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Abstract

The glycoprotein (G) of Nipah virus (NiV) is important for virus infectivity and induction of the protective immunity. In this
study, the extra-cellular domain of NiV G protein was fused with hexahistidine residues at its N-terminal end and expressed
in Escherichia coli The expression under transcriptional regulation of T7 promoter yielded insoluble protein aggregates in the
form of inclusion bodies. The inclusion bodies were solubilized with 8 M urea and the protein was purified to homogeneity under
denaturing conditions using nickel-nitrilotriacetic acid (Ni-NTA) affinity chromatography. The denatured protein was renatured
by gradual removal of the urea. Light scattering analysis of the purified protein showed primarily monodispersity. The purified
protein showed significant reactivity with the antibodies present in the sera of NiV-infected swine, as demonstrated in Western
blot analysis and enzyme-linked immunosorbent assay (ELISA). Taken together, the data indicate the potential usefulness of the
purified G protein for structural or functional studies and the development of immunoassay for detection of the NiV antibodies.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction brospinal fluid of the human patient€lfua et al.,
2000. It was found to be the etiologic agent for both
Nipah virus (NiV) is a negative sense, nonseg- human and swine diseases and classified to the fam-
mented RNA virus that was first isolated from cere- ily Paramyxoviridae@inder a new genudenipaviruses
(Chua et al., 2000; Mayo, 20D2ts genome encodes
"+ Corresponding author. Tel.: +60 3 89466701 SiX st.ructural pr_oteins: nucleocapsid (N), phospho- (P),
fax: +60 3 89430913 matrix- (M), fusion- (F), glyco- (G) and large- (L) pro-
E-mail addresskyusoff@putra.upm.edu.my (K. Yusoff). teins Harcourt et al., 2000; Wang et al., 2001
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The natural reservoir of the virus is fruit bat with  ume of 25Qul of NiV-infected cell culture medium
no signs of infection but causes fatal encephalitis in was used to extract total VRNA using the TRIZOL LS
humans and a respiratory syndrome in pigéya et reagent (Life Technologies, USA), as recommended
al., 2003. The infected pigs can transfer the virus to by the manufacturer. Extracted VRNA was used as a
other animals such as dogs, cats, and hor€émid template for cDNA synthesis using the Superscript Il
et al., 1999, 2000; Paton et al., 199®ost recently, RNaseH ) reverse transcriptase (Life Technologies,
Guillaume et al. (2004jound that destruction of the ~ USA), which was subsequently used in a PCR ampli-
natural habitat of fruit bats caused the migration of fication using the Platinuf¥' high fidelity Tag DNA
these bats to live closer to humans and domesticatedpolymerase (Life Technologies, USA). Two synthetic
animals, and as a result the virus can be transferred tooligonucleotides, TGNiV forward (SGGGGGATCG
new species. Recent outbreaks of the NiV and Nipah- ATGGACAATCAGGCCGTGATC-3) and TGNiV re-
like viruses in BangladeshA(HO, 2004a,lp demon- verse primers (sGGGGGGAAGCTICTCAACCA-
strate the existence of a time bomb that poses a ma-ATGATATGCACCA-3') were used to amplify the cod-
jor health problem worldwide, which could destroy the ing sequence of thBliV G gene between nucleotides
economies of many countries. Therefore, there is a de-231 and 1737. The underlined nucleotides represent
mand for rapid detection as well as serological diag- BanmHI and Hindlll cutting sites, respectively. These
nosis of the virus for monitoring the presence of the two primers were designed to eliminate the transmem-
virus and its antibodies in individuals and animals in brane and signal regions of the G protein of NiV. The
high-risk areas. Currently, production of immunolog- PCR product was digested wiarmH| and Hindlll
ical reagents for these assays require biohazard leveland cloned intothe pRSET plasmid (Life Technologies,
4 (BL4) laboratories which are limited only to a few USA) that had been digested with the same restriction
countries worldwide. endonucleases. The resulting construction was trans-

The G protein plays a central role in the viral repli- formed intoE. colistrain BL21 Sl (Life Technologies,
cation process since it is responsible for the viral at- USA). The expression was confirmed with SDS-PAGE
tachment to sialic acid-containing host cell receptors and Western blot analysis before subjecting to purifi-
(Bossart et al., 2001 Thus, the G protein appears to cation and further analysis. Broad range protein mark-
be essential for paramyxovirus replication, and as such ers (Gibco, BRL) were used in SDS-PAGE and West-
could represent the primary target for neutralizing an- ernblotanalysis. Swine anti-NiV polyclonal antibodies
tibodies as well as potential targets for antiviral agents. (1/500 dilution) were used as the primary antibody. Ap-

In this study, the extra-cellular domain of the G propriate species-specific immunoglobulin conjugated
protein of NiV was cloned and expressed in tag- to alkaline phosphatase (1/5000 dilution) was used as
cherichia colisystem. The purified product was used as the secondary antibody.
the capturing antigen in an enzyme-linked immunosor-  The recombinant protein was extracted from bac-
bent assay (ELISA) to determine the presence of the terial cells using the Bacterial Protein Extraction
anti-NiV antibodies in serum samples collected from Reagent (B-PER) (Pierce, USA), as recommended by
naturally infected swine. It was found that the purified the manufacturer with some modifications. Briefly,
G protein reacted only with antibodies in NiV posi- bacterial cells from 250 ml culture were centrifuged
tive samples, suggesting a potential replacement for at 3440x g for 10min and the pellet was washed
currently used whole virus antigen that requires con- with PBS (10 mM sodium phosphate, 0.15M NacCl,
tainment facilities. pH 7.5) and centrifuged as above. The cells were re-

suspended in 20 ml of B-PER reagent and the mixture

was gently shaken at RT for 2 h before centrifugation
2. Materials and methods at 27,000x g for 20min to separate inclusion bod-

ies from soluble proteins. After repeating the above

Swine anti-NiV sera with known serum neutraliz- extraction for two times, the inclusion bodies were
ing test (SNT) and inactivated NiV from infected cell resuspended in 10ml of B-PER reagent containing
culture medium were generous gifts from the Veteri- 200pg/ml lysozyme (Sigma, USA), and the mixture
nary Research Institute (VRI), Ipoh, Malaysia. A vol- was incubated at RT for 20 min before adding 100 ml



M. Eshaghi et al. / Journal of Biotechnology 116 (2005) 221-226

PBS. The inclusion bodies were collected by centrifu-
gation at 27,00k g for 20 min. The pellet was re-
suspended in 100 ml of B-PER reagent in PBS (1:10
dilution) and centrifuged as above. The extracted in-
clusion bodies were dissolved in 5ml of denaturing
buffer (6 M guanidine HCI; 20 mM NaP£) pH 7.8;
500 mM NaCl) and loaded onto a pre-equilibrated col-
umn packed with 5ml of nickel-nitrilotriacetic acid
(Ni-NTA) agarose (Life Technologies, USA). The
protein-bound Ni—NTA resin was first washed with
10 ml of denaturing binding buffer (8 M urea; 20 mM
NaPQ, pH 7.8; 500 mM NacCl) followed by wash-
ing with 20 ml of denaturing wash buffer (8 M urea;
20mM NaPQ, pH 6.0; 500 mM NacCl). The column
was washed with another 20 ml of the above wash-
ing buffer at pH 5. The bound recombinant protein
was finally eluted with 10 ml denaturing elution buffer
(8 M urea; 20 mM NaP@ pH 4.0; 500 mM NaCl) and
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ing, 100wl of optimum concentration (100 ng/well) of
the recombinant G protein in TBS was added in the
wells and the plates were incubated at RT for further
1 h. After washing with TTB, the appropriate dilution
(1/3000) of mouse anti-His (Amersham Biosciences,
UK) was added. Following 1 h of incubation at RT, the
plates were washed and 1@Dof the anti-mouse IgG
alkaline phosphatase (KPL, USA) was added and the
microtiter plates were incubated further for 1 h at RT.
Subsequently, the enzyme—substrate solution, contain-
ing 1 mg/ml PNPP (-Nitrophenyl phosphate, Sigma,
USA) in 0.1 M diethanolamine (Sigma, USA), pH 10.3
was added. The reaction was stopped after 30 min at RT
by the addition of 5qul of 1N NaOH to each well and
the A4o5 values were measured with a microtiter plate
reader (Bio Rad, USA).

the sample fractions were analyzed by SDS-PAGE and 3. Results and discussion

Western blotting. The fractions containing the puri-
fied recombinant protein were pooled and first dia-
lyzed against 6 M urea for 6 h. The dialysis was con-
tinued by the addition of 250 ml of 25 mM Tris—HCI
(pH 7.5) every 12 h for three times and finally the dial-
ysis solution was replaced with 25 mM Tris—HCI (pH
7.5), 150 mM NacCl, 0.2% Triton X-100 and 5 mp#t

The extra-cellular domain of thdiV G gene was
cloned downstream of a T7 promoter in the pRSET
vector system, which allows the expression proteins
via transcription by T7 polymerastliV G gene was
expressed as a protein attached at its amino-terminus
to a polyhistidine peptide. As shown Fig. 1A, an

mercaptoethanol, and dialyzed for another 12 h. The extra protein band with the expect®t} of approxi-

purity of the sample was studied with a dynamic light mately 57 kDa appeared in the insoluble fraction of the
scattering (DLS) instrument (DynaPro-MS/X, Prote- extract of bacteria containing the recombinant plasmid
rion Inc., UK) at 20°C, and at least 20 measurements andwas absentinthe corresponding fraction of bacteria
were taken at each experiment. All DLS measurements containing the vector without an insert. The time course
were performed at 824.8 nm wavelength laser &t 90 study showed that the highest level of expression could

angle.

The titers of the anti-G antibodies in swine sera
were determined using ELISA. All washing steps were
carried out three times with TTB [0.05% Tween-20
in TBS (50 mM Tris—HCI, 150 mM NacCl; pH 7.5)].
All antigen and antibody dilutions were done in TBS.

be achieved after 5h post induction (data not shown).
Animmunoreactive band of approximately 57 kDa was
detected by the pooled anti-NiV sera on a Western blot
(Fig. 1B), confirming the expression of the recombi-
nant G protein.

The inclusion bodies, which were extracted from

Flat-bottom polystyrene microtiter plates were used as bacterial cells using B-PER reagent, were washed sev-
solid-phase adsorbents (TPP Immunomax high binding eral times with the same reagent to remove most of the

flat-bottomed ELISA plate, USA). The plates were first
coated with anti-swine 1gG (1/3000) (KPL, USA) for
overnight at RT. After washing, the plates were blocked
with 200! of SEA BLOCK blocking buffer (Pierce,
USA) for 1h at RT. Subsequently, the plates were
washed and incubated for 2 h at RT with appropriate di-
lution (1/100) of the swine sera from infected and non-
infected animals. Following another round of wash-

contaminants. Two reasonably pure protein bands of
approximately 57 and 47 kDa were observed in a poly-
acrylamide gel stained with Coomassie blggy( 1A).

The lower band was detected with swine anti-Nipah

sera but not with anti-His (data not shown), indicat-

ing that it could be either a bacterial protein or His-tag

deleted proteolytic product derived from the recom-

binant protein. The extracted inclusion bodies were
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Fig. 1. (A) SDS-PAGE of bacterial extract after 5 h induction with
0.3 M NaCl after 5 h induction. (1) Cells containing the vector with-
out an insert, (2) recombinant G before purification, (3) purified in-
clusion bodies, (4) purified by affinity chromatography. (B) Western
blot of the above samples using swine anti-NiV sera. The same num-
ber of the bacterial cells was used for the first two lanes.

solubilized in 6 M guanidine HCI containing buffer
and directly purified on Ni-NTA matrix under dena-
turing conditions. Subsequently, the urea was grad-
ually eliminated from the purified protein by dialy-
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Fig. 2. Reactivity of a panel of 25 swine serain sandwich ELISA test
based on plates coated with purified recombinant G protein (1-20:
positive serum samples; 21-25: negative serum samples).

dicated 98% of one species wis 200 nm and 2% of
the another species witR, 1700 nm.

In order to determine the specificity and sensitivity
of the recombinant G protein as antigen for detecting
antibodies in NiV positive swine sera a quantitive im-
munoassay was carried out. A total of 20 NiV positive
seraand 5 negative sera from healthy swine were tested,
and the results showed that the purified G protein re-
acted specifically with antibodies in NiV positive sam-
ples Fig. 2). This reflects the reliability of the purifi-
cation procedure in eliminating bacterial contaminants
from the G protein.

Inactivated NiV is currently being used as a coat-
ing antigen in ELISA for detection of the anti-NiV
antibodies in serum samples. The process of grow-
ing the virus in cell cultures, however, requires BL4
laboratories. In addition, the use of NiV is restricted
in certain countries due to biosecurity considerations.
Therefore, an ELISA based on a recombinant pro-
tein, as capturing antigen, is simpler to produce and
perform than ELISA based on inactivated virus. The
latter is hazardous and not suitable for large-scale
surveys.

In order to assess the suitability of the G protein

sis and the protein renatured again. The concentrationas an ELISA antigen for the detection of specific anti-

of the purified recombinant G protein from the total
bacterial cell proteins was estimated to be approxi-
mately 0.01-0.03 mgd of the wet weight of bacterial
cells.

Light scattering of the purified protein showed
monodispersity with a hydrodynamic radiuR,j of
14 nm, whereas the inclusion bodies were found to be
polydispersed, and polymodal regression analysis in-

NiV antibodies, a recombinant pRSET vector was con-
structed, which could be used to express the recombi-
nant G protein irE. coliBL21 SI. Production of such
recombinant proteins if. coli as capturing antigens
for diagnosis of diseases caused by viruses have been
widely used including turkey coronavirukda et al.,
2009, Marburg virus Gaijo et al., 200, Norwalk-

like virus (Yoda et al., 200)) measles virusWarnes
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A strong specific signal was observed in Western
blots confirming the specific immunoreactivity of the
recombinant G protein. The results of the Western blot
analySIS_ and I_EL.ISA test S_ngg?St th_at the recombinant Barber, G.N., Clegg, J.C., Chamberlain, J., 1987. Expression of Lassa
G p!FOtem exhibits the ant'g?mc (_apltopes _and confor-  virus nucleocapsid protein segments in bacteria; purification of
mation necessary for specific antigen—antibody recog-  high-level expression products and their application in antibody
nition. The inclusion bodies before purification showed  detection. Gene 56, 137-144.
negligibly low background on Western blot but when B0ssart, K.N., Wang, L.F., Eaton, B.T., Broder, C.C., 2001. Func-

d as the coating antiaen in ELISA. a relativelv high tional expression and membrane fusion tropism of the envelope
use g g - ! Yy . 9 glycoproteins of Hendra virus. Virology 290, 121-135.
background was observed. Th|5 was probably elthgr Chua, K.B., Bellini, W.J., Rota, P.A., Harcourt, B.H., Tamin, A.,
due to the presence of bacterial protein (s) and/or exis-  Lam, S.K., Ksiazek, T.G., Rollin, P.E., Zaki, S.R., Shieh, W.,
tence of some antibodies recognizing conformational ~ Goldsmith, C.S., Gubler, D.J., Roehrig, J.T., Eaton, B., Gould,
epitopes in ELISA. The results of the light scattering AR~ Olson, J., Field, H., Daniels, P, Ling, A.E., Peters, C.J., An-

Iso confirmed the im urity of the inclusion body sam- derson, L.J., Mahy, B.W., 2000. Nipah virus: a recently emergent
a . p . y - deadly paramyxovirus. Science 288, 1432—-1435.
ple a_nd monodispersity of the purified recombinant chya, k.B., Goh, K.J., Wong, K.T., Kamarulzaman, A., Tan, P.S.,
protein. Based on the molecular mass of the recom-  Ksiazek, T.G., Zaki, S.R., Paul, G., Lam, S.K., Tan, C.T., 1999.
binant G protein (57 kDa) and the assumption that it ~ Fatal encephaliis due to Nipah virus among pig-farmers in
is spherical form, the calculated radius of the protein _ Malaysia. Lancet 354, 1257-1259.
is about 3.4 whereas tfR, of the purified protein de- Chua, K.B., Koh, C.L., Hooi, P.S., Wee, K.F., Khong, J.H., Chua,
IS a : p e p - B.H., Chan, Y.P, Lim, M.E., Lam, S.K., 2002. Isolation of Nipah
teCte(_j by DLS was abou_t 14.nm- Th|5 implies thf.it the  virus from Malaysian island flying-foxes. Microbes Infect. 42,
protein most probably exists in multimer forms (trimer 145-151.
or tetramer). Freije, J.M., Munoz, M., Vinuela, E., Lopez-Otin, C., 1993. High-
In order to ensure a more consistent binding pattern level expression irfEscherichia coliof the gene coding for the
. . major structural protein (p72) of African swine fever virus. Gene
of the coated antigen to the ELISA plate and to avoid 123 259262
the_hlgh backgr_ound, it was decided to use aﬁ'_th' Guillaume, V., Contamin, H., Loth, P., Georges-Courbot, M.C.,
purified recombinant G protein as the coating antigen.  Lefeuvre, A., Marianneau, P., Chua, K.B., Lam, S K., Buckland,
The validation of the recombinant G protein ELISA R., Deubel, V., Wild, T.F., 2004. Nipah virus: vaccination and pas-
was carried out using 25 samples of swine sera. The sive protection studies in a hamster model. J. Virol. 78, 834—840.
R to det . th iabilit f i ) d Harcourt, B.H., Tamin, A., Ksiazek, T.G., Rollin, P.E., Anderson,
alm_\_NaS 0 de e_rmme € varabiiity of nega I_Ve an L.J., Bellini, W.J., Rote, P.A., 2000. Molecular characterization
positive sera using ELISA based on recombinant G of Nipah virus: a newly emergent paramyxovirus. Virology 271,
protein. The newly established assay was able to distin-  334-349.
guish clearly the two groups of samples based on their Loa, C.C., Lin, T.L., Wu, C.C., Bryan, T.A., Hooper, T., Schrader,
reactivity However. the result of the ELISA should be D., 2004. Expression and purification of turkey coronavirus nu-
. ) . . . cleocapsid protein ifEscherichia coli J. Virol. Methods 116,
interpreted cautiously, since proper standardization of ;o™ =
the_ ELISA requires sera from experl_me.n_tally infected Mayo, M.A., 2002. A summary of taxonomic changes recently ap-
animals followed by testing a more significant number proved by ICTV. Arch. Virol. 147, 1655-1656.
of field serum Samp|es_ Unfortunate|y, itwas not possi_ Paton, N.1., Leo, Y.S., Zaki, S.R., Auchus, A.P.., Lee,K.E., Ling, A.E.,
ble to obtain sera from experimentally infected animal ~ €ew. S-K.,Ang, B, Rollin, P.E., Umapathi, T., Sng, 1., Lee, C.C.,
ra due to lack of the BL4 laboratory throughout this Lim, E., Ksiazek, T.G., 1999. Outbreak of Nipah virus infection
se . ) y . 9 ; among abattoir workers in Singapore. Lancet 354, 1253-1257.
study and also to the limited availability of the field  sajjo, M., Niikura, M., Morikawa, S., Ksiazek, T.G., Meyer,
sera. R.F., Peters, C.J., Kurane, |., 2001. Enzyme-linked immunosor-
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