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Tnkl is a nonreceptor tyrosine kinase cloned from
CD34+/Lin—/CD38— hematopoietic stem/progenitor
cells. The cDNA predicts a 72-kDa protein containing
an NH,-terminal kinase, a Src Homology 3 (SH3) do-
main, and a proline-rich (PR) tail. We generated rabbit
antiserum to a GST-Tnk1(SH3) fusion protein.
Affinity-purified anti-Tnk1 antibodies specifically rec-
ognized a 72-kDa protein in Tnkl-transfected COS-1
cells and cells which express Tnkl mRNA. Western
blot analysis indicated that Tnkl is expressed in fetal
blood cells, but not in any other hematopoietic tissues
examined. Tnkl immunoprecipitated from cell lysates
possessed kinase activity and was tyrosine phosphor-
ylated. In binding experiments with a panel of GST-
fusion constructs, only GST-PLC-y1(SH3) interacted
with in vitro translated Tnkl. GST-protein precipita-
tions from cell lysates confirmed that GST-PLC-
y1(SH3) associated with endogenously expressed
Tnkl. Conversely, GST-Tnk1(PR) protein constructs
complexed with endogenously expressed PLC-y1. The
association of Tnkl with PLC-y1 suggests a role for
Tnkl in phospholipid signal transduction. o 2000
Academic Press
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Through modular domains such as Src homology 2
and Src homology 3 (SH2 and SH3) domains and
proline-rich (PR) motifs, nonreceptor tyrosine Kinases
bind to specific target proteins and convey signals

Abbreviations used: SH2, Src homology region 2; SH3, Src homol-
ogy region 3; PR, proline-rich region; GST, glutathione S-Trans-
ferase; EGF, epidermal growth factor; EGF-R, epidermal growth
factor receptor; PLC-vy1, phospholipase C-y1; HRP, horseradish per-
oxidase; IPTG, isopropylthio-B-p-galactoside; PBS, phosphate-
buffered saline; EDTA, ethylenedinitrilotetraacetic acid; PMSF, phe-
nylmethylsulfonyl fluoride; TBS, Tris-buffered saline; TBST, TBS
with Tween 20; SDS-PAGE, sodium dodecyl sulfate—polyacrylamide
gel electrophoresis; MNC, mononuclear cells; PB, peripheral blood.
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which lead to a plethora of cellular functions such as
proliferation, secretion, cytoskeletal assembly, adhe-
sion, or differentiation (1-3). Signaling cascades or-
chestrated by tyrosine kinases are essential to regulate
hematopoiesis (4). We used degenerate PCR to clone a
novel nonreceptor tyrosine kinase gene, Tnkl, from a
population of human umbilical cord blood enriched
CD34'/Lin"/CD38  hematopoietic stem/progenitor
cells (5). Tnkl cDNA predicts a 72-kDa polypeptide,
containing an NH,-terminal kinase region followed by
an SH3 domain and a PR motif near the COOH-
terminus. MRNA expression patterns suggested that
Tnk1 is involved in signaling pathways during fetal
development and in select adult tissues (5).

Tnk1 is most homologous to the Ack family of non-
receptor tyrosine kinases, displaying approximately
60% similarity throughout the length of the protein
(5-7). Tnkl and Ack are also related to FAK and Pyk2,
nonreceptor tyrosine kinases involved in signal trans-
duction pathways initiated by cell adhesion to the ex-
tracellular matrix (8—11). Ack tyrosine kinases associ-
ate with the GTP-bound form of Cdc42, a Rho family
GTP-binding protein (6, 7). Binding of Ack to Cdc42
inhibits the intrinsic GTPase activity of Cdc42, and
increases tyrosine phosphorylation of Ack (6). Ackl has
also been shown to phosphorylate the Rho-family nu-
cleotide exchange factor, Dbl, following cotransfection
of Ackl and wild-type Cdc42 (12). Although the phys-
iological role of Ack is unknown, recent evidence sug-
gests that Ack is involved in signal transduction path-
ways initiated by growth factor stimulation, pB1-
integrin mediated cell adhesion, and has been
implicated in cell spreading by metastatic melanoma
cells (7, 13-15). Stimulation of Ackl1-transfected COS-1
cells with EGF enhanced the interaction of Ackl with
Grb2, and SH3 containing adaptor protein important
in Ras signaling pathways (12). This association was
shown to be mediated by an Grb2 SH3 domain and a
proline-rich region of Ack.

Binding of SH3 domains to PR motifs is highly se-
lective and is contingent upon the amino acid sequence
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surrounding the core PxxP motif (16-20). PR regions
which contain the motif PxxPxK/R (where P is a con-
served proline, x is any amino acid, and K/R is a con-
served lysine or arginine residue), are termed class |1
SH3-binding consensus sites (18, 20). Several known
signaling proteins, including Grb2, Crkll, Nck, src
family kinases, and PLC-yl interact via their SH3
domains to proteins with this consensus sequence (18,
20, 21). Within its PR region, Tnkl contains the se-
quence PPGLPPRP, which meets the criteria of a class
Il SH3-binding consensus sequence.

To begin to characterize Tnkl, we generated rabbit
polyclonal antibodies directed against a GST-
Tnk1(SH3) fusion protein. In this paper, we utilized
this affinity-purified anti-Tnk1l antibody preparation
to evaluate Tnkl protein expression in various cell
lines and human blood cell populations, to determine
its subcellular localization and to demonstrate its cat-
alytic activity. Furthermore, using GST-constructs to
several different SH3 containing signaling molecules,
we show that the SH3 domain of PLC-y1 specifically
associates with the PR region of Tnk1.

MATERIALS AND METHODS

Cell lines. Dr. J. Hilton graciously provided the Igrove ovarian
carcinoma cell line, and Dr. R. Casero the LNCaP, DU145, and PC3
prostate carcinoma lines (Johns Hopkins Oncology Center, MD). All
other cell lines were acquired from the American Type Culture
Collection (ATCC, Arlington, VA).

Commercial antibodies. PY20 monoclonal anti-phosphotyrosine
antibody was purchased from Transduction Laboratories (Lexington,
KY), anti-PLC-y1 antibody cocktail from Upstate Biotechnology
(Lake Placid, NY), rabbit anti-mouse 1gG from Sigma (St. Louis,
MO), horseradish peroxidase (HRP)-conjugated sheep anti-mouse
1gG from Amersham Life Sciences (Arlington Heights, IL).

Preparation of antibodies against Tnkl. Hyperimmune rabbit
antiserum was generated against the above bacterially expressed
GST-Tnk1(SH3) by HRP, Inc. (Denver, PA). Bacterially expressed
GST or GST-Tnk1(SH3) fusion protein was covalently coupled to
activated CH Sepharose (Pharmacia Biotech, Piscattaway, NJ), at 1
mg protein/ml Sepharose resin following manufacturer’s instruc-
tions. Rabbit antiserum was first depleted of antibodies against GST
by four passages over a GST-Sepharose column. The GST-absorbed
antiserum was affinity purified on a GST-Tnk1(SH3)-Sepharose
column, then anti-Tnk1 antibodies eluted with 0.2 M glycine, pH 2.8,
and neutralized with 2 M Tris—HCI, pH 8.0 (22). The eluted, affinity-
purified, anti-Tnkl antibody preparation was dialyzed against 1 X
PBS pH 7.4 containing 0.02% NaN; overnight at 4°C, and concen-
trated using a Centriprep device (Amicon, Beverly, MA).

Cell extracts. Near-confluent adherent cells were lysed directly
on tissue culture plates by addition of Hepes lysis buffer [1% NP-40,
25 mM Hepes, pH 7.4, 150 mM NaCl, 1 mM EDTA, 100 mM NaF,
10% glycerol, 2 mM Na,VO,, 50 ng/ml aprotinin, 5 ug/ml antipain, 2
pg/ml leupeptin, and 1 mM PMSF (Sigma)]. Suspension cells were
pelleted by centrifugation (300g for 5 min), washed twice in ice-cold
PBS, and resuspended in 1 ml of Hepes lysis buffer. Lysates were
chilled on ice for 10 min., and cleared by centrifugation (16,000g, 20
min, 4°C). Total protein from the recovered supernatant was mea-
sured by BCA assay (Pierce, Rockford, IL). Mononuclear cells (MNC)
from human hematopoietic tissues were purified by Ficoll-Hypaque
density centrifugation (5), washed 2X in RPMI medium, and then
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lysed directly in 1 ml of Hepes lysis buffer. Frozen tissues from an
aborted fetus (8th week), were thawed, disaggregated by dounce
homogenization, and lysed in 1 ml of Hepes lysis buffer.

Immunoprecipitation. Whole-cell extracts (1 mg/ml) were pre-
cleared by incubation with rabbit anti-mouse 1gG (5 ug 19G per
milliliter of cell extract) for 4 h at 4°C, precipitated with 100 ul of
protein A-Sepharose beads (Pharmacia) for 1 h, and then centri-
fuged (16,000g, 4 min, 4°C). Antibody (1 ng) was added to the
recovered precleared supernatant. After incubation overnight at 4°C,
protein A—Sepharose beads (100 pl) were added for 1 h at 4°C. Beads
were washed twice with TBS-T and twice with TBS, resuspended in
2X Laemmli sample buffer (50 ul), boiled, separated by SDS-PAGE,
then transferred to Immobilon-P (Pharmacia).

Kinase assay. Immunoprecipitated complexes were washed twice
with TBS-T and twice with kinase buffer (10 mM Hepes pH 7.4,
containing 150 mM NacCl, 0.5 M MnCl,, 0.5 M MgCl,, 1 mM dithio-
threitol, 0.1% NP-40, 50 pg/ml aprotinin and 2 pg/ml leupeptin).
Fresh kinase buffer (50 nl) was added to each pellet, and the samples
were incubated with 10 uCi [y-*P]JATP (Amersham) at 30°C for 30
min. The reaction was stopped by the addition of 2X Laemmli sample
buffer and separated by SDS-PAGE.

Subcellular fractionation. Subcellular fractionation of cell ex-
tracts was performed by the protocol of Thom et al. (23).

GST fusion proteins. GST-fusion proteins of Tnk1, Crkll, and
Nck were generated by cloning RT-PCR products from Igrove
ovarian carcinoma cDNA in-frame into the BamHI and EcoRI
cloning sites of the pGEX-3X vector (Pharmacia, Piscattaway,
NJ). The primers and the conditions for PCR were as
follows: Tnkl (SH3): forward 5-GAGCGGATCCGTTGTGT-
GAGGGATGCCACAGAAC-3’, reverse 5'-GAGCGAATTCAC-
AGAACTGACTCCAGACTCCTGG-3’; Tnkl (PR): forward 5'-
GCGCAGGATCCTGAAAGGCATTTCCAGGAGTCTG-3', reverse
5'-GCGCAGAATTCTCCTCTGCAACTCAGGATCGG-3'; Crkll:
forward 5'-GCGCAGGATCCACTTCGACTCGGAGGAGCGG-3',
reverse 5'-GCGCAGAATTCGTTCCCATCTGTCAGCAAAACTG-
3’; and Nck: forward 5'-GCGCAGGATCCAACAAGAGTTG-
GACATCAAGAAGAATG-3', reverse 5'-GCGCAGAATTCCACGC-
TGCCCAATGCAGTAG-3'.

Parameters for PCR of Tnk1(SH3) and Tnk1(PR) were 94°C for 1
min, 55°C for 1 min, and 72°C for 1 min, 35 cycles, followed by 1 cycle
for 10 min at 72°C. For Crkll and Nck amplification, conditions were
94°C for 1 min, 48°C for 1 min, and 72°C for 1 min, 35 cycles, followed
by 1 cycle for 10 min at 72°C. PCR products were purified, digested
and ligated to BamHI/EcoRI digested pGEX-3X vector, and trans-
formed into DH5a Escherichia coli. All constructs were sequence
verified. Fusion proteins were purified after IPTG (0.1 mM) induc-
tion following the method of Smith and Johnson (24). The GST-
fusion proteins, GST-Grb2, GST-PLC-y1(SH3), and GST-PLC-
v1(SH2), were purchased from Upstate Biotechnology (Lake Placid,
NY).

GST precipitation. Whole-cell lysates (1 mg/ml) were precleared
by incubation with 5 ug GST (4 h, 4°C, rotating) and precipitated
with 50 wl glutathione-Sepharose 4B beads (Pharmacia) for 1 h at
4°C. GST-fusion proteins (1-2 ng) were added to the recovered su-
pernatant and incubated overnight at 4°C. Glutathione—Sepharose
4B beads (50 ul) were added to the protein complexes for 1 h at 4°C,
then washed twice with TBS-T and twice with TBS. Laemmli sample
buffer (2X) was added and SDS-PAGE/Western blot analysis per-
formed.

In vitro translation of Tnkl. Expression constructs [pCl-Neo,
pCIl-Tnk1, or pCI-Tnk1(PR)] were in vitro translated using the TnT
coupled reticulocyte system (Promega, Madison, WI) following man-
ufacturer’s instructions.

Transfection of COS-1 cells. COS-1 cells were transfected using
Lipofectamine (Life Technologies, Inc., Gaithersburg, MD) and 2 ug
of plasmid DNA following the recommendations of the manufacturer.
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FIG. 1. Tnk1 protein expression. (A) A protein map of Tnk1 shows positions of the kinase domain (aa 120-331), the SH3 domain and the
PR region. GST-fusion proteins of partial Tnkl sequences spanning the SH3 domain (aa 387-503) and the PR (aa 493-589) region are
indicated. (B) Western blot analysis using anti-Tnk1 antibodies of COS-1 cells transfected with either full-length Tnk1 or vector (pCl-Neo)
alone. (C) Lysates (50 ung) from the indicated sources of human hematopoietic tissue were examined for Tnkl expression by Western blot
analysis. MNC is mononuclear cells; PB is peripheral blood. (D) Immunoprecipitation of Tnkl from human cell lines. Affinity purified
anti-Tnk1 antibodies were used to immunoprecipitate Tnkl from the indicated human solid tumor (Igrove, LNCaP, DU145, and PC 3) or
leukemia (K562 and U937) cell lines. Immunoprecipitates were assayed by Western blot analysis using anti-Tnkl antibodies.

Forty-eight hours following transfection, cells were trypsinized and
plated in media containing G418 (1 mg/ml) (Life Technologies, Inc.).
G418 resistant colonies were picked and assayed for Tnk1 expression
by Western blot analysis.

RESULTS

Anti-Tnk1l antibodies recognize Tnkl protein. We
generated rabbit antiserum to a bacterial expressed
GST-Tnk1(SH3) fusion protein which included amino
acids 387-503 of the predicted Tnk1 protein (Fig. 1A).
The GST-adsorbed, affinity-purified rabbit anti-Tnkl
antibody preparation detected GST-Tnk1(SH3), but
did not detect GST or GST-Tnk1(PR) (amino acids
493-589 of the predicted Tnkl protein; data not
shown). This affinity-purified anti-Tnk1 antibody prep-
aration immunoblotted a 72-kDa protein band (the pre-
dicted molecular mass of the Tnk1 protein) from COS-1
cells transfected with Tnk1 cDNA, but not from COS-1

cells transfected with vector alone (Fig. 1B), confirming
the specificity of this anti-Tnk1 antibody.

Expression of Tnkl protein in human hematopoietic
tissues. Since Tnkl was originally cloned from
CD34+/Lin—/CD38— umbilical cord blood cells, we ex-
amined several human sources of blood cells for Tnkl
protein expression by Western blot analysis. Tnkl ex-
pression was detected only in fetal blood cell samples
(Fig. 1C). Cross-reactive bands (60 and 80 kDa) are
also observed. No Tnkl protein expression was de-
tected in mononuclear cells from lineage antigen-
depleted umbilical cord blood cells, adult bone marrow
and peripheral blood, nor in neonatal umbilical cord
blood cells.

Expression of Tnkl protein in human cell lines. EXx-
tracts from leukemia cell lines K562 and U937, as well
as from several different solid tumor lines including,
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FIG. 2. Tnk1 has kinase activity and is tyrosine phosphorylated
under basal conditions. (A) Tnkl has autokinase activity. Immuno-
precipitated Tnkl or rabbit anti-mouse 1gG—protein complexes from
Igrove cell lysates were assayed for in vitro autokinase activity and
examined by SDS-PAGE. (B) Tnkl is tyrosine phosphorylated.
Western Blot analysis with PY20 anti-phosphotyrosine monoclonal
antibody of Igrove or LNCaP cells immunoprecipitated with either
anti-Tnk1 antibodies or rabbit anti-mouse 1gG. (C) To verify that the
72-kDa phosphotyrosine protein was Tnkl, the blot from B was
stripped with 0.2 M glycine, pH 2.8, and reprobed with anti-Tnk1l
antibody.

DU145, LNCaP, and PC3 prostate carcinoma cells, and
Igrove ovarian carcinoma cells, were examined for
Tnk1 protein expression (Fig. 1D). Western blot anal-
yses of Tnkl immunoprecipitates revealed Tnkl ex-
pression in K562, Igrove, LNCaP, DU145, and PC3
cells, but not in U937 cells.

Tnk1 has kinase activity and is tyrosine phosphory-
lated under basal conditions. In vitro kinase assays
were performed using extracts obtained from un-
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treated Igrove ovarian carcinoma cells. Extracts immu-
noprecipitated with anti-Tnk1 antibody displayed au-
tophosphokinase activity (Fig. 2A), while no activity
was observed with control rabbit 1gG antibody. We
next examined the tyrosine phosphorylation status of
Tnk1 from Igrove or LNCaP cell lysates under basal
conditions. Without prior stimulation, tyrosine phos-
phorylation of Tnkl protein was detected by anti-
phosphotyrosine antibody PY20. No other specific
phosphorylated proteins coimmunoprecipitated with
anti-Tnkl antibodies (Fig. 2B). We confirmed that this
band was Tnk1 by stripping the blot in Fig. 2B and
reprobing with anti-Tnk1 antibody (Fig. 2C).

Tnk1 localizes to the cell membrane. Whole-cell ly-
sates from Igrove cells were fractionated by sucrose
gradient centrifugation, and fractions containing
equivalent amounts of protein were probed for Tnkl
protein by immunoblotting. Although Tnk1 can be de-
tected in the cytosol, there is an enrichment of Tnkl in
the membrane fraction (Fig. 3).

Tnk1 associates with PLC-vy1 in vitro. We investi-
gated whether the PR motif within the COOH-
terminus of Tnkl is involved in binding of SH3-
containing signal transduction proteins. The PR region
of Tnkl contains the sequence, pPGLPPRPp, which
conforms to the class Il SH3-binding consensus se-
quence (18, 20). GST fusion proteins were tested for
their ability to precipitate in vitro translated full-
length Tnkl protein or a construct containing the
Tnk1-PR region. As shown in Fig. 4A, GST-PLC-
v1(SH3) fusion protein precipitated full-length Tnk1
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FIG. 3. Tnkl is enriched in membrane fractions. Lysates from
Igrove cells were subfractionated on a 38% sucrose cushion and equal
amounts of protein from the indicated fractions were electrophoresed
on an SDS-PAGE gel, transferred and immunoblotted with anti-
Tnk1l antibodies. WLC is whole lysed cell extract.
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FIG. 4.

In vitro translated Tnkl associates with GST-PLC-y1(SH3). Full-length pCl-Tnk1, pCI-Tnk1(PR), or pCl-neo were in vitro

translated in the presence of [*S]methionine. Equal volume aliquots were incubated with the various GST proteins, then precipitated with
glutathione beads. Precipitating proteins were electrophoresed on an SDS—-PAGE gel, transferred to Immobilon-P and autoradiographed. (A)
PLC-y1(SH3), (B) PLC-y1(SH2) (C) GST, or (D) GST-Crkll. GST-PLC-y1(SH3) precipitates full-length Tnkl and Tnk(PR), whereas

GST-PLC-y1(SH2) and the GST control do not.

and Tnk1-PR. However, neither a GST-PLC-y1(SH2)
fusion protein nor GST protein alone interacted with
full-length Tnk1 or Tnk1-PR (Figs. 4B and 4C). GST—
Crkll bound only very weakly to full-length Tnk1 and
Tnk1l-PR (Fig. 4D).

To confirm the interaction of PLC-y1 with Tnk1,
GST-fusion proteins of PLC-y1, Crkll, Grb2, and Nck
were used to precipitate endogenously expressed Tnkl
from Igrove cell lysates. Only the PLC-y1(SH3) GST-
fusion protein precipitated endogenously expressed
Tnkl (Fig. 5A). All other fusion proteins, including
Crkll, were unable to precipitate Tnkl from whole cell
lysates. In the complementary experiment, a GST—
Tnk1(PR) fusion protein, which spanned the PR region
of Tnkl (aa 493-589; Fig. 1A), was used to precipitate
endogenously expressed PLC-yl from Igrove cell ly-
sates. GST-Tnk1(PR) specifically precipitated PLC-y1
(Fig. 5B), whereas GST, GST-Crkll, and GST-Nck did
not. GST-Grb2 also precipitated PLC-v1, as reported
previously (25). Similar results were obtained with
lysates from LNCaP cells (data not shown).

DISCUSSION

We characterized the expression of Tnkl in cell lines
and tissues, determined its subcellular localization and

assessed its association with several known signaling
proteins. A major tool in this study was the rabbit
antiserum raised against a bacterially expressed GST—
Tnk1(SH3) fusion protein (aa 387-503). The resulting
affinity purified anti-Tnkl antibodies detected a pro-
tein of the predicted molecular mass from cells trans-
fected with Tnkl cDNA, and specifically immunopre-
cipitated and immunoblotted a 72-kDa protein from
cell lines which endogenously express Tnkl mRNA,
but not from cells known to be negative for Tnkl
MRNA [Fig. 1; (5)]. These results confirm the specific-
ity of this affinity-purified anti-Tnkl antibody prepa-
ration.

Interestingly, we detected Tnkl protein expression
in samples of fetal blood cells, but were unable to detect
expression in several other sources of hematopoietic
tissues (Fig. 1C). Expression of Tnkl in human fetal
blood suggests that Tnk1 is expressed in developmen-
tally early blood cells, and is consistent with the fact
that it was originally cloned from CD34+/Lin—/CD38—
umbilical cord blood cells, an enriched source of human
hematopoietic stem/progenitor cells (5). Correspond-
ingly, Tnk1l mRNA is readily detected in murine yolk
sac, Day 3 embryonic stem cells, and throughout em-
bryogenesis, but not in mature, murine blood cell pop-
ulations (G. T. Hoehn, manuscript in preparation).
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FIG. 5. Tnkl associates with PLC-y1 from Igrove whole-cell ly-
sates. (A) GST-PLC-y1(SH3) precipitates Tnkl from Igrove whole
cell lysates. Whole-cell lysates from Igrove cells were incubated with
the indicated GST-fusion constructs, or immunoprecipitated with
anti-Tnk1 antibody. Precipitating proteins were electrophoresed on
an SDS-PAGE gel, transferred to Immobilon-P, and immunoblotted
with anti-Tnk1 antibodies. (B) GST-Tnk1(PR) precipitates PLC-y1
from Igrove whole cell lysates. In the converse experiment, lysates
from Igrove cells were incubated with the indicated GST-fusion
constructs and precipitated proteins were electrophoresed on an
SDS-PAGE gel, transferred to Immobilon-P and immunoblotted
with anti-PLC-v1.

Tnk1 expressed sequence tags (ESTs) have been iden-
tified in human fetal heart and lung, pregnant uterus,
normal colon and prostate, and several cancerous tis-
sues, including adenocarcinomas of the stomach and
pancreas, prostate and colon carcinomas, and squa-
mous cell carcinoma of the tongue (dbEST, NCBI).
Taken together, this expression pattern suggests that
Tnk1l may be important in certain normal tissues and
cancers and during early fetal development.

Under basal conditions, Tnkl possessed autophos-
phorylation activity and was tyrosine phosphorylated
(Fig. 2). In an effort to stimulate Tnkl activity, we
treated cell lines which endogenously express Tnkl
with known inducers of the Ack tyrosine kinases (6, 7,
12, 13). These included treatments such as tempera-
ture downshift, hyperosmotic shock, cell attachment,
and stimulation with EGF and bradykinin. None of
these conditions, nor treatment with other factors
known to activate tyrosine kinases (e.g., IL-3, IL-6,
phorbol myristate acetate, lysophophatidic acid, DNA
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damage by UV irradiation) enhanced Tnkl auto- or
transphosphorylation kinase activity in any of the cell
lines tested. There were also no observable increases in
Tnk1 tyrosine phosphorylation (data not shown). This
suggests that Tnkl activity is strictly regulated and
activated only by a specific set of conditions which we
have not yet identified.

Since we have been unable to find conditions which
activate Tnkl, we examined Tnk1 signaling by inves-
tigating the binding of several SH3 containing proteins
to the proline rich region of Tnkl. This region of Tnkl
contains the class Il SH3-binding consensus sequence,
PPGLPPRP, which has previously been shown to me-
diate binding of SH3 containing signaling molecules.
Of the different SH3-containing proteins that we ex-
amined, only PLC-vy1 specifically associated with Tnk1.
The SH3 domain of PLC-y1 specifically bound both
full-length Tnk1 and Tnk1(PR) in vitro translated con-
structs, as well as endogenously expressed Tnkl from
Igrove cells (Figs. 4 and 5), but did not bind to other
GST-fusion constructs including the SH2 domain of
PLC-y1. Moreover, GST-Tnk1(PR) precipitated endo-
genously expressed PLC-y1 from Igrove whole cell ly-
sates, confirming the association of Tnk1l with PLC-+y1.

The finding that the PR tail of Tnkl specifically
associates with the SH3 domain of PLC-y1 may impli-
cate Tnkl in phospholipid-mediated signaling path-
ways. When activated, PLC-y1 hydrolyzes phosphati-
dylinositol 4,5 bisphosphate (PIP,) to generate the
second messengers inositol 1,4,5-triphosphate (IP;)
and diacyl glycerol (DAG) (26—28). Tyrosine phosphor-
ylation of PLC-v1 is induced by numerous growth fac-
tors and cytokines (29, 30) and has been shown to be
involved in diverse signaling pathways regulating mi-
togenesis, secretion, and cytoskeletal assembly (31,
32). PLC-vy1 also appears to be critical during develop-
ment, since mice lacking PLC-vy1 die at embryonic day
nine (33). Following stimulation with EGF, PLC-y1
translocates via its SH3 domain to the cell membrane
or to sites on the actin cytoskeleton (34, 35), although
the mechanism by which this occurs is not fully eluci-
dated. We showed by subcellular fractionation (Fig. 3)
that Tnkl is greatly enriched in membrane fractions.
Additionally, immunofluorescence of Igrove cells with
anti-Tnk1 antibodies demonstrates that Tnk1 localizes
to the cell membrane (data not shown). Taken together
with our GST binding studies, these data suggest that
Tnkl and PLC-y1 may be a part of a multi-protein
signaling complex at the plasma membrane.

It is not known how Tnk1 binding affects PLC-vy1
function. Tnk1l might phosphorylate PLC-vy1, leading
to PLC-vy1 activations. Currently, we are attempting to
detect in vitro phosphorylation of PLC-y1 by Tnk1 fol-
lowing treatment with known activators of PLC-y1. It
is also possible that PLC-+v1 is not a physiological sub-
strate for Tnkl, but promotes the recruitment of
PLC-vy1 to the membrane. In this way, Tnkl would be
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similar to FAK, which binds to PLC-vy1, but does not
directly phosphorylate it (36). In response to integrin
activation, FAK recruits PLC-v1 to sites of cell matrix
adhesion, thereby stimulating PLC-y1 activity. Alter-
natively, it is possible that Tnkl acts in downstream
signaling pathways following activation of PLC-vyl.
The results from these studies warrant a closer exam-
ination of the interaction of Tnkl with PLC-y1 in vivo.
Currently, we are pursuing coimmunoprecipitation
studies and conditions which activate Tnk1 in order to
elucidate its role in PLC-vy1 signaling pathways.
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