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COMPARISON OF SIX AUSTRALIAN ISOLATES OF BOVINE HERPES 
VIRUS 2 BASED ON UL24 GENE AFTER A PASSAGE IN MDBK CELLS 
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Summary.  - A region of the UL24 gene of six Australian field isolates of Bovine herpesvirus 2 (BHV-2) 
was sequenced after a passage in Madin-Darby bovine kidney (MDBK) cells by polymerase chain reaction 
(PCR). While the PCR product covered the first half of the UL24 gene, a particular interest was focused on the 
274-297 nucleotide (nt) region in which a two nt deletion had previously been detected in the BHM-1 strain of 
BHV-2. Most isolates tested did not generate any defective UL24 genes during the passage. However, a third 
of the UL24 genes of BHM-1 strain contained the two nts deletion, but only when a high multiplicity of 
infection (MOI) was used. Also m the isolate 554 at least a half of the UL24 genes were found to be altered 
independently of the MOI used. These UL24 genes had an insertion of four nts within the 274—297 nt region. 
The predicted truncation of the UL24 protein of both viruses occurred at the same stop codon. The region of 
the gene in which these mutations of the UL24 gene occurred is common to all herpesviruses. 
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B H V - 2  (species  Bovine herpesvirus 2, genus  Simplex-

virus, subfamily  Alphaherpesvirinae, fami ly  Herpesviridae) 

causes  a generalized o r  teat/udder infect ions in  cattle. A n  

outbreak o f  bovine  mammil l i t is  occurred i n  2 9  herds  in  late 

1973 a n d  ea r ly  1974 i n  a r e g i o n  i n  Vic tor ia ,  s o u t h e r n  

Australia (Turner  et al., 1974). Whi l e  the  infect ion occurred 

mainly  wi th in  a 2 5  k m  radius it  w a s  f o u n d  also about  110 

k m  a w a y  (Turner  et al., 1976a,b). T h e  virus  isolated f r o m  

this  infect ion ( the isolate 616)  and  mos t ly  studied fur ther  

w a s  designated the  B H M - 1  strain o f  BHV-2 ,  but  also another 

isolates w e r e  obtained f r o m  the  m a j o r  infect ion site at  that  

t ime  (554-Tallygaroopna,  556-Waaia,  a n d  645-Katunga) ,  

including o n e  originating f r o m  a p lace  110 k m  a w a y  f r o m  

tha t  si te (566-Koondrook) .  A n o t h e r  isolate ,  C S I R 0 2 9 0  
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Abbreviations: BHV-1 = Bovine herpesvirus 1; BHV-2 = Bovine 
herpesvirus 2; CHV = Canine herpesvirus; CPE = cytopathic effect; 
HSV-1 = Herpes simplex virus 1; HSV-2 = Herpes simplex virus 2; 
EHV-1 = Equine herpesvirus 1; VZV = Varicella-zoster virus; 
MOI = multiplicity of infection; PCR = polymerase chain reaction 

originated f r o m  Berrimah, Northern Territory, from the blood 

o f  a sentinel c o w  wi th  r ingworm-l ike lesions in  1979 (St  

George  et al., 1980); m o s t  o f  the  sentinel cattle a n d  s o m e  

nearby  cattle a lso showed  these (generalized) symptoms o f  

B H V - 2  infect ion at  the  s ame  t ime.  General ized (o r  pseudo-

lumpy  disease) symptoms  o f  B H V - 2  infect ion are  c o m m o n  

in  tropical condit ions (Scott,  1989) b u t  can  also b e  present  

in  the  regions where  the  mammill i t is  is  f o u n d  (Woods  et al., 

1996). 

Whi le  sequencing the  genes  o f  B H V - 2  (May,  2001) ,  i t  

w a s  observed that  the  U L 2 4  gene  o f  B H M - 1  strain h a d  a t w o  

n t  deletion within the gene  in comparison to  strain C S I R 0 2 9 0  

(Genebank Acc .  N o .  AY064482),  a n d  this  w a s  detected i n  

t w o  independently plasmid-cloned U L 2 4  genes  i n  opposi te  

directions. This  delet ion w a s  n o t  present  in  t he  p lasmid-

cloned U L 2 4  genes  o f  strain C S I R 0 2 9 0  o r  t he  genes  o f  i ts 

thymidine  kinase-deficient  derivatives C S I R 0 2 9 0 B U 3  o r  

C S I R 0 2 9 0 B U 5  ( G e n e b a n k  A c c .  N o .  A Y 0 4 6 3 2 3 ) .  T h e  

complete  sequence o f  B H V - 2  strain C S I R 0 2 9 0  U L 2 4  gene  

indicated that  it coded  f o r  a prote in  o f 2 6 5  amino  acids w i th  

a n  estimated M r  o f  29,085.  A t  t he  amino  acid level it  h a d  

5 5 %  homology  t o  Herpes  s implex  virus 2 (HSV-2) ,  5 2 %  
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forward primer (97 or 99 aa) 

A T G  UL24 protein (265 aa) ^ T Q A  

A T Q  truncated UL24 protein  ̂

^ _ U L 2 3 _ _ g ^  
< -  reverse primer 

Fig. 1 

The effects of alterations to BHV-2 UL24 gene on its protein products 

Location o f  UL24 and UL23 genes, both native and truncated UL24 proteins and primers used in PCR as well as sequencing is indicated. 

h o m o l o g y  t o  H e r p e s  s i m p l e x  v i r u s  1 ( H S V - 1 ) ,  3 8 %  
h o m o l o g y  t o  B H V - 1  a n d  l e s s  f o r  m o s t  other  h e r p e s v i r u s e s .  

U L 2 4  i s  cons idered  a c o r e  h e r p e s v i r u s  g e n e ,  a n d  i t s  g e n e  
s e q u e n c e  h a s  b e e n  e x t e n s i v e l y  d e t e r m i n e d  f o r  m a n y  
h e r p e s v i r u s e s  ( J a c o b s o n  et al., 1 9 8 9 ) .  F e w  s t u d i e s  h a v e  
inves t iga ted  t h e  prote in  product  o f  th i s  g e n e  a n d  its  r o l e  i s  
ex tens ive ly  l isted a s  u n k n o w n .  Recently  the  protein encoded 
b y  t h e  U L 2 4  g e n e  o f  H S V - 2  h a s  b e e n  reported t o  b e  a m i n o r  
c a p s i d  protein, p o s s i b l y  a t e g u m e n t  prote in  (Hong-Yan  et 
al., 2 0 0 1 ) .  T h e  U L 2 4  g e n e  s e q u e n c e  c a n  o v e r l a p  t h e  U L 2 3  
thymidine  k i n a s e  g e n e  in a h e a d  t o  tai l  a r rangement  in m o s t  
h e r p e s v i r u s e s  inc luding  H S V - 1  a n d  H S V - 2  ( S h i m o j i m a  et 
al., 1997),  b u t  these  g e n e s  d o  not  o v e r l a p  in all  herpesv i ruses  
( E H V - 1  h a d  C H V  a n d  V Z V ;  G r i f f i n  a n d  Boursnel l ,  1990).  
U L 2 4  d o e s  n o t  o v e r l a p  U L 2 3  i n  B H V - 2 ,  there  a r e  7 4  nts  
b e t w e e n  t h e  g e n e s  (Genebank  A c c .  N o .  D 0 0 5 3 7 ;  Sheppard  
a n d  M a y ,  1989).  Studies  w i t h  H S V - 1  U L 2 4 ,  u s i n g  mutants  
in  t h e  nucleot ide  s e q u e n c e  n o t  w i t h i n  t h e  U L 2 3  o v e r l a p p i n g  
reg ion,  indicate  that alterations t o  t h e  g e n e  c a n  resu l t  i n  
s m a l l e r  p l a q u e  s i z e  a n d  syncyt ia l  p l a q u e s ,  b u t  n o t  a l w a y s  
(Jacobson  et al., 1989) .  Furthermore,  t h e s e  H S V - 1  U L 2 4  
m u t a n t s  i n d i c a t e d  t h a t  t h e  g e n e  w a s  i m p o r t a n t  f o r  t h e  
infect ion  o f  m o u s e  s e n s o r y  g a n g l i a  (Jacobson  et al., 1998) .  

To determine whether such UL24 changes actually occurred 
in BHV-2 strains/isolates, other than BHM-1, the region of the 
UL24 deletion w a s  sequenced using DNA produced b y  PCR. 
MDBK cells were infected with the BHV-2 strains/isolates and 
when a total cytopathic effect (CPE) became visible total DNAs 
were extracted from the cells using the Quick-Geno™ Extraction 

Kit  (Clontech) as  described previously (Handley  et al., 1996). In 

1985 w e  obtained a stock o f  the original isolate CSIR0290  f rom 

D r  T. St. George, Commonwealth Scientific and Industrial Rese­

arch Organisation, Brisbane, Queensland, Australia, and stocks o f  

five isolates originating f rom Victoria, namely the Tallygaroopna 

isolate (11/73; Attwood designated isolate 554), the Waaia isolate 

(12/73; Attwood designated isolate 556), the Katunga isolate (1/ 

74; Attwood designated isolate 645), and the  BHM-1 strain (At­

twood designated isolate 616) f rom the same area, and the Koon-

drook isolate f rom Koondrook, 110 k m  away f rom the area men­

tioned above (1/74; Attwood designate 566), all f r om D r  H .  Wes-

tbury, Attwood Veterinary Research Institute, Melbourne, Victo­

ria, Australia. A plaque-purifed 554 isolate clone 1 w a s  also in­

cluded in this study. The  infectious titer of  stocks of the isolates/ 

strains was  2 - 5  x 106 PFU/ml as titrated o n  M D B K  cells (Han­

dley  et al., 1996). The  infections fo r  the  passage in M D B K  cells 

were carried out both at a low M O I  (<1 PFU/cell) and at a high 

M O I  (>5 PFU/cell). D N A s  prepared b y  sodium iodide gradient 

centrifugation were  used in the plasmid-cloning of the U L 2 4  gene 

(Sheppard and May, 1989; Handley  et al., 1996). For  the isolate 

554 and the 554 clone l a  M O I  of less than 0.01 PFU/cell, desig­

nated here very low, w a s  also used. 

The  DNAs extracted f rom infected cells were used m the  P C R  

performed essentially as  described earlier (Handley  et al., 1996) 

but using " a  hot start" with the AmpliTaq Gold P C R  Master Mix­

ture (Applied Biosystems). Each P C R  was  done in duplicate. A f ­

ter an initial denaturation and enzyme activation at 95§C for  5 mins  

3 0  cycles of 95§C for  1 min, 55§C for  1 min, and 72§C for  1 min  

were performed in a thermal cycler (Bresatec). The  forward pri­

mer  5 ' -CGCCGTGGTCTTACCCAGTCC-3'  starting within the  

t h y m i d i n e  k ina se  g e n e  (n t  6 0 - 4 0 )  a n d  t h e  r e v e r s e  p r i m e r  

5'-GAGGATGGGACACAAATACAC-3' starting within the mid­

dle of  the UL24  gene (nt 447^-27)  generated a product o f  581 b p  

(Fig. 1). The  latter w a s  sequenced at the Monash University Sequ­

encing Facility, Melbourne, Victoria, using the above reverse pri­

mer  (May, 2001). To detect double sequencing of the region o f  the 

UL24  gene exceeding 150 bases due t o  base deletions or  inser­

tions at or  near that region of the gene it w a s  essential t o  evaluate 

color printouts of  the sequencing data. 

T h e  s e q u e n c i n g  o f  t h e  P C R  p r o d u c t s  s h o w e d  t h a t  t h e  

m a j o r i t y  o f  t h e  v i r u s  i s o l a t e s ,  n a m e l y  5 5 6 ,  6 4 5 ,  5 6 6 ,  

C S I R 0 2 9 0  u n c l o n e d  a s  w e l l  a s  c l o n e d ,  w e r e  iden t i ca l  w i t h  

t h e  u n c l o n e d  s t r a in  B H M - 1 ,  u s i n g  e i t h e r  l o w  o r  h i g h  M O I  

(Table  1). Howeve r ,  w h i l e  t he  c loned  strain B H M - 1  (c lone  3 )  

s h o w e d  n o  va r i a t i on  i n  t h e  s e q u e n c e  a s  c o m p a r e d  w i t h  t h e  

u n c l o n e d  s t ra in  B H M - 1  a t  l o w  M O I ,  i t  y i e l d e d  t w o  d i f f e r e n t  

s e q u e n c e s  o c c u r r i n g  a f t e r  t h e  f i r s t  1 5 0  n u c l e o t i d e s  o f  t h e  

P C R  p r o d u c t  a t  h i g h  M O I .  
T h e  d i f f e r e n c e  r e s i d e d  i n  t w o  m i s s i n g  n u c l e o t i d e s  ( t g )  

i n  a b o u t  3 0 %  o f  t h e  s e q u e n c e s  i n  a c c o r d  w i t h  t h e  s e q u e n c e  

o f  t w o  B H M - 1  c l o n e s  r e p o r t e d  p r e v i o u s l y  ( G e n e b a n k  

A c c .  N o .  A Y 0 6 4 4 8 2 ) .  T h u s  f o r  t h e  B H M - 1  c l o n e  3 t h e  

d i f f e r e n c e  m e a n t  a n  a l t e r a t i o n  c a u s e d  e x c l u s i v e l y  b y  t h e  

h i g h  M O I .  B H M - 1  c l o n e  3 D N A  h a d  p r e v i o u s l y  b e e n  
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Table 1. Nucleotide and amino acid sequences at the start of the conserved region 111 of UL24 gene/protein of some isolates/strains of BHV-2 

Amino acid (upper row) and nucleotide (lower row) sequences Size of the 
Virus/strain/isolate tested at the start of conserved region 111 of UL24 gene/protein protein/gene 

HSV-1 92 G G V C V I I E 99 269 aa 

274 ggc  g g g  g "  tgt gtc ate ata gaa 297 807 bp 

BHV-2: 556, 566, 645, BHM-1 92 G G V C V I V E  9 9  265 aa 

uncloned, CSIR0290 both uncloned and cloncd 274 gga g g g  gtg tgt gtg ata gtt gag  294 795 bp 

BHV-2 (tg deleted): BHM-1 clone 3, 92 G G V c D S 97 97 aa 

high MOI, 30%* 274 gga g g g  gtg tgt g - a t a  gtt ga 292 
99 aa BHV-2 (aggg inserted): 544 clone 1, very low 92 G G R G V C D S 99 99 aa 

or high MOI, both 80%; 554 clone, any MOI, 50% 274 gga  g g g  agg ggt : gtg tgt gat agt tga 300 

"The percentage of the altered gene. 

p r o d u c e d  f r o m  c e l l s  a f t e r  a h i g h  M O I  ( >  5 P F U / c e l l ;  
S h e p p a r d  a n d  M a y ,  1 9 8 9 ;  M a r a g o s  et al., 1 9 8 6 )  f o r  t h e  
determinat ion  o f  t h e  p u b l i s h e d  s e q u e n c e  o f  s train B H M - 1  
( A c c .  N o .  A Y 0 6 4 4 8 2 .  

D u r i n g  t h e  current s e q u e n c i n g  o f  o v e r  t w e n t y  complete  
g e n e s  f r o m  t h e  B H M - 1  s t r a i n  c l o n e  3 n o  other  s i m i l a r  
d e l e t i o n  h a s  t h u s  f a r  b e e n  d e t e c t e d  i n  a n y  o t h e r  g e n e .  
H o w e v e r ,  t h e  5 5 4  i so la te  w a s  f o u n d  t o  p r o d u c e  a n  al tered 
U L 2 4  g e n e ,  w h e t h e r  inoculated at  a v e r y  l o w  (0.01 PFU/ 
cell),  l o w  o r  h i g h  M O I .  T h e  al tered D N A  appeared  i n  a b o u t  
5 0 %  o f  the  D N A  s e q u e n c e s  a n d  i n  th is  case ,  in  contrast  t o  
t h e  strain B H M - 1  c l o n e  3,  t h e  M O I  h a d  n o  i n f l u e n c e  o n  t h e  
a m o u n t  o f  t h e  al tered D N A  produced.  

Furthermore,  the  s e q u e n c e  i n  a l l  P C R  products  f r o m  the 
isolate  5 5 4  h a d  a n  insertion o f  f o u r  nucleot ides  ( a g g g ) .  E v e n  
a f te r  p l a q u e  purif ication,  t h e  isolate  5 5 4  c lone  1 ,when  tested 
either at  a v e r y  l o w  o r  h i g h  M O I ,  y i e l d e d  a product  in  w h i c h  
8 0 %  o f  t h e  D N A  contained t h e  insert  o f  f o u r  nucleot ides  
( a g g g )  in  t h e  g e n e .  T h u s  t h e  i solate  5 5 4  p r o d u c e d  a n  al tered 
U L 2 4  g e n e  s e q u e n c e  d u r i n g  t h e  p a s s a g e  independently  o f  
t h e  M O I  u s e d .  Table  1 indicates  t h e  c h a n g e s  detected wi th in  
t h e  U L 2 4  g e n e  o f  t h e  s train B H M - 1  c lone  3 ,  the  i so late  5 5 4  
c lone  1 a s  w e l l  a s  u n c l o n e d  r e s p e c t i v e  v i r u s e s .  W h i l e  t h e  
al terat ions  t o  t h e  U L 2 4  g e n e  a r e  d i f f e r e n t  (delet ion a n d  
insertion) in  t h e  t w o  B H V - 2  strains  B H M - 1  a n d  5 5 4  t h e y  
both  terminate the U L 2 4  protein at  v i r tua l ly  the  s a m e  reg ion  
(Fig.  1). T h e  c h a n g e s  occurred  in t h e  r e g i o n  111 c o n s e r v e d  
in all  h e r p e s v i r u s e s  ( f o r  H S V - 1  s e e  T a b l e  1; J a c o b s o n  et al., 

1989,1998) .  T h e  strain B H M - 1  c lone  3 a n d  t h e  i so late  5 5 4  
a r e  predic ted  t o  c o d e  f o r  a truncated 9 7  a n d  9 9  a m i n o  ac id  
protein, respect ively.  A t  n o  s t a g e  w a s  t h e  altered U L 2 4  g e n e  
detected e x c l u s i v e l y  in  t h e  P C R  products ,  it w a s  a l w a y s  
present  a l o n g  w i t h  s o m e  ( 2 0 - 7 0 % )  unal terd  D N A  (Table  1). 

Lit t le  i s  k n o w n  a b o u t  t h e  U L 2 4  prote in  o r  i ts  r o l e  in  
h e r p e s v i r u s  replication. Recent ly  i t  h a s  b e e n  s u g g e s t e d  that  
it i s  a m i n o r  c a p s i d  prote in  p r e s e n t  i n  a l l  h e r p e s v i r u s e s  a n d  
h a v i n g  s o m e  s p e c i f i c  r o l e  (Hong-Yan  et al., 2 0 0 1 ) .  T h e  
s igni f icance  o f  t h e  f a c t  that  the  U L 2 4  g e n e  i s  altered i n  s o m e  

strains/isolates o f  B H V - 2  dur ing  their p a s s a g i n g  in a M D B K  
cel l  culture r e m a i n s  u n k n o w n .  T h e  alteration i s  re lated t o  
t h e  M O I  i n  the strain B H M - 1  c lone  3 a s  demonstra ted  here;  
a h i g h  M O I  i s  a s soc ia ted  w i t h  the generat ion o f  d e f e c t i v e  
p a r t i c l e s  o f  m a n y  v i r u s e s ,  b u t  n o t  n e c e s s a r i l y  o f  a l l  
h e r p e s v i r u s e s .  H o w e v e r ,  this  i s  n o t  t h e  c a s e  o f  the  i solate  
5 5 4 .  It i s  p o s s i b l e  that i ts  D N A  containing  a n  a l tered U L 2 4  
g e n e  can b e  repl icated a l o n g  w i t h  t h e  n o r m a l  (unaltered) 
D N A ,  s imi lar ly  t o  t h e  situation w i t h  s o m e  H S V - 1  mutants  
(Jacobson  et al, 1989,  1998);  i f  not,  s u c h  a n  alteration i s  
cer ta inly  r e a d i l y  g e n e r a t e d  in t h e  i so la te  5 5 4  e v e n  a f t e r  
p l a q u e  puri f icat ion.  

T h e  outbreak o f  mammil l i t i s  in  Victoria,  A u s t r a l i a  dur ing  
1 9 7 3 / 1 9 7 4  h a s  n e v e r  r e o c c u r r e d  a n d  n o  i n f e c t i o n  h a s  
subsequent ly  reappeared.  O n e  s t u d y  h a s  s u g g e s t e d  that  t h e  
U L 2 4  gene/protein i s  essent ia l  f o r  t h e  initiation o f  latency 
(Jacobson  et al., 1998) .  A s  t h e  strain B H M - 1  w a s  initial ly 
thought  t o  h a v e  a n  inact ivated U L 2 4  g e n e ,  t h i s  s t u d y  w a s  
undertaken t o  determine  i f  a l l  o f  t h e  f i v e  i so la tes  f r o m  t h e  
outbreak  a l s o  h a d  a n  inact ive  U L 2 4  g e n e .  H o w e v e r ,  n o n e  o f  
the  original  isolates tested produced  a totally de fec t ive  U L 2 4  
g e n e ,  f o u r  strains  e v e n  n e v e r  genera t ing  a d e f e c t i v e  U L 2 4  
g e n e  dur ing  a p a s s a g e  in a cell  culture, s u g g e s t i n g  that a lack  
o f  a n  act ive  U L 2 4  g e n e  w a s  not  t h e  c a u s e  o f  t h e  v i r u s  f a i l u r e  
t o  b e c o m e  latent a n d  per s i s t ing  a f t e r  t h e  outbreak.  
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