bead anagnouasuinduvasa uaa 14l
. 2 ' o . Ay Yy .
L‘ﬂﬂ@mm Ni-NTA bead ¥uu1ldaslu eppendorff U1 Ni-NTA bead Alaudreae lysis buffer
o Y ) . 1 <3 I~ {
Y3105 1.5 ml udrh l)uanagneniil Ni-NTA bead 1A1115350D 10,000 ¢ tTuan 1 11 7
Y Y Y
gaungil 4 °C vinuuiediula shimsareanvua 5 seu dmsuseugamegadiulaeonli

maedSuasgamominy 100 pl 1Ay 6X reducing loading Dye ttaz1i1 1183 leAnmdon 100°C

Flunar 1 i dwmsunezii lasrvaeuisaude9% SDS-PAGE

3.2.2.4 MIAsINABUMSHEAINVBlUsAuA 1873 SDS-PAGE

o w ' ~ 1 Ao W . 1 A d J o o Y J
u1¢1’ma1ﬂﬂmu1uﬁ’sum}Uﬂu Ni-NTA bead uazmumﬂumﬂaumaawm%mmimmaau@m
o 1 A = 9
W15 Ivaaasluuruiag 15% SDS-PAGE tWogmisuaadeanvyedlisauves7 Tagly
Y 5 @ ¥ o ' 9 Yy . .
ﬂigllﬁulv‘lﬂ'lwnﬂll 150 Volt HJ’L!L'JEﬂ 1 ‘B'JI?JQ MNUUUMNULIAN1IDNAIYET Coomassie stain
(Coomassie Brilliant Blue R250 1 g, Glacial acetic acid 100 ml, methanol 400 ml {8 DDW 500 ml)
HAZA1NA BN UIIAATY De-stain (methanol 200 ml, Glacial acetic acid 100 ml #4a% DDW 700 ml)
< 1 = =\ o ) a 4 =}
%muuwumamﬂumﬂﬁ u,azﬂiiﬂglmumeﬂﬂmuwmu mmmmmzwmmmaﬂﬂwu

(9 1 IS} [ = .
WJE]EJNL“V]EJTJﬂ‘LIﬂlu1ﬂﬂlﬁlﬂiﬂiﬁuu1ﬁ§§1u (Protein marker)

3.2.3 Mamusgnslils@u VP37 dremadia Ni-NTA affinity chromatoghaphy 12

masmaadIuiilulilsfu fussion tag e8nv1nlsAu VP37

3.2.3.1 Msu3gnslusaiu VP37 Aaematia Ni-NTA affinity chromatoghaphy

v v
aA

MInmInaasenourtaznldnnudsaanzhanganldlumsuaasoonTisau vp37 vald
Y A
anneillumsnanTisau Taeld5u1a501%15:1a7 LB broth 1 a5 a1y euvaiise £. coli
v J 1 A k4 <3 { J o { o
AeWUG BL21 AUWa1elagnuery pET-15b(+)-Thio-VP3 910UMAMNITAaHaI91NHEN
a I @ 4 =y g’/
TnanTusawiunal 16-18 ¥1Tue azaneaznousaanle lysis buffer U195 70 ml 910374
o [ = 4 a A 9 A A 9 A = 9 A .
mmsanallsausendinwaanuansealamaianlgsaauideslaslsinTes sonicator

o 1 O} J v
(Amplitude 40) viimsuen ldsaudiulaooninaznougaauuanise lasn1sdumleen

< < A A a 4 y . 2 ! ' v
AUSITO 20,000 g 1Wua 20 Wi Neanad 4 °C nvuth Tdsaudinlalumlalunadu

Q U
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g
a a

ﬁ1ﬂiq1/l°ﬁ1ﬂ§?lu Econo column (Bio-Rad) ﬁfl Ni-NTA bead 131195 1 ml ud21u19 Ni-NTA
bead vusuTdsaulufiduilunat 30 wid wanaeaul 11ingqnng 5 ui) 1ntudedae
lysis buffer t481g wash buffer (20 mM Tris-base, 0.5 M NaCliag 15 mM Imidazole , pH 8) 151105
961982 500 ml 2101152 T1J5A11997IN Ni-NTA bead 10614 elution buffer (20 mM Tris-
base, 150 mM NaClttag 0.2 M Imidazole , pH 8) U311015 5 ml wanue 5 a5a i Tsaui 1l
MIATINFOVYUIALAZAUNINUDS 1U5AUAI0T SDS-PAGE v TsAunsausunazii
mslaouiiiiesiiu TEV cleavage buffer (S0mM Tris base pH 8, 150 mM NaCl) 836 PD10
column Tagvimse1uTUsaudSu1as 2.5 ml aalunedawuyl wazld TEV cleavage buffer pH 8
1105 3.5 ml se3uduii lnasenin thldsaud ldmswiunanir s msadudidh

Thioredoxin 89AA8 TEV protease ao l/

T

3.2.3.2 M3MIA1U5AU Thioredoxin NiyenediuIsAM VP37 9aniaadsAu TEV protease

U

]
=

4
1 T15@u VP37 naannms¥iusgnsnedlu TEV cleavage buffer MUANAIY 1X Glutathione 30
)
Mercapto (U51105115AUAD mercapto 191101 1000 ml 79 348 ul) NUUAN TEV protease
J [ -2 1 o ' { a o I
5115 TsAuae TEV protease 111U 5 ml @0 1 ml) ¥ liuNgumgil 4 °C iWuna 16-18
& & o o 2 A Y ' A Y v &
#2119 MindinnimssenTlsAungnaalagkiu Econo column TAgiznannmsaanoaul
Y i ) v '

AeinauIag TEV cleavage buffer 91n1IAN Ni-NTA bead taz Tsaungndauaiasly dulu
Aac & ~ a o 9 = ¥ o 2
Adwilunat 30 w1 maneeaul liundriayng 5 ui) miuimasanaasunsessullsiu
. J a 4 3 1 { g . .
1gNAn Thioredoxin 0ONLEY HAZIAY elution buffer VoYM IFI0 1AM 1 T1/5RU Thioredoxin

= d’ o o 1 S (%
nazTs@u TEV protease aonuuneiih lviinsasivdounlilsdu TEV protease a1m15naa
T1l5@u VP37 809111581 Thioredoxin lanieliTasmsiiluasraaovvuavesTilsiudae

7% SDS-PAGE

3.23.3 mav‘im’%qﬂ‘éiﬂsﬁu VP37 dennadin Gel filtration

v TasAui 1§01nid 3.4.1 uaz 3.4.2 Ut uaniiUEnassa 500 ul vt )
FANUADANY DEAE-Hiprep FF 16/10 (10.0 x 1.6 cm. FPLC system, Pharmacia LKB
Biotechnology, Uppsala, Sweden) ﬁg‘ﬂ equilibrate @18 PBS buffer udviimsvelusaude
§a31%1 0.6 mU/min tazyhmsiAn T5au Tai Fraction A 2.0 ml MM sas Fraction ')
smsasnaenTisaudio3s SDS-PAGE nazifuldsauiifivua 48 kDa dmiuTusan ve37
11D Full length 1182 34 kDa dm5uT1)5@u VP37 j1111 C-terminal domain udavih I¥idudn
#8311 11/ concentrate (Macrosep® Advance Centrifugal Devices) Tﬂﬂﬁuméﬁl\i‘ﬁ 5,000 g

a

o <3| = ' Y 9 9 ' o <3 2 A
guvgu 4 C wuna 30 wn %ummg”lﬂmmmmummﬂ'n 1 mg/ml wazsimsny Tdsaun

U

o

-80 C
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y LYY 4
3.2.4 msnageuninfivedllsiiu VP37 lumsduiumadiamenns

= Jd & A 14 .
3.2.4.1 Mamsgursaaiataann (shrimp hemocyte)

o 72 A Y ¥ 3 a A . o , y o 2

mmsgaaaiiaaeanedoiiniae i salt solution ludasiaau 1:1 MinuhMsTUaaLie
Y G Y e . 2 J

APANILAZIIDINIFDAIAADANIAITDINT 2XL15 + antibiotic 19 lal/3uraiwan 2x10° cells

0 ] { 0 { , ¢ & o
viradiadeanan 18 limsmiziaeslu 96 wells plate Tasldsadiiiabonda100 plwell 41

A o w I

] { a o I ] g}/ o { ] 1
ﬂ13UNﬁQmﬂQN 27°C \Wunat 2 ¥ Tus ndummsdasueims lnam ﬂTﬂﬂ!“ﬁﬁﬁ‘Vllllllﬂ1$

a

A1 plate 000 Tag1d 2XL15 + antibiotic 133105 100 pl ud1mstiviguuai 27°C iWuna 16

U

¥ T34

YY) v = (Y] ¢ & A Y v a
3.24.2 m5ﬂﬂﬁﬂﬂﬂ15‘ﬁﬂﬂui$‘}’i’a1ﬂﬂﬁﬂu VP37 nUlBFaatNaadANIN LN LA ELISA

sl A Y A Yo ° v A ' I3
LEAQLNALADANIN ﬂ‘lﬂllﬂ‘vnfﬂi block A8 5% BSA mazmﬂagiummi 2XL15 Lﬂunm 16

J
d v

' 9 i1
SR FTN mnuué’w 3 AN INIT 2XL15 !ﬁfl\‘l%1ﬂﬂ$ﬁ’t’)\iﬁ']ﬂﬁ@]‘i’]%ﬁﬂﬂiﬂﬁau VP37 910 6x

His tag 39deudn1Usau vp37 7111 1am9a 11581 Thioredoxin A1 UA199 AB 0.05, 0.2,

v
1 =

ey 0.5 mg/ml U3u1as 100 pl a1y well Aladiiadoans tuiiguyi 4°Cilunal 4
#2113 419 3 AT9A001115 2XL15 1AY antibody (Anti-His) 1:4000 aza1e0g1ueIn1s 2XL15
Y3103 100 pl tiuigagives unat 2 ¥1Tus 11n1iudie 3 afede01113 2XL15 udqld
a ] AA d =} Fl ) [ J ° [
substrate TMB 151105 100 pl us lundiaduiai 20 w1 uda1inrldIas1 0p650 d115uns

o A @ A 1 1 = I3 A Y
‘V]ﬂa’ﬁ]\?ﬂﬁlllﬂufﬂﬁ‘ﬂH‘ViﬂJ@uﬂ‘UﬂWTVIW'ﬁ’ENTIﬂaYJllHm‘”l]%]llllll"]fﬁﬂlilﬂmﬁ]ﬂf]ﬂ

v d

a v (Y] d
3243managoulfauwuiszndnellsiu VP37 duwaatsiaiaeans drainafin
Immunocytochemistry

0 s 2 A Y Ay v 2 o Yy v "o v
LHL"HE]ﬁlllmﬁ@@]f]\‘lﬂ]lﬂinﬂﬂlLlﬁ@u 3.24.1 3J11/I1ﬂ15i]1\1ﬂ3861141511/m NINIT fix A8 4%

a =

o oA I
paraformaldehyde t1d21i1 T unNgauvadl 4 eerusadod 11una1 10 W17 uag treat 728 acetone

U

Y
= g % o

° [ 4 a I ?z’/ o
i liungugh 4 essuaadea Hunai 30 wi waenninindiedie PBS 2 a5e Hins

a = { a I <3| o
block 718 5% BSA viquaz 300 Tulnsaas tuia 13 Ngmmngil 4 osruwaidod 1Hunar 2 521w

U

Z o 2 o 1 = 1 (% =]
91U plate 11819828 PBS Yszana 3 a9 ualrrmslaldsau ve37 aslduniuwadidia

a

A A o = & Y = o Y 9 Z 4y .

oanguninll 4 eerwaidod 1Hunal 4 1 Tue 1dr139111d19828 PBS 3 A5 1UUA0AIY anti-
{ a I o g

his antibody Ng¥ il 4 oerusaFed 11wl 2 52 1u3 319828 PBS szunal 5-6 A3 ganie

Aa ] { o U 4

1AW TMB substrate a9 11/ Unte1 13 ufiia 5 urfi ihudesguanisldndosganssal Taod

T1/5@u Thioredoxin 1iuT1ls@unuqu
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a Y v v 4 A
3.2.5 maanmmusnauulnanallsau ve37 ilylumsduduwaauiamenis
3.2.5.1 M30dNUULTUAIUMIY VoalilsAu VP37

FMSUMIoonUUDFUTIUA199 V04 T11AU VP37 9¢8199991N secoundary structure Y94 11/50u
é =S Qy 1 1 =S = g’J A

vP37 9 ldsauainyuaiuaiaguedldsau VP37 Unaviua 4 3duuune VP37(111-281),

VP37(138-281), VP37(1-265) tlag VP37(1-250) T@ﬂ“ﬁgﬂuuu VP37 (111-281) WAIDUAYUNIADS

HTudrdun 111-281, 3uuy VP37(138-281) 3zAT0UAQUNIABLY TUa1aUN 138-281, JUuuw

VP37(1-265) 3A50UANNIADLA IUA1ADN 1-265 Haz Ui VP37(1-250) 9230 UAQUNTADE

Hluaauf 1-250

3252 MsadlanaradiagnranvesBuaiumeg vedllsiu VP37 dwsuldlumsanuims

2 d 2 A .
nanseenvesldsaulmwaauuaiie E. coli

Y
MyadnmalagnHaNveIFUaIUA1Y Yo9115AU VP37 929 n1500nuDLY primer 145U
. 1 Y A o v A = 4 = 9
PCR (primer LLﬁﬂQﬂgiHNﬁﬂ?iﬂﬂﬁ@ﬂ) Iﬂﬂ@TQﬂQﬂWﬂﬁ?ﬂUU’Jﬂﬁ@ll‘VIWU’t’NEJ‘Ll VP37 GL‘IJEETH“U’E)Qﬁ
g o A 2 Ay a ¥ A o A A 2 4
NCBI 31 UUNMNT INUBUIUAISNAUA PCR Tﬂﬂﬂl%ﬁma:mu@uﬂuwﬂl%’ﬂlumimm%uﬂu VP37
g’.} o a . o (Z Jdo o
1N UUUT PCR product 48 WATeNA pET-15b(+)-Thio NTVITﬂTi@ﬂ@S]}'JEJLBHll“BN AVUNIE BamHI
g Y
Uuag Xhol ‘Iﬁi’c‘lﬁmﬂﬂiﬂif,ji/l‘ﬁ@g]}?lﬂﬂ;ﬂ Gel/PCR DNA Fragments Extraction Kit 1a7 FUBUaz N

o

A A Y ¥ o Y 7 . ° 7 A a 1y
mﬁmmwammmmﬂumm@u"lcm ligase m“hJ transform GlUL‘ﬁ)’aalLiJﬂ‘I/]LifJ E. coli TVINUT

a

A an e g}z v A AA Yo a Y a
XL1-Blue ‘1/]1]811];]%2]143 Amplicilin ﬂ1ﬂuuﬂﬂla@ﬂ1ﬂiau‘ﬂ1ﬂiiJWEﬂf’fiJﬂQﬂNﬁilﬂ’JEJWIﬂuﬂ

2 v o w A J 1 Aa d .
colony PCR tla¢ plasmid PCR nniugududauiiong le Indmemsaadmsey sequencing

= a ' = d a .
3.2.5.3 MIANHINSUTAIDDNUDITUAIUNN voslis@u VP37 luaaauuaiiisa E. coli

1] M '

WaaInNgusuramsas InaalagNHaNY0IFUAIUA1E Y03 1UsAU VP37 Ngndod aounil

wanadiadana1 11ins transform Whgimaduuaiise E. coli a1evug BL21(DE3) nag BL21-
o { o { ° o <

CodonPlus(DE3)-RIL ¥ usaad I ldvimsmiieniliasellsdudae PTG nagimsinu
J A [ ~ o ¥ I o ] g’/

aznouwanllinias 1 ml vad1nmile111ale IPTG a4 97114 tag 16 %2 Tue iy

Y . U . . A o a J 1A
aralgaenNaULEaanIY lysis buffer wazla 6x reducing loading dye e ldmsizvdSum

Tis@udemaila SDS-PAGE
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3254015 USgnEvesTuaiuniag vealusiu VP37 Arsimatin Ni-NTA affinity

chromatoghaphy

[} 9 d' 1 a =1 Qy 1 1 = o
‘IrifNfl]Tﬂllﬂﬁfﬂ’)%‘ﬂmll13’dllG]ﬂﬂ?iNﬁ@Tﬂi@‘H‘Uﬂﬁ%’Uﬁ’Ju@Nﬂ voullsau VP37 ihanie
@ 1 ) a Y] ] o 45’ < A a [ =) 1
ﬂ\‘lﬂﬁTﬁM?ﬂ?ﬂ?iWﬁ@iUiz@Uiﬁiy TagnmisiaoaraadSuing 2 ans maiﬂmmmazgﬂgmu

¥ o a £ = A Y A A A a £ 3 o ~ a °
mﬂuu‘Vﬂ“Uii:(‘iﬂ‘ﬁTﬂiﬁmﬂiJ@uﬂ’UﬂJ@ 3.3.3.1 Luﬂqmﬂiﬁuﬂﬂiq%‘ﬁ Lﬂ’]Jiﬂ]eITi/]QiLl‘VigiJ -20°C

YY) a [y ¢ a
3.2.5.5 MINATOUNMSIUNUIZHIIBUAIUAIqUeal)siu VP37 Mumadiamens Aemadia

ELISA

() [

v W 1 2 U 1 @ =]
mmumimaaumi%Uﬂuizmniﬂaﬁumewumumm ﬂl@ﬂiﬂiau VP37 ﬂiJL“]ff‘]ﬂLllﬂLa@ﬂ

Yy =X

o v 9 N 9 9y 9 ' o
N Gmmmimammﬁauﬂma 3342 umz“l%mmmmmmaﬂﬂiaugﬂwfmmmu 0.2 mg/ml

Q

v
v d v a v v

av LY d
3.2.5.6 msnage vl fauwusszrnaBuarumaquelisiiu VP37 Mumaauiaaenns foe

mAA Immunocytochemistry

o [ 1Y [ 1 = Qy U v =1 [ AR~ A
ffnﬁ"J”Uﬂ']iﬂﬂﬁ@uﬂ'lﬁFi]llﬂu35ﬁ31ﬂ1ﬂ5ﬁum@qﬂﬁuﬁ3uﬂ1\1q "’U’ﬂ\iiﬂﬁﬂu VP37 nULaailuaLlaon
Y X o A o 9 ' v Yy 9 a VW

fN PFININITNAADUNUDUNVUD 3.2.4.3 !W]Eﬂgshfﬂ'J'liJ!GUjJGUuGU@QIﬂﬁ@]ugﬂﬂﬁulﬂ’]ﬂ‘ﬂ 0.2 mg/ml

Tao19711/5@u Full length (1-281) t1az T1/5Au Thioredoxin 1iuTils@unuqu

v Ay o ¢ (Y d
3.2.6 fni‘ﬂﬂﬁﬂﬂﬂ'J134i;n@ﬂ‘ifﬂ‘l«!ﬂ1iﬁllﬂm31ﬁﬂ§]ﬁuwuﬁ‘§$‘ﬂ’j1\ﬂﬂiau VP37 nuLtgaa

< A Y Y
INALaeANIN I8 Sulfated galactans (SG)

3.2.6.1 m3unIUsAu VP37 AU Sulfated galactans
- g % ' a
Tumsnagoutioz]d  Sulfated galactan (SG)  Fuilunilslunguueslnalamiinlnauau
9

(Glycosaminoglycans) ¥13mMsnagey Tagazyiimsuilalsay VP37 nagiuu Full length uas
C-terminal domain ¥1¥11M35UNAY SG Nazanelu PBS Amidudy 0.1 uaz 1 mg/ml Ngmumngi 25
o I @ o [ @ Aoy o J 1 2
c Wunar 2 9 dmsumsnadeuanuanse lumsvaynalfauiusszrinellsau

o I3 A Y 9 a o ] = .
VP37 fusaadia@enfanlemaiia ELISA uazimsunTlsay VP37 Tugiduuy C-terminal

. @ A A o 1 I o A a o o @
domain A1V SG Nazaglu PBS N8as1aau 1:4 Funan 2 42 1u3 Ngaumgil 25 °C d1msums
Ay o o 1 ~ . . [ Y a .

nadoulfauiusseniallsau vp37 Tugiluny C-terminal domain A SG A28MALA Native-

PAGE
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v av o d [ d
3.2.6.2 mynageuaNNmINIalumsTavNlfduiusszuiellsau VP37 Muwaasiaen

Yy Y

NAY Sulfated galactans aemnatin ELISA
) . @ o { 1 I
111 hemocyte N 1@9n#a90 3.5.1 T1Jv1m15 Block @18 5% BSA fiazagoglueing 2xL15 1ilu

& ¥ o v ) Y o a a Ay o 9
18116 51 109 91UUTINTAN 3 AFIA891115 2xL15 uawimaan 1Usaun laniniide 3.4.4
{ o 1 { a o 3 o ?
51195 100 pl 891110 well #1l) hemocyte udniliunnguugi 4 °C Wlunai 4 %2 Tus 9nviu
v 1 [
MM3819 3 ATIAE 2xL15 udIWIMIIAY antibody NIUNIZAD histidine tag (Anti-His) 1:4000 #
[ A a g I o ? [ Y
aza180g 1191413 2xL15 Y311905 100 pl Hungavgiieaiumal 2 43103 91nUuinsaid 3
¥ v Y o 1 ' AA g ~
A9 A2801113 2xL15 12291103 1d TMB substrate U511015 100 pl Unlundadlunar 20 win ag
msngalnserdronmsian 1M H,80,ud21i1113aA1 0D650 #1451 control v viunilounui
1 ] I § (] ] o 1 U g/J
nanuuaszduTdsdu vp37 AlildUnny Sulfated galactans waz lifinslanslysdu vesz

iuae GAGs

3.2.7 msnagevifduiuiszrnalisdu VP37 luziuuu Full length i1 Heparin

3.2.7.1 m3uuIUs@Au VP37 iU Heparin

dmsummadeusIemAiia Native-PAGE 9211 115auTlugauuy Full length 1101369 Fusion
tag ©0NYYIMIUNND Heparin NANMYUYY 0.0045 mg/ml, 0.045 mg/ml, 0.45 mg/ml, 0.90 mg/ml,

1.8 mg/ml, 2.7 mg/ml Uag 3.6 mg/ml

3.2.7.2 mynageulfFunusszvanalisdu VP37 luziuuu Full length i Heparin famaiia

Native-PAGE

H 9
1hded1en lannduneu 3.1.1 1MIATINERUMLNALA native gel electrophoresis

=1

TagimsfeuieunuTysau ve37 718180 uA Y Heparin ud211 10 1% nszua ol
v ! H Y v v v
80 Volt 1iuta1 3-4 ¥11ue TaelusAuavsimsaaeuiininilay ludaviuan dalusaund
vinalngininzedoui ldinillsauiivinadn Tasmaniand1asdau ve37 sansoiia
URAUUS D Heparin 1@vzAoeansaveuiiuanuduveauullsduidermsfoudiod
. . ' A = o v W . A 2 1 Y
Coomassie stain DY) AN iesnnTusau ldhmssuny Heparin qumﬂmumwa‘lﬂmaqa

Y 1 H
Heparin-VP37 Hudlviia lvgau idwnsomdeuisiugesinsenitamala
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3.2.8 mynagevlfFuiussznnalilsiy ve37 lugiuuy Full length A1 Heparin

Gglj’Jflmﬂ‘ﬁﬂ Surface Plasmon Resonance

3.2.8.1 M3AARA1N Heparin A28 Biotin

Ta8te3 83 Heparin NANUANTY 5 mg/ml Naza1elu 20 mM Sodium phosphate pH 7.4, 150 mM
NaCl 9101111 1 ml Heparin 1013 834191015 UAY 50 mM Biotin-hydrazide U511015 25 pl uag
100 mg/ml 1-ethyl-3-(3-dimethylaminopropyl) Y311915 15 pl Aunai 2 ¥ 1w ﬁqmwgﬁ 25°C

vinuuimslasuiwines Heparin t1g1ivlivio§ 20 mM Sodium phosphate pH 7.4, 150 mM

NaCl M85 dialysis

3.2.8.2 msnageul fFuiussynialusau VP37 lugiuuy Full length i1 Heparin

TaglumsnadouaziiM3@59 Heparin DUAININ SA chip 1a8aziimsAARaIn Heparin A28
Biotin a1t Idna1n Tustadle 3.8.1 91mi51 100 ul Y04 Heparin fEMUM3AARaINgI0 Biotin 17
#1135 Flow AuAmii 1909 SA Chip #i Flow cell 2 1718 Response Unit 1/573181 200 RU Ny
W15 equilibrate AW Chip A28 HBS buffer (10 mM HEPES pH 7.4, 150 mM NaCl, 50 pM
EDTA, 0.05% Tween 20) W3 Flow cell 1 132 2 1a2¥1msnaaey kinetic voa11l5an vp37 Tagez
FMSNATOUNUY Wizard kinetic Tagazsimsdalilsau VP37 fishnisazately HBS buffer

v v
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AR VP37-SG M1 flow cell 71 1 11ag 2 1157 30 pl Aoui lagazrhmsnaiiunar 5 wii Tae
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3.3 MaanNanidsfu VP37

3.3.1 msanwanllsfy VP37 airenaiia under oil
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4.1 MIADEIUNVINK NNV UsAY VP37

4.1.1 msadranaradiagnuay pET-15b (+)-Thio-VP37 d1i5uldlunisfinyins

nanI9envealUsAuAIBsLVY E. coli
4.1.1.1 ManzeanEy VP37 naznanadiadvsvadenaraiingnwan pET-15b (+)-Thio-VP37

Yy
TuMI0ONUUY primer A115UMT amplified ¥1EY VP37 dm5u1d Iaamunaraiia pET-15b(+)-
Thio TAg9z 14 start codon 118 stop codon YoIWaANALNS 1WH His tag AnegunTusauludiu
. o v A =\ o A o [ g‘/ a £ = d‘
N-terminal Vp4d19LiIAA 10N oilse Texidmsuvuaoumsnnusgns 1uUsau 1ieean
o o . { o a £ g‘/ o a 4 ..
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A 2~ A A L. .o = s A 9
YoInaala pET-15b(+) UazFudY 1We1aon restriction site Mymzay Fuou lmingeonly
9 1o £ o AN Y o a o w ~ .. . o Y
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VP37 | F: pET-15b(+)-Thio-VP37 | BamHI, Xhol | 5>CGGGATCCGCGGTAAACTTGGATAATGTTCT 3’

R: pET-15b(+)-Thio-VP37 5’CCGCTCGAGTTATGTCCAACAATTTAAAAAGA

AGTAGATGA 3’

1 v Y v v
189910 18 primer 3195 1unszUIUMT PCR NS 1LILTUEULAD 22vhim SN IuFuEY
[ Y v Y
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MeuAUYUIA DNA N1ATFIU #ANITNAADINLLAVYBIEN VP37 auiniande 13aedseua
[ ~ g‘; o o Qy = A Y o Y do o
843 bp A931N 4.1A MnuukInIsaaFudU VP37 1 18a1nn159%1 PCR daetou laiaasuniz

Y H
BamHI tag Xhol 110U l1as19a0uriivuiaves DNA al83% gel electrophoresis GRRHY
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Y
MAUA PCR (B) #a21nN150A¥UEY VP37 detou lsidnsuny BamHI nag Xhol (©
o a do o
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v A d A . o A Yo a
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A B
Colony PCR: pET-15b(+)-Thio-IP37 Plasmid PCR: pET-15b(+)-Thio-VP37

M P 1 2 3 4

1,500
1,20

C Cut with restriction enzyme: pET-15b(+)-Thio-VP37

3 4

5 4.2 MIasrvaeuFUTU VP37 nmsadenanaliagnue pET-15b(+)-Thio-VP37 (A) Wa
115911 colony PCR 910 1A Tadi# 1-4 (B) Wan15%1 plasmid PCR nwataiavedlalail
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1Y197 LB broth ‘Vlllfﬂﬂj_(]clfﬂug amplicilin NgUN YU 37 CAUNTENULAALUANLIY E. coli 41U

£l U

T W . A [ 1 A A ~ Y =
JSUTNITHUNAILDY mld-log phase Wi@’)ﬂﬂ1ﬂ1§@jﬂﬂauﬂaullﬁ\1ﬂ OD600 Vlﬂﬂ1ﬂ§$h1m 0.6 3
g ' A Aa A " ' 3 Y A ' o
LﬂuﬂfNﬂaiEJGUENizEJ%‘VILL’]Jﬂ‘i/]L‘iEliJﬂﬁLL‘]JW]’JE)EJNi’mLS’JGI,‘L!EJG]i1ﬂ\‘1“l/]miﬂ$ﬁ§m’f]ﬂﬁ1mﬂﬁ

= 0 q ¥Ya a a 2 A o a oy o
LWUEJ'JH’IiWLﬂ@ﬂWiWﬁ@I‘]Jiﬁu inﬂuumummm‘mt‘fmaaﬂﬂlaﬂﬂmuﬂmﬁﬁ IPTG uaz‘uﬂﬂ

v
Aa o
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T sauarvla AznoMTaa
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mlvwaduan linuadem idinaaunas Tdsauluaivvesaznowwad lasyuiaves
= d' = té =W Y [ %’ o
TisAunasrawuuu SDS-PAGE Huuiailszana 50 kDa alian Inaneenuiimviin Tuanaves
VP37-thaioredoxin mquyf‘]ﬁﬁmamllﬁ’mﬂ ExPASy Bioinformatics Resoure Poatal Ao 48.17
1 1 { a 14
kD uagiian pl = 4.83 11AMINAaeaNLIN 11581 VP37-thaioredoxin NWaa Ia01n taduuaiize
4 A o . Y I o I =1
E. coli @18WU§ BL21(DE3) 118%1013 induce A8 IPTG 111u13a1 16-18 32 Tua tiluaniizh
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Chromatography
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517 4.5 MahuTgns Tdsan VP37 3Uuy Full length @10mAlia Gel filtration

U

YY) v a U Jd g A % % a
4.1.4 fn‘i‘ﬂﬂﬁ@‘l]ﬂ1§ﬂ‘ﬂﬂui$1’n1ﬂiﬂ5ﬂu VP37 pUlBaatNeaaaNy  anNnUn

ELISA t1a¥ Immunocytochemistry

1 9 %

Aav U~ [ s (] A (Aa o d o =] A Y o 3’,
%TﬂQWU'JGUEJﬂf’JHﬁH"ILLﬁﬂQGlWLﬁ‘Ll’J"II‘IJiWLl VP37 m%zuﬂgfmWuﬁﬂm%aammaaﬂQq ANUULT

A

=3 = o a o v J 1 = Y Aa [] a
waulsazihmanagevlfauiusszrnedlsau ves7 Tavsase luannzszsuna Tae
Tumsnaaesszrhmsauguguamllsauuaz Idimaiia ELISA lumsnaaen 31nmsnaass

' o [ I < 1
wun @y ve37 tanuawsolumstnldnusadiiadondaldiuy dose dependent na1afie



48

v o ' 73 A Y ~ Y A 2 A "o = A~
ﬂ'lii]Uﬂuigwj']\il"]fﬁalllﬂ!a@ﬂf!\31]!Lu31““LWNN1ﬂﬂIu1M@ﬂ1ﬂ1iﬂNﬂuIﬂi@]u VP37 NuaANu
H Y H
wudungay g 4.6
1 VPB?(I_ESU

0.18 M Thioredoxin
0.16

0.14
0.12 .
0.1
0.08
0.06
0.04
0.02
0 I

0.05 0.2 0.5

— %

HH

HH %

Absorbance 650 nm

protein concentration (mg/ml)
s 46  udawmanmsnadoumMstuiuvesTUsan VP37 naziadiiaideniadie7s ELISA
Taal¥T1s@u VP37 Aanududu 0.05, 0.2 1az 0.5 mg/ml itaz 141151 Thioredoxin

) [~
ﬁWﬂﬁUlﬂUﬂ15ﬂﬂﬁfNﬂ'}UﬂN

Y < ' 2 =~ wa A @ Yo I3 A Y o &
ﬂ’lﬂﬂ’liﬂﬂa@\ulﬁﬂqﬁlﬁlwuj']jﬂiﬂu VP37 Nﬂﬂ!ﬁilllﬁﬂ?ﬂlﬂﬁﬂﬂﬂllﬂﬂl]mfaalll@la@ﬂf]ﬁ ANUU

1 o @ 1% (% =]
Tumsnaaesae lUTsazshmstuduanuannsalumsivvesTisau VP37 numadlaitonns

v a . . o = (% =) Y o
AYNAUA  immunocytochemistry Iﬂﬂ‘ﬂ”lﬂ?i‘ﬂlli‘l]ﬁ@]u VP37 NULEAQNALADANNLASING
a = 9 . . . . d‘d a Y 4 g’/ o
@ﬂ@?ﬂiﬂﬁﬁu VP37 @18 anti-His antibodies VIZJﬂ”ISG]ﬂﬂﬁ']ﬂﬂ’JEJL@u]l"]ﬁJ INUUNINTATIVADU
Av o o ' = Y 3 A Yy v a Yy a
Waﬂgamwu‘ﬁszmniﬂmu VP37 nursaalaaoaninieni1sey TMB substrate Iﬂﬂfﬂlﬂﬂ

Ay o o ' o 7 3 a < A ¢ 7
Ufduiussznelisau VP37 numadiiadoadezlsing@mhduldiivuuiisadwadiie

v o o

A Y ] =1 g}z [ Aa o J v =] A Y '
@eana ua lumanaunuyin Tsdu ve37 uuliinaljauiusiusaaidiaaendanee Tidsing

JY o

a? a a =
AUINUVURNAL AN muamiugﬂw 4.7

Q



49

d' a o o o J = o J I A Yy v A
31]71 4.7 mﬁwﬂﬁ@uﬂgﬁuwuﬁizwmﬂﬂmu VP37 NULEADLUALADANIAIYINAURA
. I A Y 1o = I A Y
Immunocytochemistry. (A) wammmaﬂqwmﬂﬂmu VP37 (B) l¥0atuataoanduy

@ . . o Y A g .
A1 Thioredoxin MnH iy negative control

Yy 9

= v v = J < A a
F9910N1INAABVNITIVAUYDITUIAY VP37 uazisaailaldeniiai835 ELISA g
. . o F 1 Y1 = A o a 43! s
immunocytochemistry 117111 19187317158 u ve37 Avniswaandulussuy Ecoli il
v o 2 A YWy a o ¥ ' = '
anuausalumstuiusadaiaifonna laese asulunisnaassae lvsesinniiuan
[ { v o J 3 o
Tsanluaaulaveslusau ves7 alianuamnsalumstunuwaddadoads Tasaziing

panuuuT1sau ve37 litvinaaagduiie 14 lumsnaaey

a ! LYY 4 A
4.2. msanmmusnauullsay ve37 aldlumsdunumsaaniamends
4.2.1 MmyadnmaingnuaaduaIumag veallsau ve37

y
MIOBNUUDFUAINA Y03 158U VP37 9281989910 secondary structure ¥o4 11581 VP37
& a 2 ' a a Y A A
HalsandudIun1ee veellsay VP37 inavua 4 31luny Ae e VP37(111-281), VP37(138-

281), VP37(1-265) uag VP37(1-250) ﬁ’mﬁﬂﬂugﬂ 4.8



50

Start N terminal domain

MAVNLDNVLVNINNKDEDLTKLVSEAIKRRAKTVFDTEKENQAGFDMRRQVEAALY
1 End N terminal domain

A - _
EAISKKKEKAIKAFDELIQERGDEITPLTTMQYEEWVNRTITPSLTTENLLGDVEH
Flexibleiregions Start C terminal domain 104

\
ADFLLDRMTPVSEEDIEGFAASTFKEVSDSKTATVIVKADCETGDIDEVYNLAPS
111 124

FGVTQEIKIYRSNNSSELDNVADSFHIYKISATDSDSGNTKKLLYGLRNKKAGY
— S — ‘ —

TCLCRIFAEIESDGIMANTNIGVAENNRDEIDENEEGKYGFLIPKQPAGAKLIIY

End C terminal domain 250

o
Legend:
FFLNCWT
281 SN o-helixc ) B-sheet

VPs7 s
VP37 (111-281) 1 [
VP37 (138-281) 13z [ -1

VP37 (1-265) 1 [ -
VP37 (1-250) 1 [ o

'
v A

[ Yy
48  mseenuUUUSNUNAToUAgUTUEIUA1veeTTAY VP37 (A) Tnseadedidui

Salt
=
=).

aeved11sau VP37 (B) USnmasauaguiduuuaiee veelisau VP37

v
A3BNUVY primer ATV PCR ¥UTUVD truncate version 7199 Iagd199991naduiing 1o
' ~ 9 & o 9 A . =
Inauosdu vP37 lugrudoya NCBI #99zvims Iaaudiwardiia pET-15b(+)-Thio-VP37 339

= . a 1w = J . o v A = s A d o [
1l Histidine tag Anognu 11/5A1Tud21 N-terminal vosd1autiang o Inamese Tewidmy
2 4

9 ! J
FUADUMIIUTGNT 11199910 Histidine tag IAWTUWIZHD Ni-NTA bead N4 Tumssinsgns

@@ primer Y94 truncate version A1 a@1snagllaaanuaas 13 luasen 4.2



51

A1519% 4.2 restriction endonuclease 118 nucleotide sequence U8 primers truncate version VP37
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: pET-15b(+)-Thio- | BamHI | 5°CGGGATCCGCCGATTTTTTACTGGACC
yP37(111-281) GAA 3’
VP37 Xhol
(111-281) | R: pET-15b(+)-Thio- 5’CCGCTCGAGTTATGTCCAACAATTTAA
vP37(111-281) AAAGAAGTAGATGA 3’
. pET-15b(+)-Thio- | BamHI | 5’CGGGATCCTCAGATTCAAAAACTGCA
VP37 VP37(138-281) ACAGTC 3’
Xhol
(138-281) | R: pET-15b(+)-Thio- 5’CCGCTCGAGTTATGTCCAACAATTTAA
VP37(138-281) AAAGAAGTAGATGA 3’
. pET-15b(+)-Thio- | BamHI | 5’CGGGATCCGCGGTAAACTTGGATAAT
VP37 VP37(1-265) GTTCT 3’
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(1-265) | R: pET-15b(+)-Thio- 5’CCGCTCGAGTTAAATTTCATCTCTGTT
VP37(1-265) GTTTTCAGCGA 3’
. pET-15b(+)-Thio- | BamHI | 5’CGGGATCCGCGGTAAACTTGGATAAT
VP37

VP37(1-250)

GTTCT 3’
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dmSuTdsau VP37(111-281) wuvtnayszana 34 kDa (U7 4.124) FeasesusninainTmana
Y99 VP37 (111-281) @1mmqyaﬁﬁm’;m"lﬁ’mﬂiﬂmﬂﬁu ExPASy Bioinformatics Resoure Poatal
flD 33.96 kD na991nMsasIvaeumsuaatoonved lsaunuan 1dTdsaululsuauinlu
fraction 71 1 -3 (Ui 4.124) FeimaramTisdunazsimsdioTils@umnedlu PBS buffer pH 8.0

@18 PD10 column a1 11saunla lvimsnaaeunihnas li

d15uTa5au VP37(138-281) wuvwailseuna 30 kDa (gﬂ‘ﬁ 4.12B) c??mmﬁumﬁmﬁﬂimaqa
VY93 VP37(138-281) mmmqyf]ﬁﬁmamllﬁmﬂiﬂmﬂiu ExPASy Bioinformatics Resoure Poatal
A9 30.96 kDa H8931nMIATNFUMILaAeenved IUsAunYI 1A TdsaulutSuaunlu
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120

100 OFull length

|

NC-terminal doamin

80 W Thioredoxin

60

=

40

Relative Binding (%)

HH

SG 0 mg/ml SG 0.1 mg/ml SG 1 mg/ml

U

d' o a o o o ' = v I <
311 4.15 Mmsnageuanuamsalunmsvavnalduiusszrinallsau V37 Ausaaiia
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ma TdsAui 18R aruAani1 SA-Chip 111115839 porcine heparin &9 A1
Respond unit (RU) HAAYUY91AazA4 0T 91011451015 Regenerated Anth
SA-chip 838 SM NaCl310A15NAA0INV I SG HANUAINITATUNITTAVIS
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ARTICLE INFO ABSTRACT

Keywords: Viral envelope proteins play an important role in facilitating the attachment of viruses to the surface of host cells.
Heparin Here, we investigated the binding of White Spot Syndrome Virus (WSSV) VP37 to haemocytes of whiteleg
Shrimp shrimp, Litopenaeus vannamei. Three versions of recombinant VP37 proteins, including full length VP37 (VP37
3‘11)1;‘;“3‘1 galactan 25%1).), C-terminal domain VP37 (VP37F111'281)) and C—.ter.minal .d.omain disrupted VP37 (VP37.(1_2.50)) were in-
WSSV dividually expressed and tested for their haemocytes binding ability. Through an ELISA-based binding assay, we

found that VP37(111.281) bound to shrimp haemocytes in a similar way to VP37 1.2g1), while VP37 4 _550) exhibited
a significantly weaker binding. This suggests that the C-terminal domain of VP37 is required for the binding of
VP37 to shrimp haemocytes. Furthermore, we found that the binding of VP37 to shrimp haemocytes was im-
paired by pre-incubation of VP37 with sulfated galactan (SG), a sulfated polysaccharide derived from red sea-
weed (Gracilaria fisheri). Previously, it has been shown that a type of sulfated polysaccharide, heparin, is also
present in L. vannamei. To investigate the role of heparin as a receptor for VP37, the binding of VP37 to porcine
heparin, whose structure is similar to that found in L.vannamei, was investigated in a Surface Plasmon Resonance
(SPR) system. The results showed that VP37 bound strongly to heparin with binding affinity (Kp) of 1.0 uM and
the binding was significantly blocked by SG. These findings have lead us to propose that the attachment of WSSV
might be mediated by the interaction between VP37 and a heparin-like molecule presented on the shrimp cells.

1. Introduction WSSV using an anti-VP37 antibody resulted in a decrease in the binding

level of the virus to shrimp cells and reduced the mortality rate in ex-

White spot syndrome virus (WSSV) is a closed circular double-
stranded DNA virus, which belongs to the genus Whispovirus, family
Nimaviridae [1]. The virus is recognized as one of the major threats to
the aquaculture shrimp industry [2]. Shrimp infected with WSSV can
result in up to 100% cumulative mortality within 3-10 days. Until now,
no effective therapeutic treatment for WSSV has been introduced to the
shrimp aquaculture industry due to a limited understanding of disease
pathogenesis.

Viral attachment to host cells is the most critical step for infection
which relates to several envelope proteins of WSSV virions such as
VP28, VP26 and VP37 (or VP281) [3-7]. The VP37 gene contains 843
nucleotides, encoding 281 amino acids with a molecular weight of
31 = 5kDa [6]. VP37 has been reported in several studies as an en-
velope protein that binds to shrimp cells [5-10]. Neutralization of

* Corresponding author.
E-mail address: pongsak khu@kmutt.ac.th (P. Khunrae).

https://doi.org/10.1016/j.fsi.2018.03.043

perimentally infected shrimp [7]. Moreover, pre-incubation of shrimp
haemocytes with VP37 reduced WSSV infection in the haemocytes [8].
All of this evidence supports the view that the attachment of WSSV on
the shrimp cells might be facilitated by VP37. However, the mechanism
underlying the interaction between VP37 and its receptor is still un-
clear. So far, through viral overlay protein binding assay and yeast two-
hybrid assay, FIATP synthase beta subunit [9] and peritrophin-like
protein [11] have been reported, respectively, as a potential shrimp
receptor responsible for binding to VP37. Weather these two molecules
are really a receptor for VP37 is yet to be confirmed by a more direct
protein binding assay.

Various natural bioactive compounds possess antiviral activities,
especially the group of compounds which contain sulfated poly-
saccharides (SPs) [12]. Fucoidan isolated from a genus of brown
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macroalgae, Sargassum sp., showed antiviral activities. For instance,
crude fucoidan extracted from Sargassum polycystum inhibited WSSV
infection in shrimp [13] while the extract from brown algae, Undaria
pinnatifida inhibited herpes simplex virus infection [14]. Sulfated ga-
lactan (SG) is a compound derived from red seaweed. It is an anionic
polysaccharide whose linear backbone consists of alternating 3-linked
p-p-galactopyranose and 4 linked 3,6 anhydrogalactose units with
partial 6-O-methylate-3-p-galactopyranose [15]. The extract from Gra-
cilaria tenuistipitata showed antiviral activity against WSSV in shrimp
[16]. Kanokpan et al. also reported that oral SG administration could
reduce mortality in experimentally WSSV-infected shrimp and protect
against viral infection in shrimp haemocytes [15,17]. Interestingly, the
ability of SG to protect WSSV infection in shrimp haemocytes depends
on the degree of sulfation in SG [17]. In the same study, several
structural proteins of WSSV including VP24, VP26, VP28, VP31, and
VP39 were seen to interact with SG [17]. Since the binding assay of SG
to WSSV proteins reported in an earlier study carried out by Far-Wes-
tern blot, it is possible that VP37 as well as other WSSV envelope
proteins might have been denatured and that the denatured proteins
cannot bind to SG.

Heparin is a highly sulfated glycosaminoglycans (GAGs), having a
repeating disaccharide unit of N-acetylated or N-Sulfated hexosamine
and uronic acid or galactose [18], and has been reported to act as a
receptor for several viruses including Rift Valley Fever Virus [19],
Human Parainfluenza Virus [20], Yellow Fever Virus and Dengue Virus
[21]. The interaction between heparin and these viruses relies largely
on the sulfate groups in heparin molecules. Interestingly, previous
studies have found heparin also presented in shrimp [22-24]. The main
objective of this study is to investigate the interaction between VP37
and shrimp haemocytes with an attempt to understand the role of he-
parin as a binding target for VP37. The data presented in this study may
assist in providing a better understanding of the attachment of WSSV on
the surface of shrimp cells.

2. Material and method
2.1. Construction of rVP37 plasmids

The secondary structure of VP37 was predicted using JPred server
[25]. Structural predictions suggest that VP37 might contain two do-
mains linked together through a flexible region (Fig. 1). Thus, in order
to identify the domain of VP37 that is required for interaction with
shrimp haemocytes, this study expressed different truncated versions of
VP37 proteins for in vitro assays. Primers used in this study (Table 1)
were designed based on the complete gene sequence of VP37 (accession
no. AF411634) in the GenBank database. These primers targeted for
VP37-full length, VP37(;.2s1), (843 bp), VP37-C-terminal domain,
VP37111-281), (513 bp) and VP37-C-terminal domain disrupted, VP37 ;.
250y, (750bp). PCR amplifications were performed using the designed
primers and genomic DNA of WSSV was used as a template. Each PCR
reaction contains 25 pl of 100 ng of WSSV template, 0.2 uM of each
primer, 0.2mM of dNTP mix, and 0.5 U of Taq DNA polymerase
(Stratagene, CA, USA) in 1 x PCR reaction buffer. The PCR conditions
were 94 °C for 5 min; 25 cycles of 95 °C for 30, 55 °C for 30's, 72 °C for
1 min, and a final extension at 72°C for 10 min. PCR products were
purified using DNA purification kit (Geneaid, New Taipei City, Taiwan).
The purified PCR products were digested with BamHI and Xhol prior to
ligation into pET15b vector which had been modified to contain bac-
terial thioredoxin and TEV cleavage encoding sequence placed up-
stream of the multicloning site. Successful in-frame insertion in the
recombinant vectors was confirmed by DNA sequencing analysis.

2.2. Expression and purification of rVP37

The pET15b-thioredoxin expression vectors contained either
VP371.281), VP37111.281) OF VP37(1 250y encoding sequence in-frame
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with the thioredoxin and TEV cleavage were transformed into E. coli
strain BL21. The cells were grown in 2xYT broth medium at 37 °C for
3-4 h with shaking at 200 rpm until ODgg reached 0.5 and then IPTG
was added to the final concentration of 1.0mM and continued in-
cubation at 20 °C overnight. The bacterial cells were harvested by brief
centrifugation at 6200 x g for 10 min, resuspended in lysis buffer
(20 mM Tris pH 8.0, 300 mM NaCl, 10 mM Imidazole, 0.5% Triton X-
100) and lysed by sonication. The lysed cells were centrifuged at
14,500 x g for 20 min and purified by affinity chromatography using
Ni-NTA (nickel-nitrilotriacetic acid) sepharose (Qiagen, Hilden,
Germany). The supernatant was loaded into Ni-NTA affinity column,
washed with lysis buffer and eluted with buffer (20 mM Tris pH 8.0,
150 mM NacCl, 250 mM imidazole). After elution, the protein was buffer
exchanged into phosphate buffer saline (PBS) by PD10 Desalting col-
umns (GE Healthcare, Uppsala, Sweden), having Sephadex G-25 as a
media. The protein was further purified by using a gel filtration column
Superdex 200 16/60 (GE Healthcare, Uppsala, Sweden), having PBS as
a running buffer, and concentrated to a desirable concentration. VP37 ;.
281) Without thioredoxin was prepared by adding 1 mg of TEV protease
per 5mg of VP37(;.081y and incubated at 4 °C for overnight. The TEV
cleaved protein was passed through a Ni-NTA affinity column and
concentrated using Amicon Ultra centrifugal filter device (10,000 Da
molecular weight cutoff). The protein was further purified using a gel
filtration column Superdex 200 16/60 (GE Healthcare, Uppsala,
Sweden) and equilibrated into HBS buffer (10 mM HEPES, 150 mM
NaCl, 50 uM ethylenediaminetetraacetic acid, 0.05% Tween 20, pH
7.4).

2.3. SDS-PAGE and western blot

Three versions of purified VP37 proteins were individually analyzed
by SDS-PAGE prior to transferring to the PVDF membrane. The mem-
brane was then incubated with blocking buffer (5% skim milk in PBS) at
4°C overnight. Following a washing with PBST (PBS + 0.05% Tween
20), the membrane was incubated with horseradish peroxidase (HRP)-
conjugated anti-His antibody (1: 4000 in PBS) for 1.30 h at room
temperature. The membrane was then washed twice with PBST. The
detection signal was developed by ECL substrate (Biorad, CA, USA) and
photographed under ImageQuant LAS 500 (GE Healthcare, Uppsala,
Sweden).

2.4. Binding assay of VP37 with shrimp haemocytes using ELISA

Whiteleg shrimps (n = 20; body weight 10g) obtained from a
commercial farm in Samut Songkharm province, Thailand, provided by
Charoen Pokphand Foods PCL, were used for haemocytes collection in
this study. After anesthesia using cold ice, haemolymph was collected
from the heart of each shrimp using a syringe containing 500 pl of an
anticoagulant solution (450 mM NaCl, 10mM KCI, 10mM EDTA,
10 mM HEPES, pH 7.2). The collected haemolymph was centrifuged
and haemocytes re-suspended into 2xL15 (Leibovitz 15, Invitrogen, CA,
USA) medium. A 96-wells plate (Nunc MaxiSorp® flat-bottom,
Invitrogen, CA, USA) was coated with shrimp haemocytes as follows:
100 pl of haemocytes (equivalent 2 x 10° cells, counted by hemocyt-
ometer) was added to each well. After 2 h of incubation, the wells were
washed twice with 2xL15 and blocked with 5% BSA in 2xL15 at 27 °C
for 16 h. VP37, 551y were added at different concentrations (0.05, 0.2
and 0.5 mg/ml) with triplicates, incubated at 4 °C for 4 h and washed
three times with 2xL15. Then, anti-His antibody (1:4000 in PBS) was
added to all wells (100 pl/well) and incubated for 2 h. The plate was
washed again with 2xL15 (three times) and 100 pl of HRP-conjugated
anti-His antibody (1: 4000 in PBS) was added to each well and in-
cubated for 2h. Following washing three times with 2xL15, 100 pl
3,3’,5,5’-tetramethylbenzidine (TMB, PanReac AppliChem, Darmstadt,
Germany) substrate was added to all wells. The reaction was terminated
after 5min in the dark at room temperature by adding 100pul of
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Fig. 1. Schematic diagram of secondary structure of VP37 predicted by JPred server [25]. VP37 is predicted to contain two domains, N-terminal and C-terminal
domain linked together through a flexible linkage. The N-terminal domain of VP37 is started from Metl- Leul04 and C-terminal domain is started from Glul124 to

Thr281.

0.1 M H,SO4 to each well, and the absorbance was read immediately at
650 nm using a microplate reader (Biorad, CA, USA). Similarly, in vitro
binding assay of truncated VP37 proteins (VP37(111.2g1) and VP37
250)) and shrimp haemocytes were performed in the same manner as
mentioned above. However, only an optimized concentration of soluble
truncated VP37 proteins (0.2mg/ml) was used for 96-wells plate
coating.

2.5. Inhibitory assay

To investigate the inhibitory effect of SG on the binding of VP37 to
shrimp haemocytes, VP37 1.2g1) and VP37;11.081) Were adjusted to the
same concentration (0.2 mg/ml) and individually incubated with two
different concentrations (0.1 and 1mg/ml) of SG, which had been
prepared by the method previously described [15], at 4 °C for 4h (de-
signated as VP37-SG). The inhibitory assay was performed in tripli-
cates. Prior to the inhibition assay, shrimp haemocytes were prepared
and coated as described above. After blocking with 5% BSA in PBS at
4°C for 16 h, each well was incubated with different mixtures of VP37-
SG at 4°C for 4h, washed with PBS twice before adding HRP-con-
jugated anti-His antibody (1:4000 in PBS) and incubated for 2 h. Fol-
lowing a washing with PBS, 100 ul TMB substrate was added to all

Table 1
Primers used in this study.

wells. The reaction was stopped after 5min in the dark at room tem-
perature by adding 100 pl of 0.1 M H,SO4 to each well, and the absor-
bance was read immediately at 650 nm using a microplate reader
(Biorad, CA, USA).

2.6. Surface plasmon resonance analysis

We used Surface plasmon resonance (SPR) to investigate the inter-
action between VP37 ;.2g1) with heparin from porcine intestinal mucosa
(H3393, Sigma, Saint Louis, USA). SPR measurement was performed on
Biacore T200 instrument with a constant flow rate of 5 ul/min. Heparin
was dissolved in 20 mM Sodium phosphate (pH 7.4) and 150 mM NaCl
to 5mg/ml. One milliliter of heparin solution was incubated with 25 ul
of 50 mM biotin-hydrazide (Thermo scientific, Waltham, USA) and
15ul of 1-ethyl-3-(3-dimethylaminopropyl) (100 mg/ml) for 2hat
25°C. The heparin was then dialyzed overnight into 20 mM Sodium
phosphate (pH 7.4) and 150 mM NacCl and 100 pl injected over flow cell
2 of a streptavidin-coated SA chip (GE Healthcare, Uppsala, Sweden)
until the response increased 200 RU. Flow cell 1 was left as a control
surface.

Channel 1 and 2 of a streptavidin-coated SA chip (GE Healthcare,
Uppsala, Sweden) were equilibrated with HBS buffer before injection of

Construct name Nucleotide sequence (5-3")

Annealing temperature (°C) Size of amplicon

VP37-Full length

F/CGGGATCCGCGGTAAACTTGGATAATGTTCT 55

843 bp

R/CCGCTCGAGTTATGTCCAACAATTTAAAAAGAAGTAGATGA

VP37-C terminal domain (111-281)

F/CGGGATCCGCGGTAAACTTGGATAATGTTCT 55

513 bp

R/CCGCTCGAGTTATTGTTTGGGTATTAAAAAACCATATTTACCTTC

VP37-C terminal domain disrupted (1-250)

F/CGGGATCCGCCGATTTTTTACTGGACCGAA 55

750 bp

R/CCGCTCGAGTTATGTCCAACAATTTAAAAAGAAGTAGATGA

Underlined and bold typefaces represent restriction sites.
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TEV-cleaved VP37(;.2g1). The level of specific binding was obtained
from a subtraction of the response from channel 2 from that of channel
1. After each injection, both channels were regenerated with a 20 pl/
min of 5M NaCl. This procedure led to recovery of the original baseline
and regenerated a heparin surface that could bind reproducibly to
subsequent injections of VP37;.281). The binding data were analyzed
using the BIAevaluation software (version 2.0) to determine the binding
affinity. To investigate the inhibitory effect of SG on the interaction
between VP37 and heparin, SG was dissolved in HBS buffer to different
concentrations (0, 0.8, 1.6, and 3.2 uM) pre-incubated with 100 nM of
VP371.281) for 1 hat room temperature before Biacore measurements
were taken as described above.

2.7. Kinetics analysis of sensogram data

As the molecular mass of porcine heparin is not homogenous, the
sensogram data was fitted by using a heterogeneous ligand binding
model.

Ka1
A+ Bl 2 AB1
Ka1

Ka2
A+ B2 2 AB2.

Kdz
where A = VP37 concentration, B = porcine heparin concentration.
Two sets of K, and K4 (the association and dissociation rate constants)
describe the binding of VP37 to heparins of different sizes. The rate
constant set of lower K4 value was used to calculate the possible highest
affinity using the equation below.

— KA CRmax
4T KyC+1

where:

Req = Response unit at equilibrium state

C = Concentration of VP37

Rmax = (Molecular weight of VP37/Molecular weight heparin) x
immobilized ligand level.

Ka = Ka/K4

Kp = Binding affinity (1/Ka)

2.8. Statistical analysis

The binding assay using ELISA-based technique was performed in
triplicate (n 3). The data are presented as mean =+ standard de-
viation (SD) of three experiments. The differences among the values
were analyzed by one-way analysis of variance (ANOVA), followed by
Tukey's multiple test and statistical significance established by (*)
P < 0.05. Normality of the data in these experiments were confirmed
by Shapiro -Wilk test where p-Value is higher than 0.05. Since the data
was taken for triplicate experiments, continuity analysis was omitted.

3. Results
3.1. Expression and purification of VP37 proteins

Based on the secondary structural analysis in JPred sever [25],
VP37 was predicted to consist of an N-terminal domain liked with C-
terminal domain through a long flexible region (Fig. 1). In accordance
with this, the nucleotide sequence encoding for VP37 2g1), VP37111-
281y and VP37(;.250), that represented full length, C-terminal domain
VP37 and C-terminal domain disrupted VP37 respectively, were sepa-
rately cloned into a pET15b-thioredoxin vector. SDS-PAGE analysis of
the protein fractions, eluted from Gel filtration chromatography cor-
responding to the peaks at 76 ml, 83ml and 80ml for VP37 281y,
VP37 111-281) OF VP37 (1 250y respectively (Fig. 2A), revealed that VP37 ;.
281y, VP37(111-281) Or VP37(1.250) were successfully expressed as a so-
luble form with a molecular weight of approximately 48, 34 and
47 kDa, respectively (Fig. 2B). Western blot was performed following
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separation of 48, 34 and 47 kDa proteins by gel filtration. The result
revealed that anti-His antibody could react with these protein bands
(Fig. 2C), confirming successful VP37 proteins expression and pur-
ification. In addition, major symmetric peaks observed from gel filtra-
tions of the three VP37 proteins indicated high degree of uniformity in
the conformation of these proteins (Fig. 2A). We also made the con-
struct encoding for N-terminal domain (residue 1-104) alone. Un-
fortunately, the N-terminal domain was expressed in an insoluble form.
The fact that the C-terminal domain disrupted VP37, which contained
the complete region of N-terminal domain and part of C-terminal do-
main, expressed effectively in soluble form suggested that the region
from residue 124-250 of C-terminal domain might have the function of
helping to stabilize the structure of N-terminal domain so that it be-
comes more stable in a solution.

3.2. C-terminal domain of VP37 is required for the binding to shrimp
haemocytes

We investigated the interaction of the obtained VP37 proteins and
shrimp haemocytes by using ELISA assay. The binding levels were
presented by ODgsg value (Fig. 3). The results clearly showed that the
full length version of VP37 can bind to shrimp haemocytes at all three
tested recombinant protein concentrations (0.05, 0.2 and 0.5 mg/ml)
while control group using thioredoxin resulted in no interaction
(Fig. 3A). The highest ODg5o value (0.14 = 0.02) was observed at the
latter protein concentration used while lowest ODgso value
(~0.07 = 0.01) obtained from 0.05mg/ml of protein concentration.
Thus, 0.2 mg/ml was chosen as an optimized concentration for a later
ELISA assay using three different versions of VP37 proteins. The similar
interaction level was observed in both VP37(;.2g1) and VP37(111.281)
(ODgso ~ 0.11 + 0.02) while a significantly lower binding level was
observed with VP37(1.250) (ODgso = 0.05 = 0.01). These results sug-
gest that the binding of VP37 to shrimp haemocytes requires the C-
terminal domain. No interaction was observed in the negative control
using thioredoxin (Fig. 3B).

3.3. The binding of VP37 to shrimp haemocytes is inhibited by sulfated
galactan

Kanokpan et al. observed sulfated galactan (SG) extracted from red
seaweed reduced the mortality of shrimp in WSSV infection [15]. How
SG prevents WSSV infection in shrimp is still unclear. In this experi-
ment, we investigated whether SG can inhibit the binding of VP37 to
shrimp haemocytes by pre-incubating VP37 with SG of different con-
centrations. We found that when VP37 g1y and VP37(111.281) Were
individually pre-incubated with SG at different concentrations (0.1 and
1 mg/ml) prior to performing the interaction assay, the binding level of
both tested recombinant VP37 proteins reduced significantly. Interest-
ingly, both VP37(;.2g1) and VP37(;11.081) showed a similar inhibitory
profile, suggesting that the C-terminal domain might responsible for
haemocytes binding. No interaction was observed in all control groups
using thioredoxin (Fig. 4).

3.4. The interaction between VP37 and heparin

Several studies have demonstrated that heparin plays a role in viral
infection by serving as a receptor for attachment. Interestingly, heparin
has been identified in whiteleg shrimps [22,24]. Since the binding of
VP37 to shrimp haemocytes can be blocked by SG, we suspected that
VP37 might be able to recognize sulfated polysaccharide as its binding
target and possibly it might use heparin presented on the surface of
shrimp cells to serve as its receptor. In this experiment, we tested the
binding of VP37 to porcine heparin, whose structure was reportedly
similar to those found in shrimps [24]. We used Surface plasmon re-
sonance (SPR) to investigate the ability of VP37(;.281) to bind to a he-
parin-coated SA chip. Here, we passed different concentrations of
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rVP37(1.081) OVer a heparin-coated surface, measuring the binding and
dissociation of the protein from the chip. As shown in Fig. 5A, the
binding of VP37 281 to the heparin chip, expressed as response unit
(RU), increased with increases in concentration of VP37. The data was
fitted to the heterogeneous ligand model.

In the ELISA assay, SG was seen to be able to inhibit the binding
between VP37 and shrimp haemocytes. We then used SPR to investigate
whether or not SG can also inhibit the binding of VP37 to heparin. In
doing so, VP37(1.2g1) at a concentration of 100 nM was pre-incubated
with different concentrations of SG before the binding to a heparin-
coated SA chip was assessed. While VP37 081y alone showed the
highest binding signal of 75 RU, the binding signal produced from the

316

SG-pre-incubated VP37(; 551y decreased with the increases in con-
centration of SG (Fig. 5B). Our results clearly demonstrated that VP37
can interact with heparin and that the interaction between VP37 and
heparin can be blocked by SG.

4. Discussion

Binding of envelope proteins on the surface of shrimp cells is critical
for WSSV infection [4,5,8,9,26]. Understanding of the protein interac-
tion between shrimp and virus might uncover the disease pathogenesis
for the development of effective intervention controls. In case of WSSV,
several structural proteins such as VP28 and VP37 are believed to be
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Fig. 5. The binding of VP37;.5g1) to heparin-coated SA chip on Surface plasmon resonance system. (A) Porcine heparin was coupled to the surface of a SA chip, and
the binding was measured, and expressed as response unit (RU), after the injection of 20 nM, 40nM and 70 nM of VP37(;.081y through the chip surface. The
experimental data (lines) were fitted to the simulated data (dashed lines) based on heterogeneous ligand model. The Ky, of the VP37 binding to heparin is 1.0 uM. (B)
Inhibitory experiment was performed by pre-incubating 100 nM VP37, g1y with different concentrations of SG before the assessment of binding to a heparin.

important for facilitating the virus during attachment onto the shrimp
cells [3,7,8]. For VP37, it has been identified as an envelope protein of
WSSV in 2002 [6] and later studies have revealed that VP37 is involved
in the attachment of WSSV virions to the shrimp cells [5,7-9]. Char-
acterization of VP37 suggested the protein used F1ATP synthase beta
subunit (BP53) as a receptor [27]. However, the purification of VP37
and BP53 involved the use of guanidine to solubilize the proteins.
Hence, whether or not the denatured proteins, especially BP53, suc-
cessfully refolded back to its native form is still in doubt. In this study,
we successfully expressed and purified three versions of VP37 proteins,
full-length VP37 (VP37(1.281)), C-terminal domain of VP37 (VP37;1;.
281y) and C-terminal domain disruption of VP37 (VP37(;.250)) in a so-
luble from in E. coli without having to denature the proteins. These
VP37 proteins enabled us to investigate the region of VP37 that is im-
portant for interacting with shrimp haemocytes. According to our re-
sults, we can confirm that VP37 is capable of binding to shrimp hae-
mocytes, which is consistent with the observation in a previous study
[10]. We also showed that C-terminal domain of VP37 is an important
region for binding to shrimp haemocytes. Disruption of the C-terminal
domain resulted in weaker haemocytes binding of VP37 (Fig. 3B). VP37
was reported previously to interact with other envelope proteins in-
cluding VP26 and VP28 [28]. Since VP37 does not have transmembrane
helix, in order to be able to present on the viral envelope, it is possible
that VP37 might interact with either VP26 or VP28 through its N-
terminal domain to form a protein complex, or infectome [29,30],

having the C-terminal domain protruding outward allowing it to bind to
shrimp haemocytes.

Interestingly, we found that the binding of VP37 to shrimp hae-
mocytes can be inhibited by SG from red seaweed. This is consistent
with the report by Kanokpan et al. (2014) that WSSV infection in
shrimp can also be prevented by SG [15]. These observations reflect the
fact that VP37 might be able to recognize SG as its binding partner and
that the binding of VP37 to shrimp haemocytes might target a molecule
whose structure is related to SG. SG is a highly sulfated polysaccharide
having galactose as a major repeating unit [15]. Recently, heparin, a
highly sulfated polysaccharide, was also found in shrimp [22-24]. This
raised the question whether heparin on the surface of shrimp cells
served as receptor for WSSV. When we tested VP37 for binding to
porcine heparin, whose 'H NMR structural profile is similar to that
found in shrimp [24], in SPR, VP37 was shown to actively bind to
porcine heparin with the Ky, of 1.0 uM. This clearly indicated that VP37
can interact with heparin. Based on our results, we have speculated that
heparin might serve as a receptor for WSSV and the binding of VP37 to
heparin might be important for WSSV infection. Previous studies re-
ported on the therapeutic effect of SG in preventing WSSV infection
[15]. The same group also showed that the binding of WSSV to SG was
largely dependent on the sulfate groups found on SG molecules [17].
We then proposed that SG reduces WSSV infection in shrimps by in-
terfering the binding of VP37 to a sulfated molecule found in shrimp
such as heparin. This view was confirmed when we saw that SG
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effectively inhibited the binding of VP37 to heparin on SPR. As seen in
some viruses [31-33], it is possible that heparin-like molecules on the
surface of shrimp cells might play a role as coreceptor responsible for
recruitment of WSSV on the shrimp cells and therefore facilitate the
secondary interaction of adjacent molecules with higher binding affi-
nity to their receptors. Especially since VP37 was reported to be able to
interact with VP26 and VP28 [28], these envelope proteins might come
together to form a higher structure so called infectome [29,30], pos-
sibly having VP37 for interacting with heparin-like molecules as a
primary interaction that guides the virus into the shrimp cells by fa-
cilitating secondary interaction possibly performed by either VP26 or
VP28.

In summary, our data suggest that VP37 uses its C-terminal domain
in order to bind with shrimp haemocytes. Having seen that VP37 can
interact with heparin, and the binding of VP37 to both shrimp hae-
mocytes and heparin can be inhibited by SG, we propose that VP37
utilizes heparin-like molecules as an attachment molecule. Notably, the
inhibitory assay on SPR developed in this study might open the way for
screening natural compounds that can prevent WSSV infection by tar-
geting the interaction between VP37 and heparin.
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