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To define the structure of the caprine arthritis-encephalitis virus (CAEV) env gene and characterize genetic
changes which occur during antigenic variation, we sequenced the env genes of CAEV-63 and CAEV-Co, two
antigenic variants of CAEV defined by serum neutralization. The deduced primary translation product of the
CAEV env gene consists of a 60- to 80-amino-acid signal peptide followed by an amino-terminal surface protein
(SU) and a carboxy-terminal transmembrane protein (TM) separated by an Arg-Lys-Lys-Arg cleavage site.
The signal peptide cleavage site was verified by amino-terminal amino acid sequencing of native CAEV-63 SU.
In addition, immunoprecipitation of [35S]methionine-labeled CAEV-63 proteins by sera from goats immunized
with recombinant vaccinia virus expressing the CAEV-63 env gene confirmed that antibodies induced by
env-encoded recombinant proteins react specifically with native virion SU and TM. The env genes of CAEV-63
and CAEV-Co encode 28 conserved cysteines and 25 conserved potential N-linked glycosylation sites.
Nucleotide sequence variability results in 62 amino acid changes and one deletion within the SU and 34 amino
acid changes within the TM.

Caprine arthritis-encephalitis virus (CAEV) is a lentivirus
which causes persistent infection and inflammation in syn-
ovial spaces (6, 11), resulting in recurrent swelling of carpal
joints and progressive arthritis in clinically affected goats (6).
Previous studies on the pathogenesis of CAEV-induced
arthritis have provided impetus to analyze the genetic struc-
ture and variability of the CAEV envelope (env) gene. These
studies have shown that the immune response of goats to
CAEV envelope proteins is involved in the pathogenesis of
arthritis (25, 27, 34).
The dominant antibody response of goats to CAEV infec-

tion is directed against the gp135 surface glycoprotein (SU)
(25), and synovial fluid anti-SU antibody titers correlate
specifically with the presence and severity of arthritis (27). A
collateral experiment demonstrated that goats immunized
with inactivated CAEV develop more rapid and more severe
arthritis after virus challenge than nonimmunized controls
(34), confirming that immune responses to viral antigen are
involved in exacerbation ofjoint inflammation. In addition to
dominant anti-SU antibody responses, some goats develop
neutralizing antibody directed to type-specific SU epitopes
(30), allowing identification of antigenic variants of CAEV
from synovial fluid of arthritic joints (13, 36). In this regard,
it has been demonstrated that (i) some antigenic variants
produced by persistent virus replication are clonally ex-
panded within carpal joints of CAEV-infected goats due to a
replication advantage conferred by resistance to type-spe-
cific neutralizing antibody and (ii) recurrent emergence of
successive neutralization-resistant variants occurs in associ-
ation with progressive arthritis (7). Thus, virus replication
and development of progressive inflammatory lesions are not
arrested by the presence of naturally evolved neutralizing
antibody, and replicating antigenic variants of CAEV may
contribute to the progression of arthritis.
These observations indicate that at least two classes of
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CAEV SU epitopes are involved in the pathogenesis of
progressive arthritis caused by this lentivirus. Specifically,
we hypothesize that the progressive course of arthritis is
sustained by anamnestic anti-SU immune responses to con-
served immunopathogenic epitopes expressed by variants of
CAEV which attain a replication advantage by env gene
mutations that alter the specificity of SU neutralization
epitopes. To pursue this hypothesis, studies were initiated to
identify and characterize antigenic determinants of CAEV
envelope proteins. In the present work, the structure and
genetic variability of proteins encoded by the env genes of
two antigenic variants, CAEV-63 and CAEV-Co (36), are
described.

MATERIALS AND METHODS

Viruses and cells. CAEV-63 (11) and CAEV-Co (39) were
propagated in goat synovial membrane (GSM) cells grown in
Dulbecco's modified Eagle's medium (DMEM) supple-
mented with 5 to 10% fetal bovine serum as described
previously (26).
RNA isolation and cDNA cloning. Polyadenylated cytoplas-

mic RNA was isolated from CAEV-infected GSM cells by
modifications of described methods (33) and purified by
oligo(dT)-cellulose column chromatography. cDNA libraries
were produced in a modified pUC19 vector and amplified in
Escherichia coli DH5. pUC19 was modified by adding an
NsiI site to the polylinker sequence at the BamHI site. The
NsiI site provided digested 3' overhangs for efficient ho-
mopolymeric dCMP tailing of the vector and allowed exci-
sion of cDNA from recombinant plasmids by digestion of
flanking SalI and SmaI polylinker sites not present within
the CAEV-63 env gene (48).
cDNA synthesis and dGMP homopolymeric tailing reac-

tions have been described before (18, 37). First-strand
cDNA synthesis was primed with a 20-mer oligonucleotide
complementary to CAEV-63 U3 (Fig. 1). After annealing of
multiple ratios of G-tailed cDNA and C-tailed vector, recom-
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FIG. 1. Genetic map of 3' half of CAEV genome, illustrating
CAEV-Co and CAEV-63 molecular clones selected for nucleic acid
sequencing. Derivation of clones is described in the text. Q and S
have been previously defined (24, 51). The scale at the top is in
kilobases.

binant plasmids were amplified in E. coli DH5 as described
before (19) and screened by colony hybridization with the
HindlIl insert of pCo-1 labeled with [32P]dCTP. pCo-1 is a

pUC13 construct (46) containing 20 nucleotides of 3' U3 and
R-U5 regions of the long terminal repeat (LTR) and the
colinear sequence of CAEV-Co proviral DNA extending to a

HindIII site 155 nucleotides upstream of the env termination
codon (20, 51). Plasmid DNA was isolated from positive
clones by a plasmid minipreparation procedure (22), linear-
ized with Sall, and examined by agarose gel electrophoresis;
recombinant plasmids with inserts of >0.5 kb were screened
for the presence of CAEV-63 env gene restriction sites (48).
On the basis of these criteria, CAEV-63 cDNA clones
pC63-13D and pC63-14B (Fig. 1) were selected for sequenc-

ing. Construction of pC63-3H cDNA (Fig. 1) in C-tailed
pUC9 was reported previously (24).
DNA sequencing and sequence analysis. CAEV-63 cDNA

was recovered from pC63-13D by digestion with Sall and
KpnI and subcloned for sequencing into pBluescript II SK+
(pBSK+) (Stratagene). pC63-14B was sequenced in the NsiI-
modified pUC19 cDNA cloning vector. The sequence of
CAEV-63 open reading frame (ORF) S (tat) in pC63-3H was

reported (24); the sequence of the 5' terminus of the env

ORF in this clone is reported here. Three CAEV-Co clones
derived from pCo-1 or pCo-2 (46) were used to obtain the
sequence of the env gene of this variant (Fig. 1). (i) The
CAEV-Co clone designated pCo-2 is a pGEM construct
containing the 3'-terminal 155 nucleotides of the env ORF
and the 5'-terminal 267 nucleotides of U3 (46, 51). (ii)
pCo-2.4 is a pUC19 subclone of pCo-1 extending from an

EcoRI site within the env ORF to the HindIll site defining
the junction with pCo-2. (iii) pCo-1.9 is a pBSK+ subclone of
pCo-1 extending from an EcoRI site within polto the EcoRI
site defining the junction with pCo-2.4 (46). The CAEV-Co
tat sequence in pCo-1.9 has been reported (24); the sequence

of the 5' terminus of the env ORF in pCo-1.9 is reported
here.
The cDNA inserts of pC63-13D and pC63-14B and the

EcoRI insert of pCo-2.4 were sequenced from deletion
libraries of these plasmids produced by using an exonuclease
I1I-mung bean nuclease protocol (Stratagene) previously
used to sequence pCo-1.9 (24). pC63-13D was digested at the
pBSK+ EcoRI and Sacl sites and deleted from the EcoRI
site with exonuclease III. pC63-14B was digested at the
pUC19 SmaI and Sacl sites and deleted from the SmaI site.
pCo-2.4 was digested at the pUC19 Sall and SphI sites and
deleted from the SalI site. Deleted molecules were blunt-
ended with mung bean nuclease, circularized with T4 ligase,

and amplified in E. coli XL1-Blue. Deletion clones varying
by approximate 200-bp increments were identified by agar-
ose gel electrophoresis. Dideoxy sequencing of deletion
clones was done with a Sequenase kit (U.S. Biochemical)
with [35S]thio-dATP and M13/pUC forward and reverse
primers (Boehringer Mannheim) or T3 and T7 pBSK+ prim-
ers (Stratagene). Sequence gaps were completed with prim-
ers synthesized with a 381A DNA synthesizer (Applied
Biosystems), and compressions were resolved by using Taq
polymerase (Stratagene). The sequence of overlapping dele-
tion clones was aligned by computer (12). pCo-2 was se-
quenced directly by using primers complementary to the SP6
and T7 promoter regions of pGEM.

Nucleotide sequences were translated and aligned with the
MAP and GAP-2 sequence analysis programs (12). Amino
acid sequences were compared by the FASTA program (16,
43).
RP-HPLC purification and amino-terminal sequencing of

CAEV-63 gp135 SU. The codon specifying the amino termi-
nus of gp135 SU was identified within the CAEV-63 env gene
from the amino-terminal sequence of native gp135 SU.
CAEV-63 released into the medium of infected GSM cells
was collected by differential centrifugation (8) and sus-
pended in DMEM. The virus was disrupted in 2 volumes of
6 M guanidinium hydrochloride (pH 3.1), and viral proteins
were separated by reverse-phase high-pressure liquid chro-
matography (RP-HPLC) (3). RP-HPLC fractions were ana-
lyzed by sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) (17) and by Western immunoblots
probed with immune goat serum and 125I-labeled recombi-
nant protein G (21). Fractions containing gp135 were com-
bined, lyophilized, dissolved in SDS-PAGE sample buffer
(25), and heated at 55°C for 10 min (23). Proteins were then
subjected to SDS-PAGE, modified as described before (23),
to minimize destruction of amino acid side chains and to
prevent amino-terminal blockage by gel contaminants. Pro-
teins were electrophoretically transferred to a polyvinyli-
dene difluoride membrane (Immobilon-P; Millipore), stained
with 0.1% Coomassie blue, and destained with 45% metha-
nol-10% acetic acid. The portion of the membrane with
bound gp135 was cut out and used to derive the amino-
terminal sequence of gpl35 by previously described methods
(10) with an amino acid sequencer (Applied Biosystems
model 470A).

Labeling of virus and immunoprecipitation. CAEV was
labeled with [35S]methionine and isolated from the culture
medium of infected GSM cells by differential centrifugation
(8). The methods for preparation of virus lysates, immuno-
precipitation reactions, SDS-PAGE, and fluorography have
been described (17), except that immune complexes were
precipitated with recombinant protein G (ImmuBind AbSor-
bent; Genex).
Immunization of goats with recombinant vaccinia viruses

and recombinant CAEV gp135 SU. The construction of
recombinant vaccinia virus expressing the env gene of
CAEV-63 has been described before (30). Briefly, the
CAEV-63 env insert from cDNA pC63-14B was cloned into
the SmaI site of the vaccinia virus expression vector pSC-11
(5), and recombinant vaccinia virus, designated rWR-63, was
derived by homologous recombination with WR vaccinia
virus (31, 32). A control vaccinia virus (rWR-SC11) was also
derived from pSC-11. rWR-63 and rWR-SC11, used for
vaccination, were propagated in HeLa S3 spinner cultures
and purified by sucrose density gradient centrifugation (32).
The viruses were suspended at a titer of 108 PFU/0.1 ml in 1
mM Tris, pH 9. Recombinant antigen for immunization was
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prepared from the culture medium of GSM cells infected
with rWR-63 or rWR-SC11 as described before (30). Goats
90G65 and 90G66 were immunized with rWR-63, and goats
90G09 and 90G62 were immunized with rWR-SC11. Each
goat received three intradermal vaccinations at two sites on
the neck with 108 PFU per site. The second and third
immunizations were given at 1- and 3-month intervals. Each
goat was given a final intramuscular immunization with one
roller bottle equivalent of medium from GSM cells infected
with either rWR-63 or rWR-SC11 in Freund's complete
adjuvant.

Animals, virus infection, and sera. All goats were purebred
Saanens obtained from CAEV-free dams. Sera 27 and 79
were from goats 83G27 and 85G79, infected by feeding 100
ml per day of colostrum containing 106 TCID50 (50% tissue
culture-infective doses) of CAEV-63 at 1 through 5 days of
age (6). Serum 05 is from goat 85G05, fed colostrum con-

taining supernatant from uninfected GSM cells at 1 through
5 days of age (6). Serum 104 is a polyvalent, monospecific
goat serum prepared by immunizing goat 80G104 with gp135
purified from immunodiffusion precipitin lines (1).

Nucleotide sequence accession number. Sequence data have
been deposited with the EMBL/GenBank data libraries
under accession number M60855 for CAEV-63 env.

RESULTS

Genetic structure and variability of the CAEV-63 and
CAEV-Co env genes. Figure 2 compares the nucleotide
sequences of the env genes of CAEV-63 and CAEV-Co from
the first of three potential ATG initiation codons. These data
confirm the previously published CAEV-Co env gene se-

quence (20, 51) and show that each of the three ATG codons
specifies a single ORF capable of encoding the expected SU
and TM env gene products for both CAEV variants. The first
ATG was previously identified in CAEV-Co as the initiation
codon of the L or rev ORF and was suggested as the
initiation codon of env (51). However, there are two addi-
tional potential initiation codons at positions 22 and 61,
and the ATG at position 61 is in the context of an ACC
ATGG consensus sequence identified as the optimal se-

quence for initiation by eukaryotic ribosomes (28). Also, a
vaccinia virus P7.5-promoted construct expressed an appar-
ently full-length recombinant CAEV SU initiated from the
ATG at position 61 (30).
The 5'-terminal region of the CAEV env gene encodes a

deduced product with the properties of a signal peptide, as
illustrated by the presence of a typical signal peptide hydro-
phobic domain (Fig. 2). The SIGNAL sequence analysis
program (16) predicts a signal peptide cleavage site after
nucleotide 222 of the CAEV-63 env ORF and after nucleo-
tide 228 of the CAEV-Co env ORF. Amino-terminal amino
acid sequencing of the native CAEV-63 SU was performed
to confirm this unusually long signal peptide. Identification
of the first 15 amino-terminal amino acids of the CAEV-63
SU matched to the CAEV-63 env sequence (Fig. 2) estab-
lished that the signal peptide cleavage site is 240 nucleotides
downstream of the first potential ATG initiation codon or 180
nucleotides downstream of the third potential initiation
codon. Thus, the CAEV-63 signal peptide is either 60 or 80
amino acids long, depending on the actual initiation codon of
the env ORF.

Additional structural features of the CAEV env gene
identified in Fig. 2 include the SU-TM consensus cleavage
site Arg-Lys-Lys-Arg (RKKR) and the termination codons
within U3. A previous CAEV-Co env gene sequence re-

vealed two potential RKKR SU-TM cleavage sites (51),
corresponding to nucleotides 1858 to 1869 and 1885 to 1896
(SU-TM) in Fig. 2. Comparison of the CAEV-Co and
CAEV-63 sequences identifies the actual cleavage site at
1885 to 1896 for both env genes, as shown in Fig. 2, since the
upstream alternative site in CAEV-Co is eliminated in
CAEV-63 by an A to G base substitution. Both CAEV-63
and CAEV-Co env ORFs terminate within the U3 region of
the LTR. However, a frameshift deletion 17 nucleotides
upstream of U3 extends the CAEV-63 env ORF 88 nucleo-
tides beyond the CAEV-Co env termination codon.
The sequence data in Fig. 2 indicate that, following

cleavage of the signal peptide, the primary translation prod-
uct of the CAEV env gene is a structural protein complex
consisting of an amino-terminal SU and a carboxy-terminal
TM separated by an RKKR cleavage site. Figure 3 shows the
deduced amino acid sequence of the CAEV-63 and
CAEV-Co env gene products aligned by the FASTA se-
quence analysis program (43).

Identification of the signal peptide-coding domain of the
CAEV-63 env gene (Fig. 2) permits an unambiguous deter-
mination of the deduced structure of the SU and TM of this
CAEV variant. Thus, the amino acid sequence of CAEV-63
envelope proteins (Fig. 3) specifies a 550-amino-acid SU
containing 21 potential N-linked glycosylation sites and a
384-amino-acid TM containing 4 potential N-linked glycosyl-
ation sites. These values, allowing 2.1 kDa per potential
N-linked glycosylation site (29), correspond to masses of 107
kDa for the SU and 46 kDa for the TM. Assuming a
CAEV-Co signal peptide cleavage site analogous to that of
CAEV-63, the CAEV-Co SU is 549 amino acids long, owing
to deletion of one amino acid corresponding to position 360
of the CAEV-63 SU. The CAEV-Co TM (355 amino acids) is
29 amino acids shorter than the CAEV-63 TM due to the
extended CAEV-63 env gene coding domain (Fig. 2).

Several additional structural comparisons may be made
from the data in Fig. 3. All 21 potential N-linked glycosyl-
ation sites of the CAEV-63 SU are conserved in the SU of
CAEV-Co, and the CAEV-Co SU contains two additional
sites. In addition, the CAEV-63 and CAEV-Co TM contain
four conserved potential N-linked glycosylation sites. All of
the 28 cysteines within the CAEV-63 and CAEV-Co SU and
TM are conserved. The CAEV-63 TM contains two addi-
tional cysteines in the extended U3 coding domain. In
addition to the single amino acid deletion in the CAEV-Co
SU, corresponding to an arginine residue at position 360 in
the CAEV-63 SU, env gene nucleotide sequence variability
results in 62 SU amino acid changes and 34 TM amino acid
changes. The CAEV SU contains four regions of high-
density amino acid variability, encompassing 35 to 60%
amino acid differences. These areas correspond to CAEV-63
amino acids 88 to 100, 134 to 143, 274 to 283, and 389 to 437.
Based on the relationship to conserved cysteines, the SU
region containing amino acids 389 to 437 may constitute a
hypervariable region analogous to the V3 principal neutral-
ization domain of the human immunodeficiency virus type 1
(HIV-1) SU (49).

Antigenic characterization of recombinant proteins ex-
pressed by the CAEV env gene. Immunoprecipitations were
done to demonstrate that the sequenced CAEV env gene
clones express recombinant products that were antigenically
cross-reactive with native CAEV SU and TM envelope
proteins. Sera from goats vaccinated with recombinant vac-
cinia virus rWR-63, which expresses the CAEV-63 env gene
derived from pC63-14B cDNA (30), were used to immuno-
precipitate [35S]methionine-labeled antigens of CAEV-63
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( 63) AGTCAAATGGAAAGTGGTGTAACTACCGGAAAATAAAATAGGGCAAAGCATTCTCCTATCACTATAAGCCAAACTGGMTTGTACCGGGAATTGG(Co) C G C C A C G T CM T C C
(63) ACGCATATCCGGTGTGGCAGGTGATGTTTATAGGTGGACATATGACAGGAGATGTGTGCACCTCACACAACATAACAGTAGAC(Co) A T A CC G A G T --
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(63) GCTCCAAGACAGAGGGAAGGAAAAACAGATTCTCTATACATAGCAGGAGGAAAAAGTTTTGGACAAG AGCCATACAGTGTGAAATATATA
(Co) C A A T G C ATT G T A G C

(63) GGAGATTAGATGGATGTTACATCA TATTATTAAATTCAGTAATTGGTAGTTATACATATGGGGTGATA TGCCAGAAC(Co) C G C G C

SU/TH
(63)
(Co)

(63)
(Co)

(63)
(Co)

(63)
(Co)

(63)
(Co)

(63)
(Co)

(63)
(Co)

(63)
(Co)

(63)
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TATGCTAAAACAAGAATTATAAACAGAAGAAAAAGAGAACTCAGCCACACGAGGAGAGAGGGCGTTGGCTTGGTCATTATGCTCGTTATCATGGCMTA
A C GA A A

ArgLysLysArg

GTACGT--AGGG-CTTCTCTG GGGTCG CAACCGTCAGCAGTCTTACACC AAGGCAGCTGTCC AGCCCTTGCT AATGC AACTGCTGCACAGCAG
GC T

GATGCGTTAGAGGCMCCTATGCCATGGTACAGCATGTGGCTAAAGGGGTACGCATCTTGGAAGCTCGAGTGGCTCGAGTAGAAGCTATCACGGATAGAATA
T C A G A

ATGTTATATCAAGAATTGGATTGCTGGCACTATCATCAATACTGTGTAACCTCAAGAGCAGATGTAGCAATATATTAATTGGACAAGGTTTAAAGAT
C C T A AA A C G G

AATTGCACTGGCAGCAATGGGAGAGAGATCAGAAGTGGG AACTT AACATGCTATTAAGAGAATCAGCTCGCCAGCCCAACTAGCAGAGA
G G G G ACA A G AG AGCAAT A A G

CAAGTCAGGAGAATACCAGACGTATGGGAGCTTAAAAGAGGTCTTTGACTGGTCAGGATGGTTCTCATGGCTAAAGTATATTCCTATTATAGTAGTAGGA
CA G A T C T

TTAGTAGGTGCATtcGTCTGAAGAGCTGTGAAGTGTA TGTCAACCTCTTGTGCA GATATACAGACTCTAAGTACCCCAACATACCAACGGGTCACAGTC
T T G G

ATCATGAAAAAGACAGACGTCGCAGGAGAATCAGTTTTGGATGGCTTAGAGGATCAGACGCAGCAACGCCAMMGTGACAGTACAG
c A G TAG G G

AAAGCTTGGAG GCCTGGAGCTTTGGCACTCACCCTGGAMAGCCGTGGA G GATGCTCATCCTTCCTCTGACATGGG
A A G G GC G G G

U3

(63) ATCT TG TTG TCAT- TGTTTT CT GAATTCTAG
(Co) T A A A G TGA

(63) MTTCCTGTAGATCACTTGTGGTGTTATAAGAAAAGCAAGTCTATGA

FIG. 2. Comparison of nucleotide sequences of the env genes of CAEV-63 and CAEV-Co from the first of the three potential ATG
(underlined) initiation codons. CS, Kozak consensus sequence. SPHD, signal peptide hydrophobic domain; 29-amino-acid SPHD is
underlined. SU, 5'-terminal codon of surface protein; the first 15 amino acids of SU, as determined by amino-terminal sequencing of native
CAEV-63 SU, are indicated. SU/TM, surface protein-transmembrane protein Arg-Lys-Lys-Arg cleavage site. U3, initial nucleotide of the U3
region of the LTR. The TGA termination codons of the CAEV-63 and CAEV-Co env ORFs are indicated.
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(Fig. 4). Sera from rWR-63-vaccinated goat
90G66 immunoprecipitated CAEV antigens of
38 kDa (lanes 5 and 6). These proteins, in addit
19-, and 16-kDa CAEV core proteins, were als
by sera from CAEV-infected goats 83G79 and
2 and 3). Monospecific anti-CAEV SU seru

80G104 reacted only with the CAEV gpl35
Control immunoprecipitations were performe
from a CAEV-negative goat (85G05) and sera ft
(90GO9 and 90G62) vaccinated with the contr
vaccinia virus without a CAEV env insert.
none of these sera reacted with labeled C}
(lanes 1, 7, and 8). Results similar to those in Fi
obtained by using sera from goats immunized i

nant vaccinia virus rWR-Co, which expresses t
env gene derived from pCo-1 (30).

DISCUSSION
Analysis of env gene sequences from two a

ants of CAEV and determination of the at
amino acids of one native CAEV SU locali;
variability and defined CAEV env gene structi
Nucleotide sequence heterogeneity results in f
high-density amino acid variability, and one ri

analogous to the V3 hypervariable domain of t
(38, 49). The deduced translation products of t]
gene consist of a 60- to 80-amino-acid signal pe
and TM structural proteins. Immunization c

(256)

(320)

(384)

(448)
FIG. 4. Immunoprecipitation of [35S]methionine-labeled CAEV

(512) with goat sera. Lane 1, serum from uninfected goat 85G05. Lanes 2
and 3, sera from CAEV-infected goats 83G79 and 85G27, respec-
tively. Lane 4, monospecific anti-gp135 SU serum from goat

(576) 80G104. Lanes 5 and 6, sera from goats 90G65 and 90G66 immu-
nized with rWR-63, respectively. Lanes 7 and 8, sera from goats

(640) 90G09 and 90G62 immunized with rWR-SC11, respectively. The
migration of 14C-labeled marker proteins is indicated (in kilodal-
tons).

(704)

.STPTYQRVTVI (768)

vaccinia virus expressing the env gene ofCAEV-63 provided
SSLLKMLILPL (832) specific antisera for analysis of env gene products.

The genetic structure of the env genes of the bovine
(884) immunodeficiencylike virus (15), equine infectious anemia

virus (50), feline immunodeficiency virus (40, 55), HIV-1
vence of the env (54), and visna virus (53) has been described. In addition, the
inning of SU. sequence of the CAEV-Co env gene was recently reported
by *. Cysteines (51). The sequence and immunologic data described here
Dbic transmem- confirm that the CAEV env gene, like that of other lentivi-Lty substitutions ..
nd 389 to 437. ruses, encodes a primary translation product comprised of a

signal peptide followed by a surface glycoprotein complex,
consisting of an amino-terminal hydrophilic SU and a car-

ts 90G65 and boxy-terminal TM, defined by characteristic hydrophobic
f 135, 90, and transmembrane domains. The RKKR SU-TM cleavage site
;ion to the 28-, is typical of the basic amino acid motif (RXKR, where X is
o precipitated any amino acid) defining other retrovirus env gene SU-TM
185G27 (lanes cleavage sites (14).
im from goat Translation of the CAEV env precursor protein is initiated
SU (lane 4). from one of three potential start codons. The first potential
d with serum start codon in CAEV-Co has been shown to initiate rev (51)
rom two goats and was suggested as the start codon for env (51). However,
ol rWR-SC11 the third potential env start codon is encompassed by the
As expected, Kozak consensus sequence (28) and initiates an apparently
kEV antigens full-length, biologically active recombinant CAEV SU (30).
ig. 4 were also Depending on the start codon utilized by the virus, the
with recombi- CAEV env gene encodes a signal peptide of 60 to 80 amino
the CAEV-Co acids. Among lentiviruses, only CAEV, visna virus, and

feline immunodeficiency virus encode similar-length signal
peptides (40, 53). This is in contrast to the signal peptides of
equine infectious anemia virus and HIV-1, which range from
6 to 30 amino acids (2, 3, 41). The function of the additional

mntigenic vari- amino acids of CAEV, visna virus, and feline immunodefi-
mino-terminal ciency virus signal peptides in glycoprotein processing has
zed env gene not been defined.
ural domains. Immunoprecipitation of native CAEV antigens with sera
bur regions of from goats immunized with recombinant vaccinia viruses
*egion may be demonstrated that antibody responses induced by the
the HIV-1 SU recombinant products encoded by the sequenced env gene
he CAEV env clones specifically recognize native CAEV SU and TM
-ptide and SU envelope proteins. This result confirms that the CAEV env
Df goats with gene products expressed in vaccinia virus are antigenically
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cross-reactive with analogous virion envelope proteins and
that the CAEV SU and TM are encoded by the env gene.
The discrepancy between the observed (135 kDa) and pre-
dicted (63 kDa) molecular masses of the SU is accounted for
in part by the 21 potential N-linked glycosylation sites
present in the deduced amino acid sequence. When allow-
ances for carbohydrate are considered (2.1 kDa per site)
(29), the calculated (107 kDa) and observed (135 kDa)
masses of the SU agree more closely.
Whereas the CAEV SU has been well characterized (25),

the properties of the TM have remained obscure. The
apparent molecular masses of the TM of equine infectious
anemia virus (45 kDa) and HIV-1 (41 kDa) are well estab-
lished (14, 56). The TM-coding domain of the CAEV env
gene, including potential N-linked glycosylation sites, spec-
ifies a 46-kDa gene product, and a 45-kDa protein was
recently proposed as the CAEV TM (51). However, the
CAEV gag precursor protein has a similar mobility in
SDS-PAGE (9), and sera from CAEV-infected goats contain
antibodies to both gag- and env-encoded proteins (17, 25). In
this regard, the present data clearly show that sera from
goats immunized with vaccinia virus expressing the-
CAEV-63 env gene immunoprecipitate a 90-kDa protein
which is antigenically unrelated to the gp135 SU and which
comigrates with a 90-kDa protein immunoprecipitated by
sera from goats infected with CAEV. Sera from vaccinated
and infected goats also react with a 38-kDa protein which is
also unrelated to the SU. In other experiments, a monoclo-
nal antibody against the virion 90-kDa protein immunopre-
cipitates only the 90- and 38-kDa proteins (35). Collectively,
these experiments indicate that the 90-kDa protein is the
CAEV env-encoded TM, which is extracted mainly as an
aggregate under the conditions described here. Aggregation
of the CAEV TM appears to be similar to that described for
the HIV-1, HIV-2, and simian immunodeficiency virus trans-
membrane proteins (45, 47).

In addition to defining env gene coding domains and
identifying env-encoded virion glycoproteins, the data pre-
sented localize env gene variability between two antigenic
variants of CAEV. Genetic variation, including point muta-
tions, deletions, and duplications of nucleotides of lentiviral
env genes from independent isolates of bovine immunodefi-
ciencylike virus (15), equine infectious anemia virus (42),
feline immunodeficiency virus (44), HIV (38, 52), and visna
virus (4) has been documented. In some cases, functional
antigenic differences between isolates have been mapped to
specific regions of genetic variability termed hypervariable
domains (38, 49). The present data reveal four regions of
high-density amino acid variability in the CAEV env gene.
One region, corresponding to CAEV-63 SU amino acids 389
to 437, has the properties of a hypervariable region between
conserved cysteines, analogous to the V3 principal neutral-
izing domain of the HIV-1 SU (49).
Our current studies include obtaining the sequence of the

env genes of additional antigenic variants of CAEV and
mapping the immune reactivity of SU and TM epitopes with
sera from arthritic goats. These studies will provide struc-
tural analysis of virion envelope glycoprotein epitopes in-
volved in the pathogenesis of arthritis and may lead to
strategies and reagents for vaccine development.
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