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Abstract: To develop a sensitive and specific ELISA for detection of antibodies to the nonstructural protein of FMDV. We
cloned and expressed FMDV nonstructural protein 3AB in Escherichia coli expression system. The recombinant protein 3AB
was purified with Ni-NTA His-Bind Resins and characterized by Western blotting. An indirect ELISA based on purified
protein 3AB as a coating antigen was established. The specificity and sensitivity of this assay were evaluated by comparison
with a commercial 3ABC-ELISA kit in detecion of serum samples. The results showed that the recombinant protein 3AB was
expressed as a formation of inclusion bodies in Escherichia coli. The purified protein could specificially react with FMDV
infection antibodies in Western blotting assay, but no reaction with the immune antibodies induced with vaccine. Two assays
were no significant differences in specificity and sensitivity for detection of field samples (P>0.05). Therefore, we speculated
that the recombinant protein 3AB is a promising molecular marker, which may effectively differentiate FMD-infected from

vaccinated animals in a herd.
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Introduction

Foot-and-mouth disease (FMD) 1is a highly
contagious and the most important animal disease
caused by foot-and-mouth disease virus (FMDV),
which is a RNA virus belonging to the Aphthovirus
genus within the family Picornaviridae and have seven
distinct serotypes (O, A, C, SAT1-3 and Asia 1) and
numerous subtypes''l. Once outbreak of disease will
severely impact livestock industry and cause huge
economic losses on affected courntries. Therefore,
vaccination of the susceptible animals as one of the
major strategies is extensively used to control and
prevent occures of FMD in the developing countries
where the disease occur frequently. However, it has
become a new difficulty problem that how to
distinguish infected from vaccinated animals in herds
after immunization. Vaccinated animals principally
produce antibodies against structural proteins due to
vaccines are formulated with the partially purified
while FMDYV infection
antibodies to both the structural proteins (SP) and

killed wvirus, induce all
nonstructural proteins (NSPs). So a serological survey
for antibodies to NSPs of FMDV can be used to
differentiate infected from vaccinated animals in a
herd®3. In addition, the identification of infected
animals may easily monitor animal health in a herd,
and help to the control and eradication of disease in
courntries where FMD is endemic and is controlled by
preventive vaccination. Several ELISA based on NSPs
3ABC region have been developed to differentiate
infected and vaccinated animals in herd!>®),

In this study, a promising alternative diagnostic
reagent 3AB was prepared and used as a coating
antigen. An indirect ELISA was established and its
availability were evaluated. The data showed that this
method could be potentially used to differentiate
FMDV infected from vaccinated animals.

1 Materials and methods
1.1 Sera

Sera from naive animals: Total of 220 serum samples
were collected from cattle without antibodies to both

foot-and-mouth disease virus, protein, RT-PCR, ELISA

SP and NSPs. Sera from vaccinated animals: 166
serum samples from cattle were collected at 3 weeks
after vaccination. 40 infected sera were collected at 21
days post-infection from catlle infected experimentally
with FMDV.

1.2 Expression and characterization of fusion

protein 3AB
The 3AB gene of FMDV O/China/99 isolate was
expressed in E. coli expression system as a

recombinant protein attached to His-tag using the
pET-30a(+) system (Novagen). The
recombinant protein 3AB was purified by Ni-NTA
His-Bind Resins (Novagen). The target protein was
eluted and its purity was determined by SDS-PAGE.
The antigenicity of the recombinant protein 3AB was
confirmed by Western blotting with a positive serum
from cattle infected with FMDV. The purified protein
was quantified by Bradford assay (Pierce, Bonn,
Germany) and stored at —20 °C until use.

1.3 Procedure of 3AB-indirect ELSIA

ELISA was discribed
previously and OIE manual of diagonostic tests and

expression

Indirect performed as
vaccines for terrestrial animal (version 2004) and
slightly. Briefly, the
microplates were coated with a predetermined dilution
(2.0 pg/mL) of the recombinant protein 3AB in the
carbonate buffer (pH 9.6) over night at 4 °C. After
washing with the phosphate buffered saline (PBS)
supplemented with 0.05% Tween-20 (PBST), 96-well
microplate was blocked with 5% (W/V) BSA (Sigma)
for 2 hours at 37 °C, and then thoroughly washed with
PBST. Test sera were diluted 1:20 in blocking buffer,
and incubated for 30 min at 37 °C. After five washes,
the optimized concentration of rabbit anti-species
antibodies conjugated horse radish peroxidase (Sigma)
was added at 37 °C for 30 min. After washing enough,
100 pL of reaction substrate mixture (TMB/H,0,) per
well was added and color was developed at 37 °C in a

made some modifications

dark box for about 10-15 min, and the reaction was
then stopped by 2.0 mol/L H,SO,. The optical density
(OD) values were read at 450 nm by a microplate
reader (Bio-Rad).
1.4 Establishment of cut-off value

To establish the cut-off value of 3AB-I-ELISA, total
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of 441 sera from naive (n=220), vaccinated (n=166)
and infected animals (#n=40) were tested. The
frequency distribution (95%=+2sd) of positive and
negative samples was established by testing panels of
sera with 3AB indirect ELISA. The S/P value of the
ELISA results from each serum sample was calculated.
The S/P value was the value of sample absorbance
minus the negative control absorbance divided by the
value of positive minus negative control absorbance.

2 Results

2.1 Characterization of the positive recombinants

The positive recombinants were identified with
restriction endonuclease digestion, PCR amplification
and sequencing. The results showed that a band of
672 bp corresponding to the 3AB coding frame in the
electrophoresis gel (Fig. 1). Sequencing verified that
3AB gene was inserted correctly into the expression
plasmid. No any mutation was found in the 3AB gene
coding region.

bp
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Fig. 1 Indentification of recombinant expression plasmid with
PCR and enzyme digestion with BamH I and Hind III. 1: PCR
product of 3AB gene; M: DNA molecular marker 2 000; 2:
recombinant plasmid by enzyme digestion.

2.2 Expression and characterization of fusion
protein 3AB

The antigenicity of the purified recombinant protein
3AB was analysed and confirmed in SDS-PAGE
(Fig. 2). The estimated size of the NSP was the
expected range according to amino acid sequence
deduced. The Western blotting results showed that the
recombinant protein 3AB was specially recognized by
sera from the FMDYV infected animal, but no reactivity
with the sera from vaccinated and healthy animals
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(Fig. 3). The recombinant protein 3AB was in the
formation of insoluble, namely inclusion bodies, and
the amount of recombinat protein expression is about
over 30% of total proteins (data not shown).
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Fig. 2 Analysis of 3AB fusion protein by SDS-PAGE. 1: 6 h;
2:5h;3:4h;4:3h;5:2h;6:1h; 7: 0 h; M: standard protein
marker.
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Fig. 3 Analysis of 3AB fusion protein by Western blotting. M:
standard protein marker; P: serum from FMDYV infected animal;
1: serum from vaccinated animal; 2: negative control.

2.3 Establishement of cut-off value
of S/P
performed for the antibody from examination of 386

Frequency distributions ratios were
negative and 40 FMDV infected sera in the profile
ELISA. For 3AB, there was no overlapping of positive
and negative populations. To simplify interpretation, it
was decided to set the opitimized cut-off so as to
provide the best balance of sensitivity (100%) and
specificity (98.9%). On this basis, S/P ratios 0.3 was
considered positive.
2.4 Comparison of the specificity of 3AB and 3ABC
To test whether 3AB recombinant protein was
suitable to distinguish vaccinated from infected
animals, the antigenicity of purified 3AB and 3ABC
was compared by detection of the field samples,
respectively. 124 serum samples were collected from
FMDYV infected cattle and experimentally infected,
360 sera from cattle vaccinated with a commercial

killed vaccine (O/A bivalent vaccine), 150 sera from



FRZERE S DR e AR A 11 3AB YU R 1K S ]

183

naive cattle. The results showed that 124 infected sera
were the positive for NSPs of FMDV antibodies
detected by two assays. 150 sera from naive cattle
were negative tested by two ELISA systems. However,
13 out of 360 vaccinated sera were positive determined
by 3ABC-ELISA, 11 samples in 360 vaccinated sera
were positive showed by 3AB-I-ELISA (Table 1).
Accordingly, the specificity [(positive sera+tnegative
sera)/total tested serax100%] of the 3AB-I-ELISA and
3ABC-ELISA were 98.3% (623/634) and 97.9%
(621/634) respectively. The statistic analysis showed
that two kits were no significant difference for
detection of antibodies to NSPs of FMDV (x’-test,
P>0.05).

Table 1 Comparison of the 3AB-1-ELISA and 3ABC-ELISA
in detection of the field samples

Origin of  No. of 3AB 3ABC

samples tested Positive Negative Positive Negative
Infected 124 124 0 124 0
Vaccinated 360 11 349 13 347
Naive 150 0 150 0 150

3 Discussion

FMD is the most important viral infectious disease
of the cloven-hoofed animals including cattle, pigs,
sheep and goats. In recent years, outbreaks of disease
occurred frequently worldwide severely impact the
livestock industry. Vaccination of animal is one of the
most important policies for control and preventtion of
disease, which was extensively used to control and
prevent FMD in many of developing countries where
disease is endemic. However, some vaccinated
ruminant may become the persistent infectious animals
termed “carrier”, and require discrimination infected
from vaccinated animals in the international trade. So,
important for developing a feasible
diagnostic method to distinguish
vaccinated animals in a herd and is still necessary for
ecarly warning of FMD outbreak and medical
inspection in export and import of livestock and their
flesh products.

So far, the several NSPs-ELISA kits have been
developed to distinguish infected animals from those

that have been vaccinated*®. The NSPs of FMDV

it is very
infected from

from recombinant proteins in a prokaryotic and/or
eukaryotic system had been used to detection of
antibodies against the NSPs of FMDV. Large number
of tests have confirmed that detection of antibodies to
the 3ABC or/and other’s NSPs were the most
assay to distinguish FMDV
animals from vaccinated animals in a herds
Though, the variations in sensitivity and specificity

were reported in many types of ELISAs as well as NSP
[4,9-12]

infected
[7-8]

successful

antigens , however, the recombinant NSPs of
FMDV and their applications as antigen in ELISA
were still shown to be promising diagnostic methods
that can identify infected animals with FMDV in
herds™*'"). Nanni et al reported that the target protein
expression amount was up to 30 mg per liter of
bacteria culture, following a 3AB-ELISA kit to
detection of NSP based on 3AB
recombinant antigens has been developed. The tested
results showed that their kit was not only a simple and
fast diagnostic method, but also have the higher

antibodies

specificity and sensitivity compared with commercial
kits. In addition, previous reports also indicated that
3AB protein was more sensitivity than 3ABC in
detection of antibodies to NSPs of FMDYV, and the
different kits have the different sensitivity and
specificity in detecion of antibodies to NSPs of
FMDV!"3'3). Therefore, it is advisable to employ the
combination of the different kits, which could increase
the sensitivity and specificity in the large-scale
screening in the nationwide surveillance and avoid the
false negative and false positive.

In this study, to develop a reliable diagnostic protein
to enhance the capability of differentiation vaccinated
from FMDYV infected animals in a herd, 3AB gene of
FMDV were cloned and expressed successfully in E.
coli BL21 (DE3). Western blotting showed that the
recombinant protein 3AB was able to be effectively
recognized by the positive sera from cattle infected
experimentally with FMDV. 3AB indirect ELISA can
be used for distinguishing infected from vaccinated
animals. To validate the performance of 3AB-I-ELISA,
a commercial available 3ABC-ELISA kit was used to
make a comparison. The analytical results showed that
specificity and sensitivity were no significant
differences between the two ELISAs. So we speculated
that the 3AB-I-ELISA may be used to detect
antibodies against NSPs of FMDV from various
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serotypes of FMDV due to the nonstructral protein
region of FMDV were highly conserved among all

seven FMDV

serotypes. The data showed that

3AB-I-ELISA is a feasible diagnostic method and
could specifically detect the antibodies induced by
FMDYV infection irrespective of their serotypes.
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