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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 ( T K )  strains of bovine herpesvirus 2 (BHV-2) was determined. The candidate 
vaccine strain C290BU5, which was no longer able to cause disease, 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  mammi l l i t i s  v i rus)  causes  an  ulcerative 

d isease  o f  t ea t s  a n d  udde r  o r  c a n  c a u s e  a n  unusua l  gener­

alized infect ion.  N o  commerc ia l  vaccine exists against  this  

d isease  w h i c h  is a ve ter inary  p rob lem in m a n y  countr ies  

and  m a y  r e d u c e  mi lk  y ie lds  ( S m e e  a n d  Leonhard,  1994). 

A s  t h e  v i rus  conta ins  a T K  g e n e  w e  have  a t tempted t o  p ro ­

d u c e  a BHV-2 T K l i v e  a t tenuated vacc ine  (Orders  et al., 

1995). TK~ h e r p e s v i r u s  v a c c i n e s  h a v e  b e e n  s u c c e s s f u l  

agains t  o ther  an imal  he rpesv i ruses  a l though t h e  loss  o f  

T K  act ivi ty  in  these  vaccines  does  n o t  necessar i ly  m e a n  

that  they  a r e  a v i r u l e n t f o r  all animal  species ,  e . g . T K  pseu-

dorabies  v i ru s  c a n  still cause  f a t a l  infec t ions  in  rabbi ts  

(Shibata  et al., 1991). 

Two BHV-2  T K  s t r a i n s  w e r e  i so l a t ed  a f t e r  B H V - 2  

s t ra in  C S I R 0 2 9 0  ( C 2 9 0 )  w a s  g r o w n  in  b romodeoxyur i -

d i n e - r e s i s t a n t  b o v i n e  k i d n e y  c e l l s  in  t h e  p r e s e n c e  o f  

100 | i g / m l  o f  b r o m o d e o x y u r i d i n e  (Orde r s  et al., 1995;  

H a n d l e y  et al., 1 9 9 6 ) .  O n e  i s o l a t e  d e s i g n a t e d  B H V -
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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 C 2 9 0 B U 5  w a s  TK" ( 3 %  o f  w i l d - t y p e  ac t iv i ty)  a n d  p r o ­

duced  low levels  o f  D N A  dur ing  in fec t ion  o f  bov ine  cel ls .  

T h i s  s t ra in  d id  n o t  c a u s e  sk in  d i s ea se  i n  g u i n e a  p i g s  a n d  

w a s  u s e d  t o  vacc ina t e  t h e s e  a n i m a l s  aga ins t  w i l d - t y p e  

BHV-2 (Orde r s  et al., 1995).  However ,  a n o t h e r  T K  iso­

late des igna ted  BHV-2  C 2 9 0 B U 3  w h i l e  h a v i n g  s imi l a r  

levels o f  T K  ac t iv i ty  a n d  lower  D N A  p r o d u c t i o n ,  st i l l  

c a u s e d  sk in  i n f ec t ions  in  g u i n e a  p i g s  s imi la r ly  t o  w i l d -

t y p e  v i ru s  w i t h  n o r m a l  T K  activity.  T h u s  t h e  lack  o f  T K  

activity did no t  always cor respond  t o  t he  inabil i ty  o f  BHV-

2 t o  c a u s e  d i sease  in g u i n e a  p ig s .  S imi l a r  f i n d i n g s  have  

a l so  b e e n  r epo r t ed  f o r T K h e r p e s  s i m p l e x  v i r u s e s  ( H S V )  

in m i c e  ( I s u m i  a n d  S tevens  1988) .  A s ing l e  b a s e  c h a n g e  

i n  t h e  T K  g e n e  r e d u c e d  t h e  T K  act iv i ty  t o  1 %  o f  t ha t  o f  

t h e  wi ld - type  b u t  h a d  n o  e f f e c t  o n  t h e  neu rov i ru l ence  o f  

th is  H S V  m u t a n t  (Tanka  et al., 1993) .  

To de termine  the  precise  changes  in the  BHV-2  T K  gene  

which  could account  f o r  the  change  in virulence,  the  T K  

gene  o f  both BHV-2 T K  viruses  was  sequenced.  

Virus DNA was isolated by the Nal method described previ­
ously (May et al., 1990; Sheppard and May, 1989), but only low 
levels of virus DNA were isolated from both TK strains (Orders 
et al., 1995). In the case of C290BU3 TK gene, the isolated virus 
DNA was digested with Sal I and cloned into the plasmid pUC18 
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ť'tí- l 
S o u t h e r n  b lo t  hybr id i zat ion  ///«(/!II-di(;ested BHV-2 I K UNA 

Digoxin-labcllcd 0.5 k b  Pstl-Spltl region o f 'BHV-2TK gene w a s  used as 
the probe. //iWIII-digcstcdC290BU5 DNA( lanc  l ) a n d C 2 9 0 B U 3  DNA 
(lane 2 )  were  elcctrophorcsed, blotted to nitrocellulose and hybridized 
wi th  the probe.  Labe l l ing  o f  the probe,  hybridization condit ions and  
detection w e r e  performed according to the manufacturer o f  the digoxin 
labelling kit (Bochringcr-Mannhcin). T h e  arrow indicates the position o f  
the 11.7 k b  Hindlll fragment. 

as described previously (Slieppard and May, 1989). The gene was 
located within a Sal I 2.6 kb region and had an identical restric­
tion cndonuclcase profile with that reported previously (Slieppard 
and May, 1989). However, with the candidate vaccine strain 
C290BU5, thcTK gene was difficult to isolate afterSail digestion 
of the same amount of virus DNA with even ten-fold more restric­
tion cndonuclcase than previously used, As both virus strains have 
initially been isolated after passage in cells transfected with 
a linearized plasmid containing a modified TK gene (Orders el 
al., 1995; Handlcy et al., 1996), it was possible that the virus TK 
gene of strain C290BU5 could contain an additional gene insert 
at the Pst I site of the TK gene through homologous recombina­
tion between the replicating virus DNA and plasmid DNA. 

Hybr id iza t ion  s tudies  us ing  the  0 .5  kb Psl\-Sph\ region 

o f  t h e T K  g e n e  a s  a p r o b e  (Sheppard  et al., 1989) showed 

that 7 0 %  o f  t he  hybridizat ion occur red  with  the 8 .0  k b  

Sail D N A  f r a g m e n t  a n d  m i n o r  hybr id iza t ions  w i t h  t h e  

6 .3  kb ,  4 .3  k b  and  2 . 6  kb5 'a / I  D N A  f r agmen t s .  However,  

t he  hybridizat ion s tudies  a l so  indicated that  t he  T K  g e n e  

was  still located in t he  11.7 k b  Hind\\\ r eg ion  o f  D N A  o f  

t he  two T K  st ra ins  (Fig. 1). T h i s  sugges ted  that  n o  large 

D N A  i n s e r t i o n  h a d  o c c u r r e d  w i t h i n  t h e  T K  g e n e  o f  

C 2 9 0 B U 5  strain.  Pr imary  d iges t ion  w i t h / / i W l I I  fol lowed 

by  a Sal 1 digest ion o f  t he  v i rus  ĎNA resulted in exclusive  
hybridization with only 2 .6  k b  DNA fragment. The T K  
gene  o f  this strain w a s  cloned into the p lasmid pUC18 a f ­

ter  double  digestion wi th  Hindlll and  Sail and  found  t o  

b e  present  in t he  2.6 k b  Sail region. The  T K  g e n e  a lso  

had an identical restriction p ro f i l e  to  t he  wild type BHV-2. 

T h u s  the  Hindlll r eg ion  con ta in ing  t h e  T K  g e n e  ( con­

s i s t i n g  o f  a s e q u e n c e  o f  t h e  3 . 7 ,  2 . 6  a n d  1 . 7  k b  

Sail f r a g m e n t s )  o f  C 2 9 0 B U 5  D N A  w a s  p r o n e  t o  par t ia l  

Sal I d iges t ion .  Var ious  c o m b i n a t i o n s  o f  t h e s e  t h r ee  d i f ­

f e r e n t  Sal I D N A  f r a g m e n t s  g e n e r a t e d  b y  p a r t i a l  

Sal 1 d iges t ion  (excep t  f o r  t h e  t w o  f r a g m e n t s  ou t s ide  t h e  

2 . 6  k b  T K  reg ion )  wou ld  a c c o u n t  f o r  t h e  s i ze s  o f  t h e  T K  

g e n e  d e t e c t e d  in  t h e  p r e v i o u s  h y b r i d i z a t i o n  s t u d i e s .  

A par t ia l  d iges t ion  w o u l d  a l s o  a c c o u n t  f o r  a n  add i t iona l  

D N A  f r a g m e n t  o f  6 .3  k b  s e e n  p rev ious ly  in  Sal 1 D N A  

f r a g m e n t  p r o f i l e s  o f  C 2 9 0 B U 5  D N A  a s  c o m p a r e d  t o  tha t  

o f  w i ld - type  BHV-2  D N A  ( O r d e r s  et al., 1995) .  T h e  o th ­

e r  par t ia l ly  d iges ted  D N A  f r a g m e n t s  w e r e  o f  a s i z e  tha t  

w o u l d  no t  b e  d i s t i ngu i shed  f r o m  c o m p l e t e l y  d iges t ed  

Sal I f r agmen t s  us ing  t h e  e th id ium b r o m i d e  s ta in ing me th ­

od ( M a r a g o s  et al., 1986). 

W h e n  cloned into the  p U C  18 p lasmid  the  T K  gene  (and 

s u b c l o n e s  o f  t h e  T K  g e n e )  w a s  s e q u e n c e d  u s i n g  t h e  

Sequenase 2 Kit  (Amersham)  us ing  bo th  the  M 1 3  univer­

sal pr imer  and  the  M 1 3  reverse primer.  T h e  previously pub ­

lished BHV-2 T K  gene  sequence  concerned strain B H M - 1  

(Sheppard and  May, 1989; G e n e B a n k  access ion  n u m b e r  

D0053) .  N o T K  strain had  any  gene  o r  par t  o f  a gene  inser­

tion within t h e T K  g e n e  (Orders  et al., 1995) as  determined 

by  sequencing the  whole  gene.  T h e  sequences  o f  T K  genes  

o f  both  T K  strains were  identical t o  the  publ ished sequence  

except for  the  fol lowing changes .  
For b o t h T K  strains, C 523  w a s  deleted and a C w a s  in­

serted a f te r  nt 525  thus  chang ing  a a  175 f r o m  Pro  t o  Arg.  

However, this alteration would  m a k e  the  a a  sequence  o f  the  

BHV-2 T K  identical with 17 other herpesviruses, all o f  which 

have an Arg  in a similar position (Remond  et al., 1995), 

and may  b e  an er ror  in the  original sequencing.  A l so  fo r  

both T K  strains,  there  we re  changes  in  the  nt  sequence,  

namely a deletion o f  C 715,  and  an  insertion o f  a C a f te r  

nt 713,  which  preserved Leu  2 3 8  bu t  changed a a  2 3 9  f r o m  

Leu to  Val. This  Val is different  f r o m  the  predominant  P h e  

or  the  occasional  Leu in that  posit ion ( R e m o n d  et al.. 1995), 

and may  represent a difference in the BHV-2 strains BHM-1  

and  C290.  
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T a b i c  1. C h a n g e s  i n  t h e  n u c l e o t i d e  a n d  a m i n o  a c i d  s e q u e n c e s  o f  t h e  BHV-2 T K  s t r a i n s  

Position o f  aa 5 6 7 16 2 9 5  2 9 6  2 9 7  3 4 0  

BHV-2 w i l d  type  Leu A r g  Val Val His A r g  

C T G  C G G  G T G  G T G  C A C  C G T  

BHV-2 TK. strain Leu L e u  G l y  

C 2 9 0 B U 3  C T G  C T G  G G T  T A A  G T G  C A C  C G T  

BHV-2 T K  strain L e u  A r g  Val Val Pro  Val 

C 2 9 0 B U 5  (candidate C T G  C G G  G T G  G T G  C C C  G T G  T A A  

vaccine strain) 

Changes  arc s h o w n  in b o l d  letters. 

The m a j o r  changes  in the sequences are indicated in 
Table 1. In the two  T K  strains, an insertion o f  a nt at the 
amino end o f  the protein (C290BU3 strain) or a nt dele­

t ion  at  t h e  ca rboxy  e n d  o f  t h e  pro te in  ( C 2 9 0 B U 3 ,  candi­

da te  vacc ine  s train)  we re  detec ted .  T h e  candida te  vacc ine  

strain h a d  a de le t ion  o f A  887  wh ich  would  al low t h e  gene  

to  b e  read u p  t o  t h e  s top  c o d o n T A A  at  nt  1022-1024 (Shep-

pa rd  a n d  May,  1989). T h i s  wou ld  extend the  pro te in  by  

3 4  aa.  Strain C 2 9 0 B U 3  h a d  a T inser t ion a f t e r  n t  16 (in 

the  A T P  b ind ing  reg ion ;  M a y  et al., 1989; R e m o n d  et al., 

1995) which  wou ld  a l low a cha in  te rminat ion  at  n t  4 8 - 5 0  

(TAA) and  t h e  pro te in  would  b e  t runcated a f t e r  only 16 aa .  

Th i s  early al terat ion i n  t he  T K  g e n e  could  a f fec t  the  ex­

press ion  o f  t h e  U L 2 4  g e n e  w h i c h  can  over lap  herpesv i rus  

T K  genes  (Gr i f f i n  a n d  Boursnel l ,  1990) and  could account  

f o r  t h e  par t icular ly  low level o f  v i rus  D N A  p roduced  dur­

ing  the  g rowth  o f  th i s  s train,  which  still is ab le  t o  cause  the  

d isease  i n  gu inea  p igs .  

With the changes  in t h e T K  gene  o f  the B H V - 2 T K  strains 

as  de termined by  sequence  analysis,  whether  the  predicted 

non-product ion o f  t he  protein o r  extension o f  the  protein 

(in the  candidate  vaccine strain) account  f o r  the  change  in 

the  ability t o  cause  disease is unknown.  T h e  genes  involved 

in t he  v i ru lence  o f  BHV-2 remain  unidentif ied,  unlike those 

o f  extensively studied herpesviruses ,  such as  pseudorabies  

vi rus  (Gielkens  a n d  Peters,  1994). 
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