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Immunogenic potential of rgp120 from 
African HIV-l subtype A 

J ian-Ming Xie  *, Gary A. Pes tano *, Michael Samms*, Sang-Kyung Lee*, 
Jerry Guyden* and William M.O. Boto*t 

Previous studies have shown that the African strains of HIV-l mostly cluster with the 
subtypes A, C or D based on phylogenetic analysis of the ENV nucleotide sequences. In 
the present investigation we have examined the immunogenic potential of full length gp120 
derived from the Ugandan HIV-l subtype A isolate, AUW6c, using computer-based 
prediction methods and a plasmid-mediated immunization technique. Computer-assisted 
analysis of the amino acid residues identified 1.5 potential B-cell epitopes in gp120 of 
AUW6c. Despite marked variation in the primary sequences, these epitopes were shown 
to correspond well to analogous sites in gp120 derivedfrom the subtype B reference clones, 
MN and IIIB,,, The relative positions of the epitopes indicated that E9[ V3], El 4[ C3] 
and ElS[V5] correspond to the previously defined principal neutralizing determinant 
(PND) located in the V3 loop, the CD4 binding site and gp120 “immunodominant” 
region, respectively. Intramuscular inoculation of BALBIc mice with the ENV clones from 
AUW6c or from the subtype C clone, CUW45 elicited antibodies which react with the 
homologous but not with the heterologous PND peptide in ELISA. However, cocktail 
inoculation with the ENVplasmids from A UW6c and CUW4.5 elicited antibodies which 
reacted with both peptides. Antibody response to the other predicted epitopes of AUW4c 
was not as strong as the response to the PND peptide. The response of the mice to 
DNA-mediated immunization was further tested in a proliferation assay. Spleen cells 
derived from the immunized mice exhibited a strong proltferative response to homologous 
and heterologous PND peptides in r3H]thymidine incorporation assay, DNA-mediated 
immunization with rgpl20 of AUW6c appears to elicit cellular immune response of 
relatively broad spectjicity. Copyright 0 1996 Elsevier Science Ltd. 
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Brazil, Rwanda , Thailand and Uganda  have been re- 
cently proposed a s  the  s tudy s ites  for the  clinica l tria l of 
the  next genera tion of HIV-l vaccines’. Two major 
obs tacles  have been identified in the  current search for 
immunoprophylactic agents  to control the  esca la tion of 
the  AIDS epidemic. One of these  concerns  is  the  pre- 
sumed impact of s tra in varia tion on the  neutra lizing 
efficacy of the  leading candida te  immunogen, gp120; 
the  other is  the  emerging need to develop a  safe  
vaccine formulation tha t would assure  long-term in vivo 
availability of immunogenic peptides . 

Nucleotide  sequence ana lys is  of the  ENV gene has  
revealed worldwide  dis tribution of multiple  divergent 
HIV-l subtypes14. These reports1,3,4 together with the  
ENV sequences  available  in the  Human Retrovirus  and 
AIDS Database2 indica te  tha t the  genetic clades  A and 
D constitute  the  la rges t proportion of the  isola tes  from 
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Uganda , Rwanda  and Zaire . The Brazilian clones  
analyzed to da te  are  predominantly of the  B and F 
subtypes , whereas  the  Thai s tra ins  are  of the  B and E 
subtypes2. Isola tes  compris ing the  B clade  are  by far 
the  most common in South and North America , the  
Caribbean and western Europe’. Relatively minor clades  
a lso contribute  to the  infection in the  African localities . 
The subtype C virus  has  been described recently in 
Uganda , Zambia  and southern African regions2,5. 
S tra ins  from the  clades  B, E, F, G, H and the  outgroup 
0 exis t in many regions  of Centra l and West Africa2*4, . 
The D and 0 subtypes  apparently exhibit the  most 
extensive intra-clade  sequence divers ity’P6. The presence 
of a ll of the  major subtypes  of HIV-l in the  African 
locales  has  greatly compounded the  current search for 
efficacious candida te  immunogens . 

The isola tion and characteriza tion of broadly reactive 
gp120 molecules  could complement the  current inter- 
na tiona l search for candida te  vaccines  tha t would be 
suitable  for worldwide  applica tion. S tudies  previously 
reported from this  laboratory have shown tha t the  
subtype A isola te , AUG06c, reacts  with a  s ignificant 
proportion of the  sera  from asymptomatic Ugandan 
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HindlU,l 

Figure 1 Map of CMVint-BL showing the ligation site for the 
ENV.GP120 fragments. The clone was ligated at the BamHl site 
immediately following the TPA sequence. Expression was driven 
from the start codon of TPA. The stop codon (TAA) in gp120 is 
shown 

donors’*‘. In the  present inves tiga tion we have cloned 
the  full-length gp120 from AUG06c into a  CMV 
promoter-driven express ion vector. The findings  pre- 
sented in this  report indica te  tha t this  clone of gp120 
expresses  multiple  antigenic s ites  ana logous  to those  
found in the  reference subtype B clones , MN and 
IIIB urn0 and e licits  both humoral and ce llular immune 
responses . 

MATERIALS AND METHODS 

Molecular cloning of ENV.GPl20 
Full-length ENV.GP120 was  cloned from the  subtype 

A isola te , AUG06c, which has  been well characterized in 
previous  s tudiess .7.8. The antigenic epitope(s) encoded in 
AUG06c appears  to be  well conserved among some of 
the  Ugandan s tra ins  a s  shown by the  level of cross  
reactivity with sera  from indigenous  donors  in ELISA’ 
and in neutrahzation assay7,8. AUG06c was  expanded in 
culture  by infection of PHA-stimula ted normal periph- 
era l blood leukocytes7s . Genomic DNA was  isola ted 
from the  lysa tes  of infected ce lls  by phenol-chloroform 
extraction and then used to construct a  lambda  phage  
recombinant library’. The plaques  were screened with 
32P-labeled ENV DNA from IIIBurr,,. Nes ted primers  
were used to amplify the  full length ENV.GP120 (1.6 kb) 
from a  positive  plaque . Both the  5’ and 3’ primers  were 
synthesized to include  BamHl res triction s ite . PCR was  
performed a s  previously describeds ,7*8: denature  (95°C) 
30 s ; annea l (50°C) 30 s ; extend (72°C) 1 min for 35 
cycles; and a  fina l extension a t 72°C for 10 min. The 
PCR product was  gel-purified and then cloned into an 
express ion vector for immuniza tion. 

Construction of expression vector 

The plasmid, CMVint-BL, was  previously constructed 
by Chapman et a l.” and subsequently modified to 
include  several additiona l cloning s ites” (Figure  I). The 
plasmid conta ins  the  SV40 origin of replica tion, human 
cytomegalovirus  (Towne s tra in) major immedia te-earl 

1B gene enhancer/promoter (hCMV IEl) and intron A . 

The hCMV IEl promoter is  among the  s tronges t vira l 
gene regula tors  ava ilable  for trans ient express ion of 
diverse  heterologous prote ins10.12-1s . The versatility in 

the  performance of hCMV IEl has  been a ttributed to 
the  functions  of a  number of motifs  in the  DNA10~12-18. 
Sequences  ups tream of the  promoter include  multiple  
potentia l binding s ites  for many well-known eukaryotic 
transcriptional control factors  such a s  nuclear factor1 
(NFl). These factors  are  resent in ce lls  of diverse  tis sue  
origins  including muscle$“-12-18. Further, intron A con- 
ta ins  a  binding s ite  for NFl. Thus  both intron A and 
the  human tis sue  plasminogen activator (TPA) s igna l 
sequence in CMVint-BL have been shown to contribute  
to increased secretion of several heterologous reporter 
glycoproteins , including rgp120 of HIV-l”. The 5’ 
primer used for PCR in this  s tudy was  des igned to 
exclude the  gp120 s igna l peptide  sequence and transcrip- 
tion s ta rt codon. The function of the  gp120 s igna l 
peptide  is  apparently inhibited in the  absence  of rev”. 

The PCR-amplified ENV.GP120 was  liga ted a t 
BarnHI s ite  ups tream of the  SV40 small t polyadenyla- 
tion sequence (Figure  2)” according to s tandard res tric- 
tion diges tion and cloning procedures’. Similarly, 
truncated fragments  of ENV.GP120 derived from the  
divergent clones  CUG045 (650 bp, subtype C)’ and 
DUG23c (725 bjp, subtype D)7,8 were amplified from the  
pT7Blue vector *‘*’ and inserted into CMVint-BL a t the  
BamHl s ite . It was  previously reported tha t these  frag- 
ments  encode the  C2 to the  V5 domainss ,7*8. The region 
overla  s  

P  gp120 .7?  
the  major immunogenic s ites  found in 
the  PND located in the  V3 loop, the  neutra l- 

izing CD4 binding s ite , gp120 “immunodominant” 
region and a t leas t s ix other B-cell epitopes5. A cytotoxic 
T-cell epitope has  been mapped to a  region within the  
V3 loop”. The in-frame liga tion of ENV.GP120 and the  
truncated clones  was  confirmed by DNA sequencing. 
The resulting recombinant plasmids  from clones  
AUG06c, CUG045 and DUG23c were des ignated a s  
CMV/AUG06c, CMVlCUG045 and CMV/DUG23c, 
respectively. The sequences  for AUG06c, DUG23c and 
CUG045 are  available  in GenBank under the  access ion 
numbers  M98504, M98503 and U11597, respectively. 

Transient expression of rgpit0 peptides 

Freshly passaged CEM (CD4) ce lls  were transfected 
with the  respective  ENV plasmid us ing a  liposome- 
media ted protocol (Boeringher Mannheim, IN). The 
ce lls  (3 x lo5 ml- ‘) were  pelle ted by centrifugation for 
10 min a t 250g. The superna tant was  removed prior to 
the  addition of the  transfection mixture  to the  cell pe lle t. 
The transfection medium was  prepared by adding 50 ~1 
of HEPES (20 mM, pH 7.4) conta ining 5 pg of plasmid 
to 100 ~1 of DOTAP (N-[I-(2,3-dioleoyloxy)propyl]- 
N,N,N-trimethylammonium methylsulfa te) (30 pug) in 
HEPES. The DNA was  incubated in DOTAP for 15 min 
a t room temperature . The entire  solution (150 ~1) was  
added to 5 ml of RPM1 1640 culture  medium (JRH 
Biosciences , KS) supplemented with 10% feta l bovine 
serum, 2% penicillin/s treptomycin (JRH Biosciences), 
0.1 mM nonessentia l amino acids  and 2 mM 
L-glutamine (GibcoBRL, NY). The cultures  were incu- 
ba ted for a  maximum of 72 h a t 37°C in 5% CO, and 
95% humidity. Cells  were harves ted a t 24 h interva ls , 
lysed, and the  prote in extracts  were quantified by O.D. 
measurement a t 600 nm us ing the  modifica tions  of the  
Bradford method2’ a s  described in the  Quantify Prote in 
Assay System (Promega, WI). The express ion of the  
rgp120 peptides  was  monitored us ing ELISA which was  
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conducted a s  previously described2’. One hundred 
microliters  of the  extract (50 pg ml-‘) diluted in 0.1 M 
NaHCO, (pH 9.6) were used to sens itize  96-well poly- 
vinyl microtiter pla tes  overnight a t 4°C. Antibody 
reactivity of the  cell extract was  determined us ing pre- 
viously characterized hyperimmune serum samples  from 
HIV- 1 infected Ugandan donors5. Peroxidase  labeled 
rabbit anti-human whole  IgG was  used a s  the  indica tor. 
Background values  were obta ined by reacting normal 
human sera  s imultaneously with the  tes t samples . The 
negative  control va lues  (< 10% of tes t sample) were 
subtracted from the  experimental va lues  to facilita te  
sample  to sample  comparison. 

DNA inoculation 
BALBlc mice were inocula ted in the  quadriceps  

muscle2’ and then boosted a t 2-week intervals  with doses  
of 100 pg of each plasmid in 200 ~1 of isotonic sa line . A 
1 cm’, 28G insulin syringe (Beckton Dickinson, NJ) was  
used to adminis te r the  plasmid DNA. Groups  of four 
mice were inocula ted with s ingle  clones  or a  cockta il 
of CMVIAUGO~C, CMVlCUG045 and CMVlDUG23c. 
The cockta il conta ined 100 ,ug of each plasmid in a  tota l 
volume of 200 /rl of sa line . Control mice were inocula ted 
with CMVint-BL without the  ENV insert. The animals  
were cared for in accordance with ins titutiona l guide- 
lines . Blood (300-500 ~1) was  sampled from the  ta il vein 
a t 4-week interva ls . The blood samples  were a llowed to 
clot a t 4°C overnight and then centrifuged a t 10000 revs  
min-’ for 20 min. Serum samples  were collected and 
frozen a t -20°C until needed. 

Prediction of linear antigenic epitopes in full length 
gp120 

Amino acid trans la tions  were conducted us ing PC/ 
Gene and pos itions  were numbered according to the  
sequence in AUG06c. Linear antigenic s ites  were 
identified us ing the  a lgorithms in SURFACE PLOT 
(vers ion 1.4) and POLAR TRIPEPTIDE in PPSP 
(Synthetic Peptides  Inc., Canada). SURFACE PLOT 
predicts  surface  and interior s ites  for tripeptide  res idues  
in a  prote in backbone based on a  composite  value  for 
hydrophilicity, flexibility and access ibility23. POLAR 
TRIPEPTIDE determines  high probability surface  res i- 
dues  utilizing va lues  for surface  exposure  obta ined from 
the  Brookhaven Database  of prote in X-ray crysta llo- 
graphic s tructures . High (60%) and intermedia te  (25%) 
probability cutoffs  were used to generate  the  antigenic 
res idues  reported here in. Regions  predicted to conta in 
three  or more contiguous  “hidden” res idues  were 
not considered to be  antigenic in these  analyses . The 
Chou-Fasman a lgorithm in the  BETATURN pro- 
gram24 was  used to obta in the  antigenic probability of 
the  V3 loop res idues . 

Synthesis of peptides 
Linear peptides  compris ing the  predicted PND 

in gp120 were synthesized on an automated peptide  
synthesizer (Synergy, Model 432A, ABI) us ing the  
solid-phase  procedure25 a s  previously reported’. 
Peptides  from the  following clones  were syn- 
thes ized: AUG06c (RPYKKVRRRKHIGPGRSFY), 
CUG045 (RPNNNTRESVRIGPGQAFY)), DUG23c 

(RPYENVRHRTPIGLGQALI) and MN (CNKRKRI- 
HIGPGRAFYTTKN) (Intracel, MA). In a ll ins tances , 
the  fidelity of synthes is  was  monitored by analyzing the  
conductivity traces  genera ted during peptide  synthes is  
cycles . Pos t-synthes is  cleavage of the  peptide  from the  
res in and protecting groups  was  conducted us ing an 
aqueous  solution conta ining thioanisole , trifluoroacetic 
acid and dithioethane  a s  scavengers . The peptides  were 
filtered through glasswool, precipita ted in cold methyl- 
terbutyl e ther (MTBE, S igma, MO) and extracted in 
aqueous  acetic acid. Three more washes  of the  peptide  
with MTBE were performed to remove any traces  of 
contaminants . Further purifica tion of the  products  has  
not been found necessary for optimal reactivity in 
ELISA. 

ELISA for mouse antibodies 
Duplica te  assays  were conducted us ing the  predicted 

PND and other linear peptides  in gp120. The assay was  
performed essentia lly a s  described26. Horseradish 
peroxidase-labeled goat anti-mouse  whole  IgG 
(Promega, WI) was  used a s  the  indica tor reagent. O.D. 
readings  were determined a t 492 nm. Values  from 
duplica te  assays  varied by ~10%. Control mice were 
inocula ted with CMVint-BL without the  ENV insert. 

Proliferation assay 
Spleens  were aseptica lly removed from the  mice and 

teased in s terile  medium2 . The cells  were washed twice  
with RPM1 1640 culture  medium supplemented with 
2 mM glutamine  and 20 mM HEPES. The splenocytes  
were then adjus ted to 3 x lo6 ce lls  ml-’ in complete  
T cell medium [equal volumes of RPM1 1640 and 
EHAA (GibcoBRL, NY), 10% feta l bovine serum, 
5 x 1O-5 M P-mercaptoethanol (S igma), 100 U ml-i 
penicillin and 100 pug ml- ’ s treptomycin]. Two hundred 
microliters  of the  cell suspens ion were cultured in tripli- 
ca te  in 96-well microculture  pla tes  with the  respective  
peptides  (30 pg ml- ‘) or PHA (5 ,ug ml- ‘) or mouse  
rIL2 (20 U ml- ‘, S igma), for 3 days  a t 37°C in 5% CO, 
and 95% humidity. The ce lls  were then pulsed by the  
addition of 1 @i of [3H]thymidine (DuPont, DE). 
Radiolabeled DNA was  harves ted on glass  fiber filter 
paper after 20 h of pulse . Samples  were a ir-dried and 
the  isotope was  quantified us ing a  liquid scintilla tion 
counter. [3H]Thymidine incorporation was  expressed in 
counts  per minute  (c.p.m.). 

RESULTS 

Multiple B-cell epitopes expressed in full-length gp120 
of AUG06C 

The potentia l effects  of sequence varia tion on the  
dis tribution and composition of the  predicted B-cell 
epitopes  in gp120 of AUGO6c and the  reference 
clones  were examined (Figure  2). The full-length gp120 
molecule  (520 a .a .) encoded in AUGO6c exceeds those  of 
the  reference clones  IIIB,,,, and MN. Fifteen antigenic 
s ites  (El-E3, E5-E16) were discerned in gp120 of 
AUG06c. Despite  the  apparent divergence in the  
primary sequences , AUG06c, MN and BHlO were 
found to express  ana logous  epitopes  in te rms of the ir 
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El 
<--------Signal P~~~~~~--~~~~~~~~~><~--~-~~~---~~~ 

MRVKEK--- YQHLWRWG---WRWGTMLLGMLMICSATEKLWVTVYYGVPV 
MRVKGIRRNYQEW-- -----WGWGTMLLGLLMICSATEKLWVTVYYGVPV 
MRVREIEBNYQHLWGWGTILWKWGTMLLGMLMICSAAEDLWVTVYYGVPV 

E2 E3 
-___-____________-___-____C1--_---------------------- 

WKEATTTLFCASDAKAYDTNVWATHACVPTDPNPQEVVLVNVTENFN 
WKEATTTLFCASDAKAYDTEVHNVWATQACVPTDPNPQIUELVNVTENFN 
WKDAETTLFCASDAKAYDTNVWATHACVPTDPNFQEINLGNVTEDFN 

E4 
__________-_-----------------><---_--_____V~_________ 

MWKNDMVEQMHEDIISLWDQSLKPCVKLTPLCVSLKCTDLKNDTNTNSSS 
MWKNNMVEQMHEDIISLWDQSLKPCVKLTPLCVTLNCTD~ST 
MWKNKMVEQMHEDIISLWDQSLKPCVKLTPLCVTLNCTDAKANVNASMIT 

E5 
_______---__--__--><_-----------V2-------------~- 

GRM------IMEKGEIKNCSFNISTSIRGKVQKEYAFFYKLDIIPIDN-- 
~SNSEGTIKGGEZ4KNCSFNITTSIRDRXQKEYALLYKLDIVSIDN-- 
SASINNTGGM--QGEIKNCSFNMTTELRDKTQKIYSLFYKLDWQINDNN 

E6 - 
_______________><_-_______________________________ 

------DTTSYTLTSCNTSVITQACPKVSFEPIPIHYCAPAGFAILKCNN 
------DSTSYRLISCNTSVITQACPKISFEPIPIHYCAPAGFAILKCND 
GSTNNTGSGQYRLIHCDTSTITQACPKVTFEPIPIHYCAPAGFAILKCXD 

E7 E8 
---------_------------C2___--__-_-_-_------------- 

KTFNGTGPCTNVSTVQCTHGIRPWSTQLLLNGSLAEEEWIRSANFTDN 
KKFSGKGSCKNVSTVQCTHGIRPWSTQLLLNGSLAEEEWIRSENFTDN 
EEFNGTGPCKNVSTVQCTHGIKPWSTQLLLNGSLAEKEVKIRSENISDN 

E9 - 
---------_----><----------------V3---------------- 

AKTIIVQLNQSVEINCTRIRI~GPGRAFVT IGKI-GNMRQA 
AKTIIVHLNESVQINCT-- RIHIGPGRAFYTTKNIIGTIRQA 
AKTIIVQLTKPVTINCTRPY--XXVRRRIHIGPGRSFYTSN--IGDIRQA 

El0 El1 El2 
-> 
HCNIS~LKQIDSKLREQFGNNKTIIFKQSSGGDPEIVTHSFNCG 
HCNISR?UCWNDTLRQIVSKUU&QF-KNKTIVFNQSSGGDPEIVMHSFNCG 
YCNVSGSQWNKTLQQWTKLRE-Y-WNTTINFTKPSGGDLEITTHSFNCG 

El3 
<--------_V4 ____----><-----_---C3----- 

GEFFYCNSTQLFNSTWF-NSTnSTKGSNNTEGSDTITLPCRIKQIINMWQ 
GEFFYCNTSPLFNSTWNGNNTW---- NNTTGSNNNITLQCKIKQIINMWQ 
GEFFYCNTSSLFNSSWKIGSQ-----PNSKESNGNITLPCRIRQIIRMWQ 

El4 El5 
-------------------------_----><----------V5__----,~- 

EVGKAMYAPPISGQIRCSSNITGLLLTRDGGNSNN--ESEIB 
EVGKAMYAPPIEGQIRCSSNITGLLLTRDGGKDTDTNDTEIFRPOOOMdR 
RTGQATYAPPIQGVIRCESNITGLLLTRDGGVNST-EET--FRl?GGGDMR 

El6 
---__-_--C4---------_gp12o/gp41---_ 

DNWRSELYKYKVVKIEPLGVAPT- 512 a.a. 
DNWRSELYKYKWTIEPLGVAPTI 514 a.a. 
DNWRSELYKYKVVKIEPLGVAPSRAKRRVVWREKRA 520 a.a. 
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Figure 2 The predicted linear antigenic epitopes El through El6 are shown for full lengh gp120 from AUGO6c and for the subtype 6 reference 
clones, MN and BHlO. Residues of high antigenic potential were determined using the complementary programs SURFACE PLOT, POLAR 
TRIPEPTIDE and BETATURN (Materials and Methods). Symbols: -, gap introduced to facilitate sequence alignment; underlined sequences 
were synthesized for use in ELISA and proliferation assay. Domain assignment is according to Modrow et a/,30 

relative locations on gp120. However, the reference The variations in the length and in the primary 
clones MN and BHlO express an additional epitope, sequences were clearly attributable to multiple deletions 
E4pl], which is lacking in AUG06c. and substitutions observed throughout the  molecules of 
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Figure 3 ELISA reactivity of rgp120 peptides expressed in trans- 
fected CEM cells. Transfections were conducted with the following 
plasmids: CMV/AUGOGc (0); CMVKUG045 (0); and CMV/DUG23c 
(+). Control cells were transfected with CMVint-BL without ENV (m). 
Background reactivity of normal human serum antibodies with the 
cell extracts was subtracted from experimental values 

either clone. The sequences  compris ing the  epitopes  El 
in the  s igna l peptide , E2[Cl], E3[Cl], E8[C2] and 
E14[C3] are  relatively conserved; the  other s ites  display 
moderate  to marked sequence divers ity. The re la tive  
pos itions  of the  predicted antigenic s ites  indica te  tha t 
E9[V3], E14[C3] and El5p5] comprise  the  previously 
determined V3 loop PND, res idues  in the  CD4 binding 
s ite  and gp120 “immunodominant” region, respect- 
ively’. The other epitopes  presented here  (Figure  2) have 
not been characterized in previous  s tudies . 

In vitro expression of rgpl20 by plasmid constructs 
The plasmid constructs  CMV/AUGO6c, CMV/ 

CUGO45 and CMVIDUG23c were transfected into the  
T-cell line , CEM. Lysates  of the  ce lls  were  tes ted in 
ELISA for the  presence of rgp120 us ing hyperimmune 
human sera  (Figure  3). Serum antibodies  detected 
rgp120 in the  lysa tes  of ce lls  transfected with each 
plasmid. Extracts  from cells  tha t were  transfected with a  
plasmid lacking ENV.GP120 or truncated clones  did not 
react with these  sera . Maximal reactivity was  observed 
by 48 h (Figure  3). The eukaryotic express ion of gp,l,z,O 
has  been previously reported to be  rev-dependent ’ . 
Our findings  have provided additiona l evidence for a  
rev-independent express ion of rgp120 by CMVint-BL”. 
The vector has  been previously shown to boost the  
express ion and secretion of the  glycoprotein many-fold 
higher than the  levels  achieved us ing the  SV40 early 
enhancer/promoter sys tem”. 

Antibody response to plasmid-mediated immunization 
with rgp120 

To assess  the  immunogenic potentia l of rgp120, the  
plasmids  CMVIAUGO~C, CMVlCUGO45 and CMVI 
DUG23c, were inocula ted into the  quadriceps  muscle  of 
BALB/c mice. Inocula tion with CMV/AUG06c a lone 
e licited antibodies  which react with the  homologous V3 
PND peptide  but not with the  divergent peptide  from 
CUG045 or DUG23c (Figure 4a). Likewise , inocula tion 
with CMVKUG045 alone e licited antibodies  which 
recognize the  homologous PND peptide , but hardly 
react with the  ana logous  peptides  from AUG06c or 
DUG23c (Figure 4b). In contras t, inocula tion with 
CMV/AUGO6c, CMVfDUG045 and CMVlDUG23c in 

cw,*“c4ec 

1 I 
IYcmc cucc41 D”U~ ILmc4s Nce46 O”C?L Lucce cuuw WCOJ 

V3 loop peptide tested 

cM”,*“Gcmc +,c”o. 
+,D”cG?3c 

i 

Figure 4 ELISA reactivity of the predicted PND synthetic peptide 
from AUGOGc, CUG045, or DUG23c with the individual sera from 
mice inoculated with the ENV plasmids. Representative reactivities 
of serum samples from groups of four mice inoculated with: CMVl 
AUGO6c only (a); CMVKUG045 only (b); CMV/DUG23c only (c) or 
CMVIAUGOGc+CMV/CUG045+CMV/DUG23c in a cocktail (d). The 
serum samples were tested with V3 peptides encoded in AUGO6c 
(FJ), CUG045 (hatched column), and DUG23c (m). At least 50% of 
the mice in each group seroconverted by 1 month post priming. The 
pattern of reactivity of serum from the other mice was not different 
(data not shown). O.D. readings for the control sera (~5% of test 
values) were subtracted from all test samples 

a  cockta il induced antibodies  tha t react with V3 peptide  
in AUG06c and CUG045 (Figure 46). Antibodies  
induced by the  combination immunogen recognized the  
PND peptides  from both AUGO6c and CUG045, but 
fa iled to react with the  ana logous  peptide  from DUG23c 
(Figure 4d). Inocula tion with CMV/DUG23c genera ted 
near-background levels  of antibody response  in these  
s tudies  (Figure 4~). These pa tte rns  of antibody response  
and reactivity to s ingle  or cockta il immuniza tion have 
been confirmed in several other experiments  (not 
shown). DNA-media ted immuniza tion e licited V3 loop 
antibodies  of variable  tite rs . Representa tive  ranges  of 
va lues  from s ingle  or cockta il inocula tion are  shown 
when tes ted aga ins t the  homologous V3 loop PND 
peptide  from AUGO6C (Figure  5). Reciprocal antibody 
tite rs  of 10000-20000 have been observed following 
cockta il immuniza tion. Inocula tion with the  plasmid 
cockta il generally provoked a  more vigorous and rapid 
antibody development. 

Immunogenic potential of the predicted antigenic 
epitopes in gp120 

Multiple  linear epitopes  have been previously 
identified in gp120 based on several prediction 
methods5. The re la tive  immunogenic potentia l of these  
puta tive  antigenic s ites  was  examined. Synthetic peptides  
compris ing the  epitope des ignated E9p3] indica ted a  
s trong antibody reactivity (Figure 6). The PND has  been 
previously mapped to the  E9[V3] s ite  in gp1205. S imilar 
peptides  derived from a ll other epitopes  a lso e licited an 
antibody response , though with less  intensity compared 
to E9p3]. The pa tte rns  of reactivity of these  epitopes  
with the  mouse  antibodies  closely para lle l those  of 
hyperimmune human sera5. DNA-media ted immuniz- 
a tion apparently presents  the  same antigenic s ites  of 
gp120 recognized by humans  in a  na tura l infection. 
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Figure 5 Reactivity of the V3 PND peptide from AUGO6c with sera from mice inoculated with CMV/AUGOGc only (a) or CMV/AUGOGc+CMV/ 
CUG045+CMV/DUG23c in a cocktail (b). Mice were boosted at 2-week intervals and then bled at 3 months post initial inoculation for the 
experiment 
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Figure 6 ELISA reactivities of mouse antibodies with the predicted epitopes of gp120 from AUGOGc. Serum samples were tested against 
synthetic peptides comprising the epitopes EQ[V3] (residues 316-334) ElO[V3-V4] (346-357) Eii[V3-V4] (364-368) E14[C3] (439-445) and 
E15[V5] (466-483). GP120 domains are indicated in brackets. Each bar represents the mean value of duplicate assays. Duplicate assays varied 
by ~5% in this test 

Induction of proliferative response by CMVIAUGO6C 

Spleen ce lls  were recovered from the  mice previously 
inocula ted with CMV/AUGO6c and then incubated with 
the  PND peptide  from AUGO6c or CUG045 or MN. 
When cultured without a  s timulus  in the  medium, spleen 
ce lls  from the  inocula ted mice incorporated more 
[3H]thymidine than ce lls  from nonimmunized mice 
(Table  I). The spontaneous  prolifera tion of the  spleno- 
cytes from the  immune mice could be  a ttributed to the  
presence of antigen-primed lymphocytes undergoing 

divis ion a t the  point of isola tion. If this  interpre ta tion is  
correct, then such ce lls  would be expected to proliferate  
further when supplied with exogenous rIL2 a lone a s  
shown (Table  I). The potency of the  peptide  from 
AUG06c to promote the  prolifera tion of the  immune 
spleen lymphocytes was  evident (Table  1). The response  
to the  PND peptide  of the  divergent subtypes  CUG045 
and MN was  s imilarly s ignificant. rIL2 synergized with 
the  peptides  in every case  to enhance [3H]thymidine 
incorporation. The results  sugges t tha t IL2 is  a  potentia l 
limiting factor in the  response  of spleen ce lls  to gp120, a t 
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Table 1 Incorporation of [3H]thymidine in spleen cells of mice 
inoculated with the plasmid CMV/AUGOGc 

Stimulus 

[3H]Thymidine incorporation (c.p.m.) 

lmmunized lmmunized Non- 
mouse 1 mouse 2 immunized 

None (medium only) 973i108 166Oi236 126*31.6 
rl L2 20861t408 N.A.a 140*4 

AUGO6c 2424rt27 9596*2281 396*188 
AUGOGc+rlL2 3052*273 N.A.a 318i35 

CUG045 1556*916 9786i1953 105*10 
CUG045+rlL2 3578*1512 N.A.= 316i71 

MN 148Ok.327 N.A.a 116rt15 
MN+rlL2 3968*104 N.A.a 209i29 

PHA 21958*1135 43512i2975 N.A.’ 

The cells were stimulated with homologous or heterologous PND 
peptide at 30 pg ml-‘, or PHA (5 ,ug ml-‘); with or without rlL2 (20 U 
ml-‘). Each value represents the mean and standard deviation of 
triplicate assays. aNot available 

least in vitro. Thus, the  response  to the  synthetic peptide  
antigens  was  much less  impress ive  when compared to the  
mitogenic activity of PHA (Table  I). 

DISCUSSION 

The complementary a lgorithms for surface  probability 
(flexibility, hydrophilicity, access ibility and /&turn 
conformation) were used to predict potentia l B-cell 
epitopes  in full length gp120 encoded in AUGO6c. These 
parameters  have been previously shown to predict anti- 
genie  s ites  in various  prote ins2 ,24 including ga29 and 
gp1205.3O of HIV-l. Analogous  antigenic s ites  were 
identified in gpl20 of AUG06c, MN and BHlO (Figure 
2) by these  methods . The re la tive  pos itions  of the  
epitopes  were shown to correspond well to those  pre- 
viously defined for the  laboratory-ada ted HIV-l iso- 
la tes  us ing s imila r prediction methods  PO . Many of the  
epitopes  described in this  report were  shown to exhibit 
marked sequence variability, while  others  were relatively 
conserved in different virus  subtypes . As  expected, the  
epitope E9[V3] corresponding to the  PND was  among 
the  more variable  pos itions  (Figure 2). 

An important goal of the  current search for immuno- 
prophylactic agents  to control the  dissemination of 
HIV-l is  the  development of a  safe  vaccine formulation 
tha t would assure  long-term in vivo re lease  of immuno- 
genic peptides . In the  present inves tiga tion we have 
assessed the  immunizing potentia l of rgp120 from 
AUG06c us ing a  plasmid-media ted immuniza tion tech- 
nique . Both antibody and lymphocyte proliferative 
responses  to the  homologous PND and many other 
peptides  were recorded. Our findings  ra ise  the  poss ibility 
tha t this  format of immuniza tion with rgp120 could 
e licit both humoral and ce llular immune responses  in 
other animals  including humans . These results  a lso 
support previous  s tudies  indica ting tha t plasmid- 
media ted immuniza tion with the  ENV clones  from the  
laboratory-adapted isola te , IIIB, e licits  ELISA-reactive 
antibodies  and CTL reactivity in mice3’,32. However, 
this  is  the  firs t report to show tha t a  cockta il inocula tion 
with ENV.GP 120 plasmids  from well-characterized fie ld 
isola tes5”” can a lso provoke s imila r responses . 

We have previously inves tiga ted the  antigenic proper- 
ties  of gp120 encoded in AUG06c, CUG045 and 
DUG23c us ing hyperimmune human sera  in ELISA’ 
and in neutra liza tion assay7,8. These earlier s tudies  had 
shown tha t the  epitopes  presented in AUG06c, CUG045 
and DUG23c are  quite  antigenic and appear to be  
relatively conserved in a t leas t some of the  Ugandan 
s tra ins5. In the  present s tudy, however, inocula tion with 
only CMV/AUG06c or CMVKUG045 was  shown to 
induce mostly type-specific anti-V3 loop antibodies  
(Figure 4~). The accompanying da ta  a lso indica ted tha t 
inocula tion with the  plasmid cockta il from divergent 
clones  of ENV allowed the  co-expression of the  diver- 
gent GP120 (Figure 44. Antibody e licited with the  
plasmid cockta il was  capable  of reacting with divergent 
tes t peptides  from AUG06c and CUGO45 (Figure 44. 
The tite rs  genera ted by cockta il-inocula ted mice were 
generally much higher vs  immuniza tion with s ingle  
clones  (Figure 5). These da ta  do not exclude the  poss- 
ibility tha t the  specificities  and tite rs  of the  antibodies  
e licited in e ither s ingle  or multiple  plasmid inocula tion 
could change over time following additiona l boos ts . 
However, our results  appear to demonstra te  the  use  of 
the  CMVint-BL vector to facilita te  the  evaluation of a  
la rge  number of the  currently available  HIV- 1 candida te  
vaccines  in a  timely manner. Of s imila r interes t was  the  
observation tha t the  V3 peptide  from the  heterologous 
clone MN and CUG045 s timula tes  prolifera tion of 
spleen ce lls  (Table  I). In this  ins tance  DNA-media ted 
immuniza tion with rgp120 of AUG06c appears  to 
promote ce llular immune response  of re latively broad 
specificity. 

In contras t to the  immunogenic potentia l demon- 
s tra ted for rgp120 of AUG06c and CUG045, results  for 
the  ana logous  molecule  from the  subtype D clone, 
DUG23c, were not a s  s triking (Figure 4~). Yet the  
antigenicity of rgpl20 peptide  from CMVIDUG23c 
seemed comparable  to, if not better than tha t of CMV/ 
AUG06c or CMVKUG045 (Figure 3). It should be  
noted tha t several a ttempts  have been made to immunize  
mice with the  plasmid clone from DUG23c and other 
subtype D isola tes  (not shown). None of the  mice 
immunized with ENV plasmids  from these  clones  has  yet 
seroconverted when tes ted with the  V3 loop PND pep- 
tide  a t 3 months  pos t priming. These results  may be 
subject to several interpre ta tions : a  defect in the  chemi- 
ca l synthes is  of the  PND peptides  from the  subtype D 
virus  could impair antibody binding in ELISA, or lack 
of a  p-turn conformation in the  V3 loop of DUG23cs3’ 
could modula te  its  antigenicity. Conductivity traces  
have revealed no abnormalities  in the  synthes is  of this  
peptide . DUG23c, like  many other subtype D clones , 
has  been shown to lack an antigenic /? -turn conforma- 
tion in the  V3 10op’.~. Conceivably, the  decreased 
immunogenic potentia l of the  PND could serve to evade 
immune recognition of these  s tra ins  in vivo. Further 
ana lys is  of the  antigenic properties  of the  D subtype of 
HIV-l may be warranted. 
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