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Abstract

The E1 and E2 glycoproteins of Western Equine Encephalitis (WEE) are candidate antigens for WEE subunit vaccine development. We
have cloned the E1 gene of WEE virus and expressed Hisitherichia colias inclusion bodies. The inclusion bodies were successfully
solubilised, refolded and the immunogenicity of this unglycosylated protein was assessed in mice. Immunization of mice with recom-
binant E1 protein generated both humoral and cell-mediated immune responses, indicating the recombinant E1 protein is immunogenic.
Challenge of E1-immunized mice with live WEE virus demonstrated little or no protection fronEthisli-derived non-glycosylated
subunit.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction A subgenomic positive strand RNA (26S RNA) transcribed
from the negative strand RNA, is identical to tHe&e-third
The Western Equine Encephalitis (WEE) virus is one of of the genomic RNA and serves as the mRNA for a single
about 20 viruses that have been assigned to the alphavirustructural polyprotein that is post-translationally cleaved into
genus of the Togaviridae family. The new world alphavirus five individual proteins: capsid, E3, E2, 6k and Ehfcedda
include WEE and this virus causes encephalitisin humans andet al., 1975; Garoff et al., 1980; Schlesinger, 1980; Rice and
severe disease in horses. WEE is endemic in Western NorthStrauss, 1981 The envelope surrounding the nucleocapsid
America although varieties have been isolated from different is a lipid bilayer derived from the plasma membrane of the
parts of the world. The alphavirus virion is approximately hostcell and carries the two virally encoded glycoproteins E1
71nm in diameter and consists of four major components: and E2, both approximately 55 kDa. The E1 and E2 glyco-
the glycoprotein shell, the plasma membrane, the nucleo-proteins each contain two glycosylation sit®setnev et al.,
capsid core and genomic RNA€llinghuisen et al., 1999 2001), which undergo N-linked glycosylation with mannose-
All alphaviruses share a number of structural, sequence andrich oligosaccharideSgfton, 197Yin the lumen ofthe rough
functional similarities including a genome with two polypro- endoplasmic reticulumQaroff et al., 1978; Bonatti et al.,
tein gene clusterssgrauss and Strauss, 1994; Schlesinger and 1979. The envelope glycoproteins are key target proteins for
Schlesinger, 1996The non-structural proteins are translated the development of vaccine because they include epitopes that
directly from the genomic RNA and are encoded by genes lo- elicit neutralizing antibodies. One mechanism by which the
cated along the first two-thirds of thé é&nd of the genome.  immune system protects an animal from viral disease is the
production of neutralizing antibodies, which prevent spread

* Corresponding author. Tel.: +1 780 4929233; fax: +1 780 4921217.  Of the virus by interfering with viral binding or entry into
E-mail addressmsuresh@pharmacy.ualberta.ca (M.R. Suresh). uninfected cells.
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In this study, we report the successful cloning of the E1
gene of WEE, its expression in and purification frds-
cherichia coliinclusion bodies and the evaluation of the im-
munogenicity of recombinant E1 protein in mice. The E1
recombinant protein and E1-specific MAb could be used for
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5 GAA TTG GCC TCG GGG GCC AAG CTT TCT ACG
TGT GTT TAT AAG CAT 3') designed from the published
sequenceHahn et al., 1988 The PCR mixtures contained
200uM of each dNTPs, 0.4 pmole of each primer, 1 Unit
Taq DNA polymerase, pl 10x PCR buffer in 5Qul volume

the development of effective diagnostic and therapeutic mea-and PCR cycle was set at 94/55/12, 1 min/45 s/1 min, re-

sures against WEE.

2. Materials and methods
2.1. Bacterial strain, vector and chemicals

The vector pET22b+,E. coli BL21 (DE3) strain,
Bugbustef™ and Benzonas# were purchased from No-
vagen Inc (Madison, USA). ThE. coli Top 10F strain was
purchased from Invitrogen (Burlington, Canada). Oligonu-

cleotides were synthesized by the Department of Biochem-

istry, University of Alberta, Edmonton, AB, Canada. The
Taq DNA polymerase, T4 DNA ligase, Isopropgtp-1-

thiogalactopyranoside (IPTG), DMEM, penicillin, strepto-
mycin andL-glutamine (PSG) and FBS were purchased
from Gibco BRL (Burlington, Canada). Restriction enzymes
were purchased from New England Biolabs Ltd. (Missis-

spectively, for 30 cycles. The gel purified PCR product was
digested withSad and Hindlll and ligated withSad and
Hindlll digestedE. coliexpression vector pET22b+. The lig-
ation mixtures were used to transform EhecoliTop 10F cells

by electroporation (Gene pulser, Biorad) followed by 1 h in-
cubation at 37C. The transformants were spread onto Luria
Bertani (LB) agar (1% Tryptone, 0.5% Yeast Extract, 0.5%
NaCl, 1.5% Agar agar, pH 7.5) plates containing u@@ml
carbenicillin. Recombinant colonies were screened by plas-
mid DNA isolation (Qiagen plasmid DNA isolation kit) and
digested withSad andHindlIl. The digested products were
analysed in 1% agarose gel electrophoresis for the correct
size clones.

2.3. Functional clone analysis

The plasmid containing the correctly oriented E1 gene
(pDS03) was used to transfori. coli BL21 (DE3) by

sauga, Canada). Acrylamide: bisacrylamide, pre-stained lowheat shock methods@mbrook et al., 1999or recombinant

range protein molecular weight markers and Biorad pro-

protein expressiork. coli BL21 (DE3) transformants were

tein assay reagent were purchased from Bio-Rad Labora-propagated in 10 ml LB medium containing 1,06/ml of
tories Ltd. (Mississauga, Canada). Glutathione (GSH and carbenicillin and incubated at 3T with shaking at 250 rpm

GSSG) was purchased from Roche Diagnostics (Laval, until an ODygg of ~0.4 was reached. The bacterial culture
Quebec, Canada). Plasmid DNA isolation (QIAprep) and was induced with 1 mM IPTG and grown for another 3h at
gel extraction kits (QIAquick) were obtained from Qia- 30°C. The bacterial culture was harvested and total cell lysate
gen Inc (Mississauga, Canada). dNTPs, Hybond ECL ni- was prepared by addition of sample buffer (50 mM Tris, pH
trocellulose membrane and the ECL Western blotting kit 6.8, 100mM DTT, 2% SDS, 0.1% bromophenol blue, 10%
were purchased from Amersham BioSciences (BaiedUrfe, glycerol) to the pellet and heated at@5for 5 min. Total cell
Quebec, Canada). The Polymyxin B resins, TiterMax Gold proteins were analysed by SDS-PAGE using 10% polyacry-
adjuvant, MTT [(3-(4,5-dimethylthazol-2-yl)-2,5-diphenyl lamide gel performed according taemmli (1970)with a
tetrazolium bromide)], mitomycin Cr-arginine and goat  Biorad Mini Protean Il apparatus. The protein gel was stained
anti-mouse-horseradish peroxidase (GAM-HRPO) were pur- with 0.25% (w/v) Coomassie Brilliant Blue R-250 in 10%
chased from Sigma (Oakville, Canada). [Diammonium-2,2  acetic acid and 45% methanol and destained with 10% acetic
azino-his (3-ethylbenzothiazoline-6-sulfonate)] (ABTS) and acid and 30% methanol.

3, 3, 5, B-tetramethylbenzidine (TMB) peroxidase substrate

were purchased from Kirkegaard & Perry Laboratory Inc 2 4. \Western blot analysis

(Gaithersburg, USA). The 11D2 anti-E1 WEE hybridoma
was obtained from Defence Research and Development
Canada—Suffield (DRDC Suffield), Alberta, Canadlar(g
etal., 2000a

Total cell proteins were electrophoresed on SDS-PAGE
and electroblotted onto the Hybond ECL nitrocellulose mem-
brane according tdowbin et al. (1979)sing Trans blot ap-
paratus (BioRad) following manufacturer’s instructions. The
membrane was blocked with 5% skim milk in PBST (0.1%
Tween 20in PBS, pH 7.3) for 2 h. The membrane was washed
four times with PBST and incubated for 1 h with 11D2 MAb
(Long et al., 2000gthat specifically binds to E1 glycopro-
teins. After washing four times with PBST, the membrane was
incubated with GAM-HRPO (1:10,000 dilution in 1% dial-
ysed BSA) for 1 h. Finally, the membrane was washed again
and enhanced chemiluminiscent (ECL)-based detection was
performed according to manufacturer’s instructions.

2.2. Construction of the recombinant E1 expression
plasmid

All standard cloning methods were carried out as de-
scribed bySambrook et al. (1989)The E1 gene was PCR
amplified from the original 26S clone in pcDWXH-7 vec-
tor (Netolitzky et al., 200Pusing gene-specific primers’(5
Primer: BCTC GCG GCC CAG CCG GCCATGAGCTCC
TTC GAA CAT GCG ACC ACT GTG 3 and 3 Primer:
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2.5. E1 protein expression and purification 2.7. Removal of bacterial endotoxin from E1 protein

Bacterial cultures were propagated and induced as previ- Polymyxin B immobilized on agarose was used to remove
ously described. To isolate periplasmic soluble protein, the bacterial endotoxin from protein solutionsgekutz, 1988
cell pellet was suspended in 5% of original culture volume according to manufacturer’s instructions (Sigma). Briefly,
in periplasmic extraction buffer (50 mM Tris, 20% (w/v) su- Polymyxin B resin was washed with three to five times with
crose, 1 mM EDTA pH 8.0) and incubated on ice for 45min. 0.1 M ammonium bicarbonate buffer, pH 8.0 and packed in
Spheroplasts were centrifuged at 11,00@Q for 15 min at a 5ml disposable syringe. The column was equilibrated and
4°C and the supernatant containing periplasmic soluble pro- washed with 100 ml of the same buffer and the protein sample
teins was collected. The remaining insoluble fraction was (pre-dialysed inthe same buffer) was loaded onto the column.
used to isolate inclusion bodies as described below. TheThe protein samples were eluted with 0.1 M ammonium bi-
periplasmic soluble and insoluble proteins were analysed by carbonate buffer, pH 7.8 and 1 ml fractions were collected.
Western blot to determine the localization of expressed pro- Finally, the eluted sample was dialysed against PBS, pH 7.3
tein. and stored at 4C. But no confirmatory test was done to en-

The insoluble fraction was suspended in Bugbu$ter  sure LPS reduction or removal.
reagent (5ml/g of cell pellet), mixed and incubated in ice
for 5min. Benzonasé' (5U/ml of BugbustefV reagent)  2.8. Virus culture and purification
was added and incubated at room temperature for 20 min
with gentle shaking. The insoluble fraction was separated The WEE strain 71V-1658 was kindly provided by Dr.
by centrifugation at 11,00« g for 15min at £C. The Nick Karabatsos, Centers for Disease Control, Fort Collins,
pellet was washed twice with diluted Bugbustérreagent CO; WEE Fleming strain was purchased from ATCC (Man-
(2:10 in sterile water). Finally, inclusion bodies were solu- nanas, VA). Cell culture was maintained in accordance with
bilised in 50 mM Tris, pH 8.0, 200 mM NaCl, 1 mM EDTA, established methods. Minimal essential media containing 5%
6 M urea buffer (5ml/g of cell pellet) and incubated in fetal calf serum (5% MEM) was used to grow Vero (CCL-81)
ice for 1h. The insoluble material and cell debris were cells (ATCC). Seed stocks of WEE strains were made by in-
separated from soluble denatured protein by centrifuga- oculation of Vero cells with virus suspensions at a multiplicity
tion at 11,000x g for 30 min at £C and the supernatant of infection (MOI) of less than 0.1. The supernatants were
was collected. Protein was quantified by Bradford’s method clarified by centrifugation, aliquoted and stored-at0°C.
(Bradford, 197%. Solubilised denatured protein was adjusted The WEE virus was inactivated according to the published
to 100pg/ml with TA buffer (50 mM Tris, pH 8.0, 0.4 M.- method [ong et al., 2000p All experiments with live virus
arginine) and refolding was done in the presence of 1.0 mM were carried out in the Defence Research and Development
GSH (glutathione, reduced), 0.1 mM GSSG (glutathione, ox- Canada—Suffield Biological Level-3 Containment facilities
idized) for 3 days at 4C. Final dialysis was done in PBS following recommended guidelines from Health Canada and
at 4°C. Refolded proteins were separated by SDS-PAGE the Canadian Food Inspection Agency.
and analysed by Western blot using the E1-specific 11D2
MAD. 2.9. Immunizations of mice with recombinant E1 protein

or inactivated WEE virus
2.6. Enzyme Linked Immunosorbant Assay (ELISA)
BALB/c mice (6—8 weeks) were obtained from Health

The direct ELISA was done by coating of the antigen in Sciences Laboratory Animals Services (HSLAS) of the Uni-
Nunc 96-well ELISA microplates. Wells were coated with re-  versity of Alberta, Edmonton, Canada. Animal treatment and
combinant E1 antigen in PBS or in carbonate buffer, pH 9.6 care were carried out according to the Canadian Council of
containing 0.02% (w/v) sodium azide (u@/ml in 100l Animal Care guidelines or the Animal Care Committee at
volume) overnight at 4C. The plates were washed three DRDC Suffield. Five mice were immunized intraperitoneally
times with PBST and blocked with 1% dialysed BSA in with 50ug/mouse of endotoxin-free recombinant E1 anti-
PBS for 2h at room temperature or for 1h at°8 Af- gen emulsified with an equal volume of TiterMax Gold ad-
ter incubation, the plates were washed with PBST, serumjuvant. Two weeks following primary immunization, mice
samples serially diluted in PBS were added and plates werewere boosted with the same amount of antigen emulsified in
incubated for 2 h at room temperature. Plates were washedTiterMax Gold adjuvant. After the 3rd and 4th week, mice
and incubated with GAM-HRPO (1:10,000 dilution in 1% were immunized with the same amount of antigen diluted
dialysed BSA) for 1 h at room temperature. After the fi- in PBS. Control mice were immunized with only Titer Max
nal wash with PBST, TMB peroxidase or ABTS substrate Gold adjuvant.
was added at 100l/well and ODys9 or ODygs, respec- For experiments in which mice were challenged with live
tively, was taken after 20-30 min using an ELISAyax ki- virus, purified recombinant E1 protein or inactivated WEE
netic microplate reader (Molecular Devices Corp, California, virus vaccine (SALK WEE-inactivated vaccine) in PBS,
USA). were administered to 17-25g BALB/c female mice by an
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intramascular route of injection. A dose of @@/mouse of with ODgsg reference to negate the effect of cell debris and
E1 protein in a volume of 5Ql/mouse or 5Qul/mouse of precipitated proteins.

SALK WEE-inactivated vaccine was diluted to a final vol-

ume of 10Qul/mouse. For the initial dose, the formulations 2.11. Challenge of WEE-immunized mice with live virus
were diluted 1:1 in TiterMax Gold and subsequent boosts

were diluted in Hanks Balanced Saline Solution (HBSS). The  Live virus was administered to the mice intranasally us-
immunization schedule was 0, 14 and 28 days, followed by ing a volume of 5Qul/mouse, containing 1.% 10° Plaque

virus challenge at day 49. Forming Units (PFUSs) diluted in HBSS. Mice were anaes-
thetized with sodium pentobarbital (50 mg/kg body weight),
2.10. Evaluation of immune responses given intraperitoneally. When the animals were unconscious,

they were carefully supported by hand with their nose up
Blood samples were collected from each mouse after theand the virus suspension in HBSS gently applied with a mi-
5t week by tail vein bleeding and serum was separated from cropipette into the nostrils. The applied volume was naturally
cells by standard method€dgligan et al., 1996 Antibody inhaled into the lungs. Infected animals were observed daily,
titers were determined by direct ELISA, as described earlier. for up to 14 days post-infection. The survival rates of the
Spleens were removed aseptically 2 weeks following the treatment and non-treatment control groups were compared
final injection. Single cell suspensions were prepared by using the two-tailed-test and one-way analysis of variance,
macerating the spleens in DMEM medium containing 1% using Graph-Pad Prism ver. 2.0 (GraphPad Software, San
(v/v) penicillin, streptomycin and-glutamine. Cell suspen-  Diego, CA). Values were considered statistically significant
sions were pelleted and the cell pellet was gently suspendedat P-values < 0.05.
in 5ml ACK lysis buffer (0.15M NaCl, 10 mM KHCg
0.1mM EDTA, pH 7.3). Cell suspensions were incubated
at room temperature for 5min, washed three times with 3. Results
DMEM medium containing 10% (v/v) FBS, 1% (v/v) PSG
and suspended in complete DMEM medium containing 10% 3.1. Plasmid construction and functional clone analysis
(viv) FBS, 1% (v/v) PSG, 0.05mM 2-mercaptoethanol and
0.2ng/ml IL-2. For stimulator cells, cells from iv@ mice The entire structural gene (26S) of WEE has been pre-
were counted by haemocytometer and 2.30 cells were viously cloned and sequenceaddtolitzky et al., 200R The
incubated with or without 1f.g/ml endotoxin-free E1 anti-  E1 glycoprotein gene was PCR amplified from the original
gens for 1 h at 37C in a CQ atmosphere. After incubation, 26S clone and cloned into pET22b+ vector in Se&d and
50p.g/ml mitomycin C was added and cells were incubated Hindlll sites (Fig. 1). The E1 gene was cloned in the correct
for20minat37Cina CQ atmosphere. Atthe end ofthe in-  reading frame with th@eB leader sequence and under the
cubation, cells were washed with DMEM medium containing control of the T7 promoter anldc operator. All the resultant
10% (v/v) FBS, 1% (v/v) PSG three times, suspended in com- recombinant clones were analysed by PCR and then by re-
plete DMEM medium and diluted to #@ell/ml. Responder striction enzyme digestion fragment mapping. Correct sized
cells from immunized mice were aliquoted to 96-well tis- clones were selected for protein expression analysis.

sue cultures plate in triplicate at &eells/well. Amount of The plasmid pET22b+ containing E1 gene was trans-
100pl/well of stimulator cells +~ antigen were added to  formed into theE. coli expression host BL21 (DE3) and sta-

each respective well and incubated for 3—4 days aC3in ble transformants were screened for the expression of E1.
a CO atmosphere. Cell survival and cell proliferation as- Six positive clones were tested to select for the best pro-
says were done using published methddsgmann, 1988 ductive clone. To verify that the transformed cells expressed

Briefly, 10pl/well of a sterile, 5mg/ml MTT solution was  recombinant E1 protein, cells were induced with or without
added to each well at day 4 of culture and plates were in- IPTG, and total cell lysates were prepared. It was observed
cubated for 4h at 37C in a CQ atmosphere. Formazan from SDS-PAGE that the clones were expressing E1 protein
crystals were solubilised by the addition of HCl-isopropanol at different levels but all with the desired band-&&5 kDa
solution and vigorous mixing. The plates were read atD  (data not shown). The E1/5 clone was chosen for further

Sacl Hindlll
[ ]
E1 (1317 bp)
pET22b+
Tl [ ]
T7 promoter/ oB Am pr
lac operator

Fig. 1. Cloning of E1 gene in pET22b+. E1 gene was PCR amplified and cloned irSadrend Hindlll sites of pET22b+ as described undgction 2
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Fig. 2. Total cell proteins were separated on SDS-PAGE, stained with
Coomassie Brilliant Blue (A) and blotted on nitrocellulose membrane and
probed with 11D2 MADb followed by HRPO-conjugated goat anti-mouse
IgG (B). Lane 1: pre-stained low range molecular weight markers, lane 2:
induced culture and lane 3: uninduced culture.

analysis Fig. 2A). Expression of the recombinant E1 pro-
tein was confirmed by Western blot analysis using the 11D2
MADb (Fig. 2B). This clone was selected for large scale of
production and purification of recombinant E1 protein.

3.2. Purification of recombinant protein

To determine the subcellular distribution of the recombi-
nant E1 protein, transformed cells were induced with 1 mM
IPTG and both soluble and insoluble fractions were isolated,
followed by analysis by SDS-PAGE and Western blotting.
The expression of the recombinant E1 protein was almost ex-
clusively in inclusion bodies. The periplasmic soluble extract
of the induced culture and the total protein of the uninduced
culture did not have detectabteb5 kDa bands in Western
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was contained in inclusion bodies. In addition to the E1 pro-
tein, several other bands were present, so the recombinant
E1 protein was further purified using Bugbustérprotein
extraction reagent and Benzon8ée which is a nuclease.
Finally, 6 M urea was used to solubilise the inclusion bodies
and the denatured soluble protein was clarified by centrifuga-
tion. Renaturation of the protein was done by refolding in TA
buffer in the presence of the GSH/GSSG (redox pair) over
a period of 66 h at 4C. Finally, arginine was removed by
dialysis on PBS at 4C. The refolded E1 protein was anal-
ysed by SDS-PAGEHKjg. 3B) and the 11D2 MAb showed
strong binding to the E1 protein in Western bl&ig. 3C).

The smear below the 55 kDa band in Western blots may be
degraded products and needs to be confirmed.

3.3. Evaluation of serum from mice immunized with
inactivated WEE virus with recombinant E1 protein

Mice immunized with inactivated virus (formalin-
inactivated WEE vaccine) were completely protected against
intranasal challenge with either WEE 71V-1658 or WEE
Fleming strain. The recombinant E1 protein was tested for
use as a solid phase diagnostic antigen to detect anti-WEE
serum antibodies. Sera taken from these mice 2 days before
challenge and titrated against fixed concentrations of E1 anti-
gen exhibited very high antibody titers to the recombinant
viral antigen Fig. 4). It appears that the refolded recombi-
nant E1 protein has significant relevant native epitopes rec-
ognized by inactivated WEE virus-immunized mouse serum.
This ELISA data also demonstrated that the recombinant E1
antigen could be useful as a reagent for monitoring antibody

blots (Fig. 3A) indicating the majority of the recombinant E1 2.5 1
—e— Preimmune
) —a— WEE Fleming
1 2 3 4 5 2 4 —a— WEE 71V-1658
. 1 2 1 2
116 116 == 116 p=—=
|80 80 [w= 8O [ E 59
wn
- o
> - |51.8 .- 2
- 51.8 51.8 pu— g 4
- 347
“(30 347 34.7 ==
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Fig. 3. Analysis of subcellular distribution of recombinant E1 protein by
Western blot (A). Samples were resolved by SDS-PAGE, transferred to ni-
trocellulose membrane and probed with 11D2 MAb followed by HRPO-
conjugated goat anti-mouse IgG. Lane 1: total cell protein, lane 2: inclusion Fig. 4. Evaluation of serum from mice immunized with inactivated WEE
bodies, lane 3: periplasmic soluble protein, lane 4: total cell protein of unin- virus with recombinant E1 protein. ELISA plates were coated with.d/Gnl
duced culture and lane 5: pre-stained low range molecular weight markers. of recombinant E1 antigen and incubated with serially diluted mouse serum
SDS PAGE (B) and Western blot analysis (C) of refolded E1 protein. Lane from animals prior to immunization (pre-immune) or after immunization
1: pre-stained low range molecular weight markers and lane 2: refolded E1 with whole inactivated virus. Binding was detected with goat anti-mouse-
protein. HRPO and followed by ABTS solution and OD was measured at 405 nm.

Serum dilutions
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titers in sera of individuals infected or vaccinated (as a con- 0.7
firmation of titers) with inactivated WEE virus. However, it
is important to confirm this observation at very early time B P

points following infection. £ 05
£ T
3.4. Immunogenicity of E1 recombinant protein inve” 2 0.4
mice E 03
5O
After removal of endotoxin from purified and refolded 8 0.2 1

E1, the recombinant E1 antigen was injected into mice and
both humoraland CMI responses were tested. Serially diluted |—T—‘
serum from each mouse was titrated for anti-E1 antibodies 0 _
using an ELISA with purified, recombinant E1 protein ad- Control Mouse I Mouse 2 Mouse 3 Mouse 4 Mouse 5
sorbed to the solid phase. All E1-immunized mice developed _ _ _
strong antibody titers against E1 protein in comparison with Fig. 6. CMI response to recombinant E1 protein. Splenocytes were isolated

LN ized with v adi £ Th It from immunized and rige mice. Responder cells from immunized mice
mice Immunized wi . only a Juvan_ (g 9. ese results were aliquoted to 96-well tissue cultures plate in triplicate &tcls/well.
showed that recombinant E1 protein induced very good hu- 100, of stimulator cells +£ antigen were added to each respective well and
moral responses in mice. incubated for 3—4 days at 3T in a CQ atmosphere. Amount of 40/well

Recombinant E1 protein also elicited a CMI response as of asterile, 5mg/ml MTT solution was added to each well at day 4 of culture

demonstrated by the in vitro, antigen-specific cell prolifer- and plates were incubated for 4 h at°87in a CQ atmosphere. Formazan

ti f spl ls. Th I' t f h in th crystals were solubilsed by the addition of HCI-isopropanol solution and
auon or spleen C_e_ S. e.sp enocytes o ?ac . mouse In evigorous mixing. Optical density was taken at &§Bwith an ODss refer-
group were specifically stimulated by the in vitro presenta- gnce.
tion of E1 antigen, as indicated by cell proliferatidfid. 6) _ _ _
and responses were significantly higher than the control sam-intranasally challenged with lethal doses of one of two dif-
ple (P < 0.01). Thus, both humoral and CMI responses were ferent WEE virus strains. Control animals were immunized
strongly elicited against purified recombinant E1 antigen in With only saline (mock vaccine). None of the control mice

0.1

BALB/c mice. challenged with WEE virus survived at the end of 14 days.
The recombinant E1 vaccinated mice resulted in only 25%
3.5. WEE challenge study survival (statistically not significant) when challenged with

WEE 71V-1658 Table 1. However, none of the mice sur-

combinant E1 protein or inactivated WEE virus vaccine then Vival rate for El-immunized groups was the same at day 21.
The E1 gene was cloned from the structural gene 26S of strain

o —— Unimmunized WEE 71V-1658 Netolitzky et al., 200Psuggesting that some
18 R oo of th_e E1 epitopes that elicited protective immunity could_ pe
— strain specific. Although the purified E1 protein did not elicit
1.6 1 protective immunity as effectively as did inactivated WEE
oo —H=Moised virus, our data indicated the purified protein could elicit pro-
—x—Mouse 4 tective immunity in some mice.
e 1.2 1 —o— Mouse 5
=
o
D14 . .
a 4. Discussion
© 08 -
- The alphavirus envelope consists of a lipid bilayer in
' which multiple copies of two virus-encoded glycoproteins
0.4 -
Table 1
0.2 1 - Live virus challenge study of BALB/c mice immunized with recombinant
0 = 2 e 5 E1 protein or parental inactivated WEE virus
' ' ' ' ' ' ' ' Antigen Challenge virus Survival (%)
2500 10000 40000 160000
B T Recombinant E1 antigen WEE 71V-1658 2/8 (25)
WEE Fleming 0/8 (0)
Fig. 5. Immunogenicity of recombinant E1 protein irivemice. ELISA Inactivated WEE virus WEE 71V-1658 8/8 (100)
plates were coated with 3@/ml of recombinant E1 antigen and serially WEE Fleming 5/6 (83)
diluted mouse serumwas added. Binding was detected with goat anti-mouse-Saline only WEE 71V-1658 0/8 (0)
HRPO followed by TMB-peroxidase substrate. Each point represents the WEE Fleming 0/7 (0)

mean of three values.
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are embeddedHarrison et al., 1992 The viral glycoproteins ~ moral immune responses after immunization with E1. CMI
are produced as a polyprotein precursor that is processed byesponses were also demonstrated by an antigen-specific cell
intra-cellular enzymes during its insertion into the endoplas- proliferation assay. It was apparent that recombinant E1 pro-
mic reticulum and transport to the cell membrane. The E2 tein could induce humoral and CMI responses in mice sug-
glycoprotein has a cell recognition function, whereas E1 fa- gesting that the antigen has both B-cell and T-cell epitopes.
cilitates fusion of the viral and cellular membrane in an acidic Based on this encouraging result, we initiated a prophylaxis
environment Garoff et al., 1980; Dubuisson and Rice, 1993; study. The recombinant E1 protein was used to immunize
Kielian, 1995. Since both E1 and E2 play important roles for mice that were subsequently challenged with the two strains
entry of the virus particle into the host, they are potential can- of the WEE virus. A subset of recombinant E1-vaccinated
didates for subunit vaccine formulations. Recombinant pro- mice survived the challenge with WEE strain 71V-1658.
tein expression and purification is useful and advantageous inHowever, no survival was observed among the recombi-
comparison to whole virus, which requires more precautions nant E1-vaccinated group challenged with the WEE Fleming
in handling. Recombinant subunit vaccines are desirable duestrain. When mice were vaccinated with chemically inacti-
to their safety compared with whole attenuated or inactivated vated virus as a positive control, complete protection was
virus, which can present a risk of infection in some subjects. observed with WEE strain 71V-1658 and 83% survival was
In the present study, we have cloned the E1 gene, ex-observed in WEE Fleming challenge group. The marginal
pressed and purified the recombinant protein and evaluatedprotective responses elicited by recombinant E1 alone sug-
its antigenicity in mice. The bacterial expression system is gest it might be imperative to include other viral antigens
not suitable for expression of glycosylated eukaryotic pro- such as E2 to elicit better protection. In addition, Eheoli
teins because bacteria cannot perform glycosylation. How- derived recombinant E1 is not glycosylated. The E1 gene was
ever, their expression level is usually very high in comparison cloned from 71V-1658 strain of the WEE virus and it is in-
to eukaryotic systems. Some foreign genes can be expresseteresting that little or no protection was seen upon challenge
as soluble protein, as well as inclusion bodies and the latterwith this strain. Our data indicate a requirement to develop
presents an advantage with respect to the purification of ex-effective WEE vaccines broadly protective to several strains
pressed protein. Most recombinant proteins are expressed irof the virus. Plans are underway to express the viral glyco-
E. colias inclusion bodies and different strategies have beenprotein genes in a mammalian expression system, which will
reported to extract and renature proteins from inclusion bod- provide proper glycosylation for further testing.
ies (Clark, 1998; Liu et al., 2001; Guo et al., 2003; Kurucz
etal., 1995; Lu et al., 2001; Sanchez et al., 1999; Wei et al.,
1999; Hevehan and Clark, 1997; ShengFeng et al., 2003; Dag cknowledgement
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