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In determining the role of Chk in T cell signaling, we
have focused on its protein-protein interactions. We
detected a tyrosine phosphoprotein that coimmuno-
precipitated with Chk from pervanadate stimulated
human blastic T cells. Subsequent Western blot anal-
ysis identified this tyrosine phosphoprotein as paxil-
lin. Paxillin, a cytoskeletal protein involved in focal
adhesions, was first identified as a v-Src substrate in
transformed fibroblasts. Interestingly, Chk specifi-
cally bound tyrosine phosphorylated paxillin. Consis-
tent with our in vivo data, Chk and paxillin were ob-
served to localize in similar cellular regions prior to
and following stimulation. Using GST fusion proteins,
we determined that the Chk SH2 domain, not the SH3
domain, bound tyrosine phosphorylated paxillin. Spe-
cifically, paxillin bound to the FLVRES motif of the
Chk SH2 domain. Using Far Western analysis, we re-
vealed that the Chk SH2 domain directly associates
with tyrosine phosphorylated paxillin. Finally, p52°"™
expression in Csk-deficient mouse embryo fibroblasts
decreased total phosphotyrosine levels of paxillin, im-
plying a physiological role for Chk. These studies pro-
vide important insight into the role of Chk in tyrosine
mediated signaling, as well as T cell physiology.
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The Src family of cytoplasmic tyrosine kinases plays
a critical role in mitotic control, cell-cell communica-
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tion, cytoskeletal organization, and signaling (1). Src
family kinase activity is inhibited by phosphorylation
of a conserved, carboxy-terminal tyrosine (2). Con-
versely, dephosphorylation of this site results in acti-
vation of intrinsic kinase activity (3). Mutation of this
conserved tyrosine to phenylalanine constitutively ac-
tivates c¢-Src and renders it oncogenic (4). Csk,
c-terminal Src kinase, phosphorylates the conserved
inhibitory tyrosine of Src family kinases, thereby re-
pressing their kinase activity (5-11).

Recently, several groups identified a second member
of the Csk family, known as Chk, Csk homologous
kinase (12-17). The Chk gene, previously termed Lsk,
Hyl, Matk, Ntk, Ctk, and Batk, codes for two distinct
proteins, p52°™ and p57°™. The predominant Chk iso-
form expressed in mouse, 52 kDa, lacks 40 N-terminal
amino acids present in the predominant human iso-
form, 57 kDa, as a result of alternative splicing (18).
Chk and Csk are structurally related genes (12, 19).
Both Chk isoforms, like Csk, contain Src homology
(SH) domains 2 and 3, as well as a Src family catalytic
domain (SH1). Similar to Csk, neither Chk protein
contains a myristoylation signal residue, nor has the
autophosphorylation or carboxyl-terminal tyrosine res-
idues typical of Src family kinases. Additionally, Chk
phosphorylates the inhibitory carboxyl-terminal ty-
rosine of several Src family Kinases, including Lck,
Fyn, ¢c-Src, and Lyn, in vitro or in a yeast co-expression
system (12, 13, 20, 21). Despite the structural and
enzymatic similarities, differences exist between Chk
and Csk. Chk expression, unlike the ubiquitous expres-
sion of Csk, is limited to neuronal and hematopoietic
cells. Chk expression, unlike Csk, is regulated by IL-4
and IL-13 in human monocytes and by stem cell factor
in the human megakaryoblastic cell line MO7e (22, 23).
Furthermore, Chk expression is induced in T cells upon
activation, whereas Csk is constitutively expressed
(14).

Because of the differences in expression, T cells pro-
vide an attractive model for dissecting the individual
roles of Chk and Csk. The Src family is critical in T cell
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physiology (24). Lck and Fyn are involved in the signal
transduction of T cell receptor, TcR, mediated activa-
tion (25, 26). In addition, Lck is also crucial for thymic
precursor development into differentiated T cell types
(27). Csk overexpression in an antigen-specific T cell
line, BI-141, inhibits TcR induced protein phosphory-
lation and lymphokine secretion, presumably by inhib-
iting Lck and Fyn (28, 29). We and others have dem-
onstrated that Chk does not appear to be involved in
TcR signal transduction (30, 31). These observations
imply a unique role for Chk in T cell signaling.

In elucidating the role of Chk in T cell signaling, we
have focused on its protein-protein interactions. The
specificity of these transient protein-protein interac-
tions is mediated by conserved protein modules, such
as the SH2 and SH3 domains. The SH2 domains bind
phosphorylated tyrosine residues (32), whereas, SH3
domains bind proline-rich sequences (33). In this re-
port, we immunoprecipitated a tyrosine phosphory-
lated protein with Chk in pervanadate stimulated, hu-
man blastic T cells. Subsequent experiments have
identified the coprecipitated protein as paxillin, a cy-
toskeletal protein first identified as a v-Src substrate
(34). GST fusion proteins expressing the Chk protein
binding domains were used to determine which region
interacted with tyrosine phosphorylated paxillin.
Lastly, Csk-deficient mouse embryo fibroblasts, MEFs,
were transfected with Chk to determine if paxillin was
affected in vivo.

MATERIALS AND METHODS

Cells, cell culture, and antibodies. After informed consent, T cells
were prepared from peripheral blood of healthy volunteers as previ-
ously described (35). T cells, greater than 90% purity, were activated
in complete medium with human recombinant IL-2 (1000 I.U./ml) for
4 days in culture at a density of 2 x 10° cells/ml. Complete medium
consisted of RPMI-1640 supplemented with 10% fetal bovine serum,
2 mM L-glutamine, and 1% penicillin-streptomycin. Simian virus
(SV) 40 immortalized Csk-deficient, MEFs were obtained from Dr.
Akira Imamoto (10). MEFs were propagated in Dulbecco’s minimal
essential medium supplemented with 10% fetal bovine serum. T cells
and MEFs were cultured at 37°C in 5% CO, incubators. The rabbit
polyclonal antibody raised against Chk was obtained from Santa
Cruz Biotechnology (Santa Cruz, CA). This antibody was generated
against the predicted carboxyl-terminal (amino acids 449-465) of the
Lsk protein. The a-paxillin monoclonal antibody was obtain from
Zymed, Inc. (San Francisco, CA). The a-phosphotyrosine monoclonal
antibody, 4G10, and the «-GST and a-Lck polyclonal antibodies,
were purchased from Upstate Biotechnology Inc. (Lake Placid, NY).
Antibody against Csk was kindly provided by Dr. Marietta Harrison
(Purdue University).

Immunoprecipitation, electrophoresis, and Western blot analysis.
Human blastic T cells were incubated in the presence or absence of
pervanadate as described (36). Csk-deficient and p52°"™ transfected
MEFs were scraped from 10 cm plates prior to lysis. Cells were lysed
in buffer containing 1% NP-40, 150 mM NacCl, 50 mM Hepes (pH
7.1), 10 mM EDTA, 0.4 mM Na;VO,, 10 mM NaF, 1 mM PMSF, 10
rg/ml leupeptin, 10 pg/ml aprotinin, and 0.7 wg/ml pepstatin A. Cell
lysates were clarified by centrifugation for 15 minutes at 15,000 rpm
at 4°C. Lysates from 1 x 10° T cells or 100 ug total protein (BCA
protein assay, Pierce, Rockford, IL) from MEFs were immunoprecipi-
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tated with appropriate antibody coupled to protein A (a-Chk) or G
(a-paxillin) sepharose for one hour at 4°C. Immunoprecipitates were
washed three to six times with lysis buffer. Excess competing peptide
was used in Chk immunoprecipitations where noted. Bound protein
was then eluted with Laemmli sample buffer and separated on 10%
SDS PAGE. After electrophoretically transferring the proteins to
Immobilon membranes (37), the resulting blots were probed with the
appropriate antibody. The antibodies used in these studies included
a-phosphotyrosine, a-paxillin, and o-Chk. Enhanced chemilumines-
cence (ECL [Amersham Corp.]) was used for antibody detection as
described by the manufacturer. In experiments involving MEFs,
bands were quantified using laser densitometry. Blots were occasion-
ally stripped of bound antibodies by incubation in 62.5 mM Tris-HCI
(pH 6.8), 100 mM B-mercaptoethanol, and 2% SDS for 30 minutes at
50°C. The stripped blots were washed extensively in TBS, blocked,
and probed again with an appropriate antibody.

Subcellular fractionation. Pervanadate stimulated and unstimu-
lated blastic T cells were incubated for 15 minutes in hypotonic
buffer (10 mM Tris pH 7.4, 2 mM EDTA pH 8.0, supplemented with
protease and phosphatase inhibitors as described above). The mem-
branes were mechanically broken using a Wheaton Dounce homog-
enizer. Cell lysis was confirmed by staining with trypan blue. After
adjusting lysate concentration to 150 mM NaCl, nuclei and intact
cell membrane were removed by two successive centrifugations at
1,000 x g for 5 minutes. Supernatants were then separated into
soluble (S100) and particulate (P100) fractions by ultracentrifuga-
tion at 100,000 x g for 30 minutes. The various fractions were
extracted in Laemmli sample buffer; particulate fractions were
washed once with hypotonic buffer prior to extraction. Fractions
containing equivalent cell numbers were resolved on either 8 or 10%
SDS PAGE and immunoblotted with either a-Chk or a-paxillin re-
spectively. The validity of the cell fractionation procedure was con-
firmed by blotting with a-Lck and «a-Csk (data not shown).

cDNAs and constructs. The murine p52°™ ¢cDNA was obtained
from Dr. Christopher Jarvis (12, 18). The cDNA was digested by
EcoRI and Xhol and cloned into the vector pCDNA 3.1/Zeo(+) (In-
vitrogen). The constructs were transfected in the MEFs with Lipo-
fectAMINE Reagent as described by the manufacturer (Life Tech-
nologies, Gaithersburg MD). Transfected cells were selected by
growth in Dulbecco’s minimal essential medium containing 10% fetal
bovine serum and Zeomycin.

Bacterial expression plasmids encoding GST-Chk SH2, GST-Chk
SH3, and GST-Chk SH2-SH3 were constructed by subcloning PCR-
generated Bam H1 fragments, using Chk cDNA as the template, into
pGEX-3X vectors. GST-Chk SH2 was generated with the following
oligonucleotides: 5'-GATCGGATCCCCAAGCTCAGCCTCATGCCG-3’
(forward primer) and 5'-GATCGGATCCGACTTGGTCCCGTGTT-
TCCG-3' (reverse primer). GST-Chk SH3 was generated with the
following oligonucleotides: 5'-GATCGGATCCTCTCAGCCAGGATG-
CCAACG-3' (forward primer) and 5'-GATCGGATCCGGCATGAG-
GCTGAGCTTGGG-3' (reverse primer). GST-Chk SH2-SH3 was gener-
ated with the forward primer used to generate GST-Chk SH3 and the
reverse primer used to generate GST-Chk SH2.

To make the mutant GST-Chk SH2 (S149C) fusion protein, site-
directed mutagenesis was performed as described elsewhere (38).
The mutagenic primer used for S149C was 5'-GTGCGGG-
AGTGCGCACGCCACCCCG-3'. Construction of all the plasmids was
verified by double-stranded sequencing.

Preparation of the GST fusion proteins. After transformation of
GST constructs into the JM105 strain of Escherichia coli, log-phase
cultures were induced for two hours at 37°C with 1.0 M isopropyl
B-D-thiogalactopyranoside (IPTG). Cells were sonically lysed in
phosphate buffered saline, 1% Triton X-100 and centrifuged. Clari-
fied supernatants were incubated with glutathione Sepharose-4B for
60 minutes at 4°C. Bound fusion proteins were washed extensively
with lysis buffer and eluted with 10 mM reduced glutathione. Pro-
teins were dialyzed against phosphate buffered saline, 10% glycerol,
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and 10 mM EDTA and concentrated using microconcentrators (Ami-
con, Beverly, MA). Protein concentration was determined (BioRad,
Hercules, CA), and the proteins were stored at —70°C until further
use. Protein purity was checked using SDS-PAGE and subsequent
Coomassie Blue staining.

GST in vitro binding assay. Two wg GST or equimolar amounts
of each purified GST fusion proteins were bound to glutathione-
agarose beads for 60 minutes at 4°C, then washed in PBS. Pervana-
date stimulated and unstimulated blastic T cells were lysed with the
same lysis buffer used in immunoprecipitations. Cell lysates were
incubated with bound GST fusion proteins for one to two hours at
4°C, and washed three times with modified RIPA buffer (1% Triton
X-100, 50 mM Hepes, pH 7.1, 1% sodium deoxycholate, 0.1% SDS,
150 mM NaCl, 10 mM EDTA, and 10% glycerol, and supplemented
with the protease and phosphatase inhibitors described above). The
blots were probed with a-paxillin, and visualized by enhanced chemi-
luminescence.

Binding with GST fusion proteins (Far Western). Paxillin immu-
noprecipitates were resolved by 10% SDS-PAGE and transferred to
Immobilon membranes. Replica blots were initially blocked with
TBS - 2.5% BSA for 60 minutes at room temperature. The blots were
probed with either 5 ug/ml of purified GST or equimolar concentra-
tions of purified GST-SH2 and GST-S149C, respectively. After a 60
minute incubation at room temperature, the blots were washed in
TBS - 0.1 % Tween 20. The blots were then probed with a polyclonal
a-GST antibody. Following washing, blots were incubated with
horseradish peroxidase conjugated a-rabbit antibody, washed, and
detected by enhanced chemiluminescence.

RESULTS

Chk Coprecipitates a Tyrosine Phosphoprotein
in Human Blastic T Cells

The role of Chk in T cell signaling is currently un-
known. To detect novel Chk protein interactions, we
attempted to coimmunoprecipitate tyrosine phospho-
proteins from stimulated human blastic T cells. Ini-
tially, human peripheral blood T cells were activated
with IL-2 (as described in Materials and Methods) to
induce Chk expression. The activated T cells were then
stimulated with pervanadate, a nonspecific inducer of
tyrosine phosphorylation. A tyrosine phosphoprotein,
approximately 70-75 kDa, coimmunoprecipitated with
Chk following pervanadate stimulation (Fig. 1A). The
band was not present following peptide competition.
The blots were stripped and reblotted with o-Chk;
thereby verifying both equivalent loading and the effi-
cacy of the peptide competition (Fig. 1B). This experi-
ment revealed the first protein association of Chk in T
cells.

Coprecipitation of Tyrosine Phosphorylated Paxillin
with Chk

We then attempted to identify the Chk associated
tyrosine phosphoprotein. Our search focused on Src
substrates. Of the prominent tyrosine phosphoproteins
in v-Src transformed cells, tyrosine phosphorylated
paxillin has a size corresponding to the Chk associated
protein (34). Furthermore, Csk associates with paxillin
(39).
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FIG.1. Coprecipitation of a tyrosine phosphoprotein with Chk in
human blastic T cells. Human blastic T cells were unstimulated and
stimulated with pervanadate. A. Lysates (1 x 10° cells) were immu-
noprecipitated with an «-Chk antibody (with and without competing
peptide) and resolved using SDS-PAGE. Subsequent Western blot
analysis was performed using an a-phosphotyrosine antibody. B. The
above-mentioned blot was stripped. Western blot analysis was then
performed using an a-Chk antibody.

To determine whether the Chk associated protein
was in fact paxillin, we used Western blot analysis. We
immunoprecipitated Chk in unstimulated and per-
vanadate stimulated T cells, and immunoblotted using
a-paxillin. Paxillin appeared to coimmunoprecipitate
with Chk from both stimulated and unstimulated cells
(Fig. 2A). Additional experiments determined that the
70 kDa binding from unstimulated cells was nonspe-
cific (data not shown). In parallel, the cell lysates were
immunoprecipitated with «-paxillin, and immunoblot-
ted with a-phosphotyrosine to confirm that paxillin is
tyrosine phosphorylated (Fig. 2B).

Subcellular Fractionation of Chk and Paxillin

Since tyrosine phosphorylated paxillin and Chk
bind, they should also co-localize in similar cellular
regions. Cellular localization of Chk and paxillin was
determined by subcellular fractionation studies. Con-
sistent with the coimmunoprecipitation studies, Chk
and paxillin were located in similar cellular regions, in
both the S100 (cytosolic) and the P100 (membrane)
fractions, prior to and following stimulation (Fig. 3).
Also, greater Chk and paxillin protein levels were lo-
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FIG. 2. Coprecipitation of tyrosine phosphorylated paxillin with
Chk in human blastic T cells. Human blastic T cells were unstimu-
lated and stimulated with pervanadate. A. Lysates (1 x 10° cells)
were immunoprecipitated with an «-Chk antibody (with and without
competing peptide) and resolved using SDS-PAGE. Subsequent
Western blot analysis was performed using an a-phosphotyrosine
antibody. B. The above-mentioned blot was stripped. Western blot
analysis was then performed using and «a-Chk antibody.

cated in the stimulated P100 fractions than the un-
stimulated P100 fractions. This implies an apparent
migration of the two proteins following stimulation.
However, the specific cellular region where Chk and
paxillin associate is currently unknown. The fractions
were also immunoblotted with «-Lck and «-Csk anti-
sera as controls for the fractionation procedure and
response to pervanadate (data not shown).

The Chk SH2 Domain Binds Tyrosine
Phosphorylated Paxillin

We next examined which Chk region binds tyrosine
phosphorylated paxillin. The Chk protein contains
SH2 and SH3 protein domains. GST fusion proteins
expressing the Chk SH3, SH2, and the SH3-SH2 do-
mains were generated, and used in an in vitro binding
assay. Paxillin from unstimulated cells did not bind the
fusion proteins. Whereas, paxillin from pervanadate
stimulated cells coprecipitated only with the Chk SH3-
SH2 and SH2 domains (Fig. 4A). Figure 4B demon-
strated equivalent loading of the respective fusion pro-
teins. Since paxillin did not bind the SH3 domain and
paxillin affinity was comparable between the SH3-SH2
and the SH2 fusion proteins, the Chk SH3 domain did
not appear to be involved in binding paxillin. Thus, of
the known Chk protein binding regions, the SH2 do-
main mediates paxillin association.

The Conserved SH2 Domain FLVRES Sequence
Is Required for Chk Binding to Tyrosine
Phosphorylated Paxillin

Subsequent experiments were performed to deter-
mine the Chk SH2 domain region or motif that binds
tyrosine phosphorylated paxillin. Many SH2 mediated
interactions involve phosphotyrosine; however, numer-
ous observations have reported non-phosphotyrosine
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mediated binding to SH2 domains. Mutations were
made in the conserved FLVRES motif of the GST SH2
constructs that eliminate in vitro binding to phospho-
tyrosine containing proteins (40, 41). As expected, the
S149C mutation completely abolished binding to ty-
rosine phosphorylated paxillin (Fig. 5). These data in-
dicate that Chk SH2 domain binding of tyrosine phos-
phorylated paxillin is dependent on the FLVRES motif;
thereby, suggesting a phosphotyrosine dependent in-
teraction.

The Chk SH2 Domain Directly Binds Tyrosine
Phosphorylated Paxillin

Since paxillin has been shown to associate with Csk
(39) as well as other proteins, Chk SH2 binding to
paxillin may result from either a direct interaction or
through intermediate protein(s). To determine
whether the Chk SH2 domain directly interacts with
tyrosine phosphorylated paxillin, we performed Far
Western analysis. Paxillin was immunoprecipitated
from unstimulated and pervanadate stimulated T cells
and subsequently probed with either purified GST,
GST-Chk SH2, or the GST-Chk SH2 mutant, S149C
(Fig. 6A). The Chk SH2 domain, in contrast to GST
alone or the GST-S149 mutant, detected phospho-
tyrosine containing paxillin from stimulated cells. The
blots were stripped and reprobed with an «a-paxillin
antibody to confirm the presence of paxillin (Fig. 6B).
Thus, Chk, via its SH2 domain, binds directly to
tyrosine phosphorylated paxillin.
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FIG. 3. Subcellular fractionation of Chk and paxillin in human
blastic T cells. Human blastic T cells were treated in the absence and
presence of pervanadate. Cells were lysed and subsequently sepa-
rated into soluble (S100) and particulate (P100) fractions. Total cell
lysate (TCL), S100, and P100 fractions from approximately 1 x 10’
cells were resolved using SDS-PAGE. Western blot analysis was
performed using either an «-Chk antibody (A) or an a-paxillin anti-
body (B).
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FIG. 4. The Chk SH2 domain binds tyrosine phosphorylated paxillin. Human blastic T cells were unstimulated and stimulated with
pervanadate. A. Lysates (2 x 107 cells) were incubated with the following GST fusion proteins: GST alone, Chk SH3, SH3-SH2, and SH2
Concurrent with the binding assay, lysates (1 x 10° cells) were also immunoprecipitated with a-paxillin. The samples were resolved using
SDS-PAGE, and immunoblotted with a-paxillin. B. The above-mentioned blot was stripped and then immunoblotted with o-GST.

Chk Expression in Csk Deficient Cells Regulates
Paxillin Phosphotyrosine Levels

Following the demonstration that Chk directly asso-
ciates with tyrosine phosphorylated paxillin, we exam-
ined whether Chk may regulate paxillin phosphoty-
rosine levels. Csk-deficient mouse embryo fibroblasts
(MEFs) were stably transfected with p52°™. MEFs

transfected with vector alone and MEFs expressing
various levels of Chk were lysed and paxillin was im-
munoprecipitated. Paxillin phosphotyrosine levels
were determined first by immunoblotting with «-phos-
photyrosine antibodies, stripping the blots, and then
normalizing the values to paxillin levels following
immunoblotting with a-paxillin antibodies. The analy-
sis reveals that Chk expression reduces paxillin phos-
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FIG. 5. Tyrosine phosphorylated paxillin binds to the FLVRES
sequence of the Chk SH2 domain. Human blastic T cells were un-
stimulated and stimulated with pervanadate. Lysates (2 x 107 cells)
were incubated with the following GST fusion proteins: GST alone,
Chk SH2, and S149C (Chk SH2 mutant). The samples from the
binding assay were resolved via SDS-PAGE, and subsequently im-
munoblotted with «-paxillin.

photyrosine levels; furthermore, this regulation is de-
pendent on Chk expression levels (Fig. 7).

DISCUSSION

The physiological role of Chk is currently unknown.
In addition, little is known about the role of Chk in
signaling, specifically its protein-protein interactions.
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FIG. 6. Direct binding of the Chk SH2 domain to tyrosine phos-
phorylated paxillin. Human blastic T cells were unstimulated and
stimulated with pervanadate. A. Lysates (1 x 10° cells) were immu-
noprecipitated with a-paxillin and resolved using SDS-PAGE. Far
Western analyses were then performed using the following GST
fusion proteins: GST alone, Chk SH2, and S149C (Chk SH2 mutant).
B. The above-mentioned blots were stripped and immunoblotted
with a-paxillin.
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RELATIVE PAXILLIN PHOSPHORYLATION

Chk
p52

FIG. 7. Chk expression in Csk-deficient cells regulates paxillin
phosphotyrosine levels. Csk-deficient MEF clones, transfected with
vector alone and p52°™, were lysed and paxillin was immunoprecipi-
tated (Top). Following SDS-PAGE, paxillin phosphotyrosine content
was determined by Western blotting using an a-phosphotyrosine
antibody and quantified by laser densitometry. After stripping the
blots, phosphotyrosine levels were normalized to total paxillin levels.
Total paxillin levels were determined by Western blotting using an
a-paxillin antibody and quantified by laser densitometry. (Bottom)
Lysates from the various clones were resolved using SDS-PAGE.
Western blot analysis was performed using an a-Chk antibody.

Chk has been shown to interact only with the receptors
c-Kit and ErbB-2/neu (42, 43). Here we report a novel
interaction involving Chk and paxillin.

In this study, we demonstrate the physical associa-
tion of paxillin with Chk by coimmunoprecipitation
experiments using human blastic T cells. This in vivo
interaction required the tyrosine phosphorylation of
paxillin. Our finding that Chk and paxillin are located
in similar cellular regions in human blastic T cells,
both prior to and following stimulation, supports the in
vivo data. Furthermore, our subcellular localization
studies revealed a Chk presence primarily in the cyto-
solic fraction, with low levels present in the particulate
(membrane) fraction. Following stimulation, greater
Chk levels were present in the particulate fraction,
implying a translocation from the cytoplasm to the
membrane. Previous reports have shown Chk in the
cytosolic fractions of Chk transfected NIH 3T3 fibro-
blasts and of Src-Chk (Chk tagged with the Src mem-
brane targeting signal) transfected Bl-141 murine T
cell hybridomas (18, 31). Whereas, others have re-
ported Chk presence in both the cytosolic and particu-
late fractions of resting human platelets and Chk over-
expressing Dami cells (21, 44). Chk presence in the
particulate fractions, therefore, appears independent
of stimuli or of cell lineage. Rather, Chk presence in the
particulate fraction may result from Chk association
with either a membrane bound protein or a protein

673



Vol. 1999, No. 3, 1999

which then migrates to the cell membrane. Further
studies examining Chk migration should clarify this
issue.

We have also demonstrated tyrosine phosphorylated
paxillin binding to the Chk SH2 domain by coprecipi-
tation studies using GST recombinant proteins. The
Chk SH3 domain did not bind paxillin, nor did it en-
hance or stabilize SH2 binding to paxillin. Further-
more, the SH2 mediated interaction with tryosine
phosphorylated paxillin was destabilized when
Serine™* in the conserved SH2 domain FLVRES se-
guence was mutated. The phosphate moiety of the ty-
rosine residue binds arginine in the FLVRES motif (45,
46). Our mutation studies revealed that paxillin binds
to the Chk SH2 FLVRES sequence and suggests that
this is a phosphotyrosine dependent interaction. Our
gel overlay (Far Western) studies have determined
that the Chk SH2 domain binding to tyrosine phos-
phorylated paxillin is direct, and not mediated by a
third protein.

Csk, like Chk, physically associates with tyrosine
phosphorylated paxillin via its SH2 domain (39). Chk
and Csk binding to paxillin may suggest functional
redundancy. However, due to differing roles of Chk and
Csk in T cells, they may independently associate with
paxillin resulting in separate and distinct functions.
Independent interactions with paxillin may result
from activation of different receptors, thereby involv-
ing receptor specific Csk family members. Chk, unlike
Csk, localizes to the cytoskeleton (21). As a result, Chk
and Csk interactions with paxillin might be restricted
to specific cellular regions. Finally, since paxillin is
phosphorylated on tyrosine residues at positions 31,
118, and possibly 40 (47), Chk and Csk may physically
associate with paxillin at different phosphotyrosine
sites.

Csk-deficient MEFs contain elevated phosphoty-
rosine levels of paxillin (48, 49). Using p52°"™ trans-
fected Csk-deficient MEFs, we and others (31) observed
Chk reduction of paxillin phosphotyrosine content.
Regulation of paxillin phosphotyrosine content also ap-
pears dependent on the level of Chk expression. We
postulate that Chk appears to have the following role
in vivo: Src binds the proline-rich region of paxillin via
its SH3 domain (50) and subsequently phosphorylates
paxillin (47). Paxillin may also be phosphorylated by a
third protein, FAK for example (47), thereby creating
an SH2 binding site for Src (47, 51) which further
phosphorylates paxillin. Chk binds the newly and/or
additionally phosphorylated paxillin. Following bind-
ing, Chk inactivates Src by phosphorylation. Ulti-
mately, levels of tyrosine phosphorylated paxillin are
reduced. Paxillin probably acts as an adapter molecule,
tethering Chk and Src in close proximity, thereby fa-
cilitating Chk phosphorylation and subsequent inacti-
vation of Src.
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Paxillin is a predominantly cytoskeletal protein that
localizes at focal plaques (52). Paxillin was originally
identified in Rous sarcoma virus-transformed chick
embryo fibroblasts (34). cDNA cloning of human and
chicken paxillin has revealed their primary structure.
Paxillin has a multitude of protein-protein interaction
motifs, including several SH2 and SH3 binding motifs
and four double-zinc finger LIM domains (53). Paxillin
also contains five novel protein-binding repeats termed
LD motifs, two of which bind vinculin and FAK (54).
Paxillin binds to the c-Src SH3 domain (50). Whereas,
tyrosine phosphorylated paxillin binds the SH2 do-
mains of Crk, Crkl, c-Src, Lck, and Csk (39, 47, 51, 55,
56). In addition, proteins such as FAK, Pyk2, v-Crk,
v-Src, p210%™* and v-Abl have been shown to tyrosine
phosphorylate paxillin (39, 47, 56-58). Diverse stimuli
such as bioactive lipids, neuropeptides, hormones,
growth factors, and extracellular matrix proteins cause
significant changes in paxillin phosphorylation (59).
Chk, therefore, may play an important role in mediat-
ing the effects of the respective stimuli.

In summary, Chk via its SH2 domain directly binds
tyrosine phosphorylated paxillin. Chk expression re-
duces phosphotyrosine levels of paxillin, demonstrat-
ing a potential biological role for Chk. Still unknown is
the role of Chk in signaling. The interaction of Chk
with paxillin furthers studies involving other poten-
tially associated proteins. These studies provide in-
sight into the role of Chk in tyrosine mediated signal-
ing, as well as T cell physiology.
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