
Neutralization of the AIDS Retrovirus by Antibodies infection with this virus (6). Alterations in 
the life-styles of certain high-risk groups 
may help to reduce the spread of the disease, 
but the development of a reliable vaccine 
against the AIDS retrovirus would be more 

to a Recombinant Envelope Glycoprotein 

effective in arresting the current epidemic 
(17 3. 

We previously demonstrated the feasibil- 
ity of using genetically engineered mamrna- 
lian cells for the production of an efficacious 
subunit vaccine for type 1 and 2 herpes 
simplex virus infections (8). This work 

Mammalian cell lines have been engineered to produce a secreted form of the AIDS 
retrovirus envelope glycoprotein. The recombinant protein has been isolated from 
growth-conditioned culture media and used to immunize animals. Antibodies directed 
against the recombinant molecule were found to react with the envelope glycoprotein 
produced in virus-infected cells. Furthermore, these antibodies were able to directly 
inactivate the AIDS retrovirus in a neutralization assay in vitro. The expression system 
reported here should provide sufficient quantities of the AIDS retrovirus envelope 
protein for biological and vaccination studies. 

showed that glycoprotein D (gD) of these 
viruses could be constitutively secreted from 
Chinese hamster ovary (CHO) cell lines 
transfected with a gD gene truncated so as 
to delete the transmembrane domain that 
normally binds the protein to the viral or 
infected cell surface (8). We have taken a 

T HE ACQUIRED IMMUNE DEFICIEN- 

cy syndrome (AIDS) is recognized as 
an epidemic in several areas of the 

world, including the United States (1). The 
disease generally manifests itself as severe 
immunosuppression typically leading to 
devastating, often fatal, opportunistic infec- 
tions and neoplasia. Several laboratories 
have shown AIDS to be associated with a 
retrovirus, variously termed lymphadenopa- 

thy virus (LAV) (2), human T cell leukemia 
virus type I11 (HTLV-111) (3) ,  or AIDS- 
related virus (ARV) (4). The AIDS retrovi- 
rus appears to cause immune dysfunction by 
selectively infecting and eventually destroy- 
ing the OKT4' helper-inducer subset of T 
cells (5). Because there is evidence that 
heterosexual transmission can occur as a 
result of sexual contact, a considerable per- 
centage of the population may be at risk for 

, I  

similar approach to produce a potential 
recombinant vaccine for AIDS. In initial 
studies, the full-length AIDS retrovirus en- 
velope protein, as well as variants truncated 
so as to delete COOH-terminal hydropho- 
bic domains, showed inefficient expression 
in CHO cells. Examination of the orotein 
sequence (9) revealed one factor that might 
account for the poor expression. The AIDS 
retrovirus envelope glycoprotein contains a 
novel signal sequence in that an unusually 
long hydrophobic domain at the NH2-ter- 
minus of the protein is preceded by a highly 
charged region (9, 10). Other viral envelope 
antigens, such as gD, usually contain a 
signal sequence at the NH2-terminus pos- 
sessing a 15 to 20 residue long hydrophobic 
domain containing a small core of charged 
amino acids (1 1 ) . 

To improve the expression of a secreted 
variant of the AIDS retrovirus envelooe. we 

Table 1. Neutralization of AIDS retrovirus by antisera elicited to recombinant gpl30.Neutralizing 
antibodies were measured by using a modification of previously published techniques (16). TCIDSo 
measurements were performed as described (16). Briefly, neutralization assays were performed by 
incubating 1: 5 diluted, heat-inactivated (56"C, 30 minutes) sera with titered aliquots [corresponding 
to 20 TCIDSo units of HTLV-IIIB (.?)I of virus for 1.5 hours at 4°C. The serum-virus mixture was then 
inoculated onto Polybrene-treated H9 cells (1  x lo6 cells per milliliter) (3). Cultures were incubated 
for either 7 or 10 days, at which time the cells were harvested by centrihgation, fixed with acetone- 
methanol, and stained for HTLV-IIIB antigens by indirect immunofluorescence using high titer 
polyclonal human antiserum. Reverse transcriptase activity was measured by standard techniques (16). 

Indirect Reverse 
Serum immunofluorescence transcriptase 
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constructed a truncated form of the gene 
that used the gD signal sequence (Fig. 1). 
The first 50 amino acids of the gD protein 
were joined in phase to amino acid 61  of the 
retroviral envelope antigen. Correct cellular 
processing of the gD signal sequence would 
result in envelope antigen containing 25 
amino acids of gD at its NH2-terminus (12) 
and lacking 30 residues from the mature 
processed form of gp120 (10). Expression 
of the full-length envelope-gD signal se- 
quence chimera in CHO cells resulted in the 
production of a highly glycosylated protein 
that was retained in one of the intracellular 

Guinea pig 
2 Preimmune 

Preimmune 
Preimmune 
Preimmune 
gp130 
gp130 
gp130 
gp130 4 

Rabbit 
4 Preimmune 

25 
26 
27 
19 
25 
26 
27 

Rabbit IgGY 
26 
26 
27 

Preimmune 
Preimmune 
Preimmune 
gp130 
gp130 
gp130 
gp130 

compartments with no evidence of proteo- 
lytic processing or export to the cell surface 

L. A. Las C. W. Fennie, D. J. Capon, D. J. Dow- 
, Nakamura, W. M. Nunes, M. E. Renz, P. bedo,  G.% 

W. Berman, Department of Molecular Biology, Genen- 
tech, Inc., 460 Point San Bruno Boulevard, South San 
Francisco, CA 94080. 
J. E. Groopman and P. M. Benz, Division of Hematolo- 
gy-Oncology, Department of Medicine, Harvard Medi- 
cal School, New England Deaconess Hospital, Boston, 
MA 02215. 

-- 

T h e  IgG was urified bv usin a Protein A-Sepharose column and the concentration was 10 mglml. The IgG was 
used at a 1: 5 Aution; lb0 T & D ~ ~  units of virus were used in this experiment; ND, not done. 

11 JULY 1986 



during the labeling period (13). So that the 
envelope antigen would be secreted from 
the cell, we deleted the entire putative trans- 
membrane region (that is, gp41) from the 
retrovirus envelope gene. The truncation 
site was within the first major hydrophobic 
domain at amino acid 531 of the envelope, 
20 amino acids COOH-terminal to the actu- 
al 160-kD precursor processing site (14), 
resulting in a chimeric envelope gene of 520 
amino acids in length (Fig. 1). 

Transfection of this plasmid into CHO 
cells and subsequent selection permitted the 
isolation of many stable clones that con- 
tained the retrovirus envelope expression 
plasmid (pAIDSenv1trDHFR) . Several of 
the clones were labeled with [35S]methio- 

nine, and the cell lysates and growth condi- 
tioned media were analyzed by radioimmu- 
noprecipitation (RIPA) with the use of se- 
rum from a healthv homosexual male who 
had high antibody titers against the native 
envelope antigens of the AIDS retrovirus 
(Fig. 2). RIPA of the cell lysate from one 
transfected cell line with serum from this 
healthy homosexual male showed an anti- 
body-specific protein at approximately 100 
kD (Fig. 2D). This protein did not appear 
in control experiments where normal human 
serum was used for RIPA of the lysates from 
transfected cell lines, nor was the protein 
present when serum from the same healthy 
homosexual male was reacted with lysates 
from the parental CHO cell line (for exam- 

Nde l Hha l * 

I/ SV 40 or1 gD signal cassette 

Stop linker 
TCTAGAGGATCCCCAACT&GTAAGATCTE 

Dihydrofolate reductase vector 

SV40 
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A m ~ n o  a c ~ d s  1-50 

HSV-I gD 

Arn~no acids 61-531 
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Fig. I .  Construction of a plasmid for the synthesis of a secreted form of the AIDS retrovirus envelope in 
mammalian cells (pAIDSenv1trDHFR). The viral genome is shown at the top with the location of each 
of the five major open reading frames of the virus (9). The e m  reading frame encodes the viral envelope 
glycoprotein antigen described herein (10). A Nde I-Hha I envelope fragment encoding amino acid 
residues 61-531 (9) was used for expression of a secreted envelope protein by in-frame ligation to a 
herpes simplex virus (HSV-1) gD signal sequence fragment (8). Envelope translation was terminated by 
the inclusion of a synthetic piece of DNA (stop-linker) containing termination codons in all three 
reading frames. These fragments were incorporated into a vector that contained the components 
necessary for proper expression of this integrated envelope gene as well as for selection in mammalian 
cells. "SV40 ori" contains an early promoter from the SV40 virus (E) which is used to drive 
transcription of either the AIDS retrovirus envelope or the dihydrofolate reductase (DHFR) 
complementary DNA (cDNA). Transcription termination and message polyadenylation are accom- 
plished by using signals derived from the 3' nontranslated region of the hepatitis B virus surface antigen 
gene [HBsAg poly(A) signal] (20). Replication of the plasmid in Escherichia coli is accomplished by the 
inclusion of an origin of replication derived from the plasmid pML (21) and a p-lactamase gene that 
confers resistance to ampicillin (ampr). Finally, a murine DHFR cDNA clone is included as a selectable 
marker for selection in DHFR-deficient CHO cells (22). 

ple, Fig. 2B). When the cell-conditioned 
supernatants from the transfected cells were 
examined (Fig. 2C), a larger, more dithse 
immunoprecipitable band was found that 
migrated at approximately 130 kD (gp130). 
This protein, which was immunoprecipitat- 
ed by sera from several individuals positive 
for AIDS virus antibodies, was specifically 
secreted from cells transfected with the 
AIDS retrovirus expression plasmid and was 
only immunoprecipitable by antibodies to 
the AIDS retrovirus (for example, Fig. 2A). 
Thus, the transfected cells secreted a truncat- 
ed form of the envelope protein that was 
capable of interacting with antibodies elicit- 
ed against the authentic virus envelope anti- 
gen. 

The size differences between the intracel- 
Mar material and the extracellular material 
appeared to be due to differences in glycosy- 
lation. To explore this question we conduct- 
ed endoglyc&dase digestion studies. Neur- 
aminidase treatment of the secreted enve- 
lope protein reduced its size from 130 kD to 
approximately 110 kD, suggesting that the 
secreted antigen possessed the complex form 
ofN-linked carbohydrate with terminal sial- 
ic acid residues (Fig. 2E). Treatment with 
endoglycosidase H showed that the extracel- 
Mar material was resistant to this enzyme, 
whereas the intracellular form of the enve- 
lope protein was sensitive and generated a 
69-kD species. These results demonstrated 
that the intracellular protein possessed the 
simple form of hi'-linked carbohydrate (high 
mannose), and that approximately 61  kD of 
the protein can be attributed to carbohy- 
drate, a result similar to that found for 
authentic envelope antigen synthesized in 
AIDS retrovirus-infected cells (10). 

The secreted protein was partially purified 
from CHO cell-conditioned media by using 
an irnmunoaffinity column prepared with 
antibody purified from the serum of a 
healthy .hohosexual male possessing a high 
titer of antibodies to the viral envelope 
protein (15). The secreted proteins that 
bound to this column were eluted at high 
salt concentrations and at pH 3.3. Sodium 
dodecyl sulfate (SDS)-polyacrylamide gel 
analysis of the eluted proteins revealed the 
presence of a 130-kD band that comprised 
approximately 20% of the total proteins 
bound to the affinity column. This protein 
appeared to be identical in size to the radio- 
actively labeled secreted envelope protein 
(-130 kD, Fig. 3C). In Western blot analy- 
ses, this 130-kD secreted protein reacted 
with serum from an AIDS retrovirus-sero- 
positive individual. From gel electrophoretic 
analvses we estimate that the amount of 
gp130 produced is greater than 1 mg per 
liter. 

The affinity-purified antigen was next for- 
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mulated with com~lete Freund's adiwant 
and used to imm- rabbits and &nea  
pigs. The animals were inoculated with ap- 
proximately 100 pg of the partially purified 
envelope antigen. They subsequently re- 
ceived two booster injections of aftinity- 
purified a 1 3 0  incorporated in incomplete 
Freund's adjuvant. Sera from these animals 
immunoprecipitated the CHO cellderived 
envelope antigen, demonstrating that the 
recombinant protein was immunogenic. Se- 
rum from &ea pigs vaccinaied with 
recombinant gp130 was then used to im- 
munoprecipitate [3SS]methionine-labeIed 
AIDS retrovirus proteins (Fig. 3). Sera from 
four gpl30-vacchated guinea pigs immu- 

Fig. 2. Radioimmunopreapitation (RIPA) of the 
intraallular and xcmed forms of the AIDS 
retrovirus envelow from transfected cells. Con- 
trol cells (CHO, DHFR-deficient) and cells trans- 
fected with DAIDS~VIUDHFR were labeled 
with ["~]mc;hionine, and the intracellular and 
secreted proteins wen subjected to RIPA with 
serum from an AIDS rctrovirus-seropositive indi- 
vidual. The precipitated proteins were then sub- 
jected to SDS-PAGE and resolved by autoradiog- 
raphy. (A) Culture supernatants of DHFR- 
CHO control cells. (B) Cell lysates from DHFR- 
CHO control cells. (C) Culture supernatants 
from cells transfected with the pAIDSenv1 
trDHFR. (D) Cell lysatcs from cells transfected 
with the pAIDSenv1trDHFR (s, secreted enve- 
lope antigen; i, inuacellular envelope antigen). 
The nanue of the glycosylation of the secreted 
envelope antigen was investigated by neuramini- 
dax digestion and RIPA. (E) Untreated material 
secreted from envelope-producing cell lines. (F) 
Neuraminidase-treated material secreted from en- 
velope-producing cell lines. The CHO c& were 
nansfected with plasmid DNA (Fig. 1) and select- 
ed as desuibed (8, 22, 23). Control cells or 
methotrexate amplified transfected cells (100 nM 
methmexate) were labeled for 4 hours with 
["S]methionine (70 pCi per milliliter). The me- 
dium was collected and the cells were lysed in 
RIPA buffer as described-(8). Antiserum from an 
AIDS reawirus-seropositive individual was used 
for RIPA with Protein A-Sepharose beads. The 
precipitated proteins were resolved on 7.5% poly- 
aaylamide SDS gels and autoradiographed as 
described (8). Secreted envelope protein was sub 
jected to RIPA with antibodies to AIDS reaovi- 
rus and treated with 10 mu of neuraminidase for 
2 how at 37°C. The proteins were resolved by 
SDS-PAGE. 

noprecipitated both the gp160 and gp120 
envelope antigens from AIDS retro* 
inked  T cells (Fig. 3, B to E). These same 
two antigens, in addition to the 55-kDgq 
precursor, were immunoprecipitated by hu- 
man antisera to AIDS virus (Fig. 3F). Thus, 
the recombinant envelope protein is able to 
elicit antibodies reactive with a soluble, pre- 
sumably nondenatured fonn of the virus- 
derived protein. 

The ability of antibodies to the recombi- 
nant envelope protein to inactivate the 
AIDS retrovirus was tested in a neutraliza- 
tion assay in v im (16). In these studies, 
AIDS retrovirus [derived fkom the original 
HTL,V-IIIB isolate of Gallo ct al. (3)] was 
incubated with coded serum samples from 
either gpl30-vaccinated animals or control 
animals and then added to cultures of hu- 
man T cells [H9 cell line (3)]. f i r  7 or 10 
days of culture, the cells were fixed and 
assayed for retrovirus infection by indirect 
immunofluorescence with human serum 
that showed a high titer of antibodies to 
AIDS retrovirus proteins. In addition, su- 
pernatants of these H9 cell cultures wcre 
assayed b r  viral reverse transcriptase activi- 
ty. Neutralization assays were performed 
with sera at a dilution of 1:5 with 20 
TCJDw units (50% tissue culture infective 
dose) of AIDS retrovirus. All of the guinea 
pig antisera to gp130 showed neutralizing 
activity on day 7 in both assays (Table 1). By 
day 10, however, some virus growth was 
detected in cultures treated with sera from 
guinea pigs 1 and 4. This shows that these 
sera inhibited the growth of virus but did 
not completely inactivate all the virus in the 
culture system. Two other sera (guinea pigs 
2 and 3), however, substantially prevented 
virus growth in both the 7- and 10-day 
cultures. This result demonstrates that 
recombinant gp130 possesses antigenic de- 
terminants that stimulate the production of 
antibodies that can inhibit the growth of the 
AIDS retrovirus in vitro, even in relatively 
long-term cultures. Analyses of the rabbit 
sera showed similar results. Virus treated 
with senun from rabbit No. 26 gave no 
evidence of growth on day 7, but did indi- 
cate a small amount of virus growth on day 
10. Serum from rabbit 27, however, com- 
pletely prevented virus growth on both days 
7 and 10. It is interesting that sera from 
rabbits 19 and 25 were apparently ineffec- 
tive in inhibiting virus growth despite the 
fact that sera fiom both of these animals had 
antibodies that reacted with authentic viral 
gp120 on Western blots and in RIPA. Fial- 
ly, purified immunoglobulin G (IgG) from 
rabbits 26 and 27 was able to neutralizc 100 
TCIDSo units of the AIDS retrovirus, dem- 
onstrating that antibodies were responsible 
b r  neutralization in v i m  (Table 1). In 

conclusion. these results show that antibod- 
ies to the recombinant a 1 3 0  antigen can 
inhibit AIDS retrovirus infectivity in vim. 

Recently, Clapharn and Weiss (17) tested 
the rabbit and-guinea pig sera described 
above in a VSV pseudotype neutralization 
assay (18). In these studies sera from rabbits 
25 and 27 and from guinea pigs 2 and 3 
reduced the pseudotype titer greater than 
80%. Sera fiom guinea pigs 1 and 4 reduced 
the pseudotype titer to a somewhat lesser 
extent. Thesi-results confirm, by means of a 
completely independent assay, that antibcd- 
ies elicited against recombinant gp130 can 
neutralize the AIDS retrovirus. 

Although it is premature to suggest that 
the recombinant antigen described here will 
be effective as an AIDS retrovirus vaccine. 
our results demonstrate that useM quanti- 
ties of the AIDS retrovirus envelope protein 
can be produced in a safe, retrovirus-free 
mammalian cell system. Our finding that the 
isolated, recombinant gp130 envelope anti- 
gen is able to elicit virus-neutralizing anti- 
bodies demonstrates that at least some of the 
epitopts involved in neutralization of the 
virus in vitro and, presumably, in vivo (16) 

Fig. 3. Radioimmunoprccipitation of [35S]mcthi- 
oninc-labeled AIDS zrtroviri~~ proteins with 
guinea pig and AIDS rctrovirus-seropitive hu- 
man sera. (A) Control guinea pig serum. (B to E) 
Sera from guinea pigs vaccinated with rccombi- 
nant gp130 antigen. (F) Serum from human 
AIDS retrovirus-seropositive individual. The ar- 
rows show the 160-kD envelope precursor and 
protwlytically processed 120-kD envelope pro- 
teins of the virus. Viral antigens were labeled 
overnight in i n f d  H9 T cells with 500 pCi/rnl 
of [3sS]methionine (3). Radioimmunoprccipita- 
tions were performed as described in Fig. 2. 



are located on the viral gp120 envelope 
antigen, and that these e$opes are ako 
found on the recombinant form of the enve- 
lope glycoprotein. 

These results point to one possible route 
toward the production of a safe and effica- 
cious vaccine for the prevention of infection 
by the AIDS retrovirus. While the demon- 
stration here of virus neutralization in vitro 
is encouraging, the use of an animal model, 
such as chimpanzees, will be a necessary next 
step (19). 

REEERENCES AND NOTES 

1. J. Curran et d . ,  Science 229, 1352 (1985). 
2. F. Barrt-Sinoussi et d . ,  ibid. 220, 868 (1983). 
3. R. Gallo et al., ibid. 224, 500 (1984). 
4. J. Levy et al., ibid. 225, 840 (1984). 
5. D. Klatzmann et al., ibid., p. 59. 
6. C. Harris et &.,Ann. Intern. Med. 103,623 (1985). 

D. Francis and J. Pettriciani, N.  Engl. J. Med. 313, 
1586 (1985). 
L. Lasky, D. Dowbenko, C. Simonsen, P. Berman, 
Bw/Techno[ogy 2, 527 (1984); P. Berman, T. Greg- 
ory, D. Crase, L. Lasky, Science 227, 1490 (1985). 
M. Muesing et d . ,  Natuue (London) 313, 450 
11985). 
F.  ark et d . ,  Science 228, 1094 (1985). 
G. Blobel, Proc. Natl. Acad. Sci. U.S.A. 77, 1496 
(1980); D. Perlman and H. Halvorson, J.Mol. Bwl. 
167, 394 (1983). 
R. ~ i s e n b e r ~ ,  D. Lon R. Hope-AngeUeti, G. 
Cohen, J. Vtuol. 49, 26r(1984) 
L. Lasky and P. Berman, unpubkhed results. 
F. Veronese et d . ,  Science 229, 1402 (1985). 
An immunoahi column was produced bv incu- 
bating the IgG %action isolated from an' AIDS 
retrovirus-sero sitive patient with CNBr-activated 
Sepharose b e a g  The serum-free medium condi- 
tioned b an envelope-producing cell line was con- 
centratel 100-fold by ultrafiltration using an Ami- 
con ym-10 filter and assed over this column at 
room temperature at a gow rate of 0.5 mlimin. The 
column was washed with high and low salt contain- 
ing buflers and was eluted at pH 3.3 with acetate 
buffer. The eluted material was m e d a t e l y  neuual- 
ized, dialyzed, and then concentrated. 

M. Robert-Guroff, M. Brown, R. Gallo, Nature 
(London) 316. 72 11985). 
P Claoham and R Weiss. oersonal commwcauon 
R. W&S et d., Natuue  don) 316, 69 (1985). 
H. Alter et al., Science 226, 549 (1984). 
C. Simonsen and A. Levinson, Mol. Cell. Bwl. 3, 
2250 (1983). 
M. Lus and M. Botchan, Natuue'jLondon) 293, 
79 (198% 

\-. --, 
G. Urlaub and L. Chasin, Proc. Natl. Acad. Sci. 
U.S.A. 77, 4216 (1980). 
J. Nunberg, R. Kaufman, A. Chang, S. Cohen, R. 
Schimke, Cell 19, 355 (1980); C. Simonsen and A. 
Levinson. Pvoc. Natl. Acad. Sci. U.S.A. 80. 2495 
(1983). 
We thank D. Gallo of the California State Public 
Health Department for fFroviding sam les of 
[35S]methionine-labeled A1 S retrovirus. &e also 
thank R. Cazares for expert assistance in the repara- 
tion of this manuscript. J.E.G. and P.M.!. were 
supported in part by rants from the National 
Heart, Lung and ~ lood~~ns t i tu te  (HL 33774-01) 
and the New England Deaconess Cancer and Immu- 
nodeficiency Research Fund. 

1 May 1986; accepted 12 June 1986 

The Chronic Myelogenous Leukemia-Specific P210 
Protein Is the Product of the bcrlabl Hybrid Gene 

Chronic myelogenous leukemia (CML) is a human disease associated with a consistent 
chromosomal translocation that results in sequences from the c-abl locus on chromo- 
some 9 being fused to sequences in a breakpoint cluster region (bcr) on chromosome 
22. CML cells have two novel products: an 8.5-kilobase RNA transcript containing 
both abl and bcr and a 210-kilodalton phosphoprotein (P210) recognized by v-abd 
specific antisera. To test whether the P210 is the product of the novel 8.5-kilobase 
bmlabl fusion transcript, antibodies were prepared against c-abl and bcr determinants. 
By using these reagents and v-abdspecific antisera, it was demonstrated that the P210 
in CML cells is indeed the protein product of the 8.5-kilobase transcript. By analogy to 
thegaglabl fusion protein of Abelson murine leukemia virus, the replacement of amino 
terminal c-abl sequences by bcr sequences in P210 may create a transforming protein 
involved in CML. A 190-kilodalton phosphoprotein that is a candidate for the normal 
bcr protein was identified in both HeLa and K562 cells. 

C HRONIC MYELOGENOUS LEUKEMIA 

(CML) cells contain the Philadel- 
phia chromosome, a product of a 

reciprocal exchange of distal segments of the 
long arms of chromosomes 9 and 22 (1,2). 
The breakpoints of the t(9;22) occur near to 
but at variable distances from the c-abl locus 
on chromosome 9, and are clustered within 
a small (6-kb) region of chromosome 22 
designated the breakpoint cluster region, or 
bcr (3). The translocation is associated with 
two novel products: a bcrlc-abl transcript of 
8.5 kb (4), larger than the normal c-abl 
messenger RNA (mRNA) sizes of 6 and 7 
kb seen in most tissues (5 ) ;  and a phospho- 
protein that cross-reacts with v-abl-specific 
antisera and has a molecular mass of 210 
kD, larger than the normal c-abl protein 
which has a molecular mass of 145 kD (6). 
From sequences of complementary DNA 
(cDNA), the 8.5-kb mRNA represents a 

fusion of bm sequences to c-abl sequence at 
just the point where the multiple 5' exons of 
c-abl are fused to the common body of the c- 
abl mRNA. The exon at which the fusion 
occurs, the most upstream of the common 
set of c-abl exons, has been called the "com- 
mon exon" (7). 

It was suggested that the 210-kD phos- 
phoprotein (P210) found in CML cells is 
the protein product of the hybrid bdabl 
transcript (8). If P210 is the product of the 
CML-specific 8.5-kb transcript, it should 
contain, in addition to determinants which 
cross-react with v-abl antisera. c-abl com- 
mon exon determinants as well as bcr deter- 
minants. We have prepared a set of immu- 
nologic reagents specific to either c-abl or 
bcr and have used them to test the relation- 
ship of P210 to the 8.5-kb bcrlabl transcript. 
The results indicate that P210 represents a 
fusion of parts of two normal ceilular pro- 

teins and is the product of the bcrlabl hybrid 
transcript. 

In ~ i &  lA, the proposed structure of the 
P210 coding region is shown with the posi- 
tions of the five peptides used for immuniza- 
tion indicated. The bm antiserum was me- 
pared against a @-galactosidaselbm fusion 
protein expressed in a pEX vector (9, 10) 
(Fig. 1B). The antiserum to the c-abl com- 
mon exon was prepared against a synthetic 
peptide representing the sequence close to 
the 5' border of the exon (Fig. 1C). The 
specificity of this serum was demonstrated 
by radioimmunoassay (1 1 ) . The v-abl-spe- 
cific antisera pEX2, pEX4, and pEX5 were 
described previously (12). pEX2 recognizes 
the protein kinase domain of v-dl ;  pEX4 
and pEX5 are directed against carboxyl ter- 
minal determinants of v-abl. 

The specificity of the c-abl antiserum was 
examined by immunoprecipitation of the 
normal c - d l  protein from HeLa cells. Ex- 
tracts immundprecipitated with c-abl antise- 
ra were processed for in vitro kinase assay 
with y3 P-ATP as described (13) and 32P- 
labeled proteins were displayed by electro- 
phoresis. Under these conditions, v-abl anti- 
sera (pEX4 and pEX5) and the antiserum to 
the c-abl common exon precipitated the 
same phosphorylated protein of 140 kD 
previously described as the P145 c-abl pro- 
tein (13) (Fig. 2, lanes 1 and 2). The 
imrnunoprecipitation of this 140-kD phos- 
phoprotein with the antiserum to c-abl com- 
mon exon peptide could be completely in- 
hibited by its cognate peptide (Fig. 2, lane 
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