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Summary. — The  DNA sequence of t h e  env a n d  p x  (tat) reg ions  
of bovine  leukaemia  v i r u s  cloned f r o m  integrated pro v ira l  DNA 
of t h e  v i r u s  producing  F L K  cell l ine w a s  determined a n d  com­
p a r e d  w i t h  pub l i shed  sequences  cloned f r o m  bov ine  l eukaemia  
v i rus- induced  t u m o u r s  of ca t t l e .  T h e  homology  of 9 7 %  b e t w e e n  
a Belgian t u m o u r  clone a n d  t h e  F L K  clone w a s  s ignif icant ly  
lower  t h a n  t h a t  b e t w e e n  a J a p a n e s e  t u m o u r  clone a n d  t h e  F L K  
clone, w h e r e  less t h a n  1 %  nucleot ide  exchanges  were  observed .  
T h e  sequences  of c D N A s  synthes ized  f r o m  pur i f ied  v i ru s  R N A  
ma te r i a l  w h i c h  h a d  b e e n  g r ow n  i n  d i f fe ren t  F L K  subl ines  were  
f o u n d  comple te ly  ident ica l  w i t h  o n e  a n o t h e r  a s  well a s  w i t h  t h e  
equ iva l en t  F L K  p rov i ra l  D N A  sequences.  

Key words: boiine leukaemia virus-, amino acid exchanges-, env, 
tat; LTR 

Introduction 

Bovine  l eukaemia  v i ru s  (BLV),  a n  exogenous  re t rov i rus ,  is  t h e  c a u s a t i v e  
a g e n t  of t h e  enzoot ic  bov ine  leukosis  ( E B L )  ( B u r n y  et al., 1980; B u r n y  et al., 
1985). O n e  u p  t o  several  copies of p rov i ra l  B L V  D N A  a r e  p r e s e n t  in t u m o u r  
cells of ca t t l e  w i t h  l ymphosa rcoma ,  i n  t h e  l y m p h o c y t e s  f r o m  in fec ted  b u t  
clinically h e a l t h y  c a t t l e  o r  f r o m  an ima l s  w i t h  pe r s i s t en t  lymphocy tos i s  (Fer ­
r e r  et al., 1980; K e t t m a n n  et al., 1982) a s  well a s  in  d i f fe ren t  f oe t a l  l a m b  
k i d n e y  ( F L K )  cell lines (Al taner  et al., 1985; N y a k a t u r a  et al., 1985). T h e  
provi ra l  D N A  w a s  f o u n d  t o  b e  i n t eg ra t ed  a t  d i f fe ren t  s i tes  ( K e t t m a n n  et al., 
1980; N y a k a t u r a  et al., 1985) i n  d i f fe ren t  m a m m a l i a n  cells inc luding h u m a n  
m y e l o m a  cells (Sláviková  et al., 1986; 1987). The  mechanism of t h e  B L V -
induced leukaemogenesis is unknown.  

Al though t h e  DNA sequences of complete proviruses  cloned f r o m  b o t h  
a J a p a n e s e  a n d  a Belgian bovine t u m o u r  case were  publ ished (Rice et al., 
1984; Rice  et al., 1985; S a g a t a  et al., 1985a) there is l i tt le information con­

* T o  w h o m  correspondence should  b e  addressed.  
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cerning t h e  var iabi l i ty  of tlie B L V  genome. For comparison, therefore, w e  
h a v e  determined t h e  nucleotide sequence of  B L V  clone (X-BLV HU1, X y a -
k a t u r a  et al., 1985) originating f r o m  permanently  infected F L K  cells. T h i s  
cell line w a s  f irst  established b y  Van Der Maaten a n d  Miller (1976) a n d  
since t h a n  it h a s  been widely used in B L V  research. Up t o  n o w  oni v some 
of  the  3 '  terminal sequences h a v e  been published (Tsimanis  et al., 1983; 
Derse  et al., 1985; I v a n o v a  et al., 1986; Rosen  et al., 198(5; B r a n t l  et al., 1988)' 
Here w e  describe nucleotide a n d  amino acid exchanges  between t h e  se­
quences  of X-BLV H LJ1 a n d  t h e  Belgian a n d  J a p a n e s e  t u m o u r  clones, resp. ,  
o f  t h e  3 '  ha l f  of t h e  g e n o m e  s t a r t i n g  w i t h  t h e  env region.  I n  add i t ion ,  w e  
h a v e  s t u d i e d  t h e  s t r u c t u r a l  f e a t u r e s  of t h e  deduced  gene  p roduc t s ,  especial ly 
of  t h e  m a j o r  su r f ace  an t igen  gp51 .  

Materials and Methods 

The cloning of X-BLV HU I h a s  been  repor ted  ( X y a k a t u r a  et al., 1985). This  clone t e rmina t e s  
wi th in  host-f lanking sequences on i t s  5 '  end  a n d  wi thin  t h e  KcolW s i t e  200 b p  u p s t r e a m  f r o m  
t h e  end of t h e  3 '  L T R .  I t  was  found t o  h a r b o u r  8.1 k b  viral  sequences flanked b y  a 2.4 k b  
cel lular  s t r e t ch  a t  t he  5 '  e n d .  T h e  f r a g m e n t s  of X-BLV H U 1  produced b y  digest ion wi th  BamHI, 
Hind 11 í .  Srna], and  KcoM I, resp., were cloned into the  plasmids pUC13 o r  pUC19 to  obtain 
pEB19-l/2  (2 400 nucleotides of the 5 '  terminal cellular sequence through position 2 038), 
pBBI3-3  (from position 2 039 through 5 225), pBB13-4 (from position 5 22(5 through 7 202), 
]>1IM 19-3/4 (from position 4 110 through 5 712), and pBE19-5 (from position 7 203 through 
7 924). For comparison with other published sequences we used the  numbering according to  
Sagata  et al. (1985a). The sequences representing the 3 '  half of the B L V  genome; were cut out 
wi th  X ho I, >Sma I, JiglW, Pvu II, J'JcoHl, and  BnmW\. The 5 '  terminal region w a s  digested wi th  
Satl, JiamHI, and  Kro\iI to  clone the 5 '  LTR. The resulting f ragments  were subclone into 
M13 m p l 8 / m p l 9 .  

The cloning of cDNA from B L V  produced in F L K  cell culture has  been reported (Rosenthal 
at al., 1984). The 3 '  cDNA clones pLK.106, pLK.232, and pLK.520 were obtained b y  cDXA syn­
thesis  us ing oligo d T  a s  t h e  pr imer .  T h e  double-s t randed c U X A  f r agmen t s  were cloned in to  
p B R 3 2 2  a t  t h e  Pat I site; a f t e r  d C  and  d G  ta i l ing  of t h e  t a rge t  a n d  vec to r  D N A s ,  resp.  T h e  inser ts  
were subcloned i n t o  M 13 m p l 8 / m p l 9 .  F u r t h e r m o r e ,  t h e  insert  of t h e  c D N A  clone pLVIO con­
s t ruc ted  in t h e  s a m e  m a n n e r  b y  Ts imanis  et al. (1983) was  a lso  subcloned in to  M13 m p l 8 / m p l 9 .  

Selected clones were sequenced b y  t h e  chain  t e rmina t ion  me thod  according t o  Sanger  et al. 
(1977). T h e  nucleot ide sequences r ead  f rom t h e  au to rad iogrammes  were compu ted  using pro­
g r a m m e s  const ructed  b y  J .  Wink le r  and  b y  one  of u s  (B.D.) .  T h e  amino  acid sequences encoded 
b y  t w o  large read ing  f r ames ,  env a n d  tat, were  pred ic ted  a n d  t h e  subs t i tu t ions  were counted  b y  
compar i son  w i th  t h e  known proviral  sequences of t he  J a p a n e s e  a n d  t h e  Belgian isolates.  

Results and Discussion 

W h e n  t a k i n g  t h e  sequence  publ ished  b y  S a g a t a  et al. (1985a) f o r  basis ,  
t h e  env gene  of  X-BLV H U 1  s p a n s  nucleot ides  4 8 2 1 — 6  308 a n d  presumably  
encodes 515 amino acids  (signal peptide,  gp51 and  gp30).  The  gene coding 
f o r  gp51 consists of 804 nucleotides. Six nucleotides (five in t h e  third  pos­
ition of t h e  respec t ive  codons)  di f fer  be tween  t h e  J a p a n e s e  t u m o u r  clone 
a n d  t h e  X-BLV Mi l l  clone ( " .7%) ,  a n d  nucleot ides  (20 in t h e  t h i r d  pos i t ion  
of' t h e  codons)  di f fer  be tween  t h e  Belgian t u m o u r  clone a n d  t h e  X-BLV H U l  
clone (3 .7%)  resu l t ing  in o n e  a n d  e i g h t  a m i n o  acid  exchanges ,  respect ively  
(Table  I). O n e  a n d  five, respect ively ,  of t h e  exchanged  res idues  a r e  f a v o u r e d  
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Table 1. Nucleotide and amino acid exchanges oř <jp51 of BLV 

Amino acicl residue Belgian clone A-BLV HU1 Japanese  clone 

s A A T  (Asn) AAC (Asn) 
15 ACA (Thr) GCA (Ala) 
30 TTA (Leu) CTA (Leu) 
33 ( A C  (His) CAT (His) 
36 CAC (His) CAT (His) 
35 CAA (Gin) GAG (Gin) 
40 CCC (Pro) GCG (Ala) GCC (Ala) 
41 AGG (Ar<|) A AG (Lys) 
41) TTC (Phe) TCT (Ser) 
52 GGT (Gly) GGC (Gly) 
57 T A T  (Tyr) TAC (Tyr) 
88 CAC (His) CGC (Arc)) CGG (Arg) 

100 GCC (Ala) GCT (Ala) 
103 GGG (Gly) GGA (Gly) 
116 CTC (Leu) CTT (Leu) CTC (Leu) 
128 GAA (Glu) GAG (Glu) 
142 A A A  (Lys) A A G  (Lys) 
143 A T T  (lie) ATC (He) 
151 TTC (Phe) TTT (Phe). 
152 CCT (Pro) CCC (Pro) 
154 CTG (Leu) r TTG (Leu) 
170 A A T  ' (Asn) AAC (Asn) A A T  (Asn) 
172 ACG (Thr) ACA (Thr) 
202 GGC (Giy) AGC (Ser) 
206 GGT (Gly) GGC (Gly) 
219 ACG (Thr) TCG (Ser) 
221 TTG (Leu) TCG (Ser) 
245 TTA (Leu) TTG (Leu) 
248 CCC (Pro) CCT (Pro) 
258 GTT (Val) GCT (Ala) 
268 CGC * (Arg) CGT (Arg) 

/-BLV HU1 w a s  compared wi th  the Belgian a n d  Japanese tumour clones. Differences between 
the  Belgian and Japanese tumour clones are not  indicated. Exchanged neucleotides a n d  amino 
acids are in bold t y p e .  The numbering of the  amino acid residues s ta r t s  f r o m  the  N-terminus 
of the mature  protein. 

(conservative) subs t i tut ions .  I f  def ined a s  p a i r s  of res idues,  b o t h  b e l o n g  t o  
t h e  s a m e  amino acid  g r o u p  (Schwartz  a n d  D a y h o f f ,  1978). T h e  p o i n t  m u ­
t a t i o n s  r e su l t i ng  i n  a m i n o  ac id  e x c h a n g e s  a r e  d i s t r i b u t e d  a s  c lus te r s  w i t h i n  
t w o  r e l a t ive ly  s h o r t  d o m a i n s .  T h e  first d o m a i n  ( a m i n o  a c i d  pos i t i ons  15 — 88) 
con t a in s  five s u c h  s u b s t i t u t i o n s  a n d  t h e  second  o n e  (posi t ions  202 — 258) 
f o u r  s u b s t i t u t i o n s  (Fig.  1). 

T h e  g e n e  cod ing  f o r  t h e  t r a n s m e m b r a n e  p r o t e i n  g p 3 0  cons is t s  of 642 
nuc leo t ides  (Tab le  2). T w o  nuc leo t ides  i n  t h e  t h i r d  pos i t ion  of  t h e  c o d o n s  
were  f o u n d  t o  b e  r ep laced  in t h e  J a p a n e s e  t u m o u r  clone ( 0 . 3 % )  w i t h o u t  
a n y  a m i n o  a c i d  s u b s t i t u t i o n ,  w h e r e a s  18 nuc leo t ides  (14 a t  t h e  t h i r d  p o s i t i o n  
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Secondary st iucture analysis c f  gp51 

of B L V  
C = cystein; Y = potential site cf glyco-
sylation; P = proline-rich region;a = a-
helix; [i = [3-sheet; t = ("i-turn; A g  = 
antigenic determinant. 

of t h e  respect ive  codons) were replaced in t h e  Belgian t u m o u r  clone (2.8%) 
resul t ing  in three  amino acid exchanges  near  t o  t h e  C-terminus (one of which 
is a f a v o u r e d  subst i tut ion).  

T h e  p x  (tat) region contains an open reading f r a m e  consisting of 924 
nucleotides which encode a presumed t rans forming  protein (Sagata  et al., 
19856). Since t h e  EcoRI s i te  used f o r  cloning is located 200  h p  upstream 
f r o m  the  3 '  L T R  within t h e  p x  gene, w e  were  not ab le  t o  sequence com­
ple te ly  t h i s  g e n e  f r o m  t h e  prov i ra l  clone X-BLV H U 1 .  Never the less ,  t h e  
s equence  compar i son  of t h e  X-BLV H U i  clone wi th  t h e  J a p a n e s e  a n d  t h e  

Taille 2 .  .Vucleotlile mill amino u<-id exehanyrH of of BLV 

Amino acid residue Belgian clone /.-BLV H U I  .Japanese elone 

4 GCA (Ala) 
IS GGA (Gly) 
21 GTA (Val) G I G (Val) 
50 AAC (Ahii) A AT (Asn) 
53  CAT (His) CAC (His) 
0.'! GTC (Val) G T T  (Val) 
8(1 ATC (He) A T T  (Mel 
88 GAA (Glu) GAG (Glu) 
»:i CTA (Leu) CTG (Leu) 

128 ACC (Thr) ACT (Thr) 
141 CTA (Leu) CTG (Lou) 
ir.i TTG (Lou) CTG (Lou) 
165 AAA (I'.VH) AAG (Lya) 
178 TTC (I'lll-) TTA (l.eii) 
1711 c c c  (Pro) ACC (Thr) 
Mil CCG (Pro) CCA (Pro) 
1112 TCA (Ser) TCT (Sor) 
2o:t ACC (Thr) GTC (Val) 
210 ( " IT  (Leu) CTC (Leu) 

GCG (Ala) 
GGC ( G l y )  

For explanation see legon'l lo 'ľahlo 1. 
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Table 3.  Nucleotide and amino aeid exchanges oř px(BL)I 

Amino acid residue Belgian clone A-BLV HU1 Japanese  clone 

36 GAA (Glu) GAG (Glu) 
55 ACC (Thr) A A C  (Asn) 
63 TTT (Pha) TGC (Cys) 
68 ACA (Thr) ACG (Thr) 

109 CAG (Gin) CGG (Arg) 
129 ATC (lie) A T T  (lie) 
147 GGA (Gly) AGA (Arg) GGA (Gly) 
163 CCC (Pro) TCC (Scr) 
169 GTA (Val) GTG (Val) 
179 CCG (Pro) CCA (Pro) 
181 ACT (Thr) ACC (Thr) 
196 CCA (Pro) CCG (Pro) CCA (Pro) 
197 GTT (Val) GCT (Ala) 
218 CGA (Arg) CGG (Arg) 
220 ACC (Thr) TCC (Ser) 
221 AGT (Scr) A A T  (Asn) 
223 CCT (Pro) CCC (Pro) 
232 CTT (Leu) CCC (Pro) 

cDNAs 

256 TAC (Tyr) TGC (Cys) TGT (Cys) 
261 GTG (Val) GTA (Val) 
269 CAA (Gin) CAG (Gin) 
272 CTC (Leu) CTT (Leu) 
277 CTC (Leu) CTA (Leu) 
280 TCA (Ser) TCC (Ser) 
282 TTG (Leu) TTA (Leu) TTG (Leu) 
286 GGG (Gly) AGA (Arg) 
288 CTA (Leu) A T A  (lie) 
292 TCA (Ser) TCC (Ser) 
297 CAG , (Gin) CAA (Gin) 
299 TTA (Leu) CTA (Leu) 

For explanation see legend t o  Table  1. The numbering s t a r t s  f rom the  N-terminai residue 
encoded b y  the large open reading f rame within  tat. 
px(BL)I and px(BL)II designate different reading f rames.  

Belgian t u m o u r  clones s h o w e d  t h a t  t w o  o u t  of  684 (0.3%,  one a t  t h e  t h i r d  
position) a n d  18 o u t  of  684 (2 .6%,  10 a t  t h e  t h i r d  position) nucleotides  
were  replaced, resu l t ing  in one (0 .4%) a n d  e i g h t  (3 .5%) s u b s t i t u t i o n s  of  
amino acids, respect ively .  Of  t h e  l a t t e r  t w o  a r e  f a v o u r e d  ones (upper p a r t  
of T a b l e  3). W i t h  t h e  except ion of t h e  N-terminus,  w h e r e  t h e  open r e a d i n g  
f r a m e  over lap,  t h e  amino acid  s u b s t i t u t i o n s  seem t o  b e  r a n d o m l y  d i s t r ib ­
u t e d .  T h e  lower  p a r t  of  T a b l e  3 g ives  t h e  nuc leo t ide  a n d  a m i n o  ac id  s u b s t i ­
t u t i o n s  a s  seen w i t h  t h e  s equence  c o m p l e t i n g  c D N A s  s y n t h e s i z e d  w i t h  v i r a l  
R N A  t e m p l a t e s  f r o m  F L K  cell cu l tu res .  R o s e n  et al. (1986) p u b l i s h e d  t h e  
sequence  of  a c D N A  clone r e p r e s e n t i n g  t h e  tat g e n e  of  B L V  f r o m  a n  F L K  
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I able 4.  .Nucleotide and amino acid exclianjjcs of px(ltL)II 

Amino acid residue Belgian clono ^-BLV HU1 Japanese  clone 

r>: t A AC (AMI) AGC (Ser) 
i-i OCT (Pro) ACT (Thr) 
s o  TTG (Leu) GCG (A In) 
86 CAT (ins) CGT (Ar| |)  

12(1 A A T  (Ser) <;GT ( f l y )  
J 40 TCA (Ser) TTA (Leu) 

For explanation see legend to  Table  1. The numbering s tar t s  from t h e  X-terminal residue 
oncodod b y  the short  opon reading f r a m e  within  tat. 
px(BL)I and px(BL)II  designate different reading frames.  

cel l  l i n e .  I n t e r e s t i n g l y ,  w h e n  c o m p a r e d  w i t h  t h e  o t h e r  s e q u e n c e s ,  t h i s  se­
q u e n c e  w a s  ident ical  t o  t h e  corresponding sequence  o f  t h e  .Japanese t u m o u r  
c lone.  Therefore ,  w e  be l i eve  t h a t  t h e  F L K  cell l ine u s e d  b y  t h e s e  a u t h o r s  
shou ld  b e  more  related t o  t h e  J a p a n e s e  t u m o u r  c lone  t h a n  o u r  F L K  cell l ine.  

In addi t ion  t o  t h e  major  open  read ing  f r a m e  t h e  tat g e n e  o f  B L V  c o n t a i n s  
a short  o p e n  reading  f r a m e  w h i c h  over laps  t h i s  major  o n e  a n d  e n c o d e s  
a prote in  o f  150 a m i n o  ac ids  (Sagata  et al., 19856). T h e  o v e r l a p p i n g  r e g i o n  
cons i s t s  of 4 1 7  nuc leot ides .  W e  did n o t  f ind a n y  difference b e t w e e n  t h e  
X -BLV H U 1  c lone  a n d  t h e  J a p a n e s e  t u m o u r  c lone  (Table  4) .  T h e  comparison  
wi th  t h e  Belgian t u m o u r  c lone  revea led  s e v e n  nuc leo t ide  rep lacements  
( 1 . 7 % )  resul t ing  in s ix  a m i n o  acid subs t i tu t ions  ( 4 . 3 % ,  three  o f  w h i c h  are 
f a v o u r e d  ones) .  

B e t w e e n  t h e  3 '  e n d  o f  t h e  env g e n e  a n d  t h e  o p e n  reading  f r a m e  o f  p x  (lat) 
t h e r e  are  877  nuc leo t ides  w h i c h  probab ly  cons t i tu te  a n o n c o d i n g  region 
( N C R ) .  A s  compared  w i t h  t h e  s a m e  region o f  t h e  J a p a n e s e  a n d  B e l g i a n  t u ­
m o u r  c lones ,  w e  f o u n d  in it  s e v e n  ( 0 . 8 % )  a n d  3 0  ( 3 . 4 % )  s u b s t i t u t e d  nucleo­
t ides ,  respect ive ly .  

T h e  L T R  s e q u e n c e  o f  B L V  c o n s i s t s  o f  6 3 0  n u c l e o t i d e s .  F o r  c o m p a r i s o n  
wo s e q u e n c e d  t h e  5 '  L T R  a n d  f o u n d  t h r e e  d i f f e r e n t  n u c l e o t i d e s  ( 0 . 5 % )  i n  
t h e  J a p a n e s e  t u m o u r  c l o n e  a n d  10 d i f f e r e n t  n u c l e o t i d e s  ( 1 . 0 % )  i n  t h e  Be lg i an  
o n e .  A s  c o m p a r e d  w i t h  t h e  p u b l i s h e d  s e q u e n c e  o f  t h e  5 '  L T R  ( I )e r se  et al., 
1985) t h e  X-BLV H U l  L T R  h a s  a d e l e t i o n  o f  o n e  n u c l e o t i d e  w i t h i n  t h e  
5 '  h a l f  o f  t h e  U 3  r e g i o n .  F r o m  t h e s e  d a t a  i t  i s  o b v i o u s  t h a t  in t h e  3 '  h a l f  
o f  U 3 ,  s t a r t i n g  a b o u t  130 n u c l e o t i d e s  u p s t r e a m  f r o m  t h e  c a p  s i t e ,  n o  d i f f e r ­
e n c e s  d o  e x i s t  b e t w e e n  all k n o w n  s e q u e n c e s .  In  t h i s  r e g i o n  a r e  l o c a t e d  t h e  
t r a n s c r i p t i o n a l  r e g u l a t o r y  e l e m e n t s  s u c h  a s  C A T  b o x ,  T A T A  b o x ,  t h e  p o l y ( A )  
s i g n a l ,  t h e  c a p  s i t e ,  a n d  a p a r t  o f  t h e  e n h a n c e r  ( S a g a t a  et al., 1984). T h e  
e l ) N A  c lones  p L K 2 3 2  a n d  p T K 5 2 0  w h i c h ,  in r e s p e c t  t o  t h e  n u c l e o t i d e  se­
q u e n c e ,  a r e  i den t i ca l  w i t h  o n e  a n o t h e r  r e p r e s e n t  t h e  r e g i o n  b e t w e e n  t h e  
/i/coRI s i t e  l o c a t e d  a t  p o s i t i o n  7 924 a n d  t h e  R r eg ion  o f  t h e  3 '  L T R .  I t  i s  
n o t e w o r t h y  t h a t  t h e  3 '  t e r m i n i  o f  b o t h  c D N A  c l o n e s  d o  n o t  r e p r e s e n t  t h e  
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poly (A) site.  I n  b o t h  cases t h e  3 '  t e r m i n u s  is  f o u n d  80 nucleotides u p s t r e a m  
from t h e  polv(A)  s i te  e x a c t l y  in t h e  loop of t h e  m a i n  s t e m  of  t h e  proposed  
hairpin s t r u c t u r e  (Sagata  et al., 1984) indicat ing  t h a t  t h e  cDNA s y n t h e s i s  
w a s  influenced b y  t h i s  secondary  s t ruc ture .  

T a k e n  together,  t h e  nucleotide sequence a n a l y s i s  of t h e  3 '  ha l f  of  t h e  
P L V  genome cloned f r o m  i n t e g r a t e d  prov i ra l  D N A  of t h e  v i r u s  producing  
F L K  cell l ine revea led  s t r i k i n g  conservat ion w h e n  compared  w i t h  t h e  cor­
r e spond ing  r eg ion  of t w o  B L V  clones f r o m  t u m o u r  t i s sue .  T h e  h o m o l o g y  t o  
t h e  Be lg ian  t u m o u r  clone ( 9 7 % )  i s  s ign i f icant ly  lower  t h a n  t h a t  t o  t h e  
J a p a n e s e  o n e  ( > 9 9 % ) .  T h e  f i rs t  ana lys i s  of  a poss ible  gene t i c  d r i f t  b e t w e e n  
va r ious  B L V  iso la tes  f r o m  U . S . A .  a n d  B e l g i u m  c o m p a r i n g  p l 2  s equences  
showed t h a t  t h e  d r i f t  could  b e  e s t i m a t e d  low ( B u r n y  et al., 1984). 

All t h e  d i f ferences  b e t w e e n  t h e  clones w h i c h  w e  h a v e  i n v e s t i g a t e d  w e r e  
single nuc leo t ide  a n d  a m i n o  ac id  exchanges .  O u r  d a t a  c lear ly  i n d i c a t e  t h a t  
t h e  e x c h a n g e d  a m i n o  ac id s  a r e  n o t  r a n d o m l y  d i s t r i b u t e d  a long  t h e  g e n o m e .  
W e  f o u n d  t h e  h i g h e s t  v a r i a b i l i t y  w i t h i n  t w o  d o m a i n s  of g p o l  ( a b o u t  7 %  
a m i n o  ac id  subs t i t u t i ons ) .  T h e  lowest  v a r i a b i l i t y  w e  f o u n d  w i t h i n  t h e  L T R  
(0 .5% a n d  1 . 6 %  nuc l eo t i de  exchanges ) .  I t  i s  k n o w n  t h a t  t h e  B L V  p r o v i r a l  
sequences  i n  t u m o u r  t i s sues  d o  n o t  g ive  r i se  t o  v i r u s  p r o d u c t i o n .  O n  t h e  
o t h e r  h a n d  w e  c a n n o t  dec ide  w h e t h e r  o r  n o t  t h e  p r o v i r a l  s equence  w e  h a v e  
cloned f r o m  F L K  cells p r o d u c e s  a c t i v e  v i rus ,  a s  t h e  cells c o n t a i n  a t  l e a s t  
t h r e e  p rov i ruses  ( N y a k a t u r a  et al., 1985). T h e  f a c t  t h a t  o u r  c D N A s  m a d e  
f r o m  F L K  R N A  m a t e r i a l  d o  n o t  s h o w  a n y  nuc leo t ide  e x c h a n g e s  w h e n  c o m ­
p a r e d  t o  o u r  p r o v i r a l  c lone m i g h t  i n d i c a t e  t h a t  t h e  r e spec t ive  p r o v i r a l  
sequence  be longs  t o  a n  expres sed  p r o v i r u s .  

I n  o r d e r  t o  cha rac t e r i ze  t h e  m u t a t i o n s  w i t h i n  g p 5 1  w e  u s e d  a s e c o n d a r y  
s t r u c t u r e  p r e d i c t i o n  a l g o r i t h m  cons is t ing  of a mod i f i ed  c o m b i n a t i o n  of  a lgo­
r i t h m s  accord ing  t o  N o v o t n ý  a n d  A u f f r e y  (1984) u s i n g  t h e  h y d r o p a t h i c  
analys i s  of K y t e  a n d  Doolitt le (1982), t h e  empir ical ly  b a s e d  secondary  s t r u c ­
t u r e  ana lys i s  of  Chou  a n d  F a s m a n  (1978) a n d  t h e  h y d r o p h o b i c  moment-
plot  of E i s e n b e r g  et al. (1984). W e  conc lude  t h a t  al l  e x c h a n g e d  a m i n o  a c i d  
res idues  a r e  l o c a t e d  i n  reg ions  w h i c h  p re fe r en t i a l l y  f o r m  (3-turns o r  loops .  
Th i s  i s  i n  a c c o r d a n c e  w i t h  t h e  r u l e  t h a t  r e s idues  o n  t h e  s u r f a c e  v a r y  f a s t e r  
t h a n  t h e  i n t e r n a l  ones  (Schul tz  a n d  Sch i rmer ,  1979). F o r  g p 5 1  b y  m e a n s  
of o u r  p r e d i c t i o n  m e t h o d  w e  e s t i m a t e d  2 5 %  (3-pleated s h e e t s  a n d  1 7 %  
a-helix (Fig.  1). 

T h e  k n o w l e d g e  of b o t h  t h e  s e c o n d a r y  s t r u c t u r e  a n d  t h e  pos i t ions  a n d  
chemical  n a t u r e  of e x c h a n g e d  a m i n o  ac id s  m a y  b e  h e l p f u l  t o  p r e d i c t  a n t i ­
genic ep i t opes  a n d  t o  d i r ec t  t h e  choice of s y n t h e t i c  p e p t i d e s  t o  b e  t e s t e d  
a s  an t igens .  T h e  sea rch  f o r  an t igen ic  ep i t opes  of g p 5 1  u s i n g  t h e  empi r i ca l ly  
based  m e t h o d  of  Wel l ing  et al. (1985) a n d  t h e  h y d r o p a t h i c  ana ly s i s  of H o p p  
a n d  W o o d s  (1981) i n  c o m b i n a t i o n  w i t h  t h e  s e c o n d a r y  s t r u c t u r e  p r ed i c t i on  
shows t h a t  s even  s equen t i a l  a n t i g e n i c  d e t e r m i n a n t s  m a y  b e  f o u n d  i n  t h e  
N - t e r m i n a l  reg ion  c o n t a i n i n g  e x c h a n g e d  a m i n o  a c i d  r e s idues  (residues 39  — 
47, 6 0 — 7 0 .  75 — 85), in t h e  middle  conserved  p a r t  (residues 109—120,  144 — 
152. 168— 178), a n d  in t h e  C-terminal region containing e x c h a n g e d  res idues  
(residues 220 — 235) (Fig. 1). Meanwhile w e  w e r e  ab le  t o  localize exper imen ­
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t a l l y  some antigenic determinants  of  gp51.  A s u b f r a g m e n t  covering t h e  
amino acid pos. 55—102,  which w a s  expressed in E. coli a s  a fus ion protein 
with  (B-galactosidase, act ively  reacts  with sera  o f  BLV-infected catt le  in 
W e s t e r n  blot  (antigenic determinants  2 and 3 f r o m  l e f t  t o  r ight  — Fig. 1) 
(ttiakkou et al., 1990; Portetelle  et al., 1989). A synthet ic  peptide representing 
t h e  amino acid sequence in positions 78 — 92 (antigenic determinant  3 — Fig. 1) 
reacts  with some BLV-posi t ive  sera  (Portetelle, personal communication), 
another  peptide consisting of  amino acids f r o m  positions 57 — 67 reacts  with  
a monoclonal a n t i b o d y  n o t  competing with  t h e  sera f r o m  BLV-infected 
catt le.  Finally, monoclonal antibodies (Bruck  et al., 1982; Portetelle, per ­
sonal  commun ica t i on ;  P la tze r  et al., in p repa ra t ion )  a r e  ma in ly  d i rec ted  
a g a i n s t  t h e  d o m a i n  represented  b y  t h e  a m i n o  acid  sequence  in  posi t ions  
107 — 217 (antigenic determinant  6 — Fig. 1). Proteins like gp51,  which a r e  
modified posttranslationally  b y  the  addition of sugar  moieties, m a y  not b e  
achieved in a native-like conformation if synthesized in E. coli a s  a non-
glycosylated polypept ide  chain. T h e  biological significance of t h e  conserved 
region (residues 90—200)  which includes proline rich sequences is not  y e t  
clear. However,  a s  discussed b y  Koch et al. (1983), the  proline rich regions 
could carry  the  domains  utilized for  the  interaction wi th  cell sur face  re­
cep to r s .  
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