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Abstract
Western equine encephalitis (WEE) virus is a potential biological warfare agent. The virus is
mainly endemic in the western regions of Canada and the United States as well as Central and
South America. Medical countermeasures against WEE virus are currently lacking. There
are no commercial vaccines or anti-viral drugs available to protect Canadian Forces (CF)
personnel at risk. We propose to develop WEE vaccine based on human-adenovirusserotype-5 (HAd5) vectors expressing the structural proteins of WEE virus. To this end, this
report describes the construction and characterization of a HAd5 vector expressing the
envelope proteins of the 71V-1658 strain of WEE virus. The vector designated as Ad5WEEV was generated by the transfection of 293 cells with an infectious HAd5 clone that
contains the gene encoding the E3-E2-6K-E1 polyprotein of 71V-1658. The presence of the
E3-E2-6K-E1 gene in Ad5-WEEV was confirmed by polymerase chain reaction (PCR). The
expression of E1 and E2 envelope proteins from Ad5-WEEV was detected by Western blot
using monoclonal antibody (MAb) 11D2 specific for E1 and MAb 3F3 specific for E2. The
results from this report demonstrate the feasibility of HAd5 vectors as a platform for the
expression of viral proteins of WEE virus and lay a foundation for further testing HAd5vectored WEE vaccines in animals.

Résumé
Le virus de l’encéphalite équine de l’Ouest (EEO) est un agent de guerre biologique potentiel.
Le virus est endémique surtout dans les régions occidentales du Canada et des États-Unis ainsi
qu’en Amérique centrale et du Sud. On manque actuellement de contremesures médicales
contre le virus EEC. Il n’existe pas de vaccins commerciaux ni de médicaments antiviraux qui
soient disponibles pour protéger le personnel des Forces canadiennes (FC) exposé à ce risque.
On propose de mettre au point un vaccin contre l’EEO basé sur les vecteurs d’adénovirus
humains de sérotype 5 (HAd5) exprimant les protéines de structure du virus EEO. Ce rapport
décrit, à cette fin, la construction et caractérisation d’un vecteur HAd5 exprimant les protéines
d’enveloppe du virus EEO de souche 71V-1658. Le vecteur désigné Ad 5-VEEO a été généré
par le transfert génétique de 293 cellules ayant un clone infectieux HAd5 contenant le gène
encodant la poly protéine E3-E2-6K-E1 de souche 71V-1658. La présence du gène E3-E26K-E1 dans l’Ad5-VEEO a été confirmé par la réaction en chaîne de la polymérase (RCP).
L’expression des protéines d’enveloppe E1et E2 à partir de l’Ad5-VEEO a été détectée par
transfert Western utilisant l’anticorps monoclonal (MAb) 11D2 spécifique pour E1 et MAb
3F3 spécifique pour E2. Les résultats de ce rapport démontrent la faisabilité des vecteurs
HAd5 comme plateforme pour l’expression des protéines virales du virus EEO et établit les
faits préalables à la recherche sur les animaux avec les vaccins EEO à vecteurs HAd5.
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Executive Summary
Background: Western equine encephalitis (WEE) virus is mainly endemic in the western
regions of Canada and the United States as well as Central and South America. The virus is
also a potential biological warfare agent. In nature, WEE virus is maintained through a cycle
involving wild birds as reservoir hosts and Culex tarsalis mosquitoes as vectors. Humans and
equines are infected by the virus through mosquito bites. WEE virus causes the infection of
the central nervous system with signs and symptoms ranging from a mild flu-like illness to
delirium, disorientation and coma. The overall case fatality rate is 3%, but increases to 8% in
older adults. WEE virus can also be transmitted to humans through the aerosol route,
resulting in a significantly higher mortality rate than that in mosquito-transmitted infections.
Neither human vaccine nor antiviral drugs are currently available for the prevention and
treatment of WEE. While several vaccine candidates have been developed, they all have
characteristics which make them unsuitable for the protection of Canadian Forces (CF)
personnel. An inactivated vaccine available as an Investigational New Drug status is safe but
not very effective, requiring multiple doses. Live attenuated vaccines are fast-acting and
effective, but the vaccines could potentially revert to the virulent form.
Results: A new approach, using a viral vector genetically engineered to express proteins of
the shell of WEE virus, is being pursued. The vector selected, human-adenovirus-serotype-5
(HAd5) vector, has a number of advantages. It has low pathogenicity and is safe for human
use. Vaccines delivered by HAd5 vector induce swift and long-lasting immune protection,
and induce immunity on mucosal surfaces which is the entry site for aerosolized WEE
viruses.
The gene encoding the proteins of WEE virus was isolated from WEE virus and inserted into
HAd5 vector. Cells inoculated with the resultant recombinant WEE vaccine (“Ad5-WEEV”)
produced large amounts of WEE proteins.
Significance: This proof-of-concept study marks a significant milestone in the development
of a potentially safe and effective vaccine against WEE virus.
Future plans: As a next step in the development of the HAd5-vectored WEE vaccine,
experiments will be conducted to test its immunogenicity and efficacy in a mouse lethal
challenge model of WEE virus.
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Sommaire
Contexte: Le virus de l’encéphalite équine de l’Ouest est endémique principalement dans les
régions occidentales du Canada et des États-Unis ainsi qu’en Amérique centrale et du Sud. Le
virus est aussi un agent de guerre biologique potentiel. Le virus EEO survit dans la nature en
un cycle comprenant les oiseaux sauvages comme hôtes réservoirs et les moustiques Culex
tarsalis comme vecteurs. Les humains et équins sont infectés par le virus par les morsures de
moustiques. Le virus EEO cause l’infection du système nerveux central et des signes et
symptômes allant d’une maladie ressemblant à une grippe bénigne au délire, la désorientation
et le coma.
Le taux de mortalité est de 3% mais augmente à 8% chez les adultes plus âgés. Le virus EEO
peut aussi se transmettre aux humains par la voie aérosol, résultant en un taux de mortalité
plus haut que celui des infections transmises par les moustiques.
Il n’existe pas de vaccin humain ni de médicaments antiviraux qui soient actuellement
disponibles pour la prévention et le traitement du VEEO. Plusieurs vaccins candidats ont été
mis au point mais ils possèdent tous des caractéristiques qui les rendent inaptes à protéger le
personnel des Forces canadiennes (FC). Un vaccin mort, disponible ayant le statut de drogue
nouvelle de recherche, est sécuritaire mais n’est pas très efficace et requiert des doses
multiples. Les vaccins à virus vivants modifiés agissent rapidement et sont efficaces mais ces
vaccins ont le potentiel de reprendre leur forme virulente.
Résultats: On examine actuellement une nouvelle méthode qui utilise un vecteur viral
génétiquement modifié pour exprimer les protéines de l’enveloppe du virus EEO. Le vecteur
sélectionné, le vecteur d’adénovirus humain de sérotype-5 (HAd5) possède un certain nombre
d’avantages. Il a une pathogénie faible et n’est pas dangereux pour les humains. Les vaccins
livrés par le vecteur (HAd5) produisent une protection immunitaire prompte et durable et
produit une immunité des muqueuses qui sont les orifices où pénètrent les aérosols de virus
EEO.
Le gène encodant les protéines du virus EEO a été isolé du virus EEO et inséré dans le vecteur
HAd5. Les cellules inoculées avec le vaccin recombinant EEO (“Ad5-VEEO”) ont produit
une grande quantité de protéines de VEEO.
Portée des résultats: L’étude de validation de principe marque une étape importante de la
mise au point d’un vaccin contre le virus EEO qui ne comporterait potentiellement aucun
risque.
Perspectives d’avenir: La prochaine étape de la mise au point d’un vaccin contre l’EEO de
vecteur HAd5 consistera d’expériences conduites pour tester l’immunogénicité et l’efficacité
d’un modèle de test de provocation létal du virus EEO d’une souris.

Wu, J.Q.H. 2007. Expression of the envelope proteins of western equine encephalitis
virus by adenovirus vectors. DRDC Suffield TR 2007-082. R & D pour la défense
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Introduction
Western equine encephalitis (WEE) virus is one of many biological agents which adversaries
could use against the Canadian Forces (CF). Additionally, CF could be at risk to WEE virus
infection when deployed in WEE endemic regions in the world. WEE virus is endemic
mainly in western North America as well as Central and South America. In North America,
the virus is maintained in a cycle involving the mosquito vector Culex Tarsalis and wild birds
as amplification hosts. Natural outbreaks of WEE may occur when humans or horses are
bitten by infected mosquitoes. WEE virus can also be transmitted to humans and animals by
aerosol exposure with a significant higher mortality rate than that in mosquito-transmitted
infections [1, 2].
The genome of WEE virus contains a positive single-stranded RNA [3]. The envelope
proteins are encoded by a subgenomic mRNA and are produced by proteolytic cleavage of the
E3-E2-6K-E1 polypeptide [4] (Fig. 1). E2 is initially synthesized as a precursor protein, PE2,
which consists of E3 and E2, followed by cleavage of E3 from PE2 by furin-like protease
activity. Subsequently, the E2 forms heterodimer with E1 and the complex is transported to
the cell surface to become the envelope of the virus. Studies from VEE virus, which belongs
to the same family as WEE virus, have demonstrated that the envelope proteins are the major
determinants for the induction of immune protection against infection [5-7].
5’

3’
Structural ORF

Nonstructural ORF

Viral Genomic RNA (11,484 nt)
Replication
3’

5’
Genome-length RNA
Transcription
5’

3’
26S Subgenomic mRNA
Translation
Polypeptide
Proteinase

Capsid E3

E2

6K

E1

Structural Proteins
Figure 1. WEE virus genome organization and the synthesis of structural proteins. ORF: open
reading frame.
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The potential risk of WEE virus infections to the CF means that future vaccination against
WEE virus is needed. However, there are no commercial vaccines available. Several vaccine
candidates for WEE either require multiple injections to be effective or have safety concerns
[8-11].
Replication-defective viruses which have deletions of the genes essential for viral growth
have served as vectors for vaccine development [12]. The gene encoding a heterologous
antigen can be delivered by these viral vectors into cells and the heterologous antigen is
expressed and presented to MHC class I and class II molecules to induce immune responses.
A viral vector derived from HAd5 has been used for the development of vaccines against
varieties of viral infections such as Ebola, avian influenza, and foot-and-mouth disease [1316]. HAd5 vectored vaccines expressing the E3-E2-6K envelop protein of VEE virus protect
mice from aerosol challenge of VEE virus when used alone [17] or used as a booster for a
DNA vaccine [18]. We have set out to investigate if HAd5 vector could be used for WEE
vaccine development. As the first step of this project, we report the construction and
characterization of a recombinant HAd5 expressing the envelope proteins of WEE strain 71V1658.

2
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Materials and Methods
Virus and cell
Recombinant adenovirus HAd5-EGFP, expressing enhanced green fluorescent protein
(EGFP), was used as a control virus. This virus was constructed, purified, and titrated as
previously described [19]. Human embryonic kidney 293 cells were purchased from the
American Type Culture Collection (ATTC CRL-1573) [20]. These cells were used to
generate, propagate, and titrate the recombinant adenoviruses. Propagation of 293 cells was
previously described [19]. All the experiments were done with 293 cells within 30 passages.

Monoclonal antibodies
MAbs 3F3 and 11D2 were previously produced in DRDC Suffield laboratories [21]. MAb
3F3 was raised against the E2 of B11 strain of WEE virus and 11D2 was raised against the E1
of B11 strain. These MAbs also cross-react with the E2 and E1 of WEE virus 71V-1658
strain (unpublished data).

Assembly of the gene encoding envelope proteins of 71V1658 strain of WEE virus
The gene encoding envelope proteins of the 71V-1658 strain of WEE virus was assembled
through three steps (Figure 2). First, the gene encoding the envelope protein E3-E2 was
isolated by PCR. To do this, plasmid pVHX-6 [8] was used as a template. Primers for PCR
were the forward primer JQW3 (5’-CAC CAT GTC ACT AGT TAC AGC GCT ATG CGT
GC- 3’) and the reverse primer JQW5 (5’ -TCA CTA AGC GTT GGT TGG CCG AAT GC3’). These two primers were designed based on the GenBank sequence of WEE virus 71V1658 strain (accession number NC_003908, nt 8250-9698; [22]). A start codon ATG
(underlined) was incorporated into the forward primer (JQW3) and a stop codon TCACAT
(underlined) was built in reverse primer (JQW5). In addition, four nucleotides CACC (bold)
were added at the 5’ end of forward primer JQW3 before the ATG start codon to facilitate
directional cloning of PCR fragment into TOPO vector. PCR amplification was done using
PfuTurbo DNA polymerase (Stratagene, La Jolla, CA, USA) with two minutes of initial
denaturation at 95 °C, 25 cycles of 30 seconds of denaturation at 94 °C, 30 seconds of
annealing at 55 °C, as well as 1 min of extension at 70 °C. Extension for 7 min of at 72 °C
was added as a final step. The 1.4-kb PCR fragment was separated by 0.8% agarose gel and
purified by QIAquick Gel Extraction kit (QIAGEN, Mississauga, ON, Canada). The purified
PCR fragment was cloned into a linearized plasmid vector pcDNA3.1D/V5-His-TOPO
(Invitrogen, Burlington, ON, Canada) to produce plasmid pcD3-WEE-E3-E2. The DNA
sequence encoding E3-E2 was verified by DNA sequencing with CEQ8000 Genetic Analysis
System (Beckman Coulter INC., Fullerton, CA, USA).
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Figure 2. Assembly of the gene encoding envelope proteins of 71V-1658 strain of
WEE virus.
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In the second step of assembly, a 1.6-kb EcoRI-EcoRV fragment, containing DNA sequence
encoding roughly the N-terminal half of 6K-E1protein, was isolated from plasmid pVHX-6.
The DNA fragment was cloned into the plasmid pcD3-WEE-E3-E2 using the compatible
restriction sites. The resultant plasmid was designated as pcD3-EE157.
In the final step of assembly of the gene encoding envelope proteins of the 71V-1658 strain,
plasmid pVHX-6 was digested with restriction enzymes XhoI and XbaI and a 1.5-kb DNA
fragment encoding the C-terminal half of 6K-E1 protein was isolated. This DNA fragment
was then cloned into the XhoI-XbaI sites of the plasmid pcD3-EE157 to generate a plasmid
pcD3-WEE-E3-E2-6K-E1 that contains the gene encoding the entire E3-E2-6K-E1
polyprotein of 71V-1658 strain.

Insertion of gene encoding the E3-E2-6K-E1 polyprotein into
full-length HAd5 genome
To insert the gene encoding the E3-E2-6K-E1 of WEE strain 71V-1658 into full-length HAd5
genome, a transfer plasmid was made by ligating 3.3-kb HindIII-XbaI fragment isolated from
pcD3-WEE-E3-E2-6K-E1 into the HindIII-XbaI sites of a plasmid vector pShuttle-CMV
(Qbiogene, Carlsbad, CA, USA). The resultant plasmid, pSCMV-WEE-E3-E2-6K-E1, was
linearized with a restriction enzyme PmeI and co-transformed with a plasmid pAdEasy-1
(Qbiogene) into Escherichia coli (E. coli) strain BJ5183 (Qbiogene). The pAdEasy-1 plasmid
contains full-length HAd5 genome with deletions of genes encoding E1 and E3 proteins [23].
Through homologous recombination in E. coli BJ5183 strain [24], the gene encoding the E3E2-6K-E1 was inserted into HAd5 genome, resulting in an infectious plasmid pAd5-WEE-E3E2-6K-E1.

Generation of recombinant adenovirus Ad5-WEEV expressing
envelope proteins of 71V-1658 strain of WEE virus
Recombinant adenovirus Ad5-WEEV was made by transfection of 293 cells with the plasmid
pAd5-WEE-E3-E2-6K-E1. The plasmid DNA (40 μg total), purified by QIAGEN Plasmid
Maxi kit (QIAGEN), was digested with restriction enzyme PacI and purified by ethanol
precipitation. Then, 8 μg of PacI-digested DNA was incubated with 60 μl of Lipofectamine
2000 (Invitrogen) for 20 minutes at room temperature. The DNA-Lipofectamine 2000
complexes were added dropwise onto 293 cells seeded in a T25 flask. The transfected cells
were incubated at 37 °C in a CO2 incubator and monitored every day for the cytopathic effect
(CPE). After cells showed CPE, they were harvested and recombinant HAd5 was released
from the cells by three cycles of freeze and thaw in a total of 1 ml of Dulbecco’s modified
Eagle medium (D-MEM) supplemented with 2% defined fetal bovine serum (FBS), 1 mM
sodium pyruvate, and antibiotics-antimycotics. The cell lysates were stored at -70 °C.
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Amplification, purification, and titration of recombinant
adenovirus Ad5-WEEV
Recombinant adenovirus Ad5-WEEV was amplified by infection of 293 cells grown in five
T150 flasks. Each T150 flask was given 100 μL of Ad5-WEEV-infected cell lysate in a total
of 5 ml of D-MEM supplemented with 2% defined FBS, 1 mM sodium pyruvate, and
antibiotics-antimycotics. After 2-4 days of infection, the virus was harvested by collecting
both supernatant and cell pellet. The virus was purified by BD Adeno-X virus purification kit
(BD Biosciences, Mississauga, ON, Canada), aliquoted as 500 μl per vial, and stored at -70 °.
The virus was titrated by tissue culture infectious dose 50 (TCID50) assay [25]. The final titer
of the virus stock was converted to plaque forming units (pfu)/ml.

PCR detection of the gene encoding the E3-E2-6K-E1 in viral
DNA of Ad5-WEEV
Viral DNA from purified Ad5-WEEV was extracted by DNeasy Tissue Kits (QIAGEN)
according to manufacture’s instruction. Briefly, a total of 200 μl purified virus, containing
about 107 pfu viruses, was mixed with 20 μl proteinase K and 200 μl Buffer AL. After
incubation at 56 °C for 10 min, the sample was mixed with 200 μl pure ethanol and loaded
onto DNeasy spin column. The column was washed sequentially with Buffer AW1 and AW2
and viral DNA was eluted from the column with 100 μl H2O.
The purified Ad5-WEEV DNA was used as a DNA template for PCR detection of the gene
encoding E3-E2-6K-E1. Primers used for PCR were forward primer S1 (5’-ACC ACG ACC
ATG ACA TCA AG-3’) and reverse primer JQW4 (5’-CCG CGC TCA GTC ATC TAC GTG
TG-3’). The primers were synthesized by Integrated DNA Technologies, Inc. (Coralville, IA,
USA). PCR was done by HotStarTaq DNA polymerase (Qiagene, Mississauga, Ontario,
Canada) with an initial activation step of 15 min at 95 °C, 30 cycles of 1 minute of
denaturation at 94 °C, 1 minute of annealing at 55 °C, and 2 minutes of extension at 72 °C. A
final 10 min of extension at 72 °C was carried out after 30 cycles amplification. The DNA
fragment obtained by PCR was visualized by ethidium bromide staining after electrophoresis
in 0.8% agarose gel.

Western blot detection of the E1 and E2 proteins expressed
from Ad5-WEEV
The expression of E1 and E2 envelope proteins by Ad5-WEEV was detected by western blot
using NuPAGE Gel System and Western Breeze kit from Invitrogen. Confluent 293 cells
grown in T25 flasks were infected with purified Ad5-WEEV at a multiplicity of infection
(moi) of 1 in a total of 1 ml of D-MEM supplemented with 2% defined FBS, 1 mM sodium
pyruvate, and antibiotics-antimycotics. Mock- and Ad5-EGFP-infected 293 cells were
included as negative controls. At 24 h after infection, the cell pellet from each infected flask
was collected and resuspended in 400 μl of 1X NuPAGE LDS sample buffer containing 5%
(V/V) β-mercaptoethanol. The samples were boiled for 5 min and loaded onto 10% Bis-Tris
NuPAGE Novex gel along with MultiMark Multi-Colored protein standard (Invitrogen). The

6
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protein sample was electrophoresed at 200 V for 1 h in NuPAGE MOPS SDS running buffer.
The eletrophoresed proteins were transferred to a nitrocellulose membrane [26] at 30 V for 2
h in NuPAGE transfer buffer supplemented with 10% (V/V) methanol using an XCell II Blot
Module (Invitrogen). The nitrocellulose was blocked with blocking solution and then
incubated with MAb 3F3 or 11D2 for 1.5 h at room temperature. The nitrocellulose
membrane was rinsed four times with antibody wash buffer and incubated for 30 min with
goat anti-mouse, alkaline phosphatase-conjugated antibody (Invitrogen). Protein bands were
visualized using alkaline phosphatase substrate 5-bromo-4-chloro-3-indolyl phosphate (BCIP)
and nitro blue tetrazolium (NBT) from Invitrogen.

DRDC Suffield TR 2007-082
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Results
Generation of recombinant adenovirus Ad5-WEEV
To express the E1 and E2 envelope proteins of the 71V-1658 strain of WEE virus, a
recombinant adenovirus, Ad5-WEEV, was made based on a published method [23, 24]. We
obtained Ad5-WEEV at 1 week after transfection of 293 cells. As shown in Fig. 3, the E3E2-6K-E1 gene was cloned between the immediate-early promoter of cytomegalovirus
(CMV) and the polyadenylation signal of simian virus 40 (SV40). The expression cassette
replaced the E1 coding region of HAd5. Because E1 is required for HAd5 replication, the
replacement of E1 by the expression cassette renders Ad5-WEEV replication defective.

PCMV

P

ΔE3

ΔE1

Ad5-WEEV

E3 of WEEV

E2 of WEEV

6K of WEEV

E1 of WEEV

Figure 3. Schematic representation of recombinant adenovirus Ad5-WEEV. PCMV: the immediateearly promoter of human cytomegalovirus; PA: the polyadenylation signal of simian virus 40; ΔE1 and
ΔE3: deletions in E1 and E3 genes of adenovirus genome.

A previous study has shown that a DNA vaccine candidate encoding structural proteins
(capsid, E3-E2-6K-E1) of WEE virus completely protected mice against homologous
challenge of the virus after three-dose injections [8]. Based on this result, we first attempted
to generate recombinant HAd5 containing the gene encoding both capsid and E3-E2-6K-E1
but failed. We successfully cloned the gene into the HAd5 genome to generate an infectious
DNA plasmid, but failed to obtain a recombinant HAd5 after transfection of 293 cells with the
plasmid. At this point, we do not know if the failure to obtain recombinant adenovirus
containing the gene encoding capsid and E3-E2-6K-E1 is due to the larger size of the gene or
the detrimental effect of the capsid protein on the growth of recombinant HAd5.
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Recombinant adenovirus Ad5-WEEV contained the E3-E2-6KE1 gene
To determine whether the E3-E2-6K-E1 gene is present in the viral DNA genome of Ad5WEEV, PCR was used to amplify the entire coding region of E3-E2-6K-E1. After
amplification, the PCR product was separated on agarose gel and visualized with ethidium
bromide staining. Figure 4 shows that a DNA band corresponding to the size (2.9 kb) of the
entire coding region of E3-E2-6K-E1 gene appears in the PCR reaction of Ad5-WEEV (lane
2), indicating the presence of the E3-E2-6K-E1 gene in the Ad5-WEEV genome.

bp

1

2

10,000
6,000
4,000
3,000
2,000

1,000

Figure 4. PCR Detection of the gene encoding the E3-E2-6K-E1 in recombinant adenovirus Ad5WEEV. Lane 1, Invitrogen high DNA mass ladder; Lane 2, PCR reaction.

Ad5-WEEV expressed the E1 and E2 proteins of WEE virus
Western blot was used to confirm the expression of E1 and E2 envelope proteins from Ad5WEEV. 293 cells were mock-infected, or infected with Ad5-EGFP or with Ad5-WEEV at
multiplicity of infection (MOI) of 1. At 24 h post infection, cell lysates were collected and
subjected to 10% SDS-PAGE. The eletrophoresed proteins were transferred to a
nitrocellulose and probed, respectively, with MAb 11D2 specific for E1 envelope protein of
WEE virus and MAb 3F3 specific for E2 [21]. MAb 11D2 reacted with a protein band with
molecular mass of approximate 47 kDa in the cell lysates collected from Ad5-WEEV-infected
cells (Fig. 5, lane 4). Similarly, MAb 3F3 reacted with a protein band with molecular mass of
approximate 47 kDa in the cell lysates collected from Ad5-WEEV-infected cells (Fig. 5, lane
8). No such protein bands showed in mock-infected 293 cells (Fig. 5, lanes 2 and 6) or in
Ad5-EGFP-infected 293 cells (Fig. 5, lanes 3 and 7). The 47-kDa protein bands detected by
MAbs 11D2 or 3F3 are consistent with the molecular mass of the E1 and E2 envelope
proteins of WEE virus strain 71V-1658 [7, 21].
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Figure 5. Recombinant HAd5 expressing E1 and E2 proteins of WEE virus. Proteins extracted from
293 cells mock-infected (lanes 2 and 6), or infected with Ad5-EGFP (lanes 3 and 7), or with Ad5WEEV (lanes 4 and 8) were separated by 10% SDS-PAGE. The electrophoresed proteins were
transferred to a nitrocellulose and probed with MAbs 11D2 specific for E1 and 3F3 specific for E2.
Lane 1, MultiMark Multi-Colored standard (Invitrogen).
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Discussion
This study demonstrates the feasibility of using the recombinant HAd5 as a platform to
express the protective antigens of WEE virus. We constructed a recombinant HAd5, Ad5WEEV, and confirmed that the gene encoding E3-E2-6K-E1 of WEE virus was inserted into
the HAd5 genome and Ad5-WEEV expressed the E1 and E2 envelope proteins of the 71V1658 strain of WEE virus. The study will facilitate the testing of potency and efficacy of an
HAd5-vectored vaccine candidate for WEE.
Conventional approaches for developing WEE vaccines usually involve chemically
inactivated whole viruses or live attenuated viruses. A formalin-inactivated WEE vaccine has
been licensed to control the disease in horses [27]. A similar inactivated WEE vaccine under
Investigational New Drug (IND) is also available for laboratory personnel at the risk of
contracting WEE virus [10], but the immunogenicity of the inactivated vaccine is poor and
short-lived, requiring multiple injections to be effective and frequent boosters to maintain the
immunity. Compared to inactivated vaccines, live attenuated vaccines often give a quick and
long-lasting protection because these vaccines induce an immune response by mimicking a
natural infection without causing disease. Live attenuated vaccine candidates for WEE have
been made by deletion of the PE2 furin cleavage site followed by selection of a second-site
suppressor mutation in E1 or E2 gene [11]. Chickens vaccinated with a single dose of the live
attenuated WEE vaccine were completely protected from the challenge of WEE virus [11].
Live attenuated vaccines, however, are vulnerable to reversion to virulent wild-type viruses
and have the potential to spread the live-attenuated vaccine virus to susceptible populations.
An alternative approach for making the live attenuated vaccine for WEE is to use a viral
vector to express the protective antigen(s) of WEE virus. A viral vector is typically a
replication-deficient virus which is capable of efficiently delivering genes encoding viral
subunit proteins. The viral proteins expressed from the viral vector will elicit an immune
response against related viruses but without the disease associated with an actual infection.
Therefore, viral vectored vaccines combine the safety of inactivated vaccines and the rapid
induction of immunity of live attenuated vaccines.
We chose recombinant HAd5 as a vector for constructing WEE vaccine for the following
reasons. Firstly, HAd5 is of low pathogenicity, causing a mild upper respiratory infection in
humans. Secondly, HAd5 is extensively studied and methods for modification of the virus
into a replication-defective viral vector and large-scale production of the vector are available.
Thirdly, vaccines delivered by HAd5 vectors induce swift and durable humoral and cellular
immune responses. For instance, rhesus monkeys immunized with a single-dose of HAd5
vectors encoding the gp140 envelope protein of human immunodeficiency virus generated
both CD8+ T lymphocytes and antibodies specific for the virus. The immune responses are
readily detected as late as 151 weeks following initial vaccination [28]. In another study, a
single-dose vaccination of non-human primates with an HAd5 vector encoding glycoprotein
of Ebola virus protected those animals from a lethal challenge [15]. Finally, vaccines
delivered by HAd5 vectors induce immunity on mucosal surfaces where the aerosolized
viruses enter [29]. For example, intranasal vaccination of HAd5 expressing the envelope
glycoprotein E2 of VEE virus protected mice against airborne challenge of VEE virus [17].
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Conclusion
This report demonstrates the feasibility of using the recombinant HAd5 as a platform to
express the protective antigens of WEE virus. The study is the first step toward the potency
and efficacy studies of the HAd5-vectored WEE vaccine in animals. Several previous studies
have shown that HAd5-based vaccines can be used as a single-dose vaccine against Ebola,
avian influenza, and foot-and-mouth disease and that the protection is rapid, taking only 1 to 3
weeks to be effective. Therefore, the HAd5-vectored vaccine could be an ideal vaccine for
biodefence because of its swift action. It is recommended that a safe, fast-acting WEE
vaccine be built on a HAd5 platform.
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List of Symbols/Abbreviations/Acronyms/Initialisms
ATCC

American Type Culture Collection

CF

Canadian Forces

CMV

cytomegalovirus

CPE

cytopathic effect

D-MEM

Dulbecco’s modified Eagle medium

E. coli

Escherichia coli

EEE

eastern equine encephalitis

EGFP

enhanced green fluorescent protein

FBS

fetal bovine serum

HAd5

human adenovirus serotype 5

IND

investigational new drug

kDa

kilodalton

MAb

monoclonal antibody

m.o.i.

Multiplicity of infection

nt

nucleotide

PCR

polymerase chain reaction

pfu

plaque forming unit

SDS-PAGE

sodium dodecyl sulfate polyacrylamide

SV40

simian virus 40

TCID50

tissue culture infectious dose 50

VEE

Venezuelan equine encephalitis

WEE

Western equine encephalitis
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