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Summary. -~ Bovine herpes mammillitis virus (BHMV) codes
for a thymidine kinase (Tk), the gene for which is located in
a 2.6 kb Sall restriction endonuclease fragment with a map unit
of 0.2--0.32. This particular DNA fragment can transfect LTk~
mouse cells and convert them to Tk . The gene position of
BHMV Tk would suggest another homologous gene map position
for BHMV and herpes simplex virus (HSV),
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Introduction

Bovine herpes mammillitis viras (BHMV or bovine herpesvirus 2) has
a double-stranded DNA genome of 133 kb (88 < 105 molecular mass) and is
similar in structure to herpes simplex virus (HSV). Some proteins are known
to be antigenically related between these two viruses (Maragos and Mayv.,
FO87) and some of these proteins are now known to have homologous gene
locations in the genomes of the two viruses. We previously reported ident-
ical gene positions of the major DNA-binding proteins of HSV (ICPS) and
BHMV (Maragos and May, 1987) which has subsequently been confirmed
and extended with the identification of identical glycoprotein B gene regions
(Hammershmidt et al., 19884, 6). Homologous regions of the major capsid
protein (VP5) and thymidine kinase (Tk) have been suggested based on
hybridization data using both HSV and BHMV DNA (Yeung ef al., 1988).
The Tk gene of herpesviruses is particularly interesting as it can be manipu-
lated to produce vaccine strains (Kit ef al., 1985; Kit et al., 1987) or can be
used for genetic engineering of the herpesviruses (Roizman and Jenkins,
1985). A Tk~ BHMV was briefly mentioned (Batterson and Roizman, 1983)
but was not deseribed further. We report here the gene location of BHMV
Tk based on biological activity of the cloned gene thus identifying the
BHMV DNA restriction endonuclease fragment containing the Tk gene and
confirming an identical gene position for both of BHMV and HSV Tks.

Materials and Methods
Viirwa cells and siral DN A preparations. The DNA from virus strain BHM-1 was used for

these eloming experiments and was used as deseribed previously using sodium iodide gradients
(Marmgzos and May, 1987) exeept that tho virus DNA was prepared from infected baby hamster
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kidney cells (BHK-21). BHMV (both BHM-1 or CSIRO 290 strains; Maragos et al., 1987) can
be grown in Tk~ Chinese hamster peritoneal cells (B14I50; American Type Culture Collection,
CCL 14.1), but with maximum infection oceuring 24 hours after the cells are passaged.

BHMYV DNA cloning and restriction endonuclease cleavage. The DNA was cloned in pUCIS
plasmids using a PUC cloning kit (Boehringer-Mannheim, West Germany) using the standard
methods described by the manufacturer. Restriction endonuclease digestions were as described
previously (Maragos and May, 1987; Maragos ef al., 1987) using Boehringer-Mannheim enzymes
and the standard methods described by the m&muf.xcturer. Separation of the DNA fragments
was achieved in 0.69, agarose gels in a Trisacetate buffer (Maragos and May, 1987) for 18 hr
at 1.6 V/jem.

Transfections. Mouse LTk™ Aprt~ cells normally maintained in growth medium with 25 pg/ml
bromodeoxyuridine were used in this study. pUC18 plasmids eontaining various BHMV DNA
restriction endonuclease fragments were not restriction endonuclease cleaved prior to use in the
transfection studies. Transfections were performed essentially as deseribed by Otsuka et «l.,
1982. For the experiments 3 x 105 LTk~ cells were seeded into 50 mm X 13 mm plastic tissue
culture dishes with complete Earles MEM and 109 newborn ealf serum (Flow Laboratories
Sydney), 50 pg/ml neomyein but without 5-bromodeoxyuridine. 10— 20 pg of plasmid DN
containing BHMV DNA fragments was added to 20 pg of earrier salmon sperm DNA (Sigma
Chemical Company, USA) and 2 M CaClp added to 250 mol/l. To this mixture an equal volume
of 2 x Hepes buffer saline (2 x HBS; 280 mbol/l NaCL, 50 mol/l Hepes and 1.5 mol/l Nas HPO,
I’H/ 12) was added and the solution incubated at room temperature for 30 min to allow the
DNA to precipitate. The precipitated DNA was added to the cell growth media covering the
cell monolayer and incubated at 37 °C for 5 hrs in a humidified 959 air and 59, CO2 atmos-
phere. After a 5 hr incubation the media were removed and fresh growth media added and re-
incubated for a further 20 hr at which time the growth media were supplemented with hypoxathine,
aminopterin and thymidine (50 x HAT was purchased from Flow Laboratories, Australia). The
HAT media wera changed every two days, with the appearance of Tk* resistant colonies (up to
15 per plate) after a week. Negative control plates were transfected with salmon sperm DNA
alone which always resulted in total cell death and no appearance of HAT resistant colonies.

Results and Discussion

When our strains of BHMV were grown in a TK~!Chinese hamster perito-
neal cell line (B14150) in the presence of 100 pg/ml bromodeoxyuridine, the
few surviving viruses could be plaque purified and they were found to be
about 5 fold deficient in Tk activity when compared to the untreated virus.
This would confirm a Tk activity which was coded for by the virus (see also
Batterson and Roizman, 1983).

BHMV DNA was cleaved with restriction endonuclease HindIII, the
DNA fragments separated by agarose gel electrophoresis (Fig. 1) and the
HindII1 fragment I (11.5 kb) was cloned into a pUCI18 plasmid (Fig. 1).
This particular DNA fragment is known to have a map unit of about 0.27—
0.36 and is the easiest segment to isolate in this area of the BHMV DNA
(Buchman and Roizman, l‘)78) Various segments of the HindIIl I region
were subcloned into pUC18 culminating with the cloning of 2.6 kb Sall
fragment (Fig. 2). Several Sall DNA fragments of this size are known to
be generated after Sall restriction endonucleasejdigestion of BHMV DNA
(M&ragos et al., 1987). All cloned BHMV DNA fragments were tested for
their ability to transfect LTk~. In our hands the Q;maulles’c fragment we have
detected able to transduce LTk~ cells to Tk+ was the 2.6 kb “Sall fragment
from approximately 0.3—0.32 map units of BHMV. This Sall h‘atrment
(in either orientation in the pUC18 plasmid) was four-fold more efficient at
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purposes and
s become less

Clearly BHMYV has a Tk ;.)(‘ll(‘ region for DNA manipulative
furthermore with the removal of the Tk activity herpesviruse
pathogenic (Kit el al., 1985).

Acknowledgements. We sekunwledge the support of the Australian Rescareh Grant Committee
for the support of this project.

References

Batterson, W., and Roizman, B, (1983): Characterization of the herpes simplex virion —  as-
soeiated factor responsible for the induetion of a-gencs. J. Firol, 46, 371377,

Buchman, T, G., and Rolzman, B. (1978): Anatomy of bovine mammillitis DNA: 1. Restrietion
endonucleass maps of fur populations of moleewles that diffor in the relative orientation
of their long and short eomponents. J. Virol, 25, 395 — 407,

Hammerschuude, W, Coaraths, ¥, Mankortz, J., Buhk, H. J., Pauli, G. and Ludwig, H., (1988a):
Common epitopes of glyeoproten B maps with'n major DNA-binding proteins of bovine
herpes virus type 2 (BHV.2) sl herp essimplex viras type 1 (MSV-1), Virology 163, 406 418.

Hammorsehmidt, W., Conraths, 1., Mankortz, J., Pauli, G., Ludwig, H. and Bunhk, H. J.
(1988h): Chnsarvation of & gene cluster ineluding glyeoprotein B of hovine herpes type 2
(BHV-2) and hovpes simplex viras type T (HSV.L Pirology 163, 388 — 405,

Kit, 8. (1985): Thymidine kinase. Microbiol. Sci. 2, 369 375,

Kit, 8., Sheppard, M., Lehimura, H., and Kit, M. (1987): Secondgeneration pseudorabies virus
vaceine with deletions i thymidine kinasw and glyeoprotein genes. Am. J. rvat. Res. 48,
TR - TOT,

Kit, 8., Quavi, H., Gaines, J. Do, B ilingsley, ., and MceConnell, S, (19%5): Thymidine kinase
negative hovine horposviras typs 1 mutant is stable and highly attenuated in ealves. Arch.
Virol. 86, 63 83,

Letehworth, GoJdo, and Carmichacl, L. 180 (1984): Local tissue temperature: a eritical faetor in
the pathogenesis of bovid Torpesvirus 20 Infect. Trmun. 43, 1072 - 1079,

Maragos, C., and May, J. T, (1987): Studies of the major DNA binding proteins of two bavine
herpes mammillitis vieas isolates. deta virol. 31, 168 171,

Muragos, ., Shaw, R., and May, J. T, (1987): Restriction endanuelease eleavage analysis of
DNA from two bovine herpes mammillitis viruses olated in different parts of Australia.

Aust. Vet. J. 63, 372 373,

Otsuka, H., Qavi, H., and Kit, S, (1982): Inhibition by interfersn of biochemical transformation
mduced l;y clonad h“xp‘,«vnm thymidine kinas» gones. Antiviral Res. 2, 301 311,

Roizran, B., and Jenkins, ¥, J. (1985): Genetie engimesring of novel genomes of large DNA
viruses. Seience 229, 1208 — 1213,

Yeung, K. €., d'Offay, J., and Oakes, J. E. (1988): Genomic location of hovine herpes virus
type 1 genes, Vires Res, 10, 369~ 380,




