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LOSS OF THYMIDINE KINASE ACTIVITY DUE TO A BASE DELETION
IN A CANDIDATE VACCINE STRAIN OF BOVINE HERPESVIRUS 2
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Summary. — The nucleotide (nt) sequence of the thymidine kinase (TK) gene (a 918 nt long coding re-
gion) of two TK-deficient (TK') strains of bovine herpesvirus 2 (BHV-2) was determined. The candidate
vaccine strain C290BUS, which was no longer able to cause discase, was found to have an A deletion after nt
887 of the TK gene with a predicted change of His 296 to Pro, altering the last 10 amino acids (aa) and
extending the gene by another 34 aa. The strain which still caused disease, C290BU3, had a T insertion after
nt 16 causing a predicted chain termination after only 16 aa.
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BHV-2 (bovine mammillitis virus) causes an ulcerative
disease of teats and udder or can cause an unusual gener-
alized infection. No commercial vaccine exists against this
disease which is a veterinary problem in many countries
and may reduce milk yields (Smee and Leonhard, 1994).
As the virus contains a TK gene we have attempted to pro-
duce a BHV-2 TK live attenuated vaccine (Orders er al.,
1995). TK herpesvirus vaccines have been successful

against other animal herpesviruses although the loss of

TK activity in these vaccines does not necessarily mean
that they are avirulent for all animal species, e.g. TK pseu-
dorabies virus can still cause fatal infections in rabbits
(Shibata et al., 1991).

Two BHV-2 TK' strains were isolated after BHV-2
strain CSIRO290 (C290) was grown in bromodeoxyuri-

dine-resistant bovine kidney cells in the presence of

100 pg/ml of bromodeoxyuridine (Orders et al., 1995,
Handley et al., 1996). One isolate designated BHV-
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Abbreviations: aa = amino acid; BHV-2 = bovine herpesvirus 2;
HSV = herpes simplex virus; nt = nucleotide; TK = thymidine ki-
nase; TK = TK-deficient

2 C290BUS was TK (3% of wild-type activity) and pro-
duced low levels of DNA during infection of bovine cells.
This strain did not cause skin disease in guinea pigs and
was used to vaccinate these animals against wild-type
BHV-2 (Orders et al., 1995). However, another TK iso-
late designated BHV-2 C290BU3 while having similar
levels of TK activity and lower DNA production, still
caused skin infections in guinea pigs similarly to wild-
type virus with normal TK activity. Thus the lack of TK
activity did not always correspond to the inability of BHV-
2 to cause disease in guinea pigs. Similar findings have
also been reported for TK herpes simplex viruses (HSV)
in mice (Isumi and Stevens 1988). A single base change
in the TK gene reduced the TK activity to 1% of that of
the wild-type but had no effect on the neurovirulence of
this HSV mutant (Tanka et al., 1993).

To determine the precise changes in the BHV-2 TK gene
which could account for the change in virulence, the TK
gene of both BHV-2 TK viruses was sequenced.

Virus DNA was isolated by the Nal method described previ-
ously (May et al., 1990; Sheppard and May, 1989), but only Jow
levels of virus DNA were isolated from both T strains (Orders
et al., 1995). In the case of C290BU3 TK gene, the isolated virus
DNA was digested with Sa/l and cloned into the plasmid pUCTS
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Table 1. Changes in the nucleotide and amino acid sequences of the BHV-2 TK" strains

Position of aa 5 6 7 16 295 296 297 340
BHV-2 wild type Leu Arg Val Val His Arg
CTG CGG GTG GTG CAC cGT
BHV-2 TK strain Leu Leu Gly
C290BU3 CTG CTG GGT TAA GTG CAC CGT
BHV-2 TK strain Leu Arg Val Val Pro Val
C290BUS (candidate CTG CGG GTG GTG cee GTG TAA

vageine strain)

Changes are shown in bold letters.

The major changes in the sequences are indicated in
Table 1. In the two TK strains, an insertion of a nt at the
amino end of the protein (C290BU3 strain) or a nt dele-
tion at the carboxy end of the protein (C290BU3, candi-
date vacecine strain) were detected. The candidate vaccine
strain had a deletion of A 887 which would allow the gene
to be read up to the stop codonTAA atnt 1022-1024 (Shep-
pard and May, 1989). This would extend the protein by
34 aa. Strain C290BU3 had a T insertion after nt 16 (in
the ATP binding region; May et al., 1989; Remond et al.,
1995) which would allow a chain termination at nt 48-50
(TAA) and the protein would be truncated after only 16 aa.
This early alteration in the TK gene could affect the ex-
pression of the UL24 gene which can overlap herpesvirus
TK genes (Griffin and Boursnell, 1990) and could account
for the particularly low level of virus DNA produced dur-
ing the growth of this strain, which still is able to cause the
disease in guinea pigs.

With the changes in the TK gene of the BHV-2TK strains
as determined by sequence analysis, whether the predicted
non-production of the protein or extension of the protein
(in the candidate vaccine strain) account for the change in
the ability to cause disease is unknown. The genes involved
in the virulence of BHV-2 remain unidentified, unlike those
of extensively studied herpesviruses, such as pseudorabies
virus (Gielkens and Peters, 1994).
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