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The v-at-' transforming protein P160' abl and the P210c-abl gene product of the translocated c-abl gene in
Philadelphia chromosome-positive chronic myelogenous leukemia cells have tyrosine-specific protein kinase
activity. Under similar assa) conditions the normal c-abl gene products, murine P150,-abl and human P145c-abl,
lacked detectable kinase activity. Reaction conditions were modified to identify conditions which would permit
the detection of c-abl tyrosine kinase activity. It was found that the Formalin-fixed Staphylococcus aureus
formerly used for immunoprecipitation inhibits in vitro abl kinase activity. In addition, the sodium dodecyl
sulfate and deoxycholate detergents formerly used in the cell lysis buffer were found to decrease recovered abl
kinase activity. The discovery of assay conditions for c-abl kinase activity now makes it possible to compare
P150c-abl and P145c.abl kinase activity with the altered abl proteins P160'-jabl and P210c-abl. Although all of the
abl proteins have in vitro tyrosine kinase activity, they differ in the way they utilize themselves as substrates in
vitro. Comparison of in vitro and in vivo tyrosine phosphorylation sites of the abl proteins suggests that they
function differently in vivo. The development of c-abl kinase assay conditions should be useful in elucidating
c-abl function.

The c-abl oncogene was initially identified as the normal
cellular homolog of the v-ab! transforming gene of Abelson
murine leukemia virus (13, 15, 41, 46). The human c-abl gene
has been shown to be altered by translocation from chromo-
some 9 to 22 in Philadelphia chromosome (Phl)-positive
chronic myelogenous leukemia cells (2. 14, 16). Viral
transduction and chromosomal translocation of c-nibl are
similar in that they result in the synthesis of obl proteins with
structurally altered amino termini (27, 28. 47). The v-nibl
gene product, P160'-""', and the gene product of the
translocated c-nbl gene, P210'-"//, have similar in vitro
tyrosine kinase activities (10, 25, 27, 28). When assayed
under similar conditions, the murine c-nb! protein p150ct/
and human c-nibl protein, P145C-11^, lacked detectable tyro-
sine kinase activity (10, 25, 28). Altered il kinase activity is
strongly implicated in the pathogenesis of Abelson murine
leukemia virus-induced leukemia and chronic myelogenous
leukemia.

Previous studies have suggested that amino-terminal alter-
ation of the v-nibl and t-nbl proteins is important for altering
c-abl tyrosine kinase activity (28). In addition to lacking
detectable in vitro tyrosine kinase activity, the c-nbl protein
is not detectably phosphorylated on tyrosine in vivo, but the
v-abl and t-nbl proteins are phosphorylated on tyrosine in
vivo (28, 36, 37). Since it is the c-nbl-derived sequences that
encode the kinase domain, it was surprising that kinase
activity was not detected for the P150c""'l or P145c(l/. This
raised the possibility that the c-nibl protein is regulated and
that amino-terminail alteration of the v-nbl and t-anl proteins
disrupts normal regulation. Another possibility is that c-nlb!
tyrosine kinase activity differs from that of P160"-v1/d and
P210cC-ail and may not autophosphorylate efficiently in vitro.
The ability of amino-terminal sequences to influence kinase
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activity was also demonstrated by analysis of a carbohy-
drate-modified form of the v-(nb! protein synthesized with an
amino-terminal leader sequence (43). This v-nb! protein
lacks detectable kinase activity in vitro and is not
phosphorylated in vivo (43).
To examine the possibility that the kinase activity of the

c-nbl protein in some way differs from that of P160"61 or
P210'-tlh, reaction conditions were varied to determine con-
ditions which would permit the detection of c-nbl kinase
activity. When reaction conditions were optimized for the
detection of P160w""' autophosphorylation, it was found that
c-nbl kinase activity could also be detected. Under the new
reaction conditions, kinase activity continued for a longer
period of time, resulting in increased detection of
autophosphorylation and substrate phosphorylation. Com-
parison of the in vitro autophosphorylation sites indicates
that the c-nibl proteins differ from altered nbl proteins
P160V-ahl and P210Ioc-bl in the way they utilize themselves as
substrates in vitro.

MATERIALS AND METHODS

Cells and antisera. Murine NIH 3T3 fibroblasts were
transformed with the P160 strain of Abelson murine leukemia
virus. SCRF60A is a murine thymoma cell line (30). Human
cell lines included Ph'-negative HL-60 (6) and Ph1-positive
K562 (31) and EM-2 (22).

nbl-specific serum was prepared as previously described
(26). Sera harvested from rabbits immunized with regions of
v-nbl expressed as tirpE-abI fusion proteins in Escherichin
coli are designated atpEX-2, ospEX-4, or (xpEX-5. Serum
harvested from rabbits immunized with a chemically synthe-
sized peptide (peptide 5) corresponding to the predicted
v-nibl protein sequence was designated cspep5. The kinase-
inhibiting sera are directed against v-nb! residues 374 to 384
(apep5) or residues 466 to 593 ((xpEX-2). For use in kinase
inhibition studies, immunoglobulin G (IgG) was purified
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RESULTS
Murine and human c-abl proteins have kinase activity in

vitro. Previous studies have not detected tyrosine kinase
activity for the c-abl protein. One major problem in the
analysis of the c-abl proteinis that it is synthesized at a 50-
to 100-fold lower level than the v-abl protein (28, 36). A low
level of activity could have easily escaped detection. To
improve the sensitivity of the in vitro kinase assay, the cell
extraction, immunoprecipitation, and kinase reaction condi-
tions were modified to optimize detection of v-abl
autophosphorylation (see Materials and Methods for de-
tails). Utilizing new conditions, the (ibi proteins were reex-
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amined, and phosphorylation of P150oC"8'I and P145'"t1l could
be detected (Fig. lB and C). P150('-"It and P145ctI-'lhad levels
of activity similar to the P160 v-alt protein (panel A).
P145c-/al was also phosphorylated in addition to the P210""
in the Ph'-positive K562 cell line (panel D). The phosphor-
ylation of P145c-ahl could not be detected in the Ph'-positive
EM-2 cell line (panel E). The EM-2 cell line lacks a normal
chromosome 9, thereby lacking a normal c-abl gene which
correlated with the lack of P145 detection after metabolic
labeling (27).
Two major factors contributed to the detection of in vitro

phosphorylation of c-tibl. The detergents SDS and deoxy-
cholate formerly used in the cell extraction buffer were
found to decrease recovered kinase activity. Leaving out
deoxycholate, reducing the amount of SDS fromn 0.1 to
0.05%, and washing precipitates with buffered 1% Triton
X-100 increased recovered (ibl kinase activity without sig-
nificantly increasing the background. The major factor was
the discovery that the Formalin-fixed S. (iircules used for
immunoprecipitation inhibited (ibl kinase activity. When
protein A-Sepharose beads were used, increased v-abl
kinase activity was detected, and c-tlbl phosphorylation
could also be detected (Fig. 1). S. uirleis appears to inhibit
kinase activity in part by adsorbing the [y-32P]ATP (data not
shown). Preincubation of a reaction mixture with S. (ziieiis
prevented subsequent phosphorylation of ahl proteins. The
inhibition was not due to a soluble factor, as preincubation of
the reaction buffer only did not significantly affect subse-
quent abl autophosphorylation (data not shown). These
results may explain why the addition of various nucleotides
in addition to the [y-32P]ATP was found to enhance v-hlb/
autophosphorylation (44).

Tyrosine kinase activity is intrinsic to the c-abl proteins. 'Fhe
specificity of the c-ahl kinase activity was examined, as the
P160V-^b/ and P2l0c-abl/ proteins (Ire both known to auLto-
phosphorylate on tyrosine in vitro (28). The phosphoamino
acid content of in vitro-phosphorylated(ibi proteins was
determined after partial acid hydrolysis and thin-layer elec-
trophoresis (Fig. 2). P150c"ihl and P145`-"'I/ (Fig. 2A and C)
were phosphorylated on tyrosine similarly to P160()!hl and
P210 c-abl (lanes B and D). A low level of serine phosphory-
lation was detected in all samples, but it is probably not (lbi
related (9). Phosphoserine is not apparent in the P160v-''a
sample (Fig. 2, lane B) at this level of exposure.
The tyrosine kinase activity associated with the c-abl

proteins could be intrinsic to the c-abl protein or could be
due to a coprecipitating kinase. The phosphorylation of
exogenously added enolase on tyrosine was only detected in
o-abl serum precipitates (Fig. 1. lanes 1) and not in normal
serum precipitates (lanes C). This indicates that the kinase
activity was not nonspecifically precipitating with the pro-
tein A-Sepharose. However, it is possible that the c-abl
protein is coprecipitating with another tyrosine kinase under
the mild detergent extraction conditions employed. To ex-
amine this possibility, site-directed uahl antibodies which
block P160V"ahl and P210c-"hl kinase activity were tested for
their ability to block P150(-ah/) kinase activity (Fig. 3). The
kinase-blocking antibodies are directed against sequences in
the kinase catalytic domain of P160v(/'/ (26). These antibod-
ies cross-react with P150c("b) but not with unrelated tyrosine
kinases (28; unpublished data). P150c(-"I/ was first im-
munoprecipitated with noninhibiting sera (cyabl pEX-4) to
tether it to the protein A-Sepharose (Fig. 3, lanes 1 to 5).
P150'c-"bl was then incubated with IgG puirified from control
sera (lanes 2 and 4) or kinase-inhibiting sera (lanes 3 and 5)
before the phosphorylation reaction. The results demon-

FIG. 2. Phosphoamino acid analysis of in vitro-phosphorylated
oibl proteins. P150c'I"' (A), P160'"X"' (B). P145:-c" (C), and p21Qc-"ab
(D) were atitophosphorylated in vitro with IY-32PIATP as described
in the legend to Fig. 1. Phosphorylated ahl proteins were electro-
phoresed on an 8%4 SDS-polyacrylamide gel, eluted from the gel,
and then hydrolyzed for 2 h at 100°C in 6 N HCI. Hydrolysates were
concentrated by lyophilization and suspended in a mixture of
nonradioactive phosphoamino acid standards, and then approxi-
mately 2Q000 cpm of each sample was electrophoresed on a thin-
layer cellulose plate. Samples were electrophoresed toward the
anode at the top in pyridine-acetic acid-H2O (5:50:945).
Phosphoamino acid composition was detected by autoradiography
for 24 h with an intensifying screen. Nonradioactive standards were
detected by ninhydrin staining (data not shown).

strated that P150c-"('/ autophosphorylation and enolase phos-
phorylation were blocked by preincubation with IgG from
oabl pEX-2 (Fig. 3, lane 3) or cxabl pepS (lane 5). P150c-"/b
kinase activity was not affected by preincubation with IgG
from normal serum (lane 2) or IgG from xpep5 sera when
competed with an excess of peptide 5 to block immunoreac-
tivity (lane 4). These results indicate that tyrosine kinase
activity is intrinsic to the c-abl proteins.
Improved reaction conditions permit abl kinase to function

for longer times in vitro. Previous studies have reported that
the in vitro phosphorylation of P160"""' and P210"c''l is over
in 1 to 2 min (28, 44). This short time course of activity raised
the possibility that tyrosine phosphorylation may repre-
sent an intermediate and not the true physiological activity
(44). Reexamination of ibli kinase activity with new reac-
tion conditions demonstrated that P160""")I (Fig. 4A) and
P150C-ahl (Fig. 4B) continued to autophosphorylate and phos-
phorylate enolase for >60 min. Purified, bacterially ex-
pressed v-abl protein was also found to be active for long
periods and catalyzed phosphotransferase activity at 170
,umol of phosphate min' ,umol-1 (lla). These results indi-
cate that tyrosine kinase activity is an important function of
the ibl proteins.

MOL. CELL. BIOt..
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FIG. 3. Antibodies binding to the abl kinase domain block c-abl
kinase activity. Murine SCRF60A cells were extracted and im-
munoprecipitated with control normal serum (lane C) or with caabl
pEX-4 (lanes 1 to 5). Immune complexes were collected on protein
A-Sepharose, washed, and then suspended in 100 p.l of phosphate-
buffered saline. IgG purified from normal serum (lane 2), aabl pEX-2
(lane 3), aabl pepS previously incubated with an excess of peptide 5
to block immunoreactivity (lane 4), or saabl pep5 (lane 5) was added.
and samples were incubated at 4°C for 1 h. Samples were then
washed with 50 mM Tris (pH 7.0) and in vitro phosphorylated with
[y-32P]ATP as described in the legend to Fig. 1. Phosphorylated
proteins were electrophoresed on an 8§% SDS-polyacrylamide gel
and detected by autoradiography with an intensifying screen for 24
h. aabl pEX-2 and aabl pepS are site-directed antiser-a that cross-
react with the abl kinase domain.

During the time course of autophosphorylation, P150'>""'
becomes slightly retarded in electrophoretic mobility, but
this was not detected for P160v-a/h/ (Fig. 4). It is not known
whether P210c-""'b mobility is altered during autophosphory-
lation, because it migrates in a high-molecular-weight,
nonlinear region of the gel. Altered electrophoretic mobility
due to phosphorylation has also been detected for the v-Jps
protein (1). Possibly, phosphorylation disrupts SDS binding.

Additional aspects of the abl kinase activity (Table 1) were
also examined. ATP is used as a phosphate donor, but GTP
can be used to a lesser extent. All of the abil proteins
preferred Mn+ as a cofactor, Mg2 can be used to a lesser
extent, and Ca2+ alone resulted in no activity. This differs
from results reported for bacterially expressed v-abl protein
which preferred Mg> to Mn> (lla). It has been proposed
that Mn>2 may inhibit phosphatases, resulting in higher
recovered kinase activity (4, lla). A mixture of Mn> and
Mg2+ did not result in increased P160'-abl or P160c-abl kinase
activity. Otherwise, abl proteins isolated from mammalian
cells were similar to the bacterially expressed v-abl protein.
Analysis of the thermal stability of P160"'-,b and P150'-"'>
demonstrated that 70 to 80% activity could be recovered
after S min at 35°C, and 10% of activity was detected after 5
min at 40°C (Table 1). This suggests that amino-terminal
alteration of p160'vabl does not grossly alter the stability of its
catalytic domain.

abl proteins phosphorylate on different sites in vitro. The
ability of the abl proteins to serve as their own substrates in
vitro was compared by examining their sites of phosphory-
lation. Two-dimensional tryptic peptide map analysis dem-
onstrated that P160v a"' and P210-"'' are phosphorylated on
two to three major sites and several minor sites, in agree-
ment with previous studies (Fig. SA and C) (10). The major

phosphorylation sites are not the same for P160v-"/aI and
p210c-abl In contrast, P150'-"'' and P145'al are each
phosphorylated at one major site in vitro (Fig. SB and D).
P145C-ah" isolated from Ph'-positive K562 cells (data not
shown) was phosphorylated at the same major site as P145C'
allI isolated from Ph'-negative HL-60 cells (panel D). The
major phosphotryptic peptide detected in murine and human
c-abl proteins comigrated in mixing experiments, indicating
that they are phosphorylated at the same site in vitro. This
suggests that amino-terminal structural alteration of the
c-abl protein alters the way it utilizes itself as a substrate in
vitro and may affect interaction with substrates in vivo.
Comparison of the in vitro and in vivo sites of tyrosite

phosphorylation of the aibl proteins further supports the idea
that they function differently in vivo. P160 is phosphorylated
at v-ahl tyrosine residue 514 in vivo as is the homologous
tyrosine of v-sr' and other tyrosine kinases (Fig. SE) (25,
26). P160'v"al is phosphorylated at several sites in vitro but
only a low level of phosphorylation, if any, at tyrosine 514
can be detected. The c-abl protein is not detectably
phosphorylated on tyrosine in vivo (28, 36) but is
phosphorylated on tyrosine 514 in vitro. The identity of the
P160'""' in vivo and P150'c""1 in vitro tyrosine phosphoryla-
tion site was determined by demonstrating that they comigr-
ate in two-dimensional separation (Fig. SF). In addition.
when eluted from the peptide map, these peptides comigr-
ated during electrophoresis at pH 3.5 and were both sensi-
tive to digestion with (x-chymotrypsin but not S. aureius V-8
protease (data not shown). The in vivo and in vitro tyrosine
phosphorylation of P160'-"' and P150'-"'/ is summarized in
Fig. 6. These results indicate that P150C-'Ill is capable of
being phosphorylated at the tyrosine 514 homologous resi-
due. although P150c-"bh is not detectably phosphorylated at
this site in vivo. P210c'a/) is not detectably phosphorylated at
the tyrosine 514 homologous residue in vivo but is
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FIG. 4. Time course of in vitro (Ihl kinase activity. P160'-h'. (A)
or P150c-ahI (B) were immunoprecipitated with control normal serum
(lanes C) or ctahl pEX-4 (all other lanes) and prepared for kinase
assay as described in the legend to Fig. 1. Reactions were com-
menced by the addition of [-y-32PIATP and incubated for the indi-
cated amount of time. Samples in lanes C were incubated for 30 min.
Reactions were terminated by the addition of an equal volume of2 x
SDS gel sample buffer and heated at 95'C for 5 min. Samples were
electrophoresed on an 8% SDS-polyacrylamide gel. and the
phosphorylated pr-oteins were detected by autoradiography for 24 h
with atn intenisifyitng scr-een.
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TABLE 1. Comparison of normal and altered abl protein tyrosine kinase activity

Kinase % Thermal stabilityd
Presence of Phosphory- inhibition ATP > Reaction with cation cofactor" (recovered activity) after 5 min

Protein p-Yt late with GTP' at the following temp (°C):
In vivo In vitro enolase cs-kinase Mn Mg Ca Mn + Mg Mn + Ca

domain sera 4 35 40

P160 Yes Yes Yes Yes Yes + + + + + - + + + + + + + + 100 70-80 10
P150 No Yes Yes Yes Yes + + + + + - + + + + + + + + 100 70-80 10
P210 Yes Yes Yes Yes Yes + + ++ + - + + + + + + + + 100 70-80 10
P145 No Yes Yes Yes Yes + + + + + - ND' ND ND ND ND

"Ability to use ATP better than GTP as a substrate.
b Various cations or combinations of cations were examined for their ability to act as cofactors for the abi tyrosine kir%ase activity. Kinase reactions were

performed as described in the legend to Fig. 1, except that different cations at 20 mM were substituted for Mn2+ Three- to fivefold greater activity was detected
with Mn than Mg, and Ca' resulted in no detectable activity.

' ND, Not determined.
d abl proteins were prepared for kinase assay as described in the legend to Fig. 1 and then incubated at 0. 35, or 40°C for 5 min. Samples were then cooled on

ice, and kinase reactions were initiated by the addition of [y-32PIATP and incubated for 10 min at 30°C.

phosphorylated at another site that has not been localized
yet (28; unpublished data).

DISCUSSION
Detection of c-abl kinase activity. Detection of c-abl kinase

activity was facilitated by the observation that Formalin-
fixed S. aureus used for immunoprecipitating abl proteins
inhibited in vitro kinase activity. abl kinase activity was not
inhibited when protein A-Sepharose was used instead of S.
aureus. The new reaction conditions described in this paper
should also be useful for studying other kinases, particularly
those forms of the v-mos protein which have homology to
the kinase family but no detectable kinase activity (33), in
contrast to gag-mos strains with serine kinase activity (24).

Previously, the short time course of in vitro kinase activity
of P160v''bl and the lack of detectable kinase activity for
P150C-abl suggested that tyrosine kinase activity may repre-
sent an intermediate of the true c-abl enzymatic activity (44).
However, with modified reaction conditions. all of the abl
proteins had the ability to autophosphorylate and phosphor-
ylate enolase on tyrosine. This kinase activity was blocked
by abl-specific antibodies binding within the region corre-
sponding to the v-abl catalytic domain. Although the abl
proteins have different amino termini, the thermal stability of
the catalytic activity was not grossly altered. In contrast to
previous studies, the abl kinases remained active for >60
min in vitro. These data suggest that tyrosine kinase activity
is an important function of the abl proteins in vivo.

abl autophosphorylation. The abl proteins have similar in
vitro kinase properties but differ in the way they utilize
themselves as substrates. P150ct''I/ and P145c-ibI are predom-
inantly phosphorylated on the same site in vitro, but the
altered P210c-abl and P160v-''i are each phosphorylated at
several major sites distinct from the major c-abl phosphor-
ylation site. The c-abl in vitro phosphorylation site appears
to be identical to the major in vivo tyrosine phosphorylation
site of P160v-'ibl tyrosine 514. The in vitro phosphorylation
sites of P160v-,,b/ have been mapped to the amino-terminal
gag sequences (45).
The different manner in which the abi proteins utilize

themselves as substrates in vitro suggests that they may
interact differently with substrates in vivo. This idea is
supported by the fact that P150c-"lI and P145c-abI are not
detectably phosphorylated on tyrosine in vivo, but P160v-abl
and P210c,bl are. Novel phosphotyrosine-containing proteins
have been detected in v-abl-transformed cells and in Ph'-
positive cells (8; E. Freed and T. Hunter, personal commu-

nication). However, detection of these putative substrates
may be due to the higher levels of P160v-abl and P210c-abl
synthesis than to P150c-ab' and P145c-ablI synthesis. Analysis
of the EM-2 cell line suggests that P210c-abl can replace the
function of P145c-abI. EM-2 cells synthesize P210c-abI, but
P145c-abl is not detected (Fig. 1), correlating with the pres-
ence of a translocated abl gene but not a normal c-abl gene
(22, 27). Alternatively, P210c-abI and P145c-abl could have
different functions in vivo if P145c-abl is not essential for
growth. Qualitative differences in the abl kinase activity may
be important for inducing altered growth control. Qualitative
diffetences between v-src and c-src proteins have been
shown to be important in the activation of src oncogenic
potential (19, 20, 34).

It is surprising that c-abl protein is not detectably
phosphorylated on tyrosine in vivo since it can be in vitro.
Even bacterially expressed v-abl is phosphorylated on tyro-
sine in vivo (42). The sr-c and fps proteins are similar to abi
proteins in that the v-src and v-fps proteins are phosphoryl-
ated on tyrosine in vivo, but c-src and c-fps are not (18, 21,
32, 35, 38). Another pattern is represented by the erbB
protein and the epidermal growth factor (EGF) receptor. The
erbB oncogene is thought to be derived from the EGF
receptor (or a very similar gene) (11, 40, 48). The v-erbB
protein is not detectably phosphorylated on tyrosine in vivo
but in vivo phosphorylation of the EGF receptor is stimu-
lated upon binding of EGF (12, 17).

Deletion or mutation of the phosphate-accepting tyrosine
in v-src does not block kinase activity but decreases
tumorigenicity of the v-src protein (9, 39). Although not
essential, phosphorylation of the v-src protein on a tyrosine
not within the catalytic site accompanies increased activity
(3, 5). This phosphorylation may represent a regulatory
modification. Possibly, amino-terminal structural alteration
of the abl protein influences which tyrosine is available for
phosphorylation in vivo. This may explain why P160v-abl is
phosphorylated at tyrosine 514 and at tyrosine 385 in vivo
(26, 37), the P210 tyrosine phosphorylation site has not been
localized but it is apparently different from v-abl tyrosine 514
(28), and the c-abl protein is not detectably phosphorylated
on tyrosine in vivo (28, 36). Alternatively, in vivo phosphor-
ylation may be due to differential interaction with tyrosine-
specific phosphatases. This possibility was examined by
incubating cells with vanadate, an inhibitor of tyrosine
phosphatases that results in increased tyrosine phosphory-
lation of the v-src protein (3, 5). Preliminary results indicate
that treatment of cells with 10 ,uM or 100 FLM vanadate did
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FIG. 6. Comparison of in vivo and in vitro abl tyrosine phos-

phorylation sites. The in vivo tyrosine phosphorylation sites of
P160i-"ib correspond to v-abl residues 385 and 514 (26). The major in
vivo P160'-iil tyrosine phosphorylation site is homologous to the
major tyrosine phosphorylation site of the v-src protein and other
tyrosine kinases (35). P150C""i is not detectably phosphorylated on
tyrosine in vivo (28. 36). In vitro. P160'i-"ib is phosphorylated on
three major sites which have been localized to the amino-terminal
gaig sequences (45). Only a low level of phosphorylation on tyrosine
514 is detected in vitro. In contrast, P150c-iihl is phosphorylated on
one major site which is homologous to the major in vivo tyrosine
phosphorylation of P160'hi"' (Fig. 5).

if

FIG. 5. Two-dimensional phosphopeptide analysis of in vitro-
autophosphorylated aibi proteins. P160'-O"i" (A). P150'-'a' (B).
P210C-aiil (C), and P145 ii/bl (D) were autophosphorylated in vitro
with [y-3'P]ATP as described in the legend to Fig. 1. For compari-
son, analysis of P160-/bl (E) labeled in vivo with 2P,. (28) and a mix
of in vivo-labeled P160'-""' and in vitro-phosphorylated P150"c is
also shown (F). An arrow points to the major phosphotyrosine-
containing peptide of in vivo-labeled P160'-""' in panels E and F.
Phosphorylated abl proteins were eluted from polyacrylamide gels
and concentrated by trichloroacetic acid precipitation. Three thou-
sand to five thousand counts per minute of each sample was
performic acid oxidized, completely digested with trypsin, and then
electrophoresed on thin-layer cellulose plates for 1 h at 400 V in 1%
ammonium carbonate (pH 8.9). The origin is at the center of the
baseline, and the cathode is on the right. The plates were then
chromatographed in the second dimension in n-butanol-pyridine-
acetic acid-H.O (15:10:3:12). Plates were autoradiographed for I to
2 days.

not result in the detection of phosphotyrosine on the c-abl
protein (unpublished data).
The significance of the phosphorylation of abil proteins on

tyrosine in vivo is unclear, but the development of c-abl
kinase assay conditions makes it possible to further examine
the relationship between in vivo phosphorylation and in vitro
kinase activity. Possibly, in vivo tyrosine phosphorylation of
c-abl will correspond to in vivo c-abl kinase activity. The
EGF receptor becomes phosphorylated on tyrosine in vivo
after the stimulation of its kinase activity by EGF (17). In
this regard, it will be interesting to examine c-abl proteins

isolated from different cell types, different phases of the cell
cycle, and during treatment of cells with different growth
factors. Analysis of c-aibl activity during growth should also
be useful in elucidating abl function.
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