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Fo r effec tive FMD control programme, India needs large quantities of .cheaper diagnostics in addItion to vaccine.
Diagnostic reagents produced through conventional methods may not be able to meet such requirements. Alternativel y,
rDNA technolog y using suitable heterol ogo us systems th at permit production of recombinant antigens to the most native
form may be exp loited . Studies conducted in our laboratory have led us to select carboxy terminal part of VP I for
expressio n and evaluati on. The protein , which was purified from E.coli under denaturing conditions, was renatured and its
reactivit y was compared wi th the protein expressed in insect cells throu gh recombin ant baculo virus. The expressed protein
in the in sect ce ll whol e lysate reacted more efficiently with anti bodies raised against whole virus th an the purified and
renatured protem produced in £.coli. But for its lower reactivity, protein produced from £. coli was found to be suitable in
type detection . In add iti on , th e si ze of the protein is small ( 16 kD) and product ion and purification of it from E.coli may be
cost effective . He nce, it may be exploi ted for FMDV typing .

Foot and mouth disease (FMD) is a widespread,
hi ghly contagious and economically important
di sease of fa rm animals such as cattle, buffaloes,
sheep, goats, pigsl.2 etc . Foot and mouth di sease virus
(F MDV), the ca usative agent of FMD belongs to the
gen us Aphth ovirus, family Picornaviridae 3 .
FMDV occ urs as seven serotypes (A , 0 , C, Asia,
and SAT 1, 2, 3) and over 60 subtypes. The virus has
numerous variants within each serotype and
subtype 12 ·4, . Of the seven serotypes, four (0, A, C
and Asia) are preva lent in India . Though the di sease
is ende mi c to India , it can be controlled by regular
vacc in ation supported by earl y diagnosis, proper
di sposal of infected anim als and restricted animal
movement. Since the disease spreads rapidly and
conti nu ed out breaks resu lt in generation of variations
among c irc'Jlatin g viruses 6. 7 a rapid and sensiti ve
diagnostic test s p lay a vital rol e in improved
surve i ll ance of the di sease.
Various sero logica l, Immunological, biochemical
and molecul ar techniques ha ve been deve loped for
specitic diagnosis of FMD in field samples. Most of
the te st systems are either less sensitive, time
con su min g, cumbersome or cost prohibitive and the
onl y system that has been adopted successfully for
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FMD diagnosis and VIruS typing IS Enzyme linked
irnmunosorbent assay (ELISA) . However, the
limitation for large-scale application of ELISA is, the
requirement of whole virus, either for using as a test
antigen or for rai sing specific antibodies. Production
of whole virus is laborious, and in volves the risk of
di sseminating virus in to the surroundings. As an
alternative to the whole virus as an antigen, the
researchers at PNA laboratory of IVRl Bangalore
campus have produced type speci fic recombinant
proteins in E.coli using plasmid vectors 8. 12 . FMDV
type specific immunoreacti ve proteins were over
expressed in E. coli ll • Though these antigens may be
used for hyper immune serum production and supply
to
di agnostic
centres, their application
In
seromonitoring studi es may be affected by
un favo urabl e protein folding in the host or during
purification. Therefore, it is necessary to study the
effect of folding on immunoreactivity and take
necessary steps to produce the protein in native form
either by refolding or expressing in alternate host
vectors systems. The ability of baculovirus
expression system to produce large amounts of
imm un ogenic and biologically active recombinant
protein s has been demonstrated by vanous
researchers 13 • 15 • Keeping this in view, we have
expressed the immunoreactive protein in insect cells
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usmg baculovirus vector and compared its
immunoreactivity with purified E.coli expressed
protein.

Materials and Methods
Virus-Baby hamster kidney cell (BHK21 clone
13) passaged FMDV maintained at IVRI, Bangalore
campus as vaccine viruses were used in the studies.
The virus was passaged once in BHK monolayer cells
and the virus in the culture supernatant was used as
standard.
Sera- Serum raised against the whole virus or
recombinant protein of type Asia-I in guineapigs was
used in these studies.
Host systems- E.coli host, BL21 (DE3) pLysS was
kindly supplied by Dr. Rangarajan, I.I.Sc. , Bangalore.
Insect cells, Spodoptera Jrugiperda (Sf2I) cells as a
host for baculovirus expression was kindly supplied
by Dr. M.S. Shaila. I.I.Sc., Bangalore.
Primers- SV I (BamHI)-5 ° GCG GAT CCG CGC
CAC ACC GTG TGT TG GC
PIR(Eco)-5 ° CGC GAA TIC GAA GGG CCC AGG
GTIGGACTC
SVI (Bac)-5" GGG CGG GGA TCC GAT GGC GCC
ACA CC;G TGT GTT GGC
PIR(Hi s) 5"GGC GAA TIC CTA GTG ATG TGA
TGO TGA TGG AAG GG C CCA GGG GTI GGA
CTC. These primers were available at PNA laboratory. IVR/. Banga lore .
Production 0/ Recoll1hinanl protein in E. coli- The
nucleotide seq uences corresponding to carboxy terminal(C) part of VP 1 along with 54 nucleotides of
2A12B (330 bp) protein of FMDV type Asia-I wa s
amplified by Reverse transcriptase-Polymerase chain
reaction (RT-PC R) , using specific primersl 6. The
amplified products were ge l purified and cloned into
BamH I- EcoR I site of pRSET A plasmid (Invitrogen.
Inc, USA) , whi ch carries s ix hi stidine re sidues at
amino terminu s. The resulting fusion protein of
16 kD contains 33 amino acids (aa) at amino terminal
(N) and 3 aa at carboxy (C) terminal region. The
plasmid DNA carrying the insert was transferred into
express ion host E. coli BL21 (DE3)pLysS. Transformed bacteria were induced with Isopropyl-f3-D
thiogalactopyranoside (lPTG), in the presence of
rifampicin as described 12 . Since the protein carries
6X hi stidine residues at N-terminal end, the
expr~ssed protein was purified through Ni-NTA
affinity column as per the protocol of the
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manufacturer (Qiagen, GmbH, Germany). Briefly, 50
ml of the bacterial culture pellet was resuspended in 4
ml of sample application buffer (8 M urea, 1 M NaCI ,
20% glycerol, 0.25% Triton x-tOO and 20 mM
imidazole in \0 mM Tris HCI pH 8.0), the lysate was
repeatedly passed through the column for 5 times.
The column was washed with 10 ml of wash buffer
(10 mM Tris HCI pH 5.9, 1 M NaCI, 20% Glycerol ,
0 .5% Triton x-l00 and 20 mM imidazole) till the
Am nm was negligible «0.01). Elution of the bound
protein was done in the presence of 120 mM imidazole in sample application buffer (elution buffer) . The
peak fractions (first 1 or 2) were pooled, analysed by
SDS-PAGE and used in further studies.

Renaturation

0/ expressed

proteins- In order to

achieve the renaturation , the puri fied protein was
again passed through the column and the proteins
bound to column , were washed once with wash buffer
containing 8 M urea , followed by a sample
application bu ffer containing a continuous gradient 6I M urea for a period of 3-4 hr. Then the protein wa s
eluted with 120 mM imidazole in buffer containing
I M urea , I M NaC I, 20% glycerol , 0 .25 % Triton
x IOO. About 7-8 fractions were co llected and A m nm
monitored, poo led and analysed by SDS-PAGE . The
refolded prote ins were used in the test.

Production 0/ recolll!Jinan{ protein frO Ill insecl
cells- In order to c lone the immunoreactive gene in
baculovirus, C -terminal of VP I of As ia-I wa s
amplified usin g the primers SVI (Bac) and PI (Eco )
by PC R as desc ribed previously . The upstream
primer, SV I (Bac), ha s a start codon and down
stream primer, Hi s tag and stop codon. The amplified
products were digested ~ith BamHI and EcoRl and
cloned into BamHI - Eco RI s ite of pVL 1393 plasm id
(Invitrogen) . The clone carrying the insert wa s
tran sferred along with lineari sed BacPAK-6 DNA
into Sf 21 cells by lipofection as desc ribed 17 Abou t
200 llg of lineari sed virus DNA, I ).lg of tran sfer
vector with insert and 25 ).ll of lipofec tin
(Transfectam, Promega, USA) were used to tran sfect
I x I 0 6 insect cells. The recombinant viruses were
iso lated by plaque assay and limiting dilution 17 The
recombinant virus from single plaque was amplified
by infecting the 1.5 \05 cells/ml with 100 ).ll of
recombinant virus inoculum and culture supernatant
was harvested after 36 hr of post infection was used
as a source of expressed protein .
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Plate ELISA of expressed proteins--Immunoreactivity of expressed proteins before and after
renaturation was compared using plate ELISA I8 .
About 200 T)g of expressed and purified protein
(refolded or denatured) was coated on to flatbottomed polystyrene ELISA plate (Nunc). The
coated proteins were reacted with anti 146 S Asia-l
serum . The antigen-antibody reactions were monitored by a conjugate and substrate.
Dot-ELISA- In order to study the reactivities of
the proteins produced in both the systems, Dot.:
ELISA was performed on the whole lysates using
serum raised against purified E. coli expressed
protein and whole virus. Dot ELISA carried on
nitrocellulose membrane (Amersham, USA). In first
case two hundred T)g each of E.coli lysate and insect
cell lysates containing truncated protein of FMOV
type Asia-I were coated on to nitrocellulose
membrane. The coated antigens were reacted with
anti peptide serum . In the second comparative dotELISA, 200 T)g each of E.coli and insect cell Iysates
expressing the Asia-I protein were coated on to
nitrocellulose membrane . The coated antigens were
reacted with anti 146 S Asia-l serum. The antigenantibody reactions were monitored by rabbit anti
guinea pig HRPO conjugate (Dako, AJS Denmark)
and O-diani sidine (3 ,3'-Dimethoxybenzidine) dihydrochloride substrate as described 18.
Results
Immunoreactivity of E. coli expressed denatured
and refolded protein in ELISA- Since the E.coli
expressed protein formed aggregates, it was
solubilised in 8 M urea and purified under denaturing
conditions. The immunoreactivity of 8 M urea solubilised protein was compared with the renatured
protein by indirect ELISA (Fig. I). The colour
development was visually compared and A492 nm was
monitored with ELISA reader. Am T)m readings with
respect to renatured and denatured proteins were
around 0.3 and 0.2 respectively (A, B), showing that
the protein in 8 M urea may not have native
conformation and therefore reacted less efficiently as
compared to the renatured protein.
Reactivity of insect cell expressed protein was
compared with the E. coli expressed antigen. This was
done by dot-ELISA (Fig. 2) where proteins from the
supernatant of recombinant virus infected insect cells
and E. coli expressed Asia-l protein were coated

separately and subjected to Dot-ELISA as described
under Material and Methods. Positive reddish brown
colour reactions were seen in case of expressed
proteins from insect and E.coli cell s (dot 5,6 and 3,4
respectively) . There was no colour development in
case of control where mock infected insect cell
proteins were used (dot 1, 2) indicating the antibodies
reacted with virus specific expressed protein from the
both the systems. However, the intensities of colour
reaction with expressed protein in both systems were
different at equal-protein concentration (200 T)g).
This difference may be due to the difference in the
affinity of antibodies to the proteins produced in both
the systems. The lower intense colour in case of
insect cell expressed protein (dot 5, 6) may be due to
the difference in the folding. Since the protein formed
aggregates in E. coli, the protein was denatured and
renatured before purification. Whi le in case of insect
cell expressed protein they were in the soluble form.
Similar observations were also made by other
workers I9.2 1• In order to confirm our observation; that
the lower reactivity of antibodies raised against E.coli
proteins to insect cell expressed protein was due to
the difference in protein folding , we have extended
the studies with antibodies raised against whole virus.
The proteins produced through both the systems were

Fig. I- Indirect ELISA of refolded and eluted E coli expressed
protein (A ), protein eluted under denaturing conditions (B) and
buffer control (C).
A492 nm of colour reaction
A: 0.345 0.338 0322 0.342 0.319 0336
B: 0.274 0. 2040 .2280.2340.2640. 202
C: 0.002 0.00 I 0.002 0.003 0.0 17 0.019
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Fig. 2- Dot-ELISA of E coli lysate of clones without insert
(1-2 ), E coli whole lysate of clones with inserted Asia-I DNA
(3 ,4), and insect ce ll lysate infected wi th recombinant Asia-I
virus (5,6).
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Fig. 3-Dot-ELISA of (A)-protein from £. coli cells carrying
Asia-I DNA (1 ,2), protein from £. coli without insert (3 ,4), (8) protein from insect cel ls carrying Asia-I recombinant virus (1,2)
and mock-infected cell lysate (3, 4).

studied for their immunoreactivity by Dot-ELISA.
Approximately 200 llg each of lysate, from E coli
and insect cells expressing Asia-l immunoreactive
protein was coated on to a nitro cellulose membrane
and immuno detected by using antisera raised against
purified virus of type Asia-I (Fig. 3). Non recombinant clones were used as controls in the assay. The
intensity of colour developed , in both cases was
similar (dot I, 2 in row A, B). However the lysate
from Ecoli carrying plasmid without insert (negative
control) showed background colour reaction (row A3, 4) while no such colour was ' seen with mock
infected Sf 21 cell lysate (row B-3 , 4) . The intense
background colour reaction in case of Ecoli cells
may be due to the presence of Ecoli antibodies in the
serum. Though the colour reaction in dot- ELISA
indicated that the antibodies against w~le virus
could react with the proteins from both the systems
with equal efficiency , it showed background reaction
with Ecoli lysate indicating the presence of
antibodies against Ecoli host proteins in the whole
serum and the adsorption with Ecoli lysa te was not
very much effective. Thi s was evident ll1 the
development of dark colour reaction with E coli
lysate alone (row 1\ dots 3 and 4) .
Discussion
FMD is a contagious and economically important
di sease of farm ani mal s l .~ . To have a succe ssful
con trol programme. monitoring of field out breaks
and antigenic variation s is esse ntial. The virus ha ving
numerou s vaTiant s and able to infect large number of
anima ls over a short period need s to be typed rapidl y.
Thus there is a dire need for cost effective diagnostic
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reagents and rapid and sensitive diagnostic tests for
field use. Most of the available diagnostic test
systems are either less sensitive, or cost prohibitive.
Presently, ELISA is being used as test for regular sub
typing of field viruses. Since the test requires whole
virus as an antigen and the production of which is
cost prohibitive, we have been working on alternate
methods of producing the immunoreactive proteins in
l ymg
'
heterologou s system s 10· 1'-. Th e success 0 fapp
the se proteins for diagnosis depends on expressing
the sa me in the most native form.
Several studies have shown that the protein folding
depends on the expression systems, which keep the
protein in either so luble or insoluble form in addition
I9 2 1
to effecting necessary protein modifications • .
Though the recombinant technology was first used in
E coli for the production of biologically active
protein , problem s encountered in protein folding and
modification s have made to search for other alternate
system s. Insect cell with baculovirus expression
system ha s been found a boon to this technology. We
have succeeded in expressing immunoreactive protein
genes of FMDV in Ecoli and have achieved the
purification of expressed protein using affinity
column . Howeve r, the necessary denaturation step in
case of Eco li expressed protein wanted us to verify
Its reacti vity in comparison with other heterologous
syste m . Since in sect cell expression system has been
found to produce so luble protein in several cases I9•21 ,
we ha ve c lo ned the ge ne s in baculovirus and studied
the protein produced in insect cells. The merits and
demerits in the systems for large-scale application
ha ve been critically evaluated.
l3ut for the need to use denaturing agents for
purification . our studies with Ecoli expressed
products c learly indicate the potentiality of using it as
an alternative and safe diagnostic reagents . The
protein expresse d in E coli was found to form aggrega te s and for puri fying the aggregated protein,
denaturant like 8 M urea was used for solubilisation .
Though puri fication was successfully performed
under denaturing condition s, the reactivity of
denatured protein wa s at lower order as compared to
the refolded protein s to anti whole virus antibodies.
Thus, the refo lded protein may have a better
conformation (toward s nativity) than the protein in
8 M urea. Howeve r on further evaluation on the
reactivity of refolded E coli expressed proteins in
compari son with in sect ce ll expressed protein , the
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latter reacted better than the earlier one with sera
raised against the whole virus. On the other hand,
when the proteins expressed in heterologous systems
were reacted with anti peptide sera, proteins
expressed in E. coli reacted better than that of insect
cell expressed. These studies clearly show that there
is a difference in conformation of the protein
expressed in both the systems. It is more native in
insect cells than in E. coli. Several workers have
indicated the superiority of using insect cell
expression system in terms of producing proteins
having better folding to native fomi 15 and practical
utility of tnese proteins produced in the system 20 . 22 •
The 16 leD protein produced in E. coli is a fusion
of 33 aa residues from the vector at the N-terminal
end. Thus, the effeci of these aa residues on protein
reactivity need also to be considered. Use of
enterokinase may help to remove the N-terminal
fusion protein (Invitrogen, Inc, USA). The FMDV
gene in Baculovirus on the other hand has its own
start codon at N-terminal and 2A gene, two amino
acid residues of 2B and 6X histidine residues at Cterminal end. The fusion of 8 amino acid residues at
the C-terminal might get processed by 2A of 14 aa.
Though we don't have any data on this processing
event, earlier studies showed that C-terininal fusion
to 2A has resulted in the processing 2A-2B junction
in eukaryotic systems 23 .25 •
However, our initial studies on E.coli expressed
proteins as diagnostic reagents, clearly indicate the
potentiality to exploit E. coli system, as it is cost
effective, less cumbersome and easy to scale up.
Since 16 leD FMDV protein, unlike other glycoprotein antigens; does not need any post translational
modifications, the E. coli expressed protein may be
used efficiently for FMDV typing. However, if the
protein is to be used as a vaccine, further studies on
immunogenicity are to be carried out. In terms of
economics, infrastructure requirement and safety, E.
coli expressed protein may be a better diagnostic
reagent for the developing countries like India,
provided genes for expression be selected from the
representative strains of the region. Our rec,ent studies
using Quill A as adjuvant showed that urea
solubilized protein could be successfully used for
raising high titred antibodies in rabbits (results
communicated).
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