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Production of Recombinant Non-Structural Protein
3ABC of Foot and Mouth Disease Virus (FMDV)
Serotype O using Baculovirus-Insect Cell
Expression System
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Abstract

Foot-and-mouth disease is one of the most highly contagious diseases of cloven-hooved ruminants.

FMD is on the A list of infectious diseases of animals of the Office International des Epizooties (OIE) and

Center for Agricultural Biotechnology, Kasetsart University, Nakornpathom 73140, Thailand
ARENANUIAETININNEAT WININIABINEATAN AT 8. NUNIKE U 2. uATLEH

Department of Anatomy, Faculty of Veterinary Medicine, Kasetsart University, Bangkhen campus, Bangkok 10900,
Thailand

NATTINIEANIAAT AT NUNANENAENEAIAT AT UINANALIY LIA|EANT NN 10900

Department of Veterinary Public Health and Diagnostic services, Faculty of Veterinary Medicine, Kasetsart University,
Bangkhen campus, Bangkok 10900, Thailand

NPT AN 181908 TMATITULETNNIIHAGY NYNINENAEINEHATAT AT LIAARANT NI 10900
Department of Pathology, Faculty of Veterinary Medicine, Kasetsart University, Bangkhen campus, Bangkok 10900,
Thailand

AATTINENFANGT NMINLNRENEATAT AT WUWAIALNT LUAAEEANT NFINN 10900,



15 13 “unnd I o& 21N @ b&e 127

has been recognized as the most important constraint to international trade in animals and animal
products. Vaccination is one of the strategies to control FMD. However, it is very difficult to differentiate
vaccinated animals from naturally infected animals. Currently the detection of antibodies to non-structural
proteins (NSPs) is the ideal diagnostic approach to distinguish virus infected from vaccinated animals. In
this studied, the NSP 3ABC DNA was successfully cloned and expressed using a baculovirus (AcNPV)
vector, pFastBac™HTb in insect cells. The PCR products of 3ABC gene were approximately 1300 bp in
size. The SDS-PAGE analysis of recombinant protein found that the size of recombinant protein was
around 53 kDa. The dot and Western blot analyses showed the recombinant protein was specific to
mouse anti-histidine monoclonal antibody and porcine anti-FMDV serotype O hyperimmune serum. Thus,
the recombinant 3ABC protein may be useful for the development of the test for differentiates infected
from vaccinated animals.
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Introduction

Foot & Mouth Disease (FMD) is a highly
contagious and economically devastating disease
of cattle, swine and other cloven-hoofed ruminants
(Bachrach, 1968). Symptoms vary in importance
between species, but in general, the animals
develop a fever and may get blisters in their mouths
and on their feet as well as on their teats. FMDV
is a non-enveloped, single-stranded, plus-sense RNA
genome of approximately 8,500 bases belonging
to the genus Aphtovirus in the family Picornaviridae
(Rueckert, 1996). Picornaviruses are icosahidral
particles, 30 nm in diameter with 60 copies of
each of four proteins VP1 (1D), VP2 (1B), VP3 (1C),
and VP4 (1A) (King et al., 2000). These proteins
are derived from the proteolytic cleavage of a single
large precursor molecule. Seven serotypes (A, O,
C, Asia 1, and South African Territories 1, 2, and 3)
have been identified serologically, and multiple
subtypes occur within each serotype (Bachrach,
1968). There are three serotypes (O, A and Asia1)
in Thailand. FMD is on the A list of infectious
diseases of animals of the Office International des
Epizooties (OIE) and has been recognized as the
most important constraint to international trade in
animals and animal products (Leforban, 1999).

Current serological tests for FMD detect
antibody to the structural proteins of the virus.
Antibodies to capsid proteins are induced by both
vaccination and infection. In the past, the test to
detect the antibodies against to virus infection

associated antigen (VIAA) was used to differentiate

the vaccinated animals from infected animals
(Newman et al., 1979; Pinto and Garland, 1979).
However, this assay still suffer from several
limitations, including low specificity, variable
sensitivity and the fact that antibodies to 3D can
arise from vaccination, particularly repeated
vaccination (O’Donnel et al., 1996; Villinger et al.,
1989). However, virus replication during infection
results in the production of a number of non-
structural (NS) proteins, of which some are
immunogenic (Tesar et al., 1989). Animals,
vaccinated with highly purified, NSP-free vaccines,
produce antibodies against the structural proteins
(SP) but not against NSP. FMD virus infection
induces antibodies against both SP as well as NSP.
Differentiation of infection from vaccination by
detecting antibodies to NSP in infected ruminants
has been described (Clavijo et al., 2004). To date,
the detection by ELISA of an antibody response to
the non-structural polyprotein 3ABC seems to be
the most reliable indicator of a previous infection.
NSP ELISAs are simple to perform and are suited
to large scale application by a routine serological
laboratory. Furthermore, an additional benefit of
tests using NS proteins is the fact that a single
test can be used to detect previous exposure to
the virus regardless of the serotype of virus
involved. In this study, the 3ABC gene of FMDV
serotype O was cloned, sequenced and expressed
using baculovirus expression system. The
recombinant 3 ABC proteins were tested with

serum from FMDV-infected pig.
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Materials and Methods

1. Virus and RNA extraction

Field strain of FMDV serotype O was
propagated in baby hamster kidney BHK-21 cell
line. In brief, BHK-21 cells were cultured in a
Minimum Essential Medium (Gibco®). Cell culture
was inoculated with field strain of FMDV serotype
O and the virus was harvested after the inoculated
cells showing 75% of the cytopathogenic effect.
In order to obtain the virus RNA, the inoculated
cells were lysed using acid-guanidium-thiocyanate-
phenol-chloroform method as described by
Sambrook and Russell (2001).

2. cDNA synthesis and PCR

The first-strand cDNAs were obtained by
reverse transcription using 1 ul of sample RNA, 10
mM dNTPs (Fermentas®), 2.5 uM Oligo-dT primers,
1X reverse transcriptase buffer (256 mM Tris-HCI
pH 8.8 at 25°C, 50 mM KCl, 20 mM DTT), 5 mM
MgCl,, 0.4 U AMV reverse transcriptase and 0.4
U RNase inhibitor (Finzyme®) at 42°C for 50 min.
The open reading frame of 3ABC was amplified by
PCR using a specific forward primer containing a
Spel restriction enzyme site 5-GGGGACTA
GTGCCACCATGATTTCAATTCCTTCCCAAAA-3x
and a specific reverse primer containing a Hind!ll
restriction enzyme site 5'-GGGGAAGCTTCTACTC
GTGGTG TGGTTCGGGGTC-3". PCR reaction was
performed with 1.0 U of Tag DNA polymerase
(Invitrogen®) per sample in a total volume of 100

ul in reaction buffer containing 10 wl of cDNA

templates, 0.25 mM dNTPs mix (Invitrogen®), 10
mM Tris-HCI pH 8.8 at 25°C, 50 mM KCl, 0.1%
Triton X-100, 5 mM MgCl, (Invitrogen®) and 1
pgmol of sense and anti-sense primers. The PCR
condition included an initial denaturation at 94°C
for 5 min, followed by 35 cycles of denaturation at
94°C for 90 sec, primer annealing temperature at
67°C for 90 sec and primer extension step at 72°
C for 90 sec, and the final extension step was
performed at 72°C for 20 min. Amplified products

were analysed by electrophoresis on agarose gels.

3. Construction of expression vector

The 3ABC gene fragments were ligated to
the baculovirus transfer vector, pFastBac ™HThb
(Invitrogen®) at spel and Hindlll restriction sites.
The ligation reaction was used to transform DHb5a.™
competent cells (Invitrogen®). The LB agar plates
containing 100 ug/ml ampicillin and 7 wg/ml
gentamicin was used to select the positive clones.
The presence of the plasmid containing 3ABC gene
and the orientation of insert have confirmed by
PCR and endonuclease assay. The correctness of
the clone was verified by DNA sequencing using
the ABI Prism BigDye Terminator Cycle Sequencing
Ready Reaction Kit (BSU, Thailand). The nucleotide
sequences of recombinant plasmid were then
translated to amino acid sequence by DNASIS
program. For phylogenetic study, the 3ABC
sequences of b reported pandemic strains (PanAsia),
O/SAR/19/2000 (accession no. AJ539140), O/JPN/
2000 (accession no. AB079061), O/TAW/2/99bov
(accession no. AJ539137), O/TIBET/ CHA/99
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(accession no. AJ 539138) and O/SKR/2000
(accession no. AJ539139), were used to align with
recombinant 3 ABC protein in this study using
CLUSTALW program. In order to obtain recombinant
baculovirus DNA, the recombinant plasmids were
used to transform DH10Bac™ competent cells
(Invitrogen®). Colonies containing recombinant
bacmids were identified by showing the disruption
of the lacZar gene and also confirmed by PCR.
High molecular weight mini-prep DNA was obtained
from the selected E. coli clones and was then

used to transfect insect cells.

4. Baculoviruses and cells

Sf21 cell line (Spodoptera frugiperda;
Invitrogen®) was grown at 27°C using SF900II
medium (Invitrogen®) supplemented with 4% FBS
and Txantibiotics (GIBCO/BRL). The recombinant
baculovirus DNA was used to transfect Sf21 cells
line using CellFECTIN® (Invitrogen®). At 72 hour
post transfection, the recombinant baculovirus
particles were collected from supernatant and viral
titer was determined using plaque assay.
Subsequently, the high-titer seed stock of
recombinant baculovirus was produced by Sf21
insect cells at a multiplicity of infection (MOI) of
0.01 to 0.1 using Sf900 II SFM® medium
(Invitrogen®) containing 4% fetal bovine serum
(GIBCO/BRL) and 1x antibiotic. High-Five™ cell line
(Trichoplusia ni) grown in Express Five serum-free
medium (Invitrogen®) supplemented with 2mM L-
glutamine and 100 unit/ml penicillin G, 100 pg/ml
streptomycin, 0.25 ug/ml of amphotericin B

(antibiotic/antimycotic solution; GIBCO/BRL) was
inoculated with recombinant baculoviruses at a
multiplicity of infection (MOI) of 2 for the production
of recombinant 3ABC protein. After 72 h post-
inoculation, the infected High-Five cells were
collected by centrifugation at 200xg for 10 min.
The infected cells were resuspended in lysis buffer
under denaturing conditions and the recombinant
protein was analysed using 10 % sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-
PAGE). The theoretical size was calculated
according to the amino acid sequence. The
immunological reactive FMD NSP was elucidated

by dot blot and western blot analyses.

5. Dot blotting analysis

The crude protein extracted from both wild-
type infected cells and recombinant baculovirus
infected cells was dotted on nitrocellulose
membrane (Biorad®). The membrane was first
treated with blocking buffer (5% powder milk in
PBS) and then incubated with either swine anti-
FMD hyperimmune sera (1:100) or mouse anti-
histidine IgG monoclonal antibody (1:3000;
Invitrogen®) for an hour. Following 3 times wash
in PBS-Tween (0.05%), the membrane was
incubated with either goat anti-swine IgG
conjugated with horseradish peroxidase (1:3,000;
Sigma®) or goat anti-mouse IgG conjugated with
peroxidase (1:300; Sigma®) for one hour. After 3
times washing in PBS-Tween (0.05%), the
incubated with

membrane was finally

diaminobenzidine solution (Sigma®) containing 1%
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H,0, for 5-10 min.

6. SDS-PAGE and Western blotting

The crude protein of both wild-type infected
cells and recombinant baculovirus infected cells
was analyzed using 10 % SDS-PAGE stained with
Coomassie brilliant blue. For Western blot analysis,
proteins on SDS-PAGE were transferred onto
nitrocellulose membrane using 400 mAmp at 4°C
for 5 h. The membrane was first treated with
blocking buffer (5% powder milk in PBS) and then
incubated with mouse anti-histidine IgG monoclonal
antibody (1:3000; Invitrogen®) for one hour. After
3 times washing in PBS-Tween (0.05%), the

membrane was incubated with goat anti-mouse

1317bp ———p

Figure 1

lgG conjugated with peroxidase (1:300; Sigma®)
for one hour. Following 3 times wash in PBS-Tween
(0.05%), finally it was incubated with
diaminobenzidine solution (Sigma®) containing 1%

H,0, for 5-10 min.

Results

1. Cloning of the gene encoding of 3ABC

The RT-PCR products of 3ABC gene were
approximately 1300 bp in size (Fig.1). Alignment
of the 3ABC amino acid sequences of the five
PanAsia isolates and the recombinant 3ABC (r3ABC)
sequence obtain from the present study is shown

in Figure 2. All the PanAsia viruses 3ABC amino

—— 1500 bp

wif—— 1000 bp

Agarose gel electrophoresis analysis of 3ABC gene product amplified by PCR. Lane 1. PCR

products of 3ABC gene ; lain 2: 1 Kb DNA markers; lane 3: negative control.
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O-SARA19-2000 —EIF'EQHL‘?T.‘E'FIIEKC-GHE&HEFFEHWDEINEELEFHQ&TEWHEMEHF ]
Q- JPRA2000 =ISIPSOKAVLYFLIEKGOHEAAI EFFECMVHOSIKEELRFLICOTSFVERAFERLEENF 55
Qs TAWA2-99bow =Sl PSOKAVLYFLIEKGOHEAA I EFFEGHVHDSIKEELRPLICOTSEVERAFERLEENE 58
O<TIBETCHA-9% —SIPSOEAVLYFLIEKGOHEAA I EFFECHYHDSIKEELRPLIQOTSEFVEKRAFERLEENF S8
QSRR 2000 =~=SIPFSOKAVLYFLIEKGOHDAA I EFFEGHVHDSIKEELRFLIOOTSFYKRAFERLEENF 58
rIABC HISIFSOKSYLYFLIEKGOREAAIEFFECHMVHDSIKEELRFLIORTSFVKRAFKRLEENF &0
O-SARA19-2000 EIVALCLTLLANIVIHIRETRERQOHVDDAVHEY IEKANITTDDETLDEAEEKNFLETSGA 118
asJPH<2000 EIVALCLTLLANIVINIRET REROONVODAVHEY IERANITTODHTIDEAEKNPLETSGA 119
Q- TAV-2-99bow EIVALCLTLLANIVIHIRETREROCHVDDAVREY IEKASITTODETLDEAEENPLETSGA 118
O-TIBET CHA-99 EIVALCLTLLANIVIMIRETRERCOMVDDAYHEY IEKANITTODETLDEAEKNPLETSGA 118
C-SAR-2000 EVWALCLTLLANIVIHIRETREROOHVDDAVHEY IEKANITTDDETLDEAEEKNPLETSGA 118
rIABC EVVALCLALLANIVIHVRETHEROOTVODAANEYSEKSHITTODETLDEAEKNPLETTGA 120
O EEEEE EEAEEANE EEN NARE EEAN AEE ® 0 EAEESEEEANEEREEEEE N
O-SAR-19-2000 TTVGFREKTLPGHEAGDDVHSEF TEEVEEQPOAECPYTGPLERCEPLEVRTEI POCEGEY 178
Q- JPHA2000 TIVCFREKTLPGHEAGDDYHSEP AKEVEEOPOAEGPYTGPLERCKPLEVRAKLPOOEGEY 179
O TANA 2/ 99bow TTVGFREKT LFGHKASDDYHSER AKFVEEQPOAEGPY TGPLERQEPLEVRAKI POOEGEY 178
Q+TIBET~CHA-99 ATVFREKTLPGHEASDDVHSEP AKFVEEQPCAEGEYTGPLERCEPLEVRARLPQOEGEY 178
QSARS 2000 TTVGFREKTLFGHKASDDVHSEFAKFAEREOPOAEGPY TOPLEROKPLEVRAKI POOEGEY 176
rIABC FWGFHEHEIPGH{EDH?NSEPAHPPEDQFNEGPHGFLERQEPWHHTPWEGW 180
AEEEEE AR e WE AEEE W W SRR
O-SAR-19-2000 AGPHERUKPLEVEVREAPVVEEGFYEGPVEEPVALKVEAKNL I VTESGAPFTOLOKMVMGH 238
O-JEN<2000 AGPHERUEFLEVRVEAPVYKEGFYEGPVEKPVALKVEAKNLIVTESGAPFTDLOKHVMGH 239
Qs TAVA2-99bow AGPHERCKPLEVEVEAPYVKEGPYEGEVEEPYALKVEAKHLINTESGAPFTDLOKMVMGY 238
O-TIBET-CHA~99 AGPHEROKPLEVEVEAFVYEEGFYEGEFVEEPVALKVEAKNLINTESCHPFTDLOKHVMGH 238
Q-SARA2000 AGFHEROKFLEVEVEAFVVKEGFYEGFVEEPVALKVEAKHLIVTESGAFFTDLOKNVHGH 238
rIABC ACPHENOKPLRVETHAPVYEEGP YEGPVEEPYVALKVEAKML INTESCAPFTOLOKMVMNGH 240
N 00
QSAR-19-2000 TREVELILDGETVAICCATGVFCTAYLYFRHLFAEEYDEINLDGRANTDSOYRVFEFETE 2598
O-JEN-2000 THFVELILDGKTVA ICCATGVFGTAY LVFRHLFAEKYDEIMLDGRAMTDSDYRVFEFEIK 299
O/TAV-2-99bow TEFVELILDGETVAICCATGVFGTAYLVPRELFAEEYDEIMLDGRANTISDYRYVFEFEIE 2598
O TIBET/CHA-99 THPVELTLDGETVAICCATGVEGTAYLVFRHLEAEKYDKIMLDGRAMTOSOYRVFEFEIK 298
O-SAR-2000 TEPVELILDGETVAICCATGVFGTAYLYFRALFAEKYDE INLDCRANTOSOYREVFEFEIK 258
rIAEC THEVELILDGKTVEICCATGVRGTAYLVFRELFAEKYDE IMLDGRALTDRDYRYFEFEIR 300
La B b o B i o i b o b L mm.‘.‘.‘.‘“'“.‘.‘“ R EEEEEEEE -
O-SAR<19-2000 VEGO DML SDAALHYILHRGHEYED I TEHFROVARHKKEGTPYVGY INHADWGRLIFSGEALT 358
Q0AJPHA2000 VEGODHLSDAALHVLHRGHRVRDI TKHF ROVARHEEGTPYVGV INNADVGRLIFSGEALT 359
O TAVA 27990 VHEOMISDAALHVLHRGHRVRDI TKRHFRDVARHKEGTPYVGY INHADVGRLIFSGEALT 358
O-TIBETACHA~99 VHGODMISDAATMVLHRGHRVEDI THHFRDVARHEEGTEVVGY THHADVGRLIFSGEALT 358
Q-SAR-2000 YHGIDHLSDAALNVLHRCGHRVRDI THHF RODVARHEKCTEYVGYWHHADVGRLIFSGEALT 368
rIABC VEGIDHLSDAALHVLHRGDRVEN ITKHFRDTARHEEGTPYVGVINNADVGRLIFSGEALT 360
FEEFETENEEFTSAAEEEER ST FEETEFEERF PEEETTFFEEFEAEES RS SETEEERREEEE
QSARA19-2000 DIV DD TP GCLFATEAATHAGYCGGAVLAKDCGAETF INGTHSAGGHGYGYCSCVS 418
Q+~JPN- 2000 YEDIVVWCHDCDTHPGLFAYKAATEAGYCCGAVLAKDGAETF IVGTHSAGGHNGYGYCSCYS 419
Q- TAVA 2/ 99bow THDIVVCHDCDTHPGLFAYKAATEAGYCGGAVLAKDGAETF INGTHSAGGHGYGYCSCVS 418
OsTIBET-CHA~99 YEDIVVCHDCDTHPGLFAYEAATEAGYCGGAVLAKDGAETF IVGTHSAGGHEYGYCSCYS 418
Q-SAR-2000 DI VMDD THRGLE AT AN THAGYCGAVLAKDGAETF IVGTHSAGGHGVGECSCVS 418
rIABC HEDIVWCHDEDTHPGLFAYRAATRAGY CGGAVLAKDGADTF INGTHSAGGHEYGYCSCVS 420
EEEE NS EEEE FE EEEEE NI EEE O EE NN E NN
O SAR-19-2000 FENLLEMKAHIDEEFHHE 436
Q- JEH-2000 FESHLLEHKAHIDFEFHHE 437
O-TAE-2-99boy FSMLLEMEAHIDFEFHHE 436
OsTIBET-CHA~99 RESHLLEHEAHIDFEFHHE 436
O-SAR<2000 FSHLLEHEAHIDFEFHHE 436
rIABC ESHLLEMKARVDFEPHHE 438

Figure 2 Alignment of deduced amino acid sequences for the recombinant 3ABC (r3ABC) with the
known 3ABC sequences of the 5 PanAsia isolates of FMDV serotype O. Consensus line:
asterisks (*) identical amino acid residues; colons (:) indicates conserved substitutions; and

periods (.) indicate semi-conserved substitutions.
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acid sequences are very closely related across the
whole gene with 98-99 % homology. However,
the r3ABC sequence had only 91 % homology
with all PanAsia isolates. The relationships between
the 5 PanAsia viruses and the r3ABC gene were

determined using phylogenetic algolithms (Fig. 3).

2. Expression of the recombinant protein

The SDS-PAGE analysis of recombinant
3ABC protein revealed an extra band of protein
which had the molecular mass (M,) of 53 kDa when

compared with wild-type infected cells (Fig. 4). The

immunological reactive FMD NSP was determined
by dot blot and western blot analyses. The dot
blot analysis of crude protein from recombinant
baculovirus infected cells using mouse anti-histidine
monoclonal antibody and porcine anti-FMDV
hyperimmune sera showed the positive results (Fig.
5). The western blotting using the anti-histidine
antibody showed the positive band at the molecular
mass approximately 53 kDa, but the protein from
wild-type infected High-Five cells was negative
(Fig.6).

rIABC

—e O/ SARS 208

0/TIBET/C

0/SARS 19/

of PR/ 200

] .01 0.02 0.03

0.0

Q.00 .00 0.07

Figure 3 Phylogenetic tree of the new r3ABC and the known 3ABCs of the PanAsia virus strains. The

tree was constructed using CLUSTALW and branch length values are indicated.



134 N3 13 "0 I o N @ bae

50 kDa B €— 53kDa

_‘.' | S
AWkDa —p
0kDa —p - .
25kDa —W
20kDa  —p [ “S—
I0kDa —P

Figure 4 Analysis of expressed products of 3ABC fusion gene in baculovirus transfected High-Five
cells by 10 % SDS-PAGE. High-Five cells were infected with wild-type virus (lane 1) or
recombinant baculovirus containing an insert that encodes a 3ABC (lane 3). Molecular mass
markers are shown (lane 2). The arrow indicates a protein band with a molecular weight of
53 kDa which obtained from the cell lysate extracted from High-Five cells infected with

recombinant baculovirus.

1 2 1 2

Figure 5 Dot blot analysis of the rSBABC protein in cell lysates from High-Five cells infected with the
recombinant baculovirus (1) or wild-type virus (2). The dot blots were stained with mouse

anti-histidine monoclonal antibody (a) or porcine anti-FMDV hyperimmune serum (b).
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Figure 6 Western blot analysis of rSBABC protein cell lysates from High-Five cells infected with the

recombinant baculovirus (Lane 1) or wild-type baculovirus (Lane 2). The Western blot was

stained with mouse anti-histidine monoclonal antibody. Molecular mass (lane M) is indicated

on the right. The arrow indicates a specific protein band with a molecular weight of 53 kDa

that is recognized by mouse anti-histidine monoclonal antibody.

Discussion

In this study, the recombinant 3ABC was
successfully cloned and expressed. The
recombinant gene was sequenced and compared
with previously reported polypeptide 3ABC
sequences of the five PanAsia virus strains. The
results showed that the r3ABC had 91 % homology
with all the PanAsia isolates. The phylogenetic tree
showed that the FMDV serotype O Thailand isolate
was in the distinct branch from the 5 reported
PanAsia virus isolates. The SDS-PAGE analysis of

recombinant 3ABC produced by the insect cells

had the size approximately 53 kDa. The recombinant
3ABC reacted positively with porcine anti-FMDV
hyperimmune sera. The finding suggested that the
recombinant 3ABC may display a conformation
similar to the native viral protein. These results
agreed with the previously reported (Bergman et
al, 1993). The infected animals can be clearly
differentiated from the vaccinated due to the
presence of antibody to 2C 3A and 3ABC induced
by viral replication following infection. Thus,
recombinant 3ABC may be useful tools for the
development of the diagnostic test kit for

differentiates infected from vaccinated animals.
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