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Abstract

Yellow head virus (YHV) is an invertebrate nidovirus that is highly pathogenic for marine shrimp. Nucleotide sequence analysis indicated the
the YHV ORF2 gene encodes a basic proteih<.9) of 146 amino acids with a predicted molecular weight of 16,325.5 Da. The deduced amino
acid sequence indicated a predominance of basic (15.1%), acidic (9.6%) and hydrophilic polar (34.3%) residues and a high proportion pro
and glycine residues (16.4%). The ORF2 gene was cloned and expre&seblkirichia coli as aM, =21 kDa Hisg-protein that reacted with YHV
nucleoprotein (p20) monoclonal antibody. Segments representing the four linear quadrants of the nucleoprotein were also e¥predsad in
GST-fusion proteins. Immunoblot analysis using YHV polyclonal rabbit antiserum indicated the presence of linear epitopes in all extefthe vV
quadrant. Immunoblot analysis of the GST-fusion proteins and C-terminally truncated segments of the nucleoprotein allowed mapping of Yt
monoclonal antibodies Y19, Y20 and Y4 to linear epitopes in the acidic domain between amind ¥ads IE*". The full-length nucleoprotein
was expressed at high level# coli and was easily purified in quantity from the soluble cell fraction b{NTA affinity chromatography.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction 1997; Walker et al., 20Q1However, this important pathogen is
poorly understood with relatively little information yet available
Yellow head virus (YHV) is a virulent pathogen of the on either the epidemiology of YHD or the molecular biology of
black tiger shrimp Renaeus monodon). The disease was first YHV infection.
reported to occur in 1990 in shrimp farms in central Thai- YHV is (+) ssRNA virus that, together with closely related
land (Limsuwan, 199)1 Typical signs of yellow head disease Gill-associated virus (GAV) from Australia, has recently been
(YHD) include cessation of feeding and erratic swimming, andclassified in the familyRoniviridae, genusOkavirus within the
moribund shrimp often display a pale yellowish hue of theorderNidovirales (Walker et al., 2004 YHYV virions are rod-
cephalothorax due to discoloration of the underlying hepatoparshaped, enveloped particles (approximately 760180 nm)
creas Chantanachookin et al., 1993Although the impact of  with prominent surface spikes and an internal helical nucleocap-
YHD in Asia was quickly overshadowed by the subsequensid (Wongteerasupaya et al., 1995; Nadala et al., 19Bfree
emergence and explosive spread on white spot disease, yellovHV structural proteins have been described, transmembrane
head outbreaks remain a serious concern for farmers, commondjycoproteins gp116 and gp64, which are located in the viral
resulting in total crop loss within 3 days of the first appearancenvelope, and the nucleoprotein p20 which is the only protein
of dead or moribund shrimp at the pond edfée@el et al., known to be present in nucleocapsidgrapakdee et al., 2003;
Soowannayan et al., 20p3-or GAV, the 26,235 nt genome has
been sequenced and reported to contain at least four long open
* Corresponding author. Tel. +66 2 2015884; fax. +66 2 3547344, reading frames (ORFs). ORF1a and ORF1b are in overlapping
E-mail address: nusra@biotec.or.th (N. Sittidilokratna). frames and encode non-structural proteins, including a 3C-like
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proteinase and enzymes of the replication compléawley  from purified YHV using TrizolM reagent (Invitrogen), dis-
et al., 2000; Ziebuhr et al., 20P30RF1b is expressed from solved in diethyl pyrocarbonate-treated, sterile water and stored
a genome-length polyadenylated mRNA only following-& gt —80°C.
ribosomal frame-shift at a putative pseudoknot structure in the The generation of a 6.7 kb RT-PCR product extending from
ORF1a/1b overlap regioiCowley et al., 200 ORF3 has been  within the ORF1b gene to the-poly[A] tail was described
shown to encode a long polyprotein with multiple N-linked gly- previously Qitrapakdee et al., 2003The 6.7 kb product was
cosylation sites and membrane-spanning domabesviey and  purified using a QIAquickM gel-affinity column (QIAGEN)
Walker, 2003. GAV ORF2 has recently been shown to encodeand sequenced directly using the BIG BYe (ABI) dye-
the GAV nucleoprotein—a remarkable observation as, in alterminator system and the ABI Model 377 automated sequencer
other known nidoviruses (including coronaviruses, torovirusesit the Bioservice Unit (BSU), National Science and Tech-
and arteriviruses), the nucleoprotein gene is located downstreafplogy Development Agency (NSTDA), Bangkok, Thailand.
(5'-proximate) rather than upstreami-{8oximate) of the gly-  Sequences downstream of the ORF1b gene were obtained by
coprotein genesGowley et al., 2004 walking from the %-end of the 6.7 kb product using sequence-
The YHV genome is less well characterized. ORF1b haspecific primers. Overlapping sequence contigs were com-
been shown to share 80.5% overall nucleotide sequence ideplied using SeqEd 1.0.3 (ABI) software. The entire nucleotide
tity with the cognate gene of GAV and encodes a polypepsequence of the ORF2 region was analyzed using the MacVec-
tide containing all recognized functional domains includingtor 6.0.1 software. Potential phosphorylation sites in the deduced
polymerase, helicase and metal ion-binding sequence motitgmino acid sequence were predicted using NetPhos 2.0 server

(Sittidilokratna et al., 2002 YHV structural glycoproteins of the Technical University of Denmark by imposing a threshold
gp116 and gp64 have been shown to be encoded in ORF3 apgediction score of 0.9.

generated by post-translational proteolytic cleavage of a long

polyprotein (itrapakdee et al., 2003n this paper, we describe 22 Amplificati dcloni l-leneth YHV ORF2
the nucleotide sequence and deduced amino acid sequence b%' mplification and cloning of full-leng

YHV ORF2 and show that, like the cognate gene in GAYV, it ORF2 was generated by RT-PCR from YHV genomic RNA
encodes the nucleocapsid protein p20. We also show that recorﬂéing forward primer NS2 and reverse primer NA2igle 9

bman_t YH.V nuclepprote|_n IS expressgd at high _Iev.e&oli and .. The forward primer included &hel restriction site immedi-

conFalns linear epnopgs in the C-termma}l doma'” that react Wltr?sltely upstream of the ORF2 initiation codon. The reverse primer

available nucleoprotein monoclonal antibodies. included aXhol restriction site, a termination codon and a
sequence encoding a |ikag. The RT-PCR reaction was con-

2. Materials and methods ducted using~20 pg of YHV RNA, a primer set containing
500 nM total primers ath8 U RNasin (Promega) in a total reac-

2.1. Virus purification, RT-PCR amplification and tion volume of 25.1. Amplification was conducted in a Perkin-

sequencing Elmer 2400 thermal cycler using the following temperature

cycles: 1x 50°C/30 min, 94 C/2min (for cDNA synthesis),
The YHV isolate used in this work was obtained from mori- 35x 94°C/15s, 58C/15s, 72C/30s (for amplification) and
bundP. monodon showing signs of yellow head disease that werel x 72°C/10 min (for end-filling). The PCR products were frac-
collected from a farm in Chachoengsao Province, Thailand, itionated in agarose gels, affinity purified (QIAGEN) and cloned
July 1998 and was purified using the protocol described previinto pPGEM-T Easy vector (Promega). The nucleotide sequence
ously (Sittidilokratna et al., 2002 Genomic RNA was extracted of the inserts was confirmed. Plasmid pGEM-T-FL containing

Table 1

Primers used for PCR amplification and cloning of segments of the YHV ORF2 gene

Primer pair Sequence Amplified region Recombinant plasmid

NS2 NA2 B-ACTTCTGCTAGCATGAACCGTCGTACACGCACCGCA-3 M1_gl46 pET17b-FL
5-ATTTAGCTCGAGTITA(ATG)s TGATTGTGTTTCCATGGGTTC-3

NS5 NA2 B-ACTGGGATCOCCATGAACCGTCGTACACGCACCGCA-3 M1_g"3 pGEX-5X-1-N

NS4 NA4 5-CCATTCATTGGGATCOCCCATATGCAATCCCTCCAAGTTGTCA-3. Qr4-gl46 pGEX-5X-1-C
5-CCATCCTCGAGCTA(ATG)s TTCTTGAAGTCCTTGAATGGATGG-3

NS5 NAG 5-TATGCCTCGAGCTA (ATG)s TGCGAAGGATTGAGGAATCTCGAT-3 M1-A36 PGEX-5X-1-NN

NS7 NA4 BCCTCGGATCQCATGGTCGAACGCGGTAATGGATGGACT-3 V37_g"3 pGEX-5X-1-CN

NS4 NA5 5-GATCCTCGAGCTA(ATG)sCTTTGGCAGAATGGGATCGTTGGG-3 Q74-K109 PGEX-5X-1-NC

NS6 NA2 B-GATGGGATCCCCCATATGCGTTCAACACAGAAGTCAATCGTTCC3 R110_gl46 pGEX-5X-1-CC

NS2 NA9 5-CATGGGCTCGAQCTATTCAAGGCTCATTGCGTGGATACC-3 M1_gL37 PET17b-FLA9

NS2 NA8 B-TGCGTGCTCGAGTAAGCTAGGTTCTCTATGTCAAGGGA-3 M1-Apl28 PET17b-FLA18

NS2 NA7 5-TATGTCCTCGAGCTAATCGGGAACGATTGACTTCTGTGT-3 Mi-pi19 PET17b-FLA27

@ Restriction endonuclease sites are underlined and transcription initiation and termination codons are in bold.
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the amplified full-length ORF2 (4-S'46) and expression vector 2.4. Expression in E. coli of recombinant ORF2 protein and
PET17b were digested witNkel and Xhol, ligated and trans-  partial ORF2 segments
formed intoE. coli DH5a for amplification.

Plasmids pET17b-FL, pGEX-5X-1-N, pGEX-5X-1-C,
PGEX-5X-1-NN, pGEX-5X-1-CN, pGEX-5X-1-NC, pGEX-
5X-1-CC, pET17b-FLA9, pET17b-FLA18 and pET17b-

Segments encoding the N-terminal half YME”3) and C- FL-A27 were purified and the in-frame orientation of inserts
terminal half (34-S6) of the ORF2 protein and peptides NN WaS confirmed _by PCRE. coli BL21cells were transformeo!
(M1-A38), CN (VE7-E73), NC (Q74-K1%9) and CC (R10-5!46) with the_plasm|ds _selected (;Io_nes were mcube_lt(_eql overnight
were generated by PCR using plasmid pGEM-T-FL as templatt 37°C in LB medium containing 10(g/ml ampicillin and
and primer pairs NS5/NA4, NS4/NA2, NS5/NA6, NS7/NA4; 25Mg/m| Chlorar_‘nphenlcol to an Opth&' QenS|ty Of. 0.6-0.8
NS4/NA5 and NS6/NA2 Kig. 1). PCR was performed and A600nm A2mi qhquot of egch culture was induced with 1 mM
the PCR were products gel purified and cloned into pGEM.SOPropyl$-p-thiogalactoside (IPTG) for 0, 1 and 4h at37
T Easy vector (Promega) as described above. The select&§@king incubator. Cells were collected by centrifugation,
clones were digested witBamHI and Xhol and the inserts gel €Suspended in 1Qd of 1X protein loading buffer kaemmli,
purified and ligated into the multiple cloning site of pGEX- 1970 and 10ul of each induction was used to analyze directly
5X-1 (Amersham Pharmacia Biotech) to generate plasmid8Y SPS-PAGE using a 12.5% gel. Purified YHV was used
PGEX-5X-1-N, pGEX-5X-1-C, pGEX-5X-1-NN, pGEX-5X- as positive antrol and? coli BL21 Contalnlng_ pETl?b and
1-CN, pGEX-5X-1-NC and pGEX-5X-1-CCTéble 1. Seg- pGEX-5>_(-1W|t_h nomsertsvyere_u;.ed as negative controls. Qels
ments of the His:ORF2 protein truncated at the C-terminus eré stained with Coomassie brilliant blue R?SO and de—stamed
by 9, 18 and 27 amino acids were also generated by pCRY standard procedures. Broad range protem molecular wglght
using pGEM-T-FL as a template and primer pairs st/NAg,markefS (2-212 kD_a) were used to est_lmate molecular weights
NS2/NA8 and NS2/NAT7Kig. 1), and cloned into pGEM-T Easy °Of €xpressed proteins (New England Biolabs).
vector as above. Clones encoding the required terminally trun-
cated segments were digested witkel and Xhol, gel purified ~ 2-5- Antibodies
and ligated into the multiple cloning site of expression vector

2.3. Amplification and cloning of ORF?2 segments

PET17bto generate plasmids pET17b-El9; pET17b-FLA18 Polyclonal YHV antibody was prepared in rabbits at
and pET17b-FLA27 (Table 3. All recombinant plasmids were the Institute qf Mgdlcal and Vgt'erlnary Serylces, Adglalde,
transformed intcE. coli DH5« for amplification. South Australia using YHV purified as described previously
(a)
YHV MNRRTRTATPMPRRR-LPPSNRPTRNARLIEIPQSFAVERGNGWTLAYAPGKNPLPGKVIARMQASPFIQGLQE 73
GAV MNRRARPNNPMPVRRPLPP--QPPRNARLIEIPQSFAVERGNGWTLAYAPGKNPLPGKVTARMQASPFIQGLQD 72
*kkk  k R Lk o kkkkhkhkhkhkhkhkhkhkhkhkhk kb kbbb bbbk bk kbbb bk bbbk hkd kkkkkkkkkkkokk |
YHV QSLQVVKSSDGKYSISKRYGKMAITYLNPNDPILPKRSTQKSEIVPDPSIDIENLAEGIHAMSIEDDEPMETQS 146
GAV QSLQVVKSSDGKYTISKRYGKMAITYLNPNDPILPKRSTQKTIVPDPSLNIDNLAEGIHAMTMDDEE-GDTQP 144
LR R R R R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE IR I R kS LRk
© T 28 &2
S o= = =
> % £ 2
M1 V37 Q74 RHO D119A128 E137 5146 Q? E E E
pET17b-FL M + |+ ]+ |+
pGEX-5X-N ] + - -
pGEX-5X-C | + + + +
pGEX-5X-NN ] +
pGEX-5X-CN S -1 -7 -
PGEX-5X-NC —— +
pGEX-5X-CC I + +
pETI 7b-FL-A9 _____________________________________________________________________________| +
pET17b-FL-A18 | + + -
pET17b-FL-A27 ] + - - -

Fig. 1. (a) Clustal W alignment of YHV and GAV ORF2 deduced amino acid sequences indicating predicted phosphorylation sites (underlined) edd predic
epitopes for monoclonal antibodies Y19, Y20 and YII4 (boxed); (b) Schematic representation of YHV ORF2 gene segments expresgedrid immunoblot
reactions of the expressed segments with polyclonal rabbit antiserum and mouse monoclonal antibodies Y19, Y20 and YlI4.
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(Sittidilokratna et al., 2002 Rabbits were injected with 1G0g 3. Results

of purified virus in Freund’s complete adjuvant followed at

intervals of 10-14 days by three doses of W@0in Fre-  3.1. Nucleotide and deduced amino acid sequences of YHV

und’s incomplete adjuvant. Mouse monoclonal antibodies weré@RF2

kindly provided by Dr Paisarn Sithigorngul, Srinakarinwirot

University, Bangkok, Thailand. Clone Y20 was specific for The nucleotide sequence of the YHV ORF2 gene is deposited
the YHV nucleocapsid protein p20; clones Y19 and YIl4in GenBank under accession number DQ067891. Analysis of
were also specific for YHV p20 but cross-reacted with GAV.the sequence indicated that the ORF2 gene initiation codon is
Clone Y3 (V3-2B) was specific for YHV structural glycopro- located 352 nucleotides downstream of the termination codon
tein gp116 Githigorngul et al., 2000, 2002; Soowannayan et al. of ORF1b. The characteristics of this long intergenic region

2003. have been described previous8ittidilokratna etal., 2002 The
ORF2 gene comprises 441 nucleotides and encodes a polypep-
2.6. Immunoblot analysis tide of 146 amino acids with predicted molecular weight of 16

325.5Da. The ORF2 amino acid sequence indicates a highly
Proteins separated by SDS-PAGE were electroblotted thydrophilic, basic polypeptide (g 9.9) with a predominance

nitrocellulose membranes (Protran, Schleicher and Schuedf basic (15.1%), acidic (9.6%) and hydrophilic polar (34.3%)
using a Semi PhéM Semi-Dry Transfer Unit apparatus (Amer- residues. The linear distribution of charged amino acids is highly
sham Pharmacia Biotech). Blots were blocked with 5% skinpolar. The extreme N-terminal domain of 27 amino acids con-
milk powder in TBS-T buffer (50 mM Tris—HCIpH 8.0, 150 mM tains 9 of the 22 basic residues and no acidic residues; the
NacCl, 0.05% Tween-20) at room temperature overnight. Memextreme C-terminal domain contains 9 of the 14 acidic residues
branes were probed with mouse monoclonal antibody or rabb#nd only one basic residue. The ORF2 amino acid sequence also
polyclonal antibody (1:200) in 5% skim milk powder for 2h features a high proportion P and G residues (16.4%), which are
and then washed three times with TBS-T. Membranes wereommonly associated with angular turns in the secondary struc-
then incubated with gentle agitation for 1 h at room temperature, and 6 potential phosphorylation site$ (319, Y86, T112
ture in alkaline phosphatase-conjugated goat anti-mouse Ig&t° and $39) (Fig. 1a).
(Zymed) (1:3000) or goat anti-rabbit IgG (Sigma) (1:30,000) Clustal W alignment of the YHV sequences with GAV ORF2
in TBS-T buffer. Membranes were washed three times with(Cowley et al., 200¥indicates 79% nucleotide and 84% amino
TBS-T buffer and developed in the dark in a solution contain-

ing 45l of 100 mg/ml NBT p-nitro blue tetrazolium chloride) M1 2 3 4 5 6

and 35u! of 50 mg/ml BCIP (5-bromo-4-chloro-3-indolyl phos- ~ kPa

phate,p-toluidine salt) in 10 ml of TBS-T. The reaction was R o — 9P116
stopped by adding 0.5 M EDTA and immunoreactive bands were 864 — == === — — gp64
detected visually. PageRulét Prestained Protein Ladder (Fer- 42,7 — — = = —

mentas Life Sciences) was used to confirm the size of reactive 34.6 — — e = -

bands. 26.9 — — . S S

2.7. Purification of recombinant ORF2 protein 504 — -' L tz szo
Following induction for 4 h with IPTGE. coli BL21cells 143 — = -.

transformed with plasmid pET17b-FL and expressing full- -

length Hig-ORF2 protein were suspended in lysis buffer

(50mM NakPOs, 300mM NaCl, 1mM PMSF [phenyl- ~70 — -

methyl-sulphonyl fluoride], 20 mM imidazole, pH 8.0) and

1 mg/mllysozyme. The cells were lysed by three cycles of soni-

cation and centrifuged at 10,080¢ for 30 min. The supernatant .35 —

fraction was applied to a 0.5ml Ni-NTA column equilibrated

with lysis buffer, washed with two column volumes of lysis -~25 —

buffer containing 30 mM imidazole, and then with four column ——-— szo

volumes of lysis buffer containing increasing concentrations up _45 — »

to 100 mM imidazole. The bound HiEORF2 protein was then (b)

eluted by washing with lysis buffer containing 250 mM imida-

zole. Protein determinations were conducted using the Quickig. 2. Full-length recombinant YHV HiSORF2 protein expressed i coli

Start Bradford Protein Assay Kit (Bio-Rad Laboratories). Theand analysed by SDS-PAGE (panel a) and immunoblot using YHV mono-

relative intensity of protein bands in Coomassie-stained gels wa&onal antibody Y19 (panel b). Molecular weight markers (lane M); pET17b-FL

determined using an ImageScanWérflatbed scanner (Phar- uninduced (lane 1); 'pET17.b-FL. after 1 h induction with 1r'n.M IPTG (lane 2),

. . pET17b-FL after 4 h induction with 1 mM IPTG (lane 3), purified virus (lane 4),
macia Amersham) and analysed using ImageMaster TotalLak=T17b uninduced (lane 5), pET17b after 4 h induction with 1 mM IPTG (lane
software. 6). Arrowheads indicate the expressedg-tisgged recombinant nucleoprotein.
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acid identity. Variations in the deduced amino acid sequenceBollowing induction, Hig-ORF2 protein was expressed at high
occur primarily in the highly charged N-terminal and C-terminallevel, migrating in SDS-PAGE gels asM, =21 kDa protein
domains. The central core of the polypeptide is highly conserve(Fig. 2a). Immunoblot analysidg. 2b) indicated that both the
with only five conservative and one non-conservative substiYHV virion p20 and the expressed recombinant ORF2 protein
tutions in 110 amino acid residues, and four of six predictedeacted with monoclonal antibody Y19 which is known to be
phosphorylation sites are conservéity 1a). The overall level specific for the YHV nucleoproteirSjthigorngul et al., 2002;

of amino acid sequence identity for the YHV and GAV ORF2 Soowannayan et al., 2003

proteins is similar to that previously reported for the ORF1b

polyprotein (88.9%) &ittidilokratna et al., 2002 3.3. Location of linear B cell epitopes
3.2. Identification of ORF2 as the YHV nucleocapsid E. coli BL21 cells were transformed with recombinant
protein gene plasmids pGEX-5X-N and pGEX-5X-C, induced with IPTG

and analyzed by SDS-PAGE and immunoblotting. Following
E. coli BL21 cells transformed with recombinant plasmid induction, GST-fusion proteins incorporating the N-terminal
PET17b-FL containing full-length YHV ORF2 gene were cul- half (M'-E’3) and C-terminal half (*~S'#5) of the YHV
tured to mid-log phase and induced with IPTG for 0, 1 and 4 hORF2 nucleoprotein were expressed as 32 and 35kDa pro-

M 1 2 3 4 5 6 7 8 9 M 1 2 3 4 5 6 7 8 9
kDa x —y

66.4 — '~
42.7 — ' 1

346 — g ey | Pa—

26.9 — e

201 — — —

143 — @) " (b)

~70 — W
~55 —
~40 —

~35 —
~25 —

~15 — (c) (d)

~70 —
~55 —
~40 —

~35 — &
~25 —

il—= (e) U]

Fig. 3. Full-length recombinant YHV HisORF2 protein and GST-fusion proteins containing partial segments of the ORF2 protein exprésseff and analysed

by SDS-PAGE (panel a) and immunoblot using polyclonal rabbit antiserum to YHV (panel b), monoclonal antibody Y19 (panel c), monoclonal antilpaahely 20 (
d), monoclonal antibody YIl4 (panel e), and gp116 monoclonal antibody V3-2B (panel f). Molecular weight markers (lane M); purified virus (lang. thland
transformed with plasmids pET17b-FL (lane 2), pGEX-5X-N (lane 3), pGEX-5X-C (lane 4), pGEX-5X-NN (lane 5), pGEX-5X-CN (lane 6), pGEX-5X-NC (lane
7), pPGEX-5X-CC (lane 8) and vector plasmid pGEX-5X-1 (lane 9).
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teins, respectivelyRig. 3a). Immunoblot analysis indicated that breakdown products. The CN quadranf(VE"3) did not react
each expressed segment reacted with polyclonal YHV rabbitith the polyclonal rabbit antiserum. Immunoblot analysis using
antiserum Fig. 3b). However, staining of the C-terminal seg- mouse monoclonal antibodies Y19, Y20 and Y14 indicated that
ment was significantly stronger, suggesting a relatively greatezach reacted only with the CC quadraigs. 1b and 3c)e
concentration ofimmunoreactive epitopes in this half of the pro- Further mapping of linear epitopes within the CC quad-
tein. In immunoblots using mouse monoclonal antibodies Y19rant was conducted using three terminally truncated clones of
Y20 and YIl4, each reacted only with the C-terminal segmenthe YHV nucleoproteinE. coli BL21 cells transformed with
(Figs. 1b and 3c9elmmunoreactive bands migrating below the recombinant plasmids pET17b-FA9, pET17b-FLA18 and
32 and 35 kDa bands were detected with both polyclonal antipET17b-FLA27 were induced with IPTG and analyzed by
serum and monoclonal antibodies and appear to be breakdov8DS-PAGE and immunoblotting. Following induction, recom-
products of the expressed fusion proteins. binant nucleoproteins truncated at the C-terminus by 9, 18 and
For more precise location of linear epitopés,coli BL21 27 amino acids were expressed at similar levels and appeared
cells transformed with recombinant plasmids pGEX-5X-NN,in gels as 16, 14.5, and 13.5 kDa bands, respectivéty. @a).
pGEX-5X-CN, pGEX-5X-NC and pGEX-5X-CC were induced The significant reduction i, (5kDa) following removal of
with IPTG and analyzed by SDS-PAGE and immunoblotting.the C-terminal 9 amino acids confirms that this short highly
Following induction, GST-fusion proteins containing four linear acidic domain is the primary cause of the difference between
quadrants of the N protein, i.e. NN @MA36), CN (V37-E73),  the observedy;, and deduced molecular weight of the full-
NC (Q"4-K10% and CC (R'0-S'46), were expressed at sim- length nucleoprotein. Immunoblot analysis indicated each trun-
ilar levels and appeared in gels as 29.5, 29, 29 and 32 kDeated nucleoprotein segment reacted with YHV polyclonal anti-
bands, respectively{g. 3a). The relatively slower migration serum Figs. 1b and 4p In the A27-truncated protein, a second
of the recombinant protein containing the CC quadrant wasninor 14.5 kDa band detected by SDS-PAGE following induc-
consistent with slower migration of the GST-fusion proteintion also reacted strongly with the polyclonal antiserum. The
containing the C-terminal half of the N protein. Immunoblot origin of this band is not yet determined but monoclonal anti-
analysis using YHV polyclonal rabbit antiserum indicated thatbody reactions (see below) indicate that it also includea\?e
the NN, NC and CC quadrants contained immunoreactive epitruncation. Monoclonal antibodies Y19 and Y4 reacted with
topes Figs. 1b and 3ph The strongest reaction was with the each of theA9- and A18-truncated nucleoproteins but not the
CC quadrant (R°-S'46) which, like the longer C-terminal A27-truncated protein, indicating the epitopes are located either
half, appeared to generate a series of smaller immunoreatiweithin the deleted E°~E'37 segment or span the point of trun-

20.1 —

143 —

6.5 — (a) (b) (c)

~70 —
~35 —
~25 —
- -— e en

~10 — (d) (e) (f)

Fig. 4. C-terminal-deleted segments of recombinant YHV ORF2 protein expresBecbithand analysed by SDS-PAGE (panel a) and immunoblot using polyclonal
rabbit antiserum to YHV (panel b), normal rabbit pre-bled serum (panel c) and mouse monoclonal antibodies Y19 (panel d), Y20 (panel e) and Y)I4 (panel f
Molecular weight markers (lane M); purified virus (lane 1); @doli transformed with plasmids pET17b-FL (lane 2), pET17b-/A%<lane 3), pET17b-FLA18

(lane 4), and pET17b-FIA27 (lane 5).
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M 1 2 3 4 5 6 7 8 9 al., 2004. Key criteria for the taxonomic placement of YHV and
kDa e . RE | gpiie closely related5ill-associated virus (GAV) are the existence of
66.4 — S a (+) ssRNA genome containing two overlapping long open-

. — opb4 reading-frames (ORFla and ORF1b) that are aligned during
translation by a—1 ribosomal frame-shift, and a characteris-
. = tic ‘SDD’ motif in the active site of the RNA-dependent RNA
26.9 — = "& - polymerase Cowley et al., 2000; Sittidilokratna et al., 2002
-—— —-—— <« It has also been reported that the GAV genome is transcribed
201 — =gl as a nested set of-Boterminal sub-genomic mRNAEowley
g H et al., 2002. However, unlike the known vertebrate nidoviruses
6.5 — M. - (a) (coronaviruses, toroviruses and arteriviruses), the GAV nucle-

oprotein gene (ORF2) is located upstream, rather than down-
stream, of the glycoprotein gen€dwley et al., 200% In this
paper, we confirm that the YHV nucleocapsid protein (p20) is

=70 also encoded in ORF2 which immediately precedes the gene
encoding the transmembrane glycoproteins gp116 and gp64 (i.e.
~35 — ORF3) gitrapakdee et al., 20p3rhe function ofthe YHV ORF2
gene is evident from the deduced amino acid sequence, which
~25 — s shares a high level identity (84%) with the GAV nucleoprotein.
-...-"' o P ——— < It is also demonstrated by the reaction of theoli-expressed
~15— recombinant ORF2 protein with YHV monoclonal antibody Y19
(b) which is known to be specific for virion structural protein p20

(Sithigorngul et al., 200R the only known polypeptide compo-
Fig. 5. Purification of recombinant YHV HisORF2 protein by Ni-NTAaffin-  nent of YHV nucleocapsidsSpowannayan et al., 20p3The
ity chromatography analysed by SDS-PAGE (panel a) and immunoblot usinginusual location of the YHV and GAV nucleoprotein genes

YHV monoclonal antibody Y19 (panel b). Molecular weight markers (lane M); . . L
purified virus (lane 1); whole cell lysate éf coli BL21 transformed with plas- may be a consequence of genetic recombination in an ancestral

mid pET17b-FL (lane 2); insoluble fraction of the cell lysate (lane 3); solublenidOVirus' High'frequency genetic recombination is known to
supernatant fraction of the cell lysate (lane 4); and column fractions eluted witCcur commonly in (+) ssRNA viruses, including nidoviruses
LB containing 250 mM imidazole (lanes 5-9). Arrowheads indicate the purified(Lai et al., 1985; van der Most and Spaan, 1995; Snijder et
Hisg-tagged recombinant nucleoprotein. al., 1991; Lai, 199® and it has been proposed that the diverse
structural and morphological characteristics of nidoviruses may
have occurred by a modular evolutionary process that results
cation FIgS 1band4d and.fMOﬂOClonal an“bOdeZO reacted in exchange by recombination of Comp|ete genes or gene

only with theA9-truncated nucleoprotein indicating thatthe epi-sets Gnijder and Horzinek, 1993, 1995; Snijder and Spaan,
tope is located either within the deletet?R-A'2® segment or 1995,

spans the point of truncatiofigs. 1b and 4e There is a significant difference between the molecu-
lar weight of the YHV nucleocapsid protein predicted from
3.4. Purification of recombinant YHV nucleocapsid protein the deduced amino acid sequence (M.W.=16.6kDa) and the

observed electrophoretic mobility of the virion nucleoprotein

E. coli BL21 cells transformed with recombinant plasmid by SDS-PAGE ¥, ~20kDa). The deduced sequence indicates
PET17b-FL containing full-length YHV ORF2 gene were cul- several unusual structural features that may contribute to aber-
tured to mid-log phase and induced with IPTG for 4 h. Followingrant migration in gels including a relatively high proportion of
induction, Hig-ORF2 protein was purified from the cell lysate proline and glycine residues and a highly polar arrangement
by Ni*-NTA affinity chromatography. The expressed nucleo-of charged residues. The discrepancy between predicted size
protein remained primarily in the insoluble fraction which wasand electrophoretic mobility is also evident in the ¢iagged
relatively free of other cellular proteins. The soluble fractionfull-length recombinant protein expresseddncoli (Fig. 2). It
contained useful quantities of nucleoprotein which was puriwas also observed that the expressed GST-fusion proteins con-
fied to near homogeneity following elution from the'NNTA  taining the C-terminal half (¢#-S'4%) and the CC quadrant
column Fig. 5. The concentration of the expressed recombi-(R119-5146) of the nucleoprotein were retarded relative to the
nant nucleoprotein in the whole cell lysate was approximatelynigration of fusion proteins containing other segments of sim-
1.15 mg/mland the overall efficiency of purification was approx-ilar size Fig. 3). The 5kDa reduction i/, following removal

imately 30%. of the C-terminal 9 amino acids indicates that, despite the over-
all predominance of basic residued §9.9), this short highly
4. Discussion acidic domain is primarily responsible for the relatively slow
electrophoretic migration of the nucleoprotein.
Yellow head virus is an invertebrate nidovirus that is classi-  Immunoblot analysis using polyclonal rabbit antiserum

fied in the genu®kavirus of the family Roniviridae (Walker et raised against nonionic detergent-disrupted, purified YHV iden-
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tified reactive linear epitopes in all quadrants of the nucleopro- and ORF1b gene related arteri- and coronaviruses. J. Gen. Virol. 81,
tein except for the CN quadrant §¢~E’3). This region has a 1473-1484.
low antigenicity index Hopp and Woods, 198&nd a low pre- Cowley, J.A., Dimmock, C.M., Walker, P.J., 2002. Gill-associated nidovirus

. . . . of Penaeus monodon prawns transcribes'-@oterminal subgenomic RNAs
dicted surface probabilitydanin, 197pand may well be buried that do not possess-feader sequences. J. Gen. Virol. 83, 927-935.

in the core of the folded nucleoprotein. The most intense reacowley, J.A., Walker, P.J., 1977-1987. The complete sequenceii
tions occurred with the acidic CC quadrantR-S46), which associated virus of Penaeus monodon prawns indicates a gene organi-
also contained the epitopes for three available mouse mono- sation unique among nidoviruses. Arch. Virol. 147.

clonal antibodies. Monoclonal antibodies Y19 and Yli4 eachFIegeI, T.W., Boonyaratpalin, S., Withyachumnarnkul, B., 1997. Progress in

. . . _ 137 _ research on yellow-head virus and white-spot virus in Thailand. In: Flegel,
mapped to linear sites either within the deletdd®EE seg T.W., MacRae, I.H. (Eds.), Diseases in Asian Aquaculture Ill. Fish Health

ment or the upstream rggion spanning the point qf truncation. section, Asian Fisheries Society, Manila, pp. 285-295.

Y19 and Y14 were derived from different cell fusions. Each Hopp, T.P., Woods, K.R., 1981. Prediction of protein antigenic determinants
reacts with both YHV and GAV and so must target highly con- from amino acid sequences. Proc. Natl. Acad. Sci. U.S.A. 86, 152-156.
served sequences Comprising the 6—7 amino acids of a "neé?nin, J., 1979. Surface and inside volumes in globular proteins. Nat. Lond.

. .. . . 277, 491-492.
B cell epitope. This identifies the sequence IVPDPSL Spannmgitrapakdee, S., Unajak, S., Sittidilokratna, N., et al., 2003. Identification

the point of truncation as the only possible epitope for Y19 and  ang analysis of gp116 and gp64 structural glycoproteins of yellow head
YIl4 (Fig. 1b). Monoclonal antibody Y20 is specific for YHV nidovirus of Penaeus monodon shrimp. J. Gen. Virol. 84, 863-873.

and so must target a 6—7 amino acid sequence that is not ideligemmli, U.K., 1970. Cleavage of structural proteins during the assembly of
tical in GAV either within the deleted £9—g137 segment or the head of bacteriophage T4. Nat. Lond. 227, 680-685.

. . . . Lai, M.M., 1992. RNA recombination in animal and plant viruses. Microbiol.
the upstream region spanning the point of truncatkig.(1b). Rev. 56. 6179 P

This identifies a maximum span (_)f 15 amiﬂo acids froffD |4 M.M., Baric, R.S., Makino, S., et al., 1985. Recombination between non-
to E'37 (DIENLAEGIHAM SLE) which contains a core of com- segmented RNA genomes of murine coronaviruses. J. Virol. 56, 449-456.
mon sequence (M6-M134). Therefore, the Y20 epitope must Limsuwan, C., 1991. Handbook for Cultivation of Black Tiger Prawns. Tam-

be located in one of the variable regions at either end of this 15 Setakit Co., Ltd., Bangkok (in Thai). .
amino acid sequence Nadala, E.C.B., Tapay, L.M., Loh, P.C., 199%ellow head virus: a

. . . . rhabdovirus-like pathogen of penaeid shrimp. Dis. Aquat. Org. 31,
Hisg-tagged recombinant YHV N protein was expressed in 141146,

E. coli at high levels and was easily purified in quantity from Sithigorngul, P., Chauychuwong, P., Sithigorngul, W., et al., 2000. Develop-
the bacterial cell lysate by N.iNTA_afﬁnity chromatography. ment of a monoclongl antibody specific Yellow head virus (YHV) from
The purified product will assist future structural studies of the__Fenaeus monodon. Dis. Aquat. Org. 492, 27-34.

. . ithigorngul, P., Rukpratanporn, S., Longyant, S., et al., 2002. Monoclonal
YHV nUC|eOprOteln and may be app“ed forthe development Ofs antibodies specific tdellow head virus (YHV) of Penaeus monodon. Dis.

immunodiagnostic reagents. It has been reported previously that aquat. org. 49, 71-76.
structural proteins VP19 and VP28 of white spot syndrome virusittidilokratna, N., Hodgson, R.A.J., Cowley, J.A., et al., 2002. Complete
expressed ii. coli can induce a protective response following  ORFlb-gene sequence indicatésllow head virus is an invertebrate
oral vaccination of shrimpWitteveldt et al., 2004 While the nidovirus. Dis. Aquat. Org. 50, 87-93. _

. . . . .., Snijder, E.J., den Boon, J.A., Horzinek, M.C., et al., 1991. Comparison of the
nature of the protec_tlve mechanlsm is not known, it is DQSS'UG genome organization of toro- and coronaviruses: both divergence from a
that structural proteins of other shrimp viruses could also induce  common ancestor and RNA recombination have played a role in Berne
protective immunity. High-level expression and purification of  virus evolution. Virology 180, 448-452.
recombinant YHV nuc]eoprotein will facilitate similar studies Snijder, E.J., Horzinek, M.C., 1993. Toroviruses: replication, evolution and

for this second major pathogen of farmed shrimp. compar_ison with other members of the coronavirus-like superfamily. J.
Gen. Virol. 74, 2305-2316.
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