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A common epitope region of enteroviruses was identified by sequence-independent single-primer amplifi-
cation (SISPA), followed by immunoscreening of 11 cDNA libraries from two Korean enterovirus isolates (echo-
viruses 7 and 30) and a coxsackievirus B3 (ATCC-VR 30). The putative common epitope region was localized
in the N terminus of VP1 when the displayed recombinant proteins from the phages were chased by the
convalescent-phase sera. The genomic region encoding the common epitope region was amplified and then ex-
pressed by using the vector pGEX-5X-1. The antigenicity of the expressed recombinant protein was identified
by Western blotting with guinea pig antisera for six different serotypes of enteroviruses. After successive
immunization of mice with the recombinant common epitope protein, splenocytes were extracted and hybrid-
ized with P3X63-Ag8-653 cells. A total of 24 hybridomas that produced monoclonal antibodies (MAbs) against
the putative common epitope of enteroviruses were selected. Four of these were immunoglobulin G1 isotypes
with a kappa light chain. These MAbs recognized 15 Korean endemic serotypes and prototypes of enteroviruses
in an indirect immunofluorescence assay. These results suggest that the expressed protein might be a useful
antigen for producing group common antibodies and that the use of the MAbs against the putative common epi-
tope of enteroviruses might be a valuable diagnostic tool for rapidly identifying a broad range of enteroviruses.

The genus Enterovirus, belonging to the family Picornaviri-
dae, consists of 66 different subtypes, including polioviruses
(PVs), coxsackievirus group A (CVA) and CVB, echoviruses,
and the numbered enteroviruses. These viruses cause a wide
variety of clinical illnesses, ranging from asymptomatic to fatal,
including poliomyelitis, aseptic meningitis, myopericarditis,
and respiratory, hepatic, and gastrointestinal infections (15, 23,
24). Thus, the early diagnosis of enterovirus-related infection
from various clinical isolates is important for prognostic, ther-
apeutic, and epidemiologic purposes (1, 14, 18, 26).

The primary structure and genetic organization of enterovi-
ruses have been demonstrated recently. Conserved sequences
are located in structural and nonstructural proteins of entero-
viruses (12, 28, 29, 31, 35, 39). Therefore, it may be possible to
use the conserved region as a common epitope for the sero-
logical diagnosis of enteroviruses. The synthetic peptides for
the enterovirus group-common epitope could be used for the
serological diagnosis of infections caused by a broad range of
enteroviruses (3, 25). However, these approaches have not yet
been proven effective for the routine laboratory diagnosis of
enteroviral antigens in clinical specimens. Thus, it would be
useful to develop a rapid and reliable antigen diagnostic meth-
od for enteroviral infection by using a monoclonal antibody
(MAD) specific for the common epitope region.
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In the present study, the genetic region of the putative com-
mon epitope of enteroviruses was determined by sequence-
independent single-primer amplification (SISPA)-mediated
immunoscreening analysis and expressed in Escherichia coli
by a PCR-based cloning strategy. By using the expressed puta-
tive common epitope as an immunogen, highly specific MAbs
against the recombinant proteins were produced and evaluated
for their potential in rapid diagnostic tests that detect a broad
range of enteroviruses.

MATERIALS AND METHODS

Virus and culture. The enteroviruses used in the present study included 12
Korean isolates (E3, E4, E6, E7, E9, E25, E30, CVBI1, CVB2, CVB3, CVBS, and
CVB6) and three prototypes (E24 [ATCC VR-54], CVB3 [Nancy strain, ATCC
VR-30], and CVB4 [ATCC VR-184]). The enteroviruses used for production of
the common epitope and MAbs were E7, E30, and CVB3 (Nancy strain), and the
others were used to identify an immunoreactivity of the MAbs. Viruses were
inoculated onto monolayers of rhabdomyosarcoma (RD) or human larynx car-
cinoma (HEp2-c) cells, which were kindly provided by the World Health Orga-
nization (WHO)/Western Pacific Regional Office. Cells showing 70 to 80% of
cytopathic effects were frozen-thawed three times, and cell debris was removed
by centrifugation at 1,000 X g for 10 min. The supernatants were collected and
used for serotyping and for viral RNA isolation. Serotyping was performed with
WHO/RIVM (Rijksinstituut voor de Volksgezondheid en Milieuhygiene, Am-
sterdam, The Netherlands) enterovirus serum pools and/or CVB neutralization
test reagents (Denka Seiken, Osaka, Japan). Procedures were performed as
described in WHO guidelines (38) for enterovirus isolation.

RNA extraction and ¢cDNA synthesis. Viral RNAs were isolated from the
supernatants of enterovirally infected HEp2-c or RD cells by the sodium dodecyl
sulfate (SDS)-proteinase K method as described previously (40). Single-stranded
and double-stranded cDNAs were synthesized by using random hexamers and a



VoL. 41, 2003

cDNA synthesis kit (Boehringer Mannheim, Mannheim, Germany) according to
the manufacturer’s instructions.

SISPA. The blunt-ended cDNA was ligated to AB linker and primers (30),
which have EcoRI restriction sites, by using T4 DNA ligase and a >10-fold molar
excess of linker and primers to cDNA. Aliquots of the AB linker-primer ligation
mixtures were used directly for SISPA with a 2 pM concentration of primer A,
1.5 mM MgCl,, a 0.4 mM concentration of deoxynucleoside triphosphate, 2.5 U
of Tag DNA polymerase, and 10X buffer provided by the manufacturer (Pro-
mega, Madison, Wis.). Thirty-five cycles of denaturation at 94°C for 60 s, an-
nealing at 54°C for 90 s, and extension at 72°C for 120 s were carried out in a
DNA thermal cycler 480 (Perkin-Elmer, Beaconsfield, United Kingdom). The
amplified SISPA products were purified by using S-300HR MicroSpin columns
(Pharmacia, Uppsala, Sweden) at 600 X g.

Agtl1 library construction and immunoscreening. The SISPA products were
digested with EcoRI and cloned into a Agt11 vector (Stratagene, La Jolla, Calif.).
The reaction mixture was incubated at 12.8°C for 16 h and in vitro packaged by
using Gigapack IIT gold packaging extract (Stratagene). Approximately 2 X 10°
recombinant phages were incubated with E. coli y1090r~ and plated at a low
density according to the manufacturer’s instructions. Colonies were lifted with
nitrocellulose filter papers (Protran BA 83; Schleicher & Schuell, Keene, N.H.).

An immunoscreening assay was performed with anti-E7 guinea pig antisera or
antisera from patients with aseptic meningitis caused by CVB1. Anti-E7 guinea
pig antisera were made by immunizing guinea pigs with purified E7 through
subcutaneous injection for three times with a week interval.

PCR and direct sequence analysis of positive clones. Positive clones selected
by immunoscreening were subjected to plaque purification and directly sus-
pended in 200 ml of sodium-magnesium buffer (pH 7.2) with 5% of chloroform.
To determine the sizes of the inserts, PCR amplification was performed as
follows: a 0.6-pl aliquot of positive plaque suspension was added to 29.4 ul of the
PCR mixture containing a 0.4 mM concentration of each deoxynucleoside
triphosphate, 1.5 mM MgCl, 20 pmol of primers (Agtll forward and reverse
primers), 1 U of Tag DNA polymerase (Promega), and 10X reaction buffer
provided by the manufacturer. Thirty-five cycles of denaturation at 94°C for 60 s,
annealing at 55°C for 60 s, and extension at 72°C for 60 s were carried out in a
DNA thermal cycler 480 (Perkin-Elmer). The amplified PCR products were
electrophoresed in 1% agarose gels and stained with ethidium bromide.

To characterize each positive clone, direct sequencing of the PCR products
was performed. The nucleotide sequence was determined by ABI Prism dye
terminator cycle sequencing ready reaction kit (Perkin-Elmer) according to the
manufacturer’s instructions (34).

Cloning and expression of enteroviral common epitope region. The cDNA for
cloning and expression of the enteroviral common epitope region was obtained
by using reverse transcription-PCR. Oligonucleotide primers E7-271F and E7-
271R, corresponding to positions 2457 to 2474 and positions 2700 to 2717 of the
VP1 region of E7, were made based on the sequences of the immunopositive
plaques and VP1 of enteroviruses obtained from the GenBank/EMBL database.
The E7-271F primer sequence was 5'-CAAGCACTTCTGTTTCCCCGG-3',
and the E7-271R primer was sequence was 5'-ATTGTCACCATAAGCAGCC
A-3'. The amplified PCR product was directly cloned into a pCR2.1 vector by
using a TOPO TA cloning kit (Invitrogen, Carlsbad, Calif.). The cloned PCR
product was named pE7-271TA. After digestion with Ncol and BamHI, the E7
cDNA fragment of pE7-271TA was electrophoresed in agarose gel, purified from
the gel, and treated with Klenow enzyme (Boehringer Mannheim, Hamburg,
Germany) to make blunt-ended DNA. The blunt-ended E7 cDNA fragment was
cloned into the Smal site of pGEX-5X-1 vector (Pharmacia, Buckinghamshire,
United Kingdom) and transformed into E. coli BL21(DE3).

To express the recombinant proteins, 3-ml aliquots of overnight culture of
transformed E. coli BL21(DE3) were diluted to 1:20 in fresh Luria-Bertani
medium with 50 pg of ampicillin/ml and 1 mM IPTG (isopropyl-B-p-thiogalac-
topyranoside) and then incubated for an additional 3 h at 37°C. Cells were
pelleted by centrifugation at 19,000 X g for 5 min at 4°C, washed with phosphate-
buffered saline (PBS; 150 mM NaCl, 16 mM Na,HPO,, 4 mM NaH,PO, [pH
7.3]), and disrupted by sonication. Supernatants were prepared by centrifugation
at 9,800 X g for 10 min, and the expressed protein was purified by using gluta-
thione-Sepharose 4B columns (Pharmacia). To cleave the expressed viral protein
from the glutathione S-transferase (GST) carrier, the fusion protein was incu-
bated with thrombin (Sigma, St. Louis, Mo.) at 1:500 (wt/wt) in cleavage buffer
(50 mM Tris-HCI, pH 8.0; 100 mM NaCl, 2.5 mM CaCl,, 0.1% B-mercaptoetha-
nol) for 4 h at room temperature.

SDS-PAGE and Western blotting. Purified proteins were separated by SDS-
polyacrylamide gel electrophoresis (PAGE) by using the discontinuous system of
Laemmli (17). Separated proteins were electrophoretically transferred to nitro-
cellulose membrane (0.45 wm [pore size]; Bio-Rad, Hercules, Calif.) as described
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by Towbin et al. (37). The membrane was then blocked with PBST (PBS con-
taining 0.05% [vol/vol] Tween 20) containing 3% skim milk for 2 h at room
temperature and incubated with anti-E7 guinea pig antisera or CVB antisera in
PBST containing 3% skim milk for 2 h at room temperature. After three washes
with PBST, the membrane was incubated with alkaline phosphatase-conjugated
anti-guinea pig IgG or alkaline phosphatase-conjugated anti-human IgG (Sigma)
for 2 h at room temperature. The conjugate was diluted 1:3,000 in 3% skim milk
in PBST immediately before use. After an three additional washes with PBST,
the membrane was incubated in a freshly prepared mixture of substrate solution
(nitroblue tetrazolium-BCIP [5-bromo-4-chloro-3-indolylphosphate]; Promega)
for 20 min at room temperature. The reaction was stopped by washing the
membrane several times with distilled water.

Immunization of mice. Aliquots (100 pl) of purified antigen in sterile physi-
ological saline (100 pg/ml) were mixed with an equal volume of complete Freund
adjuvant (Difco, Detroit, Mich.) and injected intraperitoneally into BALB/c
mice. For booster immunization, 10 pg of the same antigen in Freund incom-
plete adjuvant (Difco) was injected into the mice on days 21 and 42. Finally, 3
days before the fusion experiment, the antigen was injected intravenously with-
out adjuvant. Protein concentrations were measured by the method of Lowry et
al. (21) with bovine serum albumin (Sigma) as the standard.

Fusion of spleen cells with myeloma cells. Hybridization of murine spleen cells
with myeloma cells (P3X63-Ag8-653, ATCC CRL 1580) was carried out as
described previously (16). In brief, the immunized mice were killed, the spleen
was removed aseptically, and the cells were mechanically dissociated in Dulbecco
modified Eagle medium (Sigma) containing gentamicin (10 pg/ml). Spleen cells
were then mixed with myeloma cells growing in the logarithmic phase at a ratio
of 5:1. The cells were fused in the presence of 50% polyethylene glycol (PEG-
1500; Boehringer Mannheim) while being maintained in a 37°C water bath.
Afterward, polyethylene glycol was slowly diluted with cell culture medium
without fetal bovine serum (Gibco-BRL, Paisley, United Kingdom). The fused
cells were centrifuged at 1,500 X g for 5 min and resuspended in complete
Dulbecco modified Eagle medium containing 10% fetal bovine serum. The cells
were plated in 96-well tissue culture plates in 100-pl aliquots at a concentration
of 2 X 10° cells/well and then incubated in a humidified CO, incubator (5% CO,
in air) at 37°C. After 24 h of incubation, 100 ul of complete medium containing
hypoxanthine, aminopterin, and thymidine (HAT medium) was added to each
well. HAT medium was then added to the wells at 1:1 ratios for three consecutive
days. Two more HAT medium changes were made at 3-day intervals. After this,
the cells were grown in hypoxanthine and thymidine medium for the next 2
weeks, with frequent changes of the same medium. Hybridoma cells were
screened for the production of antibodies by Western blot and subcloned by
limiting dilution.

Production and characterization of MAbs. For the production of MAbs, fe-
male BALB/c mice (6 weeks old) were injected intraperitoneally with 10° hy-
bridoma cells per mouse. Ten days later, the ascitic fluid was drained by using an
18-gauge needle. The ascites were centrifuged at 1,000 X g for 10 min to remove
cells, and the supernatant was rescreened for antibody production by Western
blotting. MAbs were purified from collected supernatants by precipitation with
50% saturated ammonium sulfate (pH 7.0) and followed by dialysis against 0.04
M phosphate buffer (pH 6.8). The MAbs were further purified by using a protein
G column (Pharmacia). The isotypes of the MAbs were determined by the mouse
hybridoma isotyping kit (Boehringer Mannheim).

Immunoreactivity of the MAbs to various enteroviruses, measleviruses, and
mumpsviruses. Antigen recognition abilities of the MAbs were evaluated by
indirect immunofluorescence assay (IFA). For IFA, Vero cell monolayers on
microscopic slide glasses, which were infected with various enteroviruses, measle-
viruses, or mumpsviruses, were used as antigens. Before the complete cytopathic
effect appeared, the virus-infected cells were fixed for 10 min in ice-cold acetone
and stored at —20°C. The hybridomas were cultured for 3 days, and 100 pl of
undiluted culture supernatant was reacted with the cells on each slide for 45 min
at 37°C. The slides were washed three times with PBS. Fluorescein isothiocya-
nate-conjugated anti-mouse IgG (Promega) diluted in PBS at 1:20 was added,
followed by incubation for 45 min at 37°C. The slides were washed three times
with PBS, and the intensity of fluorescence was observed. To validate the sen-
sitivity of MADbs, IFA was performed with four serotypes of enteroviruses: EV6,
EV30, CVB3, and CVBS. The titers of reference enteroviruses were determined
by the Reed-Muench endpoint procedure (20). The titrated enteroviruses as
antigens were inoculated into Vero cells at 10-fold serial dilutions. The cells
producing the MADbs were cultured onto 25-cm? culture flasks. The supernatants
with MAbs were then exposed to the serially diluted cells as the first antibody.
Fluorescein isothiocyanate-conjugated anti-mouse IgG (Promega), which served
as the second antibody, was used for the detection of virus particles inoculated
into cells.



3030 SHIN ET AL.

J. CLIN. MICROBIOL.

L Capsid region N Non - capsid region R
I~ T 1
57 VP4 VP2 VP3 VP1 protease 3
L 11 ] I || [—7-4kb
Vpg = T— _— Poly A tail

| ||
||||||,I|I|'I'|||||' |||

FIG. 1. Distribution of immunoreactive Agt11 plaques on the full genome of enterovirus. A total of 31 of 61 clones (>50%) were concentrated
on the upstream region of VP1 and the region of VP3-VP1 junction, as indicated by a box.

RESULTS

Determination of the common epitope region of enterovi-
ruses. To investigate the common epitope region of enterovi-
ruses, cDNA libraries of Korean isolates E7 and E30 and a
prototype CVB3 (Nancy strain) were constructed and immu-
noscreened by using anti-E7 guinea pig antisera and the anti-
sera from patients with aseptic meningitis. Through repeated
immunoscreening, 82 immunopositive cDNA clones were se-
lected. The existence of inserts in 82 positive clones was con-
firmed by PCR with the Agtll forward and reverse primers.
Upon agarose gel electrophoresis of the PCR products, 61 of
82 clones produced the amplification products that were larger
than 182 bp, the intact size of wild-type Agtl1 phage DNA that
is produced by PCR amplification with the Agtll forward and
reverse primers (data not shown). The PCR products of these
61 clones were directly sequenced, and the location of each
clone on the virus genome was determined by comparing se-
quences of each PCR product with the sequences accessed in
the GenBank, EMBL, DDBJ, and PDB databases by using a
National Center for Biotechnology Information BLAST search
program.

As shown in Fig. 1, 31 of 61 clones were concentrated on the
region of nucleotide sequence from 2300 to 2700, which cor-
responds to a junction of the VP3 and VP1 regions (mainly the
N terminus of VP1). Three clones were positioned in VP4, four
were positioned in VP2, and eight were positioned in VP3. The
remaining clones were in the regions of nonstructural proteins.
These results indicate that the N terminus region of VP1 might
be a common antigenic site among various serotypes of en-
teroviruses.

The alignment of deduced amino acid sequences of this
region in E7, E11, E30, and CVB3 showed that there are
several amino acid motifs that are highly conserved among
different serotypes of enteroviruses (Fig. 2). In Fig. 2, the
amino acid numbered 1 in the E11 sequence corresponds to
the amino acid at position 474 of the enteroviral polyprotein.
The immunopositive clones from four serotypes of enterovi-

ruses, which were located at the VP3-VP1 junction, varied in
their insert sizes. The clones from E11 and E30 had long
inserts encoding ca. 200 amino acids, whereas those of E7 and
CVB3 had short inserts encoding 129 and 58 amino acids,
respectively. However, all of the clones had the conserved
regions including one to two additional regions besides the
regions known by others. These results demonstrate that the
region of the VP3-VP1 junction would be highly antigenic and
conserved.

Cloning and expression of the common epitope region. The
common epitope region of enteroviruses was amplified with
E7-271F and E7-271R primers. The resulting 271-bp product
was cloned into a pGEX-5X-1 expression vector and trans-
formed into E. coli BL21(DE3). The expression of cloned gene
was induced by adding IPTG and then analyzed by SDS-
PAGE, followed by Coomassie blue staining. The molecular
mass of the expressed protein was ca. 37 kDa, which is consis-
tent with the expected size (Fig. 3).

The antigenicity of the expressed protein was analyzed by
Western blotting. The expressed protein reacted with guinea
pig sera from three different enteroviruses, Korean isolates of
E7, E30, and CVB3 (Fig. 4). Additional polyclonal antibodies
against CVB2, CVBS, and a prototype CVB3 recognized the
protein, whereas normal guinea pig serum or guinea pig serum
acquired after RD cell infection did not. Anti-GST antibody
also detected the recombinant protein of 37 kDa and the GST
protein of 26 kDa. However, none of the sera from enterovi-
rus-inoculated guinea pig reacted with the GST protein (data
not shown). These results indicate that the expressed protein
would be a common epitope of enteroviruses examined.

Production and characterization of MAbs against the com-
mon epitope. To produce MADbs specifically reacting with the
enteroviruses, mice were immunized with the purified ex-
pressed protein. After fusion and HAT selection, 109 hybrid-
omas were derived from three fusion experiments. Of these, 29
were selected on the basis of their reactivity with the anti-E7
guinea pig antisera by Western blotting. Four of the cell lines
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FIG. 2. Alignment of amino acid sequences deduced from the DNA sequence analysis of immunoreactive Agt11 clones. Amino acid sequences
showing a high degree of homology are boxed. The asterisks indicate the same sequences as the ones of E11, and the dashes indicate missing

sequences that were not involved within inserts of the clones.

producing these MADs were cloned and used for further stud-
ies. The isotypes of the four MAbs (named MAb-1, MAb-2,
MAD-3, and MADb-4) were IgG1, and they had a kappa light
chain (data not shown).

Broad reactivity and specificity of produced MAbs. To in-
vestigate the reactivity of MAbs with 15 kinds of clinical iso-
lates derived from patients with aseptic meningitis in Korea,
IFA was performed. IFA with four MAbs was positive for
reactivity with all of the 15 different serotypes of clinical iso-
lates and prototypes of enteroviruses (Table 1). The four
MAbs showed strong granular cytoplasmic fluorescence with
low background fluorescence even though the intensity of flu-
orescence obtained with the MADbs varied according to sero-
types (Fig. 5). In all cases, definite cytoplasmic staining was
easily discernible in cells that were morphologically unaffected
by the infection. To validate the specificity, IFA was performed
with measlesviruses and mumpsviruses causing the same symp-
toms, at least in part, as aseptic meningitis.

To validate the specificity of the produced MAbs, IFA was
performed with measlesviruses and mumpsviruses. As shown
in Table 1, the MAbs showed bright fluorescence in enterovi-
rus-infected cells but not in mumpsvirus- and measlesvirus-
infected cells. This result indicates that the activity of the
MADs would be specific to enteroviruses. In addition, the sen-
sitivity of the MAbs was also validated through the infection of
titrated enteroviruses to susceptible Vero cells. The titers of
viruses were determined by the dilution factors in cells that
could be recognized by the MAbs. These were determined to

be 10°4, 10°8, 10°°, and 10°* 50% tissue culture infective
dose(s)/100 wl for E6, E30, CVB3, and CVBS, respectively.
The sensitivities of the MAbs were finally determined by using
the titrated viruses. That is, the MAbs, which were involved in
100 pl of the supernatant from hybridoma cultures showing 80
to 90% confluency/slide, were reacted with Vero cells infected
by the previously titrated enteroviruses, which were diluted
10-fold. We found that with E6, CVB3, and CVBS5 at the
dilution factor of 10! to 10°, whereas the MAbs could react
with E30 at 10" to 10%. Taken together, these results suggest

M1 23]

37kDa —p p :E
o+ -

FIG. 3. Recombinant proteins expressed from pE7-271. Cell ly-
sates were separated on an SDS-PAGE gel and stained with Coomas-
sie brilliant blue. An arrow indicates the proteins from pE7-271 in-
duced by IPTG. Lane 1, pE7-271 induced; lane 2, pE7-271 uninduced;
lane 3, pGEX-5X-1 induced; M, molecular weight markers (Novex).
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FIG. 4. Western blot analysis of proteins expressed from pE7-271
with polyclonal antibodies against enteroviruses. The anti-enterovirus
polyclonal antibodies used were antisera against E30-Korean isolate
(lane 1), CVB3-Korean isolate (lane 2), and E7-Korean isolate (lane
3). M, molecular weight markers.

that the activity of the MAbs would be enterovirus specific and
highly sensitive.

DISCUSSION

The genomic sequences conserved in enteroviruses are in
the region encoding structural and nonstructural proteins, as
shown by primary structure and genetic organization (2, 4, 13).
Many studies using various immunological methods have been
conducted to define an antigenic homology among serotypes of
enteroviruses. It was found by these efforts that the genomic
region responsible for the highest antigenicity (or common
antigenicity) may reside in VP1, especially in the N terminus of
VP1, and plays a predominant role in cross-reactivity among
enteroviruses (4, 7, 9, 11, 25, 33).

Previously, computerized antigenicity prediction and selec-
tion of short linear epitopes based on the conserved genomic
sequences of enteroviruses were popular for predicting the
location of viral epitopes. Unfortunately, there is no evidence
that either of these methods achieved a high rate of accurate
prediction. Although several short linear epitopes of VP1 are
apparently useful for the rise in titers of antibodies against
several kinds of enteroviruses, these still result in poor reac-
tivity. Cello et al. (3) suggested that these inconsistent results
mainly originate from the conformational disadvantages of us-
ing short linear peptides.

In the present study, immunoscreening followed by con-
struction of phage libraries with the randomly amplified SISPA
products of viral genomes was used to detect a viral epitope
with spatial conformation. The cDNA libraries of Korean iso-
lates of E7 and E30 and the prototype of CVB3 were con-
structed and immunoscreened with anti-E7 guinea pig antisera
and convalescent-phase sera from patients with aseptic men-
ingitis to identify a common epitope region of enteroviruses.
Sequence analyses of immunopositive clones showed that
more than 50% of the positive clones were concentrated at the
junction of the N terminus of VP1 and the C terminus of VP3.
These results are in agreement with previous studies, which
demonstrated that the highest titers of antibody were detected
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TABLE 1. Evaluation of virus recognition ability
of the MAbs by IFA*

Recognition” of:

MAD CVB subtype Enterovirus subtype

Measles Mumps

123455 63 4 6 7 9 24 253 Vius v

N =
+ 4+t
+ 4+ +
+ o+ +
+++ +
++ o+ +
+ 4+t
+ 4+ +
+ 4+ +
+ o+ +
+ 4+t
+ o+t
++ o+ +
+ o+ +
+ o+ +
+ o+ +

[

[

“ Key: +, strong fluorescence; —, weak or no fluorescence.
b Purchased from The American Type Culture Collection.
¢ Isolated in 1994.
@ Tsolated in 1997.

against the epitope consisting of amino acid residues 40 to 53
in the N terminus of VPI1. This epitope is highly conserved
among enteroviruses (4, 27, 32). Although the C terminus of
VP3 also has highly conserved amino acid residues among
enteroviruses and the antigenicity of this region has been

FIG. 5. IFA for the recognition of enteroviral infections in Rd-cdc
cells with MAbs against the putative enteroviral common epitope.
Cells with light spots indicate that the MADbs could recognize the
enteroviral antigens. (a) E3; (b) E9; (c) CVBI; (d) CVBS; (e) mumps-
virus; (f) negative control.
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proven, the common antigenicity of the region is not yet clearly
defined (22, 32).

Some positive clones obtained in the present study were also
found in the C terminus of VP3; however, most of these clones
spanned from the C terminus of VP3 to the N terminus of VP1.
Positive clones were also found in VP2, VP3, VP4, and non-
structural protein regions. These observations are in agree-
ment with the previous study that several antigens from VP2,
VP3, and VP4 regions are also capable of eliciting an IgG
response, even though it has been documented very rarely (36).
Thus, the common epitope of enteroviruses appears to be
located in the N terminus of VP1.

The common epitope region was cloned and expressed in E.
coli. The expressed protein included the amino acid sequence
598-PALTAVEGHTSQV-610 and 626-SRSESSIENFDHK-
638, which has been known to be highly conserved sequences
among different serotypes of enteroviruses (4, 6, 11, 33). In Fig.
2, this comparative analysis revealed the minor diversity of
amino acid sequences within the boxed regions, which have
been known to be conserved among enteroviruses. Variations
at amino acid positions of the conserved regions, including
amino acids 125 to 138 and amino acids 154 to 166, were
compared in four serotypes. The amino acid substitutions in
the regions, compared to the previous data published by oth-
ers, occurred in two positions of 130 (E11 [V—C] and CVB3
[V—A]) and 133 (E30 [G—R]) in the sequence of amino acids
125 to 138, and in five positions of 154 (E30 [S—T]), 159 (E7
and CVB3 [S—T]), 164 (E11 and CVB3 [D—L], E30 [D—M]),
165 (E11 [H—S], E30 [D—G], CVB3 [H—C]), and 166 (E11
and CVB3 [K—R]) in the sequence of amino acids 154 to 166.
Overall, these results indicate that there would be positions
feasible to be substituted by other amino acids even within the
conserved regions. Moreover, although the sequence analysis
of the amino acids 155 to 166 of CVB3 was not carried out, it
is expected that the sequence of CVB3 would be similar to
those of other enteroviruses. Thus, the existing sequence da-
tabases and data in the present study support consistently that
there are highly conserved sequences within the VP3-VP1 ad-
jacent region of enteroviruses with minor modifications.

This N terminus of VP1 is homologous to the N-terminal
part of VP1 of PV type 1, which primes or induces a neutral-
izing antibody response in experimental animals (4, 5, 7).
When the PV type 1 is attached to the cell surface, the amino
terminus of subsided VP1 is exposed and may be available for
the host immune recognition. Similar conformational changes
are observed in non-polio enteroviruses when these viruses
infect humans (4, 8, 10). Furthermore, VP1 of PV is antigenic
to B cells and CD4 ™" T cells and induces neutralizing antibod-
ies in mice and rabbits (7, 19). Thus, this N terminus of VP1 of
PV could be a candidate for a vaccine that stimulates both the
cellular immune system of T cells and the humoral immune
system of B cells. It is likely that the N terminus of VP1 of
non-polio enteroviruses could also be a T-B epitope pair, as in
PV.

The expressed recombinant protein containing the structur-
ally stable epitope also reacted with antiviral guinea pig anti-
sera obtained from six different enteroviruses (Korean isolates
of E7, E30, CVB2, CVB3, CVBS5, and an ATCC strain of
CVB3). This indicates that the part of VP1 that was selected
and cloned might be useful as a vaccine candidate or as a
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diagnostic antigen for detecting antibody against a broad range
of enteroviruses.

MADbs against the putative common epitope gave strong
reactions with 15 different serotypes, which have been endemic
in korea during the past decade, and prototypes of enterovi-
ruses. A major application of these MADbs in the diagnosis of
enteroviruses may be a rapid identification at the genus level.
Being technically very simple, relatively sensitive, and inexpen-
sive, the use of MADbs for immunological methods, including
IFA, enzyme-linked immunosorbent assay, and immunoblot-
ting is likely to be superior to nucleic acid hybridization, which
has been used conventionally for the confirmation of viruses in
clinical specimens. The practical usefulness of MAbs for rou-
tine diagnostic work in virological laboratories needs to be
tested further with many isolates and clinical specimens.
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