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Summary. - Based o n  t h e  p u b l i s h e d  s e q u e n c e s  o f  h u m a n  i m m u n o ­
deficiency virus (HIV-1) isolates highly conserved regions o f  the  
gag and env g e n e s  containing immunodominant  epitopes were 
selected and expressed in E. coli. T h e  expression vectors pKK24 and 
pEX41 produced viral proteins recognized by sera obtained from 
HIV-1 seropositive individuals. A testing system was designed t o  
determine t h e  practical value o f  bacterially synthesized proteins o f  
HIV-1 gag and  env g enes  for serodiagnosis o f  HIV-1 infection. 

Key words: AIDS; HIV-1; immunodominant epitopes; recombinant 
proteins; immunoblot 

It is well known that t h e  primary aetiological agent o f  acquired immunodef i ­
ciency syndrome (AIDS)  is a retrovirus referred t o  as human immunodef i ­
ciency virus (Barré-Sinoussi etal., 1983; G a l l o  et al., 1984). A t  present,  ant ibody  
tests c o m b i n i n g  a screening  assay (ELISA) a n d  conf irmatory  test ing are t h e  
m o s t  w i d e l y  u s e d  t e c h n i q u e s  f o r  establ ish ing  t h e  presence  o f  HIV infect ion.  In 
practice, i m m u n o b l o t s  (Western)  o f  viral proteins  obta ined  f r o m  in fect ious  
v i rus  a n d  separated b y  s o d i u m  dodecy l  sulphate-polyacrylamide gel  electrop­
horesis (PAGE)  are most  frequently used t o  confirm a positive ELISA result. 
However,  t h e  laboratory preparation o f  antigens for these  tests is rather expan­
sive, requires handling o f  live virus or virus-infected cells. T h e  sensitivity o f  
testing o f  the  important anti-gp41 antibodies is relatively low - the  glycosylated 
gp41 produces a diffuse band in S D S - P A G E  and is present only in low concen­
trations o n  nitrocellulose strips after blotting (Brede, 1987). 

A possible alternative is the  use  o f  suitable recombinant peptides, derived 
from parts o f  the  HIV g e n o m e ,  as diagnostic antigens. In addition t o  three basic 
genes:  gag, pol and env t h e  HIV-1 g e n o m e s  contain several other genes  w h o s e  
products play an important role in the  regulation o f  viral gene  expresssion 
(Dayton  et al., 1986; Fisher  et al., 1986; Sodroski et al., 1987). Individuals 
infected with HIV-1 produce antibodies especially to  structural proteins such 
as viral envelope and core proteins (Sarngadharan et al., 1984). T h e  HIV-1 
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e n v e l o p e  precursor prote in  o f  160 k D  is processed into  t w o  glycoproteins.  
G p l 2 0  is heavi ly  glycosylated a n d  is k n o w n  to  b e  respons ib le  f o r  adsorption 
a n d  gp41, t h e  t r a n s m e m b r a n e  prote in  w h i c h  anchors  t h e  gp l20/gp41 c o m p l e x  
to  t h e  viral e n v e l o p e  (Kowalski  et al., 1987). In select ing an appropriate 
s e g m e n t  o f  t h e  e n v e l o p e  t r a n s m e m b r a n e  protein f o r  bacterial expression,  w e  
s o u g h t  f o r  a region w h i c h  exhib i ts  a relatively h i g h  conservat ion o f  a m i n o  acid 
s e q u e n c e s  b e t w e e n  t h e  var ious  isolates o f  t h e  A I D S  virus.  A m i n o  acid 
s e q u e n c e s  o f  t h e  e n v e l o p e  prote in  c o m p l e x e s  der i ved  f r o m  t h e  nuc leot ide  
s e q u e n c e s  o f  s e v e n  A I D S  v irus  isolates w e r e  compared.  By c o m p u t e r  analysis 
t h e  secondary structure o f g p l 2 0  a n d g p 4 1  w a s  predicted a n d  11 potential  anti­
genic sites, 9 o f  which were located in the exterior part o f  the  envelope  protein 
and 2 in the membrane bound portion, were identified. T h e s e  contain amino 
acids 613 to  635 and 722 to  745 (Modrow  et al., 1987). It has been  shown that 
segments  o f  gp41 including the first epitope w h e n  produced as recombinant 
gene  products in the  bacteria are recognized by HIV-1 positive sera in enzyme-
-linked immunosorbent assays and Western blots (Cabradilla et al., 1988; 
Chang  et al., 1985); preliminary studies with synthetic peptides representing 
this region give similar results (Modrow  et al., 1987). 

Virtually all individuals infected with HIV-1 produce antibodies to  this 
region which is also highly conserved among different HIV-1 isolates (Modrow 
et al., 1987). This  antigenic site is located outside the  lipid bilayer and is acce-
sible to  antibody recognition and reactivity. W e  have selected two  env g ene  
fragments o f  HIV-1, both cording for this immunodominant  epitope. T h e  
larger o n e  covers 45 amino acids from the carboxy-terminus o f  the 120 k D  
envelope protein and 130 amino acids from the N-terminal part o f  the gp41. 
T h e  smaller fragment codes  for amino acids 547 to  735 o f  the  env gene .  T h e  
protein coded by this fragment is devoid o f  a hydrophobic stretch o f  amino 
acids situated in the  N-terminal part o f  gp41, for it is known that hydrophobic 
sequences  may have a deleterious effect o n  recombinant protein synthesis in 
bacteria (Windheuser  et al., 1988). 

T h e  gag g ene  codes  for a primary translation product o f  55 k D  which is post-
-translationally processed to produce the internal core protein p24, and p 15 and 
p 17, which are present in lesser amounts  (Marcus-Schura etal, 1988). T h e  avai­
lability o f  the HIV-1 core protein p24 is also o f  importance to  identify a possible 
HIV infection by specific antibody detection. Comparison o f  the  published 
HIV-1 sequences  shows  that the genetic information between  Hind III sites o f  
the  gag open reading is also highly conserved and covers 80 % o f  the p24 coding 
region (Mous  et al., 1987). S o  w e  have isolated this g e n e  segment  and inserted it 
into an expression vector (Fig. 1). For construction o f  expression plasmids w e  
have used the commercially available E. coli plasmid vectors pKK233-2 
(Amann  et al., 1983) and pEX-1 (Stanley  et al., 1984). 

T h e  expression vcctor pKK.233-2 contains the  trc promoter - a hybrid 
promoter with the consensus  17 bp spacing between the - 3 5  region o f  the tryp-
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Fig. 1 
Schematic  representat ion of t h e  g e n o m e  
structure  of HIV-1 a n d  t h e  localization o f  
D N A  segments  u s e d  t o  construct  t h e  
pKK 41, pKK 24 a n d  pEX-41 expression 

vector 

tophan gene  promoter and the  - 1 0  region o f  the  lac U V 5  promoter. Further it 
contains the  lac Z ribosome binding site fol lowed by an ATG.  initiation codon  
which is contained within an unique  Nco I site. T h e  vector enables  expression 
o f  foreign proteins in an unfused  fashion. In a lac IQ host  such as JM 105 the  trc 
promoter is repressed but may be  depressed at the  appropriate t ime by the addi­
t ion o f  isopropyl /?-D-thiogalactoside (IPTG). 

T h e  627 bp fragment o f  the  gag g e ne  and the  523 bp fragment o f  t h e  env g e n e  
were inserted (Kováč  et al, i n  preparation) in to  t h e  express ion vector  
pKK233-2 creating r e c o m b i n a n t  p l a s m i d s  p K K 2 4  a n d  p K K 4 1  (Fig. 2). U p o n  
transformat ion  o f  E. coli cel l  strain JM 105, co lon ies  w e r e  screened  f o r  expres­
s ion o f  virus-specific proteins. Positive colonies  were grown in bulk cultures at 
37 °C, induced with IPTG and the proteins were analysed by S D S - P A G E  and 
Western blot with a pool  o f  HIV-1 positive sera. T w o  proteins, with apparent 
molecular weights  o f  25, 000 and 21, 000 reacted with anti-HIV-1 sera but not  
with normal sera. T h e  25 k D  protein corresponds t o  the product o f  pKK24 and 
the 21 k D  protein represents the  env g e n e  fragment synthesized by the  pKK41 
positive clones.  Al though the  immunoreactivity study o f  the  21 k D  env g ene  
recombinant peptide provided u s  with promising results (Zachar et al., 1990) 
the  expresssion level  o f  the  pKK41 product did not  give optimistic prospects for 
a satisfactory purification. Therefore, w e  decided t o  express the  gp41 immuno­
dominant epitope as a fus ion  protein in pEX-1. 

This  bacterial expression vector contains the  PR promoter o f  bacteriophage 
lambda which controls expression o f  a cro-lac Z fus ion gene .  T h e  566 bp  Bsp RI 
g e n e  fragment o f  gp41 was ligated into the  Smal site o f  pEX-1. After  transfor­
mation o f  E. coli pop 2136 containing the  cI857 gene ,  colonies  were screened 
for expression o f  HIV-1 proteins. Positive c lones  produced a 138 k D  protein 
which consists o f  the  HIV-1  env fragment fused  t o  a 117 k D  cro-/?-gal fus ion 
protein derived from pEX-1 (Fig. 3). T h e s e  were grown in bulk cultures at 30 °C 
and induced to  produce HIV-1 fus ion protein by growth at 42 °C. Subse­
quently, bacteria were pelleted and suspended in 1/10 o f  the  original vo lume o f  
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Flg. 2 
Construct ion of recombinant  plasmids pKK 41 and  PKK 24 which express a portion of t he  env and 
KaK genes,  respectively. For  construction of t h e  expression plasmid pKK 41, t h e  1.429 kb  Bgl II 
f ragment  (nucleotides 7179-8608) of t he  HIV-1 env gene  wassubc loned  in to  p U C  18. Af ter  ampli­

fication u 523 bp  Pst \-Hind III f ragment  was excised and  ligated into pKK 233-2 
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Construction o f  the  recombinant plasmid 
pEX-41 carrying a fragment 566 bp o f  

HIV-1 env gene 
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Table 1. Results of recombinant imunoblots and HIV-1 Western blots (DuPont/BioTech) on 40 
proficiency test specimens" 

No. of Recombinant Western blot Recombinant Western blot 
sera immunoblot immunoblot 

p24 gp41 p24 gp41 

20 P P + + + + 
6 P pb + — + + 
2 P P ± + + + 
1 I I + — ± ± 
2 N I + — — — 

2 N N — — ± — 

7 N N 

a Proficiency test specimens were received f rom the  Cente rs  fo r  Disease Control ,  Atlanta 
b Specimens were characterized as  HIV-1 ant ibody positive o n  t h e  basis o f  reactivity with o the r  

env and  pol gene  proteins 
P: HIV-1 positive; N :  HIV-1 negative; I :  Indeterminate  
+ :  reactive; —: non  reactive; ± :  weak reactivity 

0.01 mol / l  Tris-HCl (pH 8.0) containing 0.001 mo l / l  E D T A ,  1 %  SDS,  5 %  
mercaptoethanol, and 10 % glycerol. T h e  lysate was used t o  prepare nitrocellu­
lose  strips for immunoblot  testing o f  previously characterized sera (National 
Reference Laboratory for AIDS,  Bratislava). 

In order to  evaluate the  immunological reactivity o f  pKK24 and pEX-41 a set 
o f  3 strips was prepared. It contained o n e  strip o n  the  basis o f  a total cell lysate 
harbouring pEX-41, second o n e  o n  the  basis o f  pKK24 and a third o n e  contai­
ning proteins o f  the  E. coli host cell strain. Prior t o  testing o f  sera with specific 
anti-HIV-1 antibodies w e  examined this test system with 17 sera from patients 
with high anti-E. coli titres (kindly provided by G .  Fiist, Budapest). These  sera 
did not contain antibodies to  E. coli proteins o f  the  same molecular weight as 
the recombinant proteins - products o f  pKK24 and pEX-41 and did not produce 
false-positive results. Further 40 sera were tested in our test system and the re­
sults were compared with those  obtained with DuPont /BioTech Western blot 
assay (WB) licensed by the  U.S.  Food and Drug Administration (Table 1.). 
From these,  28 sera which gave positive results in the  commercial tests were al­
s o  classified positive by the recombinant immunoblot  system. Discrepant re­
sults were observed in W B  in the reactivity to  p24 and gp41 when  comparing 
the  conventional antigen and the recombinant proteins; 6 sera reacted positive­
ly with pEX-41 product, but negatively with gp41 in the  conventional WB.  On 
the  other hand 7 sera scored differently when  comparing the  pKK24 reactivity 
with the reaction against p24 in classical WB. N o  false positive results with the  
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pEX-41-pKK24 i m m u n o b l o t  system were  observed.  F r o m  3 sera classified 
indeterminate b y  the  conventional  W B ,  2 were  negative a n d  1 was inconclusive 
in the  recombinant  test (exhibiting weak reaction against each o n e  the  recom­
binant peptides). 

Our results show that a confirmatory test using recombinant derived p41 and 
p24 compares favourably with other tests using several viral antigens. 
Although limited in extent our immunoreactivity study suggests the superio­
rity o f  the described recombinant p41 antigen over the viral antigen in detec­
ting anti-gp41 antibodies by WB. It is noteworthy that antibodies to  viral gp41 
seem to be more specific to HIV-1 than do  antibodies to the core antigens or 
the  pol p31 protein (Hofbauer et al, 1988). A more comprehensive study to 
evaluate the suitability o f  pEX-41 and pKK24 for the development o f  an alter­
native confirmatory test seems advisable. 
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