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1. INTRODUCTION 

The open reading frames (ORFs) 3 and 4 of equine arteritis virus (EAV) 
encode the GP3 and GP4 proteins, respectively. The GP3 protein of EA V is 
an extensively glycosylated membrane protein that is likely anchored by the 
uncleaved signal sequence (Hedges et al., 1999a). ORF 4 is predicted to 
encode a membrane glycoprotein. The goal of this study was to determine 
the variation in ORFs 3 and 4 and their encoded GP3 and GP4 proteins 
amongst a large number of EA V strains, including those amplified directly 
from the semen of carrier stallions. 

2. GENETIC AND PROTEOMIC VARIATION 

ORFs 3 and 4 of 70 field isolates and laboratory strains of EA V were 
compared. The description and passage history of 18 field isolates and one 
laboratory strain (EA V ATCC) of EA V used in these studies, as well as 
methods have been previously described (Hedges et al., 1996). Also 
included in the analyses were 29 strains of EA V amplified directly from the 
semen of 10 different carrier stallions and 14 viruses present in the tissues of 
foals affected in recent outbreaks of EV A (Hedges et al., 1999b; Patton et 
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aI., 1998; Balasuriya et aI., 1999). The published sequences ofORFs 3 and 4 
from eight strains of EA V were also included (Archambault et aI., 1997). 
The number of variable sites and type of substitution in the ORFs 3 and 4 of 
the 70 strains of EA V were determined by comparison to the prototype EA V 
ATCC sequence using a program developed in our laboratory (Table 1). The 
variability of ORFs encoding the four known structural proteins of most of 
the same strains of EAV was also determined. The ORF 5 was more 
variable than the other ORFs and had a high proportion of non-synonymous 
changes. In every ORF, specific synonymous changes occurred more 
frequently in individual rather than multiple strains, indicating that these 
changes occur randomly. In contrast, in ORFs 3, 4, 5 and 6 most (77.9%, 
63%, 52.2% and 55% respectively) non-synonymous nucleotide changes 
occurred in more than one virus strain suggesting that many coding 
nucleotide changes that occur during the evolution ofEAV are not random. 

Table 1. Percentages of variable sites, non-synonymous and synonymous changes in EAV 
ORFs as compared to the prototype sequence (EA V ATCC) 

ORF Variable Nucleotide Non-synonymous Synonymous 
Sites (%) Changes (%) Changes (%) 

2b 26.6 34.6 65.4 
3 40 60.3 39.7 
4 
5 
6 
7 

37.4 
67.8 
24.9 
14.7 

37.9 
59.7 
30.5 
31.5 

62.1 
40.3 
69.9 
68.5 

Hypervariab1e regions of the GP3 protein were amino acids 1-41 and 88-
131. Only two of the six prototypical asparagine (N)-linked glycosylation 
sites are conserved amongst all 70 strains of EAV; at position 96, where 
position 98 wobbles between serine (S) and threonine (T), thus preserving 
the glycosylation site requirements, and at position 106. There is a new 
glycosylation site at position 39 of the GP3 protein in many strains, and at 
position 115 where the N substitution occurs only where there is a T or an S 
in position 117 in most cases, suggesting that the N substitution is 
advantageous when it is also a glycosylation site. We have determined that 
the lack of glycosylation of N28 and N29 had no obvious effect on either the 
signal sequence cleavage or membrane association (Hedges et aI., 1999a). 
The glycosylation site at asparagine 96, the cysteine residues at positions 13, 
33 and 109 and, the tryptophan residue at position 146 are conserved in the 
GP3 proteins of all 70 strains of EA V and of the other three prototype 
Arteriviruses. Some EAV strains had altered hydrophobicity profiles in the 
signal sequence region. 
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a. 
MGRAYSGPVA LLCFFLYFCF ICGSVGSNNT TICMHTTSDT SVHLFY~ TFPSHFQRHF 
AAAQDFVVHT GYEYAGVTML VHLFANLVLT FPSLVliCSRP VNVF~ASCV QVVCSH~ST 
TGLGQLSFSF VDEDLRLHIR PTLICWFALL LVHFLPMPRC RGS~ 

b. 
MKIYGCILGL LLFVGLPCCW CTFYPCHAAE ~FTYISHG LGHVHGHEGC RNFINVTHSA 
FLYLNPTTLT APAITHCLLL VLAAKMEHPN ATIWLQLQPF GYHVAGDVIV NLEENKRHPY 
FKLLRAPALP LGFVAIVYVL LRLVRWAQQC YL 

Figure 1. Amino acid sequences of the GP3 protein (a) and the GP4 protein (b) of the prototype 
EA VATCC. Bold letters indicate amino acids that varied amongst 70 strains ofEA V, italicises 
indicate conservation amongst all Arteriviroses, glycosylation sites are underlined, strikethrough 
letters indicate amino acids found on the GP3 protein of the modified live virus vaccine only. 

The GP4 protein was more conserved than was the GP3 protein. The 
GP4 protein of the EAV ATCC strain has three potential glycosylation sites, 
but only the site at amino acid 90 was conserved amongst all isolates. The 
majority of the cysteines in the GP4 protein were conserved and the cysteine 
at position 19 is conserved in those of the prototype strains of the other 
Arteriviruses as well. 

3. CONCLUSION 

We have determined the genetic and proteomic diversity of the 
uncharacterised ORFs 3 and 4 and encoded GP3 and GP4 proteins of EAV. 
Variation in the predicted signal sequence region amongst the GP3 proteins 
of different EA V strains may influence membrane interaction, as is perhaps 
the case with divergent strains of the closely related porcine Arterivirus (van 
Nieuwstadt et aI., 1996; Mardassi et aI., 1998). There were a large number 
of non-synonymous substitutions in both ORF 3 and ORF 5 of EA V strains. 
Amino acid changes in the ORF5 encoded GL protein alter the neutralisation 
phenotype of EAV strains (Balasuriya et aI., 1997; Hedges et aI., 1999b). 
The GP3 protein is under strong selective pressure during long term 
persistent infection of stallions, and carrier stallions and horses vaccinated 
with the live attenuated vaccine virus develop antibodies specific for the 
GP3 protein (Hedges et aI., 1999a,b). The large number of non-synonymous 
substitutions in ORF 3 amongst strains of EA V is consistent with a strong 
selective pressure exerted on the GP3 protein. Clearly, individual EAV 
proteins are under unique selective pressure and structural/functional 
constraint and the corresponding ORFs evolve independently. Regions of 
the GP3 protein that vary may be important for the maintenance of persistent 
infection of carrier stallions, whereas conserved regions are likely important 
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for protein function in virus replication. The significance of nucleotide and 
amino acid substitutions identified in this study can now be determined using 
the infectious cDNA clone ofEAV. 
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