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Summary. — H y b r i d  prote ins  c o m p o s e d  o f  fi-galactosidase a n d  
p o l y p e p t i d e s  o f  t h e  b o v i n e  l e u k a e m i a  v i r u s  (BLV)  i nc lud ing  
those o f  t h e  m a i n  core prote in  p24, t h e  e n v e l o p e  protein gp-51 
a n d  t h e  t r a n s m e m b r a n e  protein g p 3 0  were p r o d u c e d  in  Escheri­
chia coli and immunologically characterized. The  hybrid proteins 
were immunologically reactive wi th  sera from cattle naturally 
infected with  B L V ,  demonstrating a possible use for diagnosis 
o f  B L V  infection. Detection o f  antibodies was most sensitive 
with the j)24 derivative.  

Key words: bovine leukaemia virus; bacterial expression-, fusion 
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Introduction 

B o v i n e  leukaemia virus ( B L V )  is a B-cell lymphotropic retrovirus which 
causes the enzootic bovine leukosis (EBL).  E B L  is the most frequent tu­
morous disease o f  cattle and causes severe economical losses (Burny  et al., 
1985). B L V  is transmitted horizontally in cattle herds and induces shortly 
after infection antibodies against the major viral proteins gp51,  p24, and 
gp30  ( B e x  el al., 1979; Mammerickx  et al., 1980; Bossmann  et al., 1989). 

Serological diagnosis and separation of  infected animals is an efficient w a y  
t o  control the disease (Mammerickx  et al., 1978). Alternatively, protection 
b y  vaccination with B L V  envelope proteins g p ô l  a n d  g p 3 0  w h i c h  are a b l e  
t o  i n d u c e  v irus-neutral iz ing (Závada  et al., 1978; B o s s m a n n  et al., 1989) a n d  
c y t o l y t i c  ant ibod ies  (Portetelle  et al., 1978) could  b e  tr ied.  F o r  b o t h  stra­
tegies large amounts  of  viral proteins have  to  be produced. 

R e c e n t l y  we h a v e  d e m o n s t r a t e d  t h e  express ion of h y b r i d  p ro te ins  con­
sis t ing of N - t e r m i n a l  (3-gaIactosidase a n d  ( ' - te rminal  gag a n d  env po lypep­
t ides  in Escherichia coli (Ulrich  et al., in press) (Fig.  1). I n  t h e  p r e s e n t  s t u d y  
we inves t i ga t ed  t h e  possibi l i ty t o  use these  fus ion p ro te ins  f o r  t h e  de tec t ion  
of  a n t i b o d i e s  in BLV- infec ted  ca t t l e .  

Materials and Methods 

Vlaamidti. Tho  pKX expression vec tors  wore used t o  oonst iuct  p lasm (Is which onccde amino  
acids (mi) 4 0 — 2 0 0  oj' p 2 4  ( p O A G l ) ,  a n  55 — 103 ( p E N V l ) ,  a a  103—265 (pENV2) ,  a a  5 5 — 2 6 5  
( p K N V 3 )  o f  Kpftl,  nil  135— 265 o f  gp51,  a n d  1 — 4 5  o f  g p 3 0  ( p E N V 4 ) ,  a n d  a a  45— 195 o f  g p 3 0  
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(pENVo) (Ulrich  et al., i n  press).  T h e  a a  pos i t ions  were deduced f r o m  nucleot ide (Rice  et al., 
1984; R ice  et al., 1935) a n d  prote in  sequence d a t a  (Oroszlan  et al., 1979; Schul tz  et al., 1984). 

Electrophoresis and Western blot analysis. Bacter ia l  cells  transformed w i t h  t h e  plasmids  
p E N V l — 5  a n d  p E X  were  grown a t  3 0  °C a n d  induced a t  4 2  °C for  2 hr. T h e  prote ins  were  
subjected t o  S D S  polyacrylamide electrophoresis (Laemmli ,  1970) a n d  electrophoretically trans­
ferred o n t o  nitrocellulose f i lters (Burnette ,  1981). T h e  b l o t s  were preincubated for  1 h r  a t  room 
temperature w i t h  phosphate-buffered sal ine containing 0 . 1 %  o f  T w e e n  80 ( P B S T )  a n d  t h e n  
further incubated a t  4 °C overnight  w i t h  t h e  indicated monoclonal  antibodies  (MoAb) o r  bov ine  
sera a t  final di lut ions o f  1 : 1 000  o r  1 : 5 0  i n  P B S T ,  respectively.  T h e  b l o t s  were washed five 
times i n  P B S T  for  2 0  m i n  e a c h  and  incubated a t  4 °C overnight  w i t h  ant i -mouse or  ant i -cat t le  
immunoglobulins coupled t o  horseradish peroxidase.  Washing  o f  t h e  b lo t s  w a s  performed w i t h  
P B S T  a n d  P B S  e a c h  three t imes .  T h e  binding o f  ant ibodies  w a s  de tec ted  b y  adding  t h e  sub­
strate  solut ion (12 m g  2-brome-l-naphthol ,  4 0  [i\ H2O2 (30%) per 100 m l  P B S ) .  

Immunoprecipitation. T h e  n a t i v e  a n d  t h e  denatured v ira l  gp51 were i so lated according t o  
Portetel le  et al. (1980) a n d  U c k e r t  et al. (1986), respectively.  Iod inat i cn  a n d  immunoprecipi­
tat ion were performed according t o  Portete l le  et al. (1980). Appr.  15 000  c .p .m.  o f  t h e  prote in  
were incubated overnight  a t  4 °C w i t h  MoAb specific for  gp51-epitopes A — H  a t  a final di lution 
of 1 : 10 000.  A f t e r  incubation ant i -mouse antiserum w a s  added  a n d  incubation continued f o r  
15 hr a t  4 °C. T h e  precipitates were collected b y  centrifugation a n d  radioact ivi ty  w a s  counted 
in a Gamma-Counter.  

Results and Discussion 

I n  order t o  use BLV-polypeptides synthesized in  E. coli for immunologi­
cal t e s t s ,  one has  t o  make sure t h a t  a t  least some o f  t h e  epitopes are se­
quentially rather than conformationally determined. W e  have  tested differ­
ent M o A b  (designated A — H )  w h i c h  w e r e  raised against  g p 5 1  b y  B r u c k  et al. 

Fin.  2 
I m m u n o p r e c i p i t a t i o n  o f  i o d i n a t e d  n a t i v e  

a n d  d e n a t u r e d  g p 5 1  b y  m o n o c l o n a l  
a n t i b o d i e s  

Open a n d  h a t c h e d  c o l u m n s  represent  t h e  
average o f  t h r e e  p r e c i p i t a t i o n s  w i t h  n a ­
t ive and  denatured gp51,  respectively.  
The bargs g ive  s tandard deviations.  
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Fig.  3 
R e a c t i v i t y  o f  bacterial ly synthesized 
prote ins  w i t h  monoclonal antibodies 

(A) Coomassie blue-stained proteins;  (B) 
Western  b lo t s  us ing  M o A b  specific for  
ep i topes  B (a), D (b), a n d  E (c). T o t a l  
lysates  corresponding t o  appr. 2 x l 0 7  

N F 1  cells  transformed w i t h  p E X  (lane 1), 
p E N V l  ( lane 2), pE!SV2 ( lane 3), p E N V 3  
(lane 4), and  p E N V 4  ( lane 5) were loaded 
o n  each  track.  I n  each  case  o n l y  the  h igh  
molecular we ight  region o f  t h e  ge l  i s  
shown ( 6 8 - 2 0 0  k D ) .  

(1982«; 1982/>) for their ability t o  recognize the  nat ive  a n d  denatured pro­
tein.  T h e  nat ive  g p o l  w a s  precipitated b y  MoAb specific for epitopes  A ,  
B / B ' ,  C,  D / D ' ,  E ,  F ,  a n d  H ,  but  n o t  b y  those  directed against ep i tope  G .  
H e a t  denaturation o f  viral gp51 completely abolished i ts  react iv i ty  w i t h  
MoAb against  t h e  epitopes C, F ,  a n d  H ,  whereas the  reactivity o f  ant ibodies  
t o  t h e  epi topes  A,  B / B ' ,  D / D ' ,  and E w a s  n o t  affected (Fig. 2). T h i s  indi­
cates  t h a t  four  o u t  o f  the  e ight  epitopes  represent sequential  ep i topes  (A, 
B ,  D ,  E ) ,  t h e  others being dependent  o n  the  nat ive  conformation o f  t h e  
gp51  (sites  C,  F ,  G ,  H ) .  I n  experiments  comparing t h e  immunological  re­
act iv i ty  o f  nat ive  a n d  denatured p 2 4  w e  could n o t  find such differences 
suggesting t h a t  p24  exposes  mainly  sequential  determinants  (Platzer  et al., 
in preparation). 

T o  localize the  sequence-determined antigenic s ites  in the g p ä l  molecule  
w e  a n a l y s e d  t h e  bacter ia l ly  s y n t h e s i z e d  f u s i o n  prote ins  b y  W e s t e r n  b l o t t i n g  
(Fig. 3). T h e  gp51 d e r i v a t i v e s  p r o d u c e d  i n  p E N V 2 ,  p E N V 3 ,  a n d  p E N V 5 ,  
t r a n s f o r m e d  bacter ia l  cells w e r e  recognized b y  M o A b  specif ic  f o r  ep i topes  
B ,  I), a n d  E (Fig. 3B, lanes  3, 4, 5). T h e y  reacted  w e a k l y  w i t h  t h e  M o A b  
speci f ic  f o r  e p i t o p e  A a n d ,  as  expected,  n o t  a t  all  w i t h  t h e  M o A b  d i r e c t e d  
against, t h e  c o n f o r m a t i o n a l l y  d e p e n d e n t  ep i topes  C, F ,  G, a n d  H (not s h o w n ) .  
T h e  s m a l l e s t  g p f i l  d e r i v a t i v e  c o d e d  b y  p E N V l  w h i c h  covers  a m i n o  ac ids  
r>r> t o  103 d i d  n o t  react  w i t h  a n y  o f  these  M o A b  (Fig. 3B, l a n e  2). Controls  
w i t h  a n o n r e e o m b i n a n t  p l a s m i d  (lysates o f  p E X  t r a n s f o r m e d  cells) w e r e  
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Fif l .  í 
R e c o g n i t i o n  o f  b a c t e r i a l l y  s y n t h e s i z e d  
B L V  p r o t e i n s  b y  a n t i b o d i e s  i n  a s e r u m  

o f  a B L V - i n f e c t e d  c o w  
(A) Coomassie  b lue-sta ined  p r o t e i n s ,  (B) 
W e s t e r n  b l o t  a n a l y s i s  w a s  p e r f o r m e d  b y  
u s i n g  a s e r u m  o f  a n a t u r a l l y  B L V - i n -
fected  c o w  w i t h  p e r s i s t e n t  l y m p h o c y t o s i s .  
Prior  t o  filter i n c u b a t i o n  p r e a d s o r p t i o n  
o f  t h e  s e r u m  w a s  carr ied  o u t  b y  a d d i t i o n  
o f  p E X - t r a n s f o r m e d  E. coli e x t r a c t s  a n d  
incubat ion  a t  4 °C overnight .  Lanes  1 t o  
8 present l y s a t e s  o f  E. coli transformed 
wi th  1: p E X  (negative control); 2: 
p R D 1 1 4  encoding t w o  thirds  o f  t h e  
transmembrane prote in  p 2 0  o f  t h e  en­
dogenous c a t  retrovirus R D 1 1 4  (negative 
control); 3 :  pGAG  1; 4 :  p E N V l ;  5 :  
pENV2;  6: p E N V 3 ;  7: p E K V 4 ;  8 :  
pENV5.  Molecular we ight  markers are 
p-galactosidase (117 k D ) ,  phosphorylase b 
(94 kD) ,  bovine  serum a lbumin  (68 k D )  
and ovalbumin (43 k D ) .  

negative (Fig. 3B ,  lane 1). F r o m  these  results i t  can b e  concluded t h a t  t h e  
sequence specific epitopes B ,  D ,  a n d  E m u s t  b e  located i n  t h e  C-terminal 
half o f  gp51- Since Bruck  et al. (19826) h a v e  found  t h a t  epitopes A — D  a n d  
E — H  c a n  b e  separated  b y  l i m i t e d  proteolys is  i t  i s  l i k e l y  t h a t  t h e  confor ­
mation-dependent epitopes,  F ,  G a n d  H are localized i n  t h e  N-terminal  par t  
of gp51.  

I n  order t o  t e s t  whether  microbially produced B L V  polypeptides  are re­
cognized b y  naturally occurring antibodies in  t h e  sera from BLV-infec ted  
cattle, t h e  fusion proteins containing derivatives o f  p24 ,  g p o l ,  a n d  g p 3 0  
were analysed b y  Western  blott ing using a serum o f  a naturally B L V - i n -
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Tuhli* 1. l l rro | | i i i ( i»n  of bnrtrr lu l ly  gynt lifhl/.fd BLV proteins l>y ant ibodi i rs  i n  rattle 
spr:i nt  d i f ferent  s tages  of IILY-Infertioii 

D o r i v a t o  — R D 1 1 4 - p 2 0  p 2 4  gpG 1 g p 3 0  
(l.-126.aa) (45.-200.aa) (55.-103.aa) (135.-268.aa) (45.-195.aa) 

<;lon« p E X  p R D  p G A G  1 p E N V  1 p E N V  4 p E N V  5 

B o v i n e  nora 
N 81 
N 41 
N Mi 

x :i — — + 4 - Ť + — + + 
.S 7 — — - -• + — — 

H 10 — — - ŕ 4- — — 

S 11 r • 

I'L 80 + + + + + 
I'L 1)1 — — + + 4- + + + + — 

I'L 08 — — 4- 4- — — — 

I'L mi  — — 4-4-4- 4- — — 

I'L 5 — 4 - 4  : — + + + + 

T 2 _ + 4-4- + + + + + + + 
T li — — 4-4- -f — — 

' ľ  4 — — 4 + + j r  

Sera f r o m  u n i n f e c t e d  cat t l e  (N), f r o m  seropos i t i ve  cat t le  w i t h o u t  haematolog ica l  d isorders  (S), 
f r o m  cat t l e  w i t h  persistent  l y m p h o c y l o n s  (PL), a n d  f r o m  cat t l e  w i t h  t u m o u r s  (T) were  a n a l y s e  1 
b y  W e s t e r n  b l o t t i n g .  T h e  n u m b e r  o f  crosses g i v e s  n s e m i - q u a n t i t a t i v e  e s t i m a t e  o f  t h e  extent-
o f  react ion in W e s t e r n  b lots .  F o r  f u r t h e r  e x p l a n a t i o n s  see a lso  L e g e n d  t o  F i g .  4. 

f e c t e d  c o w  w i t h  pers i s tent  l y m p h o c y t o s i s  (Fig. 4). T h e  i m m u n o l o g i c a l  reac­
t ion w a s  most  pronounced wi th  the  fusion proteins containing p24,  a short 
s e g m e n t  o f  gp51  (amino acids 5 5  t o  103) and g p 3 0  (Fig. 4B ,  lanes 3, 4, 
a n d  8, respect ively) .  T h e  gp51 derivat ive covering amino  acids 135 t o  265  
was  also recognized b y  the  catt le  serum, but with  low efficiency (Fig. 4 B .  
lane 7). A g p 5 l  fusion protein overlapping the  sequences contained in t h e  
construct ions  mentioned before, showed a weak immunological  band  a t  
a molecular weight  smaller than expected for the  fullsized product (Fig. 4B ,  
lane 0). Most likely, t h e  antibodies  recognized a proteolytic breakdown 
product .  A lysate  containing a gp51 derivative covering t h e  amino acids  
103 — 2 6 5  d i d  n o t  s h o w  a n y  r e a c t i v i t y  p r o b a b l y  o w i n g  t o  t h e  l o w  express ion 
leve l  (Kig. 4B,  l a n e  5). Controls  w i t h  (3-galactosidase a n d  w i t h  a n  u n r e l a t e d  
f u s i o n  p r o t e i n  w e r e  n e g a t i v e  (Fig. 4B,  lanes 1 a n d  2). 

In o r d e r  t o  d e t e r m i n e  t h e  a p p l i c a b i l i t y  o f  t h e  i m m u n o l o g i c a l  test,  sera 
f r o m  c a t t l e  a t  d i f f e r e n t  s tages  o f  E B L  w e r e  a n a l y s e d  (Table  1). A l l  sera o f  
B L V - i n f e c t e d  catt le  recognized  t h e  p 2 4  c o n t a i n i n g  f u s i o n  protein,  w h e r e a s  
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o n l y  s o m e  o f  t h e m  reacted w i t h  env der ivat ives .  I n  s o m e  cases g p 5 1  con­
taining fusion proteins covering amino acids 55—103 or 135 — 265 gave  
a positive reaction which, however, could not  be  related t o  t h e  stage o f  t h e  
disease. These antibodies are probably directed against sequence determi­
nants. They  must  comprise only  a small fraction of  the  total  antibody popu­
lation directed against gp51 in infected animals since the  denatured viral 
protein showed an  about  100-folcl lower reactivity as compared w i t h  t h e  
native one (not shown). These data  are in  agreement wi th  those of  Bruck 
et al. (1984) w h o  also found tha t  most  antibodies are directed against  t h e  
conformational epitopes F ,  G and H .  

I n  summary, w e  investigated the  possibility t o  use B L V  proteins which 
are synthesized in  E. coli for the  detection of  antibodies i n  BLV-infected 
cattle. Fusion proteins consisting o f  p-galactosidase and BLV-p24  seem t o  
be applicable in  immunological tests  after their purification (Siakkou  et al., 
in  press). 
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dine Bruck and  D .  Portetel le .  W e  thank Drs .  T .  A .  Rapopor t  and  H .  A .  Rosentha l  for  va luab le  
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