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Variability of  UL49 in bovine herpesvirus type 1 (BoHV-1) 
from Uruguayan isolates
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sUmmaRy
Bovine herpesvirus type 1 (boHV-1) is the etiological agent of infectious bovine rhinotracheitis (ibr). 
Depending on the genotype, it produces a wide variety of clinical syndromes, such as conjunctivitis, 
abortion and balanoposthitis. Vaccination against boHV-1 is a common practice, so in order to 
differentiate infected from vaccinated animals, many boHV-1 proteins were studied to develop 
marked vaccines. VP22, the major tegument protein codified by Ul49 gene, is a non essential 
protein for virus multiplication, but induces a relevant immune response in the host. Therefore the 
variability of the gene Ul49 of three boHV-1 Uruguayan isolates (Uy1999, Uy2002 and Uy2004), 
was analyzed. recombinant VP22 was expressed in a prokaryotic system and was recognized by 
sera of boHV-1 immunized rabbits by Western blot analysis. Uy1999 (boHV-1.1), Uy2002 and 
Uy2004 (boHV-1.2), have 93.8%, 95% and 88.2% nucleotide similarity to the international los 
angeles boHV-1.1 reference strain. The phylogenetic analysis showed that Uy1999 is grouped with 
boHV-1.1 strains, while Uy2002 and Uy2004 isolates are grouped distant from other boHV-1.1. 
The use of VP22 deleted vaccines and a serological technique able to detect antibodies against it, is 
an excellent alternative to be used in bovine vaccination programmes.
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IntRodUctIon
besides  causing infect ious bovine 

rhinotracheitis (ibr) bovine herpesvirus-1 
(boHV-1) is also responsible for conjunctivitis 
(boHV-1.1), abortion (boHV-1.1 and boHV-
1.2a), and balanoposthitis (boHV-1.2b)1. Since 
vaccination is an effective measure to decrease 
ibr outbreaks, conventional live attenuated or 
inactivated vaccines have been used as control 
strategies24, but these do not allow differentiating 
infected from vaccinated animals. Hence, 
many countries have programs based on the 
use of marked vaccines, DiVa (Differentiating 
infected from Vaccinated assays), in which 
genes not essential for virus replication are 
deleted. Serological techniques to detect 
antibodies against the deleted protein must be 
developed, in order to be able to differentiate 
between infected and vaccinated animals11, 15, 25, 

26. The functions of VP22, the major tegument 
protein of boHV-1 encoded by the Ul49 
gene, are not related to virus replication cycle, 

ResUmen

Herpesvirus bovino tipo 1 (boHV-1) es el agente responsable de la rinotraqueitis infecciosa bovina 
(ibr) y de un amplia variedad de síndromes, como conjuntivitis, aborto y balanopostitis, según 
el genotipo que se encuentre presente. la vacunación contra boHV-1 es una tarea de rutina en el 
manejo de ganado, por lo tanto se han estudiado varias proteínas de boHV-1 con el objetivo de 
desarrollar vacunas marcadas que permitan la diferenciación entre animales vacunados e infectados. 
VP22 es la proteína principal del tegumento del virus y es codificada por el gen Ul49. no es esencial 
para el ciclo de replicación viral pero induce una respuesta inmune significativa en el huésped. Por 
consiguiente se analizó la variabilidad del gen Ul49 en tres aislamientos uruguayos de boHV-1 
(Uy1999, Uy2002 y Uy2004), se expresó una VP22 recombinante que fue reconocida por sueros de 
conejos inmunizados con boHV-1 mediante su análisis por Western blot. los resultados obtenidos 
muestran que Uy1999 (boHV-1.1), Uy2002 y Uy2004 (boHV-1.2), tienen 93.8%, 95% y 88.2%  
de similitud en la secuencia de nucleótidos al compararlos con la cepa de referencia internacional los 
Ángeles boHV-1.1. El análisis filogenético mostró que Uy1999 está agrupado con cepas boHV-1.1, 
mientras que Uy2002 y Uy2004 están agrupadas distantes de los otros boHV-1.1. El uso conjunto 
de vacunas a las cuales se les ha eliminado VP22 y de técnicas capaces de detectar anticuerpos contra 
la proteína eliminada es una excelente alternativa a usar en los programas de vacunación bovina. 

Palabras clave: (Ul49), (VP22), (Herpesvirus bovino), (Uruguay).

but VP22 is required for accumulation and 
optimal protein synthesis, the reorganization 
of microtubules in infected cells and the nucleic 
acid incorporation into the virion8, 22. Previously 
liang et al12 showed that boHV-1 Ul49 is an 
important virulence factor, and also suggested 
that deletion of this non-essential viral gene may 
be useful in developing recombinant boHV-1 
vaccines. Therefore, vaccination with strains not 
expressing VP22 such as the Japanese 758-43 
boHV-1 strain6, could be a useful strategy for 
cattle vaccination campaigns.  

The goals of this study were to analyze the 
genetic variability of Ul49 gene sequence of 
three boHV-1 Uruguayan isolates and express 
recombinant VP22 in a prokaryotic system, in 
order to obtain a protein to be used in diagnostic 
immunoassays, allowing the detection of VP22-
negative vaccinated animals. Even though DiVa 
vaccines are not used in Uruguay, this strategy 
has allowed eradication of the disease in many 
countries. Differentiated vaccines may be used 
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in Uruguay, where the prevalence is still high, 
therefore greatly reducing the need to slaughter 
latently infected animals. 

mateRIaLs and metHods
Cells and virus

Virus was multiplied in Madin Darby Bovine 
Kidney (MDbK) cell lines with Minimum 
Essential Medium with Eagle salts (E-MEM; 
SiGMa, USa) with 10% fetal Calf Serum 
(fCS) (Probiomont, Montevideo, Uruguay). 
The virus used in this study were the Uruguayan 
isolates Uy1999 (boHV-1.1), Uy2002 (boHV-
1.2) and Uy2004 (boHV-1.2)19, and the 
boHV-1.1 reference strains 75818 and los 
angeles (la)14. The following sequences were 
used for phylogenetic analysis purposes: boHV-
5, swine herpesvirus (SHV-1) and human 
herpesvirus 5 (HHV-5) (Genbank accession nos. 
ay261359.1, bK001744.1, y GU179001.1, 
respectively).

Extraction of viral DNA and amplification 
of UL49 gene by Polymerase Chain Reaction 
(PCR)

Viral Dna was extracted from MDbK 
cultures infected with the boHV-1 Uruguayan 
isolates (Uy1999; Uy2002 and Uy2004), 
using a commercial kit (MinElute Gel 
Extraction Kit- QiaGEn®), following the 
manufacturer’s instructions. The primers used 
for PCr were designed based on the Ul49 gene 
sequences of boHV-1 available at Genbank 
(www.ncbi.nlm.nih.gov).  forward primer 
(fP): 5 -GGCtGattGaCCGCaaCGC- 
3  a n d  r e v e r s e  p r i m e r  ( r P ) :  5 
-GGGtGGaaCaGGCaGGtGaa- 3 were 
designed to target a 776 bp fragment of the 
Ul49 gene6. 

DNA sequencing and sequence analysis
amplified viral Dna was purified using 

MinElute Gel Extraction Kit (QiaGEn®). The 
quality of all Dna preparations was checked 
in agarose gel electrophoresis21. Sequencing was 
carried out with the bigDye terminator (applied 
biosystems), following the manufacturer’s 

protocol. Sequence determination was performed 
in a MegabaCE 500 automatic sequencer (GE 
Healthcare, USa). Each product was sequenced 
four times in both directions using the fP and 
rP described above.

The quality of Dna sequences was checked 
and overlapping fragments were assembled 
using the bioEdit package 7.0.55, Vector nti 
8.0, alignX and ContigExpress (inforMax, 
inc.). assembled sequences with high quality 
were aligned using ClustalX23 with default gap 
penalties. Homology analysis was performed 
with the nCbi database and blaSt3. Proteins 
were aligned using ClustalW23. alignment gaps 
were removed from the analysis by pairwise 
distance computation (pairwise-deletion option) 
leading to approximate 200 aligned amino acid 
positions. neighbor joining analyses were carried 
out with the data sets using an amino acid Jtt 
model by means of MEGa3 software9. We also 
assessed nodal support using a nonparametric 
bootstrap technique (2,000 replicates).

UL49 gene cloning and sequencing in the 
PCR2.1-TOPO® vector

Gene Ul49 PCr product was cloned in 
the PCr2.1-toPo® vector (invitrogen) and 
sequenced using bigDye terminator (applied 
biosystems, Ca, USa). Sequences were studied 
by bioedit v7.0.5 program5, and later through 
blaStn and blaStx programs, in order to 
confirm the sequences identity. 

UL49 gene cloned in pET44b vector and  
recombinant UL49 expression 

Ul49 gene was extracted from the PCr2.1-
toPo vector using Ecori restriction enzyme 
and purified in 0.8% agarose gel, using 
MinElute Gel Extraction Kit (QiaGEn®), 
following the manufacturer’s instructions. 
pEt44b vector (novagen®) was digested 
with Ecori and ligated to the Ul49/Ecori 
fragment with t4 Dna ligase (invitrogen). The 
transformation was performed in E. coli one 
Shot™ toP10 competent cells (invitrogen), 
following the manufacturer’s instructions. 
recombinant plasmids were extracted from the 
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transformed colonies according to Sambrook & 
russell21. Sequencing, Ecori restriction enzyme 
digests and PCr were performed to confirm the 
presence of the insert in the vector (pEt44b/
Ul49). 

The recombinant VP22 protein (rVP22) 
was expressed in E. coli bl21 (GeneChoice, 
inc.) using the recombinant pEt44b/Ul49 
plasmid. bacteria were grown in luria bertani 
(lb) media, with 100 μg ml–1 ampicillin at 37 
°C until 0.7 oD600; 0.4 mM isopropyl-β-D-
thiogalactoside (iPtG) (invitrogen) was added 
to induce the protein.

to determine the optimal expression, 
bacterial cultures were sampled at different 
times (1 to 16 hours). after centrifugation and 
proteins were analyzed in 10% SDS-PaGE gel10. 

Purification of rVP22
E. coli bl21/pEt44b/Ul49 was stimulated 

overnight with iPtG, then centrifuged 10 
minutes at 10,000 x g and resuspended in 
20mM tris-HCl buffer pH 6. bacterias were 
sonicated, then protease inhibitors, 1 mM of 
phenylmethanosulfonyl fluoride (PMSf) and 
0,1 mM of nα-ρtosyl l-lysine chloromethyl 
Ketone (tClK) were added. bacteria were 
centrifuged for 10 minutes at 14,000 x g and 
resuspended in elution buffer (0.2M naH2Po4, 
0.2M of na2HPo4, 300mM naCl, pH6). 
Proteins were purified through an affinity 
chromatography column (His trap, GE 
Healthcare, USa).

Antigenic characterization of recombinant 
VP22 (rVP22) by Western-blotting

recombinant VP22 was run through 
0.8% polyacrylamide gel and transferred to 
nitrocellulose (Probind 45, Pharmacia biotech®). 
the transferred nitrocellulose was blocked 
with PbS, 0.1% tween 20 (v/v) and 10% 
low fat powdered milk, for 1 hour shaking at 
room temperature. The treated nitrocellulose 
was incubated at 37oC for 1 hour with two 
rabbits sera, previously immunized with wild 
boHV-1.1 strain 75818. Conjugate anti-rabbit 
igG Peroxidase (Santa Cruz biotechnology 

inc), was used according to the manufacturer’s 
instructions. 

ResULts
UL49 gene sequencing and analysis

When compared to the Ul49 gene amplified 
from the boHV-1.1 la reference strain with 
isolates Uy1999, Uy2002 and Uy2004, had 
93%, 95%, 88% similarity at the nucleotide 
level, and 93%, 87%, 94% at the amino acid 
level (table 1). 

Phylogenetic analysis showed that the isolate 
Uy1999 was grouped with boHV-1.1 as la 
reference strain, but Uy2002 and Uy2004 were 
clustered as boHV-1.2 (fig 1). The differences 
between both groups were due to nucleotide 
changes: as the first nucleotide change was a 
transversion from adenine (a) to thymine (t); 
this non synonymous change generated an aa 
substitution, a threonine (t) for a serine (S) at 
position 199. The other change was a nucleotide 
transition between purines, from an adenine (a) 
to a guanine (G). This generated a substitution 
from a serine (S) to a glycine (G) at position 232 
of the protein. While Uy1999 was more related 
to the la boHV-1.1 reference strain, Uy2002 
and Uy2004 (both boHV-1.2) had some amino 
acid similarities to the boHV-5 reference strain 
(fig 2).

Recombinant pET44b /UL49 plasmid 
construction and rVP22/BoHV expression 

Ul49 gene cloning in pEt44b vector was 
confirmed by PCr, restriction Ecori enzyme 
analysis and sequencing of the cloned fragment. 
The rVP22/boHV soluble protein was expressed 
in E. coli bl21, after induction of 0.4 mM iPtG 
in an overnight incubation.

Evaluation of the reactivity of rVP22 protein 
with antibodies of BoHV-1 immunized 
rabbits.

rabbit serum immunized with boHV-1 
recognized rVP22 as demonstrated by Western-
blotting (fig 3).
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dIscUssIon
two Uruguayan genetic variants of boHV-1 

subtypes were characterized previously as boHV-
1.1 (Uy1999 strain) and boHV-1.2a (Uy2004 
strain). The third isolate (Uy2002) could not 
be characterized as any of the regular subtypes 
previously described19. according to the 
enzyme restriction pattern this isolate is closer 
to subtype boHV-1.2b16. Phylogenetic analysis 

FIGURE 1. Phylogenetic tree based on the method of “neighbor joining” to the amino acid sequence from VP22 of 
Uy1999, Uy2002 and Uy2004 isolations and reference strains of bovine herpesvirus 1 (boHV-1.1) and 5 (boHV-5), 
Pig herpesvirus 1 (SHV-1) and human herpesvirus 5 (HHV-5). as shown, isolate Uy1999 was grouped with strains 
boHV-1.1. Uy2002 and Uy2004 isolates were grouped distant of the other boHV-1.1.

FIGURE 2. alignment of the sequences of Uruguayan isolations of boHV (Uy1999, Uy2002 and Uy2004) and reference 
strains of bovine herpesvirus 1 (boHV-1.1) and 5 (boHV-5), swine herpesvirus 1 (SHV-1) and human herpesvirus 5 
(HHV-5). in relation to the reference strain of boHV-1.1 angels (boHV-1.1 la) at position 199 there was a change to 
a serine and threonine and at position 232 a change to serine by a glycine in Uy2002 and Uy2004. amino acids in this 
position are more related to boHV-5 strain. alternatively Uy1999 behaves like a boHV-1.1 strain. 

of the gC carboxiterminal region from these 
boHV-1 isolates grouped Uy1999 as boHV-
1.1 and Uy2002/Uy2004 as boHV-1.24. in the 
present experiment a more conserved tegument 
viral protein was analyzed which is under less 
immunological pressure than the gC studied 
in previous work7. Genetic analysis of Ul49 in 
these isolates allowed us to group Uy1999 into 
a boHV-1.1 cluster, while Uy2002 and Uy2004 
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FIGURE 3. immunoreactivity of rabbit serum with the cloned VP22. lane 1: molecular weight marker, 2: Serum from 
rabbit immunized with the vaccine strain 758-43 (with deletion of VP22), 3: Serum from rabbit immunized with boHV-1 
reference (los angeles strain). The red arrow shows a band of approximately 90 kDa corresponding to the immunoreaction 
with recombinant VP22 with the serum from the immunized animal with a reference strain for boHV-1. 

were very similar and were grouped distant of 
boHV-1.1., these findings confirm previous 
observations4,19. 

based on nucleotide variability of Ul49 
in isolates Uy1999, Uy2002 and Uy2004, 
90% similarity was seen with the international 
reference strain boHV-1.1 la. This demonstrates 
high levels of homology between the Ul49 
gene of boHV-1.1 and boHV-1.2 isolations. 

However, as we have shown in fig. 2, there 
are some aa changes in Uy2002 and Uy2004. 
The Ul49 from boHV-1.1, 1.2, 5, Uy2002 
and Uy2004 shared two amino acids at the 
positions 45 and 62 (numbered by the boVH-1 
nC_001847.1) with boHV-5 instead of  boHV-
1 as could be expected. These two aa changes (St; 
GS) found in both Uy2002 and Uy2004 may 
not be responsible for significant alterations in 
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the protein, since the aa involved have similar 
physicochemical characteristics. therefore, 
we would not expect to find immunogenic 
differences in the epitopes recognized. because 
VP22 is not essential for viral replication13, the 
immunization of animals with the VP22 deleted 
boHV-1 mutant strains, and a diagnostic test with 
VP22 as antigen, should allow us to differentiate 
between vaccinated and infected animals6.

 We have shown that recombinant VP22 
protein was recognized by antibodies from 
rabbits immunized with the wild type boHV-1 
virus. a protein of approximately 90Kda was 
detected, corresponding to the VP22 protein 
with 33 amino acids and the nustag protein 
with 495 amino acids (54.8kDa) included in 
the pEt-44 vector.  This suggests that rVP22 
can be used in diagnostic assays such as EliSa, 
because it is a highly conserved protein and likely 
to be cloned. 

Many European countries have boHV-1 
control and eradication programs.  in them, 
marked vaccines with deletion of genes that 
code for immunogenic proteins are used, so 
differentiation of infected and vaccinated 
animals is possible (DiVa strategy)11,17,24,26. The 
efficacy of marked vaccines has been established, 
as boHV-1 seroprevalence has decreased in herds 
where these types of vaccines were used3,15,20. 
The success of the deleted vaccines depends on 
the protein silenced. it should be a non essential 
structural protein, present in the majority of 
the wild viruses and an inducer of long lasting 
humoral immune response24.  on that basis 
VP22 deletion in marked vaccines can be a 
useful strategy in boHV control programmes. 
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