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Abstract 
 

The initial step of infectious process of FMD virus is attachment to specific cell surface molecules . The G-H loop 
contains a highly conserved Arginine-Glycine-Aspartic acid (RGD) sequence has been implicated in receptor 
binding site . We analyzed the VP1 gene sequence of FMDV Type A-87  vaccine strain of Iran. This vaccine strain 
was the result of 150 serial cytologic passages. The primary sequence alignment with other sequences derived 
from GenBank shows 39 nucleotides deletion in vp1 FMDV Type A-87 gene sequence, which is missing of 
13aa[RGDLGPLAARTAA]. Because of the natural deletion in this virus subtype the RGD sequence in the G-H 
loop was lost. In spite of losing RGD sequence, the virus grows on BHK-21 suspension cell culture and shows 
CPE after 16-18 hrs. The PD50 of 13aa-deleted A-87, indicates a satisfactory immune response in  guinea pigs.  

 
Introduction 

Foot-and-mouth disease virus (FMDV) , which comprises the Aphthovirus genus of the family 
Picornaviridae , causes a devastating disease of livestock (1,2) .FMDV is the causative agent of 
the most economically important disease of cloven-hoofed animals worldwide (2,3) The virion 
is a 140S particle consisting of a single-stranded RNA genome and 60 copies each of four 
structural proteins (VP1 [1D], VP2 [1B], VP3 [1C], and VP4 [1A]). The FMDV genome has a 
basic organization similar to those of other members of the Picornaviridae, and the 
nomenclature for the viral proteins was established by Rueckert and Wimmer(36).  The virion 
consists of a single-strand , positive-sense RNA genome. VP1 to -3, fold into an eight-stranded 
wedge-shaped ß-barrel which fit together to form the majority of the capsid structure (4). The 
VP4 protein is buried within the capsid and has a myristyl group covalently attached to its N 
terminus (37,38).  The three-dimensional structure of FMDV has revealed a prominent surface 
feature formed by the loop between the G and H b strands of VP1 (referred to herein as the G-H 
loop) that is partially disordered under some conditions (4,5,6). Despite its flexibility, the G-H 
loop contains a highly conserved arginine-glycine-aspartic acid (RGD) sequence that has been 
implicated in receptor binding on the basis of synthetic peptide inhibition studies (7,8). Heparan 
sulfate has an important role in cell entry by foot-and-mouth disease virus (FMDV). Fry EE etal 
in 1999 find that subtype O1 FMDV binds this glycosaminoglycan with a high affinity by 
immobilizing a specific highly abundant motif of sulfated sugars. The binding site is a shallow 
depression on the virion surface, located at the junction of the three major capsid proteins, VP1, 
VP2 and VP3. Two pre-formed sulfate-binding sites control receptor specificity. Residue 56 of 
VP3, an arginine in this virus, is critical to this recognition, forming a key component of both 
sites. This residue is a histidine in field isolates of the virus, switching to an arginine in 
adaptation to tissue culture, forming the high affinity heparan sulfate-binding site. In this study , 
we introduce a novel variants strain of FMDV Type-A with 13 amino acid deletion in vp1 
protein and lack the RGD receptor binding site as a potent vaccine strain in Iran . 

Materials and methods 
Virus isolation: 
The virus was isolated from an infected calf epithelial tongue cells . Propagation steps followed 
 6 passage on BA and then four passage on BHK-21 monolayer cells and used as a vaccine seed 

and deletion was identified on 150th passage. 
RNA extraction &. Reverse transcription polymerase chain reaction (RT-PCR).    
 Viral RNA was extracted from cell culture using an RNX reagent (Cinnagen, Iran).  RT 

followed by PCR was performed using specific primers for the 860-bp fragment of vp1 gene.  
RT-PCR was carried out in 50 μl reaction mixture containing 10 μl of 5× reaction buffer, 4 μl of 
mixed dNTPs (2.5 mM each), 1 μl of AMV enzyme (Titan one tube RT-PCR system kit, Roche 
Diagnostic, Germany), 1μl of each primer (10 ρmol each), 4 μl of RNA template, 2.5 μl DTT, 3 
μl 25mM MgCl2, and 23.5 μl of H2O. PCR program was 42ºC for 30 min, 94ºC for 3 min, 30 
cycles of 94ºC for 30 s, 52ºC for 30 s, 72ºC for 40 s, followed by 72ºC for 5 min. 
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Cloning of PCR product & DNA sequencing.  
The ligation reaction prepare with  plasmid vector in 0.165µg , 0.18 pmol ends and 0.54 pmol 
ends purified PCR fragment ,1X ligation buffer , PEG 4000 solution , 5unit T4 DNA ligase and 
deionized water up to 30µl . ligation mix incubate at 22ºc for 16 hours . ligation product 
transform to Xl1blue cell and white colony selected by LcZ genetically marker. [ Sambrook 
etal.,1989]. The cloned PCR product were purified using plasmid purification kit .The 
sequencing reaction run with T7 promoter primer . Purified fragments were sequenced from 

both directions . The sequence was compiled using Megalign software. 
Nutrilization test: 
Potency test: 
30 guinea pigs 450-500 gr bodyweight were divided into six groups and were delivered 
different dilutions of the FMD vaccine , 1/1 ,1/2,1/4, 1/8 and 1/16 including A87vaccine strain 
of iran .Group 6 in each experiment was considered as unvaccinated control. The diluent was 
carbonate-bicarbonate buffer , pH 8.2 ,0.5 ml dose of vaccine from different dilutions was 

inoculated subcutaneously. 
 
Challenge test: 
 Along with the vaccinated groups 5 control guinea pigs were also kept for challenge test . 21 
days postvaccination the animals were challenged by intradermal inoculation of one hind foot 
pad with 10² ID50 of adapted infective virus and the animals examined daily for one week for 
development of lesions on the other feet and tongue. The dilution of vaccine , which protected 

50% of the animals from generalized infection , was calculated . 
RESULTS AND DISCUSSION 

Phylogenetic analysis: 
Distance matrices were calculated with program Megalign Choose this program to align all the 
sequences in the document window using the CLUSTAL V method.  MegAlign produces the 
final phylogeny by applying the neighborhood joining  ethod to the distance and alignment data 

(Saitou, N. and Nei, M. 1987).Phylogenetic Trees. Mol. Biol. Evol., 4(4), 406-425.( 
 

 

 
Fig.2.Aligned sequences of vp1 gene using Megalign software, The 42-39 nt deleted in fmdv 
type A vaccine strain of Iran vp1 gene(Line 9) 
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Amino acids deleted in vp1 protein include receptor binding site RGD Fig.3. 

 
 

 

 
 

Fig.5.Presume 3D structure of vp1 protein of  FMDV Type A-87 using swiss-Pdb Viewer 
software .Render in solid 3D and Align diversity 

 
Nuclotide sequence analysis: 
Phylogeny study: 
FMDV was endemic in Iran from 1960 , vaccine strain of  Iran that studied in this project the 

first time isolated from Tehran province and named A-Mardabad or A-87 
The serological study showed the A-87 is quite distinct from A22 and A5 -Europe (Table no.2) 

The r Value between  A-87 and 39nt deleted isolate was 0.85 (13).  
Nuclotide sequence comparisons of Two Iranian isolates showed a range of  81% similarity 
(Fig.4) and Iranian vaccine strain locate at a new clade from other A22 subtypes (Fig.1) 
alignment of this sequence with other sequences drive from GenBank showed that 39nt deletion 
in vp1 gene sequences (Fig.2) which is missing 13aa [RGDLGPLAARTAA] of Iran vaccine 
strain .  
Evaluation of immune response:  
The 50% protective dose was calculated by the method of Reed and Muench (Reed and Muench 
1938) using the control generalization described by Leucam etal (1964) .The first and second 
trials were done  with type A batches 79-32 , 79-36 FMD vaccine . The data collected from 
PD50 indicated that the 13aa-deleted-vaccine was potent and showed a satisfactory immune 
response in guinea pigs . Since the minimum standard values required in the vaccine 3 to 6 
PD50 in cattle but antilogarithms for types A-Iran indicated PD50 more than minimum standard 
values. 
The comparison of A87-Iran with other countries showed that RGD-13aa-Deleted vaccine 
covered other strains(13) and could serve as a potent and may safer than other undeleted RGD 
.further study need to potency test in cattle model and we would like to sequences full length of 
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this strain and working on as a good candidate for developing a live-vaccine against the FMD 
disease in future. 

 

 Interestingly the vaccine strain of Iran type A include 13 aa deleted (RGD+10aa) could save 
ability in Cell recognization and virus viability and  replication in cell  and  cause disease in calf 
tongue cells and now this strain used in vaccine as a potent strain to control of  foot and mouth 
disease in field . 

 
Discussion: 
                      
Virus attachment to specific cell surface molecules is the first step to initiate infection 
process.The viral component involved in attachment of FMDV to its target cells was analyzed 
by different investigators( 28,29,30, 31 ).It has believed that binding of foot-and-mouth disease 
virus (FMDV) to cells requires an arginine-glycine-aspartic acid (RGD) sequence in the capsid 
protein VP1 . 
In a   study, a genetically engineered FMDV (TYPE A12)in which its RGD sequence has been 
deleted, produced  a virus particle which was unable to bind to cells (Mason 1995) . Although, 
cattle vaccinated with these receptor binding site-deleted virions were protected from disease 
when challenged with a virulent virus, indicating the deletion had little effect on the antigentic 
structure of the RGD-deleted virus (Mason 1995). 
Pfaff et al. (1997 ) analyzed the viral component involved in attachment of FMDV to its target 
cells by using single or double amino acid substitutions within highly conserved RGD sequence 
and adjacent region FMDV (TYPE O1Kaufbeuren). As region to play a central role in binding 
of adhesive glycoproteins to their cell surface receptors, it was expected that amino acid 
substitutions within this tripeptide would prevent virus attachment to the target cells.The 
findings confirmed the supposition that these highly conserved amino acids are necessary for 
the initial step in the viral life cycle , the cell attachment of the virus. However, inhibition of cell 
attachment is not based solely on the primary structure of the G_H loop and the respective 
binding site. RGD sequence of FMDV is essential for infecting cells via the natural receptor but 
can be bypassed by antibody-dependent enhancement pathway(MASON 1994). 
FMDV with its RGD sequence is likely to bind to an integrin. Due to the observation that a 
number of ligands may be recognized by more than one integrin(23) , it is also possible that 
FMDV can use more than one cell surface receptor. (Pfaff 1997) 

 
Phylogenetic analysis of Iranian  FMDV Type A isolated in 1987 ,  designated as 
 A- Mardabad isolate in Iran  and recorded as A-87 in Pirbright FMDV sequences database ,  
shows this isolate is  different from  A22  subtype prevalent in  Turkey , Iraq ,Azerbaijan and 
India . This virus strain  isolated  in 1987 and has been circulating since that time  in Iran. As a 
source for vaccine production  ,   this isolate has been used for FMD controlling with a good 
immunization in Iran . 
Molecular study of vp1 gene of   150th passages of  A-87  strain  on BHK-21  cell line used as  
vaccine seed  in Razi Vaccine and serum research institute carried out. The results show a  39 
nt deletion  in G-H loop region of VP1 causing missing of 13aa [RGDLGPLAARTAA] . The 
deletion contains RGD sequence, that was   believed acting as  FMDV receptor binding site . 
Such a natural  deletion in VP1 gene of FMDV  is a novel phenomenon   and has not been 
reported.Acting as a vaccine strain , we suppose the deletion of RGD has no role in virus 
attachment to the cell  in initiation of  infection, and probably this subtype of virus uses other 
pathways for cell attachment  .Moreover ,we observed  a positive immune response against   A-

87 FMDV subtype  in  guinea pigs as well as a  good immune protection  in cattle in farms . 
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