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Currently, infections of hand, foot and mouth disease (HFMD) due to Human Enterovirus 71 {(EV71 ) cannot
be prevented or treated, as there are no sujtable vaccines or antiviral drugs. This study aimed to identify
potential vaccine candidaies for EV71 using i silico analysis of its viral capsid proteins. A combined in
silice approach utilizing computational hidden Markov model (HMM), propensity scale algorithm, and
artificial learning, identified three 15-mer structurally conserved B-celt epitope candidates lying within

the EV71 capsid proteins. Peptide vaccine candidates incorporating a target B-cell epitope and a promis-
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cuous T-cell epitope from the related polio virus were synthesized using solid-phase Fmoc chemistry.
libred BALBSC mice which were inoculated with two 10 ug doses of the synthetic peptide, generated
apti-peptide antibodies. Purified 1gG isolated from pooled sera of the inoculated mice neutralized EV71
infections in vitro. Furthermore, these neutralizing antibodies were cross-reactive against other mem-
bers of the Picornaviridae family, demonstrating greater than 50% virus neutralization, This indicates that

the current approach is promising for the development of synthetic peptide-based vaccine candidates
against Picornaviridae, Development of effective vaccines is of paramount impoertance in managing the
disease in the Asia Pacific regions where this virus is endemic and has significant social, economic and

public heaith ramifications.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Five genera within the Picornavirus family, Apthovirus, Car-
diovirus, Enterovirus, Hepatovirus, and Parechovirus can infect
humans {1]. Picornaviridae, with their subtypes, cause diverse dis-
ease manifestations in hurmans {Table 1),

As the number of polio cases decrease, epidemics of
Enteroviruses (EV's} including EV71 have increased in number and
severity, and can lead to neurological complications such as acute
flaccid paralysis and brain stem encephalitis. Infection with several
members of the enteroviral family have been linked to the onset of
Type 1 diabetes [2,3] which is speculated to be due to the induc-
tion of deleterious antibodies or T cells that cross-react with human
islet cells. Treatment for severe cases of EV71 infection is Hmited
to supportive or palliative care.

The majority of licensed antivirai vaccines contain inactivated
or live-attenuated virus, which (i) requires maintenance of the cold
chain, {ii} protecting workers during the manufacturing process,
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(i) carries the risk of reversion to wild-type virus. Vaccination with
whole viruses can also lead to autoimmune diseases {4]. It is there-
fore imperative that any anti-enteroviral vaccine designed does not
induce an autoimmune state. Epitope-based vaccines can induce
antibodies capable of neutralizing virus without these issues. This
study aimed to establish whether computationally derived peptide
constructs would be immunogenic and serve as potential vaccine
candidates against EV71 [5-9].

Human enteroviruses are encapsulated by four virus capsid pro-
teins (VP1-¥P4), with VP being the immunodominant surface
protein. Detecting B-cell epitopes in a protein is a fundamental step
in many immunological applications, this is most efficiently and
rapidiy achieved by a computational tool that predicts immuno-
logical regions. The identification of linear B-celi epitopes has
been traditionally based on the physiochemicat properties of the
amine acids and their relative special spatial to each other; or from
hydrophobicity [10.11] or solvent accessibility scales ] 12,13], How-
ever, false positive rates using sequence scales have usually been
quite high as not many predicted epitopes have been able to elicit
in vitro neutralization. This observation is often due to the degree
of ambiguity and error prone alignments in databases and small
number of experimentally derived datasets that are available for
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Tabie 1

The clinical manifestations of multiple Enterovirus subtypes and contribution to
disease as adapted from [40]

Clinical manifestation Enterovirus subiype

Acute flaceid paralysis Polio virus 1-3; Coxsackievirus A7, A9,
B2-5; Echovirus 4, 8,9, 11, 30;
Enterovirns 71, 71

Polio virgs 1-3; Comsackiovliug AZ, Ad,
A7, AR, A10, BI-G; Echovipus 111,
1323, 25, 27,28, 30,31, Eaverovirus
Fiat

Coxsackievirus AS, AR ALG;
Enterowvitus 7t

Coxsackiovirus AZ-6, A8, Ald;
Enterovisus 71

Cousackiovivus AZd: Enterovirus 70

Aseptic meningitis

Hapd Fool and Mouth Disease
Herpangina

Acute hemorthagic
conjuncivitis

Encepbalitis

Meningoencephalitis

Echovirus 2,69, 19

Coxsackievirus B1-5: Entorvivus A4
73

Coxsackicvirus B1-5

Corsackievirus B4

Pericarditis, myocarditis
Diabetes Type |

training the algorithms. For example, Blyth and Flower { 14] found
that most propensity scale methods fail to perform better than
random predictions.

Recently, B-cell epitope prediction algorithms have included
experimentaily derived reference datasets and have combined
single scale predictions with nearest neighbor or decision tree
approaches such as the Hidden Markov moded | 15], Artificial Neural
Network {ANN)} models | 16], crystallographie structusal data from
the PDB{Protein data bank} if known, orinvestigator generated the-
oretical homology models. Here we follow a multi-step algorithmic
approach that utilizes both a sequence (ABCPred, BepiPred) and a
structure based (epitopia) servers [17] in an attempt to improve
the probability of defining a functicnal peptide epitope for vaccine
use.

In this study, an in silico computational analysis model of
sequence and structure identified three novel and one previously
identified candidate B-cell epitopes from the VP! and VP3 cap-
sid proteins. The candidates had to be conserved across all strains
of EV71 and other Enterovirus family members. These candidates
were constructed as linear peptides, specifically incorporating the
antibody {Ab) epitope and a promiscuous T-Helper cell epitope
from the related polio virus. These constructs were used to inoc-
ulate BALB/c mice to determine whether anti-peptide Ab's could
be raised that would neutralize EV71 and other viruses from the
Picornaviridae family.

2. Materials and methods
2.1. Bivinformatics sequence approach

The Picorngvirus capsid polyprotein {VIP1-VP4) regions were
computationally analyzed for hydrophobicity, solvent accessibility,
surface accessibility of residues, polarity, and the spatial dis-
tance orientation relationships {11,12,18,19]. The sequences were
obtained via NCBI Genbank and scored for the aforementioned key
antigenic attributes against the BLASTP {20} query algorithm. Align-
ment of protein regions was compiled against multiple publicly
available database sets and sorted vig the clustalW alignment pro-
gram [21]. Conserved sequences demonstrating homology within
the protein data bank listings PDB 1D: 3VBS Human Enterovirus
71: PDB ID:1BEV Bovine Enterovirus; and PDB [D:1HXS Mahoney
Poliovirus were used to construct and verify the model.
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2.2, Bivinformatics structure approach

Sequence alignment models demonstrating more than >40%
structural conservation with the PDB were used to generate a
three-dimensional structural model for the EV71 (VP1 and VP3)
assemblies, using the Chimera {22} interface to modeller [23]
The crystailographic atomic coordinates were reconstructed and
uploaded to the epitopia server to estimate the rate of amino acid
substitutions at each position in the alignment of homologous pro-
teins {17].

2.3. Synthesis of peptide candidates

Four epitopes, including one identified by Foo et al. [24], were
synthesized using Fmoc-solid phase peptide synthesis [25], Each
antibody epitope was synthesized as a linear construct containing
a unpiversal T helper epitope from Polio virus (KLFAVWEKITYKDT)
{26]. The constructs were termed K1 (KLFAVWEKITYKDTLM-
RMKHVRAWIPRPMR}, K2 (KLFAVWEITYKDTLFHPTPCIHIPGEVRN],
K3 {(KLFAVWEITYKDTL GFPTELKPGTMNQFLT} and D1 {(KEFAVWKI-
TYKDTLYPTFGEHKQEKDLEYC} and were commercially synthesized
(Auspep Pty. Ltd, Melbourne, Australia).

2.4, Cell growth and muaintenance

Vero cells (African green monkey kidney ceils; the American
Type Culture Coltection {ATCC): CCL-81) were maintained in Dul-
becco's mininal essential medium with glatamine {DMEM, Gibco
Inc., Australia) supplemented with 10% heat-inactivated fetal calf
serum and 1% of penicillin streptomycin (50 pg/mi. Gibco Inc.,
Australia) at 37 °C with 5% CO;y in air per ATCC recommendations.

2.5 Viruses

The stock clinical isolate strains: Human Enterovirus 71 (EV71:
isolate number 99018233), Coxsackie A16 {CVA1G: isolate num-
ber CAIC 9902-2745-4PMEK 9.4.00), Coxsackie B4 (CVB4: isolate
number 99039838), Coxsackie B6 {CVB6: isolate number 273370/P
BO (14.09.1989)), and Echovirus 13 (Echo13: isolate number 28-
GO6PMEK (07.05.1990)) were supplied by the Victorian Infectious
Disease Reference Laboratory (VIDRL, Melbourne, Australia}

2.6, Virus growth and maintenance

Vero cell monolayers at 80-100% confluence were infected with
clinical isolate strains of EV71, CVA16, CVB4, CVBG, and Echol3
were used to infect and then incubated at 37°C with 5% €O, in
air unti! virally induced cytopathic effects {CPE) were visible. The
superpatant was then harvested and the titre for each virus was
determined by the Reed and Muench formula for TCIDsg based on
the CPE produced from the viral infection [27].

2.7. Mice gnd immunization protocols

Groups of six male BALBfc mice (6-8 weeks old) obtained
from the animal house facility, Department of Microbiology and
Immunology, The University of Melbourne, were inoculated sub-
cutaneously at the base of the fail with the peptide immunogens.
Animals received two doses of either 10 or 20 pg of peptide 4
weelcs apart; the primary inoculation was administered with Com-
piete Freund's Adjuvant{CFA} and the subsequent inoculation with
Incomplete Freund's Adjuvant (IFA). Sera were obtained from ani-
mals 10 days after each vaccination.




2.8. Enzyme linked immunosorbent assay (ELISA}

The anti-peptide antibodies in the mouse sera were detected by
ELISA as described previously [28.29], using Horseradish peroxi-
dase conjugated rabbit anti-mouse antibody (Sigma Aldrich, Castie
Hill, Australia). The assays were performed in triplicate. Antibody
titres were expressed as the reciprocal of the highest dilution that
gave a reading above the endpoint cut-off [30].

2.8 IgG purification

IgG was purified from pooled mouse sera by affinity chromatog-
raphy using a column {10 mm » 85 mm) of Protein A-Sepharose
Fast Flow {Sigma Aldrich, Castle Hill, Austraiia} following the man-
ufacturer’s instructions.

2.10. Positive confrols

A monoclonal antibody (MAb} against the VP1 protein of EV71
(MAB979, Millipore, Australia), and monoclonal antibodies for
CA16 and CVB4 (VIDRL, Meijbourne, Australia) served as positive
controls.

211, Neutralization assay

Neutralizing activity of igG purified from pooled sera from the
immunized mice was measured using an in vitro micro neufral-
jzation assay in 98-well plates {imunoblot HB} [31]. Purified lgG
{10 pgimL) at six 2-fold serial dilutions was pre-incubated with
an equal volume of 200TCIDsy of each virus {EV71, CVB4, CVBG,
CA16 and Echol3) and then used to infect 80-100% confluent Vero
{CC1L-81) cells. The cells were washed and then incubated at 37 °C
with 5% CO, until the fArst sign of complete CPE in the virus control
wells. At this peint, 25 ul of 3-(4,5-dimethylthiazol-2-y{}-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium {MTS)
{Promega Corp., Madison, WE} one-shot solution was added to all
wells and an absorbance was recorded at 490 nm. The MAbs were
included as positive controls. Results were read as positive if there
was more than a 50% CPE reduction as compared to naive controls.

2.12, Statistical analyses

Statistical analyses were performed using a one way parametric
ANOVA test with 95% confidence interval.

3. Results
3.1. Bioinformatics

The combined in silico approach identified three 15-mer linear
epitope sequences of potential interest across multiple EV subtypes
{Table 2). These epitopes were termed K1, K2 and K3. The anti-
body inducing peptide epitope previousty published by Foo et al.
[241, here termed D1, which was also highlighted using this com-
putational approach was aiso included, Epitopes were discounted if
their normal position lay buried within the viral coatrather thanon
a surface. K1 was structurally most conserved with no more than 6
amine acid substitutions as compared to the VP1 sequence of other
virus strains. K1 also exhibited more surface exposed residues on
the PDB 1D: 3VBS, 1HSX and 1BEV entries. K2 and K3 {from the VP3
protein) had less sequence conservation with other viruses and rep-
resented less exposed, more buried regions. Other peptide epitopes
were identified from VP2 and ¥P4 but were not as promising as K1,
K2 and K3 in terms of their conservation and antigenicity and were
not evaluated as potential vaccine targets.
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Fig. 1. Induction of anti-peptide specific Abs, Mice were vaccinated sub-cutaneously with the peptide constructs, D1, K1, K2 and K3 coataining a helper epitope from Polie
virus, on days 0 and 28. Mice were bled 10 days after both inoculations and again 6 weeks after the second dose. The specific Ab titres of individual mice are expressed as the

recigrocal of the highest serum ditution that gave 3 reading above endpoint cut-off 291

In order to prevent induction of deleterious auto-antibodies, the
peptides were checked for sequence similarities with any known
human proteins. We found that the four peptides did not share
significant sequence similarities with human islet cell antigens,
insulin, glutamic acid decarboxylase 65, tyrosine phosphatases,
heat shock protein 60f65 or any human proteins for which the
sequence is known,

3.2, Immunogenicity of vaccine constructs

Following the insilico identification of D1, K1, K2 and K3, we next
tested their ability fo induce anti-peptide antibodies in mice. Each
peptide was synthesized as a linear construct containing a univer-
sal T helper epitope by standard F-moc chemistry, These peptide
constructs elicited low levels of anti-peptide antibodies after the
first inoculation while the second dose generated significant anti-
peptide antibody responses from all mice in all groups (Fig. 1. Six
weeks after the second vaccine dose (day 70), Ab levels against D1
and {3 were higher than for the X1 and K2 peptides {Fig. 1).

3.3. Functional activity of anti-peptide antibodies

The functional activity of the anti-peptide antibodies was tested
using purified 1gG from the serum of inoculated mice in an in vitro
microneutralization assay. Fig. 2 demonstrates that IgG from serum
of naive mice did not protect eells as no significant neutralization
was noted (p<0.05). In contrast, all anti-peptide antibodies were
capable of neutralizing EV71 {Fig. 2}, resulting in cell viabilities
greater than 60% in all samples. With anti-D1, anti-K1 and anti-K2
antibodies, more than 80% of cells were viable. The anti-VP1 spe-
cific MAL [MAB979) also neutralized the virus, but foalesser extent
than the anti-peptide Abs, giving approximately 60% cell viability.

Anti-peptide antibodies as shown by neutralization assays
against CVA16, CVB4, CVBG and ECHO13, were found to be cross-
reactive {Fig. 3}, Assessment of viable cells after three days of
incubation with anti-peptide antibodies (10 jugfml}and 200TCIB5g
of virus showed that CVAI1G, the virus with the greatest sequence
similarity to EV71 {(>90%), could be cross-neutralized by all four
of the anti-peptide Abs. The anti-D1 and anti-K2 antibodies both
resuited in greater than 80% cell viability, with the anti-K1 anti-
bodies showing a similar neutralizing ability. The anti-K3 Ab's aiso
neutralized CVA16, although to a lesser extent, where cell viability
was approximateiy 65%.

For CVB4 and CVBG, with sequence identity of approximately
64% compared to EV71, the degree of neutralization was signifi-
cantly lower but still evident with multiple anti-peptide Abs. Both
the anti-D1 and anti-K1 antibodies cross-neutralized CVB4 virus,
where 53% and 60% cell viability was noted respectively. The anti-
K2 and anti-K3 Abs did not show any neutralizing activity as
less than 50% cell viability was noted in these samples, Similarly,
the naive 1gG sampie showed no significant neutralizing ability.
With CVBS, only the anti-K1 antibodies were capable of cross-
neutralizing virus, where almost 70% cell viability was noted after
infection with virus. All other anti-peptide antibedies, including
the naive sample demonstrated less than 50% cell viability so were
considered non-neutralizing, Samples were considered significant
at values of p<0.05 (Fig. 3).

ECHO13 virus has less than 60% protein sequence identity with
EV71 and is therefore the most divergent virus included in this
study. 1gG samples from D1, K2, K3 immunized and the naive mice
did not neutralize ECHO13 virus, with cell viabiiities below 50%,
Interestingly, the anti-K1 antibodies, generated {rom the most con-
served peptide construct, did cross-neutralize the ECHO13 virus,
giving greater than 50% cell viability at the point of analysis.
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Fig. 2. Ability of anti-peptide antibodies to neutralize EVT 1 virus in vitre. EV7 1 virus
was added to Vero cells after 2 h pre-incobation with serial dilutions (starting con-
centration: 10 pgfmi) of polyclonal anti-peptide 1gG pooled from inocuiated mice,
or a commercial anti-EV7 1 MAb directed against ¥P1, The graph shows the percent
of viafle cells in welts 3 days after infection. Antibodies that alfow more than 50%
cel viability after infection were considered to be neulralizing. The experiments
were repeated mulkiple times. Results shown are the mean of triplicates performed
in one of these experiments. The results were shown to be statistical significant,
p<045.
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Fig. 3. Ability of anti-peptide antibodies to neutralize other Ficorngviridue in vifre. 10 pgimi of polycional IgG from naive and mice inoculated with peptide constructs were
added 1o four different Picomaviridae, CVA16, CVR4, CVBG and ECHO13, these were incubated at 37°C for 2 h, prior to being adding cell culture wells. Celis were incubated for
3 days at 37 °C with 5% €0,. Antibodies that allow more than 50% cell viability after infection were considered to be neutralizing. The experiments were performed multiple
times. Results shown are the mean of triplicates performed in one of these experiments. The results were shown to be statistical significant, p <0.05.

4. Discussion

Due to the problems associated with traditional vaccines and the
fact that some enteroviral infections can induce auteimmune dis-
ease, stuch as Type 1 diabetes, the binding of Enterovirus derived
peptides to immune receptors has important biomedical appli-
cations in drug discovery and vaccine design. Additionally, the
immunogenicity of peptide-protein conjugates{as used by Fooetal.
[24] and Liu et al. [32]) contained in traditional vaccines, such
as tetanus or diphtheria toxeid, may be poorly immunogenic and
cause epitopic suppression; a phenomena due to the cross antigenic
competition andfor pre-existing immunity against other protein
fragments during previous vaccination or exposure. The construc-
tion of our peptide-peptide candidates eliminates such regions that
may have the potential to later elicit pathogenic or aufoimmune
responses [33,34]. Unlile a peptide-protein conjugate, a small pep-
tide only vaccine should incorporate both a B-cell and T-Helper celt
epitope in erder to facilitate the induction of a strong protective
response {351

Some peptide-protein complexes lack specific T-cell epitopes
derived from the pathogen, this can prevent the development of
cognate help, which would normally ensure long term irmu-
pity. In contrast, the peptide-peptide constructs used here may
offer cognate help as the T-cell epitope was also from the same
family of viruses, Picornarviridae. As such, synthetic peptides and
peptide-peptide based vaccines allow for a reductionist approach
to vaccine design, whereby deleterious sequences can be elimi-
nated and a vaccine can consist of the minimal proportion of a
pathogen required to induce an effective and efficient immune
response.

In this study we used an in silico approach to identify Ab epitope
candidates for EV71. These epitopes were all screened to confirm
a lack of sequence similarity to human proteins associated with
autoimmune disease such as Type | diabetes. Autoantibodies to var-
ious hurhan proteins have been linked to the onset of Type 1 diabetes
[36]. Several studies have shown a correlation between Enterovirus
infection and the incidence of Type [ diabetes [34-38] When

identifying the potential Ab epitopes, we made certain that no pep-
tides were included that share sequence homology with human
preteins which ceuld induce a deleterious response.

The epitopesidentified were from the VP 1 protein (K1 and D1)or
the VP3 protein (K2 and K3) of the EV71 capsomere. Previous stud-
ies have shown that the VP1 proteinis immunogenic and caninduce
neutralizing antibodies {24]. All of the additional target epitopes,
identified using the in silico approach induced virus neutralizing
anti-peptide antibodies in inoculated mice.

The vaccine candidates all induced high titre specific anti-
peptide antibodies after two 10 pg doses. Earlier studies which
induced anti-EV71 antibodies in mice {38-42] administered doses
upwards of 50 pg. Furthermore, in our study these titres were
maintained in the mice & weeks after the second dose, indicating
that the respense was long lived, which is desirable in a vaccine
candidate. Antibodies against all four peptide constructs demon-
strated high neutralizing activity in vitro against EV71, the virus
from which the epitopes were found. This further demonstrates the
validity of this structure and sequence-based in silico identification
method,

CVA16 is an Enterovirus A, closely related to EV71 sharing 75%
nucieotide and 88% sequence identity [37]. The anti-D1 and K1 anti-
bodies, dentonstrated cross-reactive neutralizing activity to other
Group-A and Group-B EV's such as CVA16. The anti-K1 antibod-
ies also neutralized ECHO13, another member of the Picornaviridae
family. These results indicate that the antibodies generated are not
only peptide-specific and EV71-specific, but they are also cross-
reactively neutralizing. The ability of the K1 and D1 anti-peptide
Abs to neutralize multiple viruses may be due to the high degree of
sequence similarity between the VP1 protein of most Picornaviridae
and because VP1 has been reported to be immunrodominant in gen-
erating neutralizing responses {38]. Additionally, some structural
reasons could account for this; the K1 and D1 peptides appear to
be in a closer spatial proximity on the capsid protein thus allowing
for a greater induction ef a conformational fit with the antigen.

The constant evolution of viral serotypes and sub-species
is an important reason for investigating conserved synthetic
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peptide based vaccines. The large amount of structural and
sequence variation befween viruses poses challenges in the
development of traditional attenuated, inactivated or sub-unit vac-
cinations.

This challenge was iliustrated with the K2 and K3 peptide con-
structs from VP3, which has been reported as an antigenic region of
the virus [39], although these induced responses which neutralized
Group A Enteroviruses, they did not cross-neutralize the Group B
viruses. This could be attributed to the VP3 region of EV71 being
less conserved and having greater structurat differences than VP1.
Both VP3 peptides, K2 and K3, vary by more than 7 amino acids
when compared with viruses outside of the Enterovirus A group,
indicating that these sequences are not conserved across multiple
genotypes of virus (Table 2}

In this study we have identified B-cell epitopes from the
EV71 capsid protein, that when incorporated into a synthetic
peptide-based vaccine construct elicit antibedies with the ability to
neutralize EV71. Furthermore, the anti-peptide antibodies elicited
can cross neutralize other viruses from the Enterovirus group A.
The K1 epitope was the most conserved across viral species and
located in the immunodominant VP1. The K1 anti-peptide antibod-
ies could neutralize several of the species of Picornaviridae, These
peptide epitopes represent potential new vaccine candidates not
only for EV71, but multiple members of the Picornaviridae family,
which are important human pathogens.

Acknowledgments

The authors would like to acknowledge Professor Lorena Brown
of the Department of Microbiology and Immunology at the Univer-
sity of Melbourne for her assistance with the animal studies. We
also wish to acknowledge Dr. Julian Druce of the Victorian infec-
tious Disease Reference Laboratories for supplying us with virus
samples and monoclonal antibodies.

References

[1} Stanway G, Kinnunen L }iyypivf§ T, Brown B, Borsnell C, Hovi T, et al. Genetic
and phylogenetic clustering of enteroviruses, ] Gen Virol 199877 {August
{8}):1699-717.

{21 Christen 4. Enterovirus infection of human beta-cells activates dendyitic cells
and triggers innate antiviral responses: are enterovirases convicted now? Dia-
beres 2010;59; May (513:1126-8.

{3} Otkarinen M, Fauriainen §, Oikarinen 5, Honkanen T, Collin P, Rantala 1, et al.
Type t diabetes is associated with enterovirus infection in gut mucosa. Diabetes
2012;63 March {3}1:687-91.

4] Purcelt AW, McCluskey §, Rossjohn ], Mose than one reason to rethink the use
of peptides in vaccine design. Nat Rev Drug Discov 2007;6{51:404~ 14.

i5} Beignon AS, Brown F. Eftekharf B, Kramer E, Briand [, Muller S, et al A
peptide vaccine administered transcutaneously together with cholesa toxin
elicits potent neutralising anti-FMDV anilbedy responses. Vet imununcl
fmununopathol 2005, 104 Agrit {34273 -80.

(6] Deliyansis G, Jackson DC, Ede Nj, Zeng W, Hourdakis |, Sakabetis E, et al. induc-
tion of long-term memary COB(+} T ceils for recall of viral clearing responses
against influenza virus. ] Virel 2002;76(May {9)):4212-21.

[7} Dong XM, Chen YH. Candidate peptide-vaccines induced immunity against CSFV
and identified sequential neutralizing determinants in antigenic domain A of
ghycoprotein E2. Vaccine 2606;24(March {11)31906-13.

|8} Embers ME, Budgeon LR, Pickel 3, Christensen ND. Protective immunity to rab-
bit oral and cutaneous papiflomaviruses by immunization with short peptides
of 1.2, the rainor capsid protein, | Virel 2002 76{October {19)):9798-8035.

19} Jackson DC, Lau YF, Le T, Subrbier A, Deliyannis G, Cheers €, et al. A totally syn-
thetic vaccine of generic siructure that targets Toll-like recepter 2 on dendritic
cells and prometes antibody or cytotoxic T cell respanses. Prec Natl Acad Sai
USA 2004:101(October {43} 15440-5.

{10} Hofmarn H}, Hadge D. On the theoretical prediction of protein anti-
genic determinants from amino acid sequences. Biomed Binchim Acta
1987;46{113:855-5656.

111} Hopp TP, Woods KR. Prediction of protein antigenic determinants from amino
acid sequences, Proc Natl Acad Sci USA 1981 «78{june {G}):3824-8.

{12} Parker ML, Guo D, Hodges RS, New hydrophilicity scale devived from high-
performance liquid chromatography peptide retention data: corretation of
predicted surface residues with antigenicity and X-ray-derived accessible sites.
Biochemistsy 1986;25{ September (19}5:5425-32,

113] Pellequer Ji, Westhof E, Van Regenmortel MH. Predicting location of contin-
uous epitopes in proteins from their primary structures. Methods Enaymol
1991;203:176-201.

[24] Blythe M| Benchmarking Flower DR. B cell epitope prediction: onderperior-
mance of existing methods. Protein Sci 2005;14{Janvary {1)}:245-8.

[15] Larsen JE, Lund O, Nielsen M. improved method for predicting Enear 8-celi
epitopes. mmonome Res 2006:2:2.

[16] Saha S, Raghava GPS, Prediction of continuous B-celf epitopes in an antigen
using recurrent neural network. Proteins 2006;65{1):40-8,

{17} Rubinstein ND, Mayrose |, Martz E, Pupka T, Epitopia: a web-server for predict-
ing B-cel} epitopes. BMC Bioinformatics 2009, 10:287,

(18] Emini BA, Hughes ]V, Perlow DS, Boger | buwduction of hepatitis A
wirus-nestralizing antibody by a virus-specific synthetic peptide. [ Virol
1985;55{ September {371:835-9.

119} Kyie . Doolittle #F. A simple method for displaying the hydropathic character
of a protein. | Mol Biol 1982;157(13:105-32.

{20] Altschul SF, Madden TL, Schaffer AA, Zbang |, Zhang Z, Miller W, et al. Gapped
BLAST and PSI-BLAST: 3 siewe generation of protein database search programs.
Mucleic Acids Res 1997;25({September {17)):3389-402.

{21} Chenna R, Sugawara H, Keike T, Lopez R, Gibson TJ, Higgins DG, et al, Muli-
ple sequence alignment with the Clustal series of programs, Nucleic Acids Res
2003:31July (13)):3497-500.

122] Pestersen EF, Goddard TD, Huang CC, Couch G5, Greenbiatt DM, Meng EC. e1 al,
UCSF Chimera - a visualization system for exploratory research and analysis. )
Comput Chem 2004:25{October {13} 1605-12.

{23] Eswar N, Webb B, Marti-Renom MA, Madhusudhan M5, Eramian D, Shen MY,
et al. Comparative protein strecture modeling using MODELLER, In: Current
Pretocols in Proteis Scienee; 2007, Chapter 2, Unit 2.9,

{24} Foo DGW., Alonse S, Phoon MC, Ramachandran N8, Chow VK, Poh CL. Identifi-
cation of neutralizing linear epitopes from the VP § capsid protein of Enterovirus
‘71 using synthetic peptides. Virus Res 2007;125{1 618,

{25} Chan PW. Fmoc solid phase peptide synthesis; a practical appreach. Oxford
University Press; 2000,

[26} Lecterc C, Deriaud E, Mimic V, van der Werf 5, identification of a F-cefl ep-
tope adjacent to neutralization antigenic site 1 of poliovirus type 1.} Virol
199165 February (217118,

|27} Reed Lf, Muench H. A simple method of estimating fifty per cent endpoints. Am
§ Epidemnial 1938; 27 May (3)}54893-7,

f281 Voller A, Bartlett A, Bidweil DE, Clark MF, Adams AN. The detection of viruses
by enzyme-linked #mmunosorbent assay (ELISA ) ) Gen Virol 1976,33{Cctober
{11657,

{29} Zeng W, Ghosh 5, Lau ¥¥, Brown LE, Jackson DU Highly immunogenic and totaliy
synthetic lipopeptides as self-adjuvanting immunocontraceptive vaccines. |
immune! 2002;168% November (931490512,

{30} Frey A, Di Canzio J, Zarakowski D, A statistically defined endpoint titer deter-
mination method for immunoassays. J Immunol Metheds 1998:221(1-2}
35-41.

{31] vosndam ¥, Beltan M. Enzyme-linked immunosorbent assay-format
micToneutralization test for dengue viruses. Am ] Trop Med Hyg
2002:66{Febyuary §2}1:208-12.

{32} Liu €C, Chou AH. Lien SP, Lin HY, Liu §, Chang 1Y, et al Ideatification and
characterization of a cross-neutralization epitepe of Enterovirus 71. Vaccine
2011:29June {26}):4362-72.

[33] Etfinger H. Gillessen 12, Lahm H, Matile H. Schonfeld H, Trzeciak A. Use of
prior vaccinations for the development of new vaccines. Science 1990:249{July
{4957 )):423-5,

{34] Schutze MP, Leclerc C, Jolivet M, Audibert ¥, Chedid L. Carrier-induced epi-
topic suppression, a major issue for future synthetic vaccines. | Immuno!
1085:135(0ctober (4)3:2319-22.

135} Partidos CD, Gbeid OF, Steward MW, Antibody responses to non-immunogenic
synthetic peptides induced by co-immunization with immunogenic peptides.
Immunology 1892:77{0October {2}}:262-6.

{36} Harkdnen T, Paananen A, lLankinen H, Hovi T, Vaaralz O, Roivainen M.
Enterovirus infection mayinduce humoratimmune response reacting with islet
celt auzeantigens in hummans. ] Med Virol 2003:68(3):426-40.

£37} Oberste 85, Maher K, Kifpatrick DR, Pailansch MA. Molecular evolution
of the human enteroviruses: correlation of serotype with VP1 sequence
and application o Picornaviras classification. J Virol 1998.73{March {3})
1841-8.

{38} Chen H-F, Chang M-H. Chiang B-L, Jeng 5-T. Oral immunization of mice using
transgenic tomato fruit expressing VP1 protein from Enterovirus 71, Vaccine
AKIE 24 151 2944-51,

139} Wu C-N, Lin ¥-C, Fann C, Liao M-8, Shih 5-R. Ho M-S, Pretection against lethal
enterovirus 71 infection in newborn mice by passive immunization with sub-
unit VP1 vaccines and inactivated virus. Vaccine 2001, 20{5~6:895-504.

[40] Khetsuriani N, LaMonte A, Oberste MS, Pallansch M. Neonatal enterovirus
infections reperted to the National Enterovirus Surveillance System in
the United States, 1983-2003. Pediary Infect Dis | 2006;25(3103:889-93,
heep:ffdx.doborgf/ 10.1097/0 LinL0B00237798.07462.32,

(411 Mizo LY, Pierce C, Gray-Johnson }, Delotell 3, Shaw C Chapman N, et al.
ssonoclonal antibodies to V1§ recognize a broad range of enteroviruses. } Clin
Microbiol 2009:47(10):3108-13.

{42} Liu C-C, Chou A-1§, Lien $-P, Lin H-Y, Liu 5-J, Chang J-¥, et al. identification and
characterizatinn of a cross-neutralization epitope of Enterevirus 71. Vaccine
201129 2614362-72.




