
The Nonreceptor Tyrosine Kinase ACK2, a Specific Target for Cdc42
and a Negative Regulator of Cell Growth and Focal Adhesion
Complexes*

Received for publication, May 25, 2001, and in revised form, August 22, 2001
Published, JBC Papers in Press, September 4, 2001, DOI 10.1074/jbc.M104819200

Wannian Yang, Qiong Lin, JiHe Zhao, Jun-Lin Guan, and Richard A. Cerione‡

From the Department of Molecular Medicine, Cornell University, Ithaca, New York 14853

ACK2 (activated Cdc42-associated tyrosine kinase-2)
is a nonreceptor tyrosine kinase that is a specific target/
effector for the GTP-binding protein Cdc42. Thus far the
biological function of this tyrosine kinase has not been
determined. Using an inducible eukaryotic expression
system in fibroblasts, we demonstrate that ACK2 can
strongly influence cell shape and growth as well as focal
complex formation. ACK2 was found to associate with
the focal adhesion complex components talin and vincu-
lin, but not with the focal adhesion kinase (FAK), in a
kinase-independent manner. The tyrosine kinase activ-
ity of FAK was also inhibited in cells overexpressing
both wild-type and kinase-defective ACK2. This may be
due to a competition between ACK2 and FAK for Src,
which is an essential cofactor for FAK activation, as we
have found that ACK2 specifically binds Src in cells. The
ACK2-Src interaction appears to be mediated by the SH3
domain of Src, and the phosphorylation of ACK2 is en-
hanced in cells overexpressing the hyperactivated
Src(Y527F) mutant. Overexpression of both wild-type
and kinase-defective ACK2 also results in a severe inhi-
bition of cell growth. In addition, ACK2 dissolves actin
stress fibers and disassembles focal complexes but in a
kinase-dependent manner. These results, taken to-
gether with previous studies demonstrating an associa-
tion of ACK2 with integrin �1 (Yang, W., Lin, Q., Guan,
J.-L., Cerione, R. A. (1999) J. Biol. Chem. 274, 8524–8530)
and clathrin (Yang, W., Lo, C. G., Dispenza, T., and Ceri-
one, R. A. (2001) J. Biol. Chem. 276, 17468–17473), suggest
that the binding and protein tyrosine kinase activities
of ACK2 coordinate changes in cell morphology and
growth with the disassembly of focal adhesion sites, per-
haps to organize new integrin complexes that are
required for endocytosis and/or for cellular
differentiation.

ACKs1 (activated Cdc42-associated tyrosine kinases) are a
family of nonreceptor tyrosine kinases that specifically interact
with the GTP-bound, active form of Cdc42, a Rho family
GTPase (1, 2). We have cloned and characterized one member

of this tyrosine kinase family, ACK2 (1, 3). While Cdc42 has
been shown to play important roles in a variety of cellular
activities including actin cytoskeletal organization, cell adhe-
sion, intracellular trafficking, DNA biosynthesis, and cell
growth regulation (4–10), little is known about the function of
the ACKs in cells.

Our initial studies indicated that ACK2 was involved in cell
adhesion signaling (3). Cell attachment strongly enhanced the
tyrosine phosphorylation of ACK2. Unlike the focal adhesion
kinase (FAK), which has a tyrosine kinase activity that is
specifically increased by cell adhesion on fibronectin-coated
plates, the tyrosine kinase activity of ACK2 is stimulated when
attaching cells to either fibronectin- or polylysine-coated
plates. Interestingly the stimulation of the tyrosine kinase
activity of ACK2 by adhesion is, at least partially, mediated by
integrin �1. Data from immunoprecipitation studies indicated
that ACK2 associated with an integrin �1 complex (3), thus
suggesting that this tyrosine kinase may have a regulatory role
in the assembly or disassembly of focal adhesion complexes.

To further address the cellular function of the Cdc42-specific
target ACK2, we used a Tet-off inducible eukaryotic cell ex-
pression system. Here we show that the overexpression of
ACK2 in NIH3T3 cells strikingly affected cell morphology as
well as inhibited the tyrosine kinase activity of FAK, perhaps
as an outcome of the binding of ACK2 to c-Src. These ACK2-
mediated effects were all largely independent of ACK2 tyrosine
kinase activity as was a marked inhibition of cell growth that
accompanied the inducible expression of ACK2. The expression
of ACK2 also resulted in the disruption of actin stress fibers
and focal complexes, although these effects were dependent on
ACK2 tyrosine kinase activity. Overall the data indicate that
the Cdc42 target ACK2 participates in the down-regulation of
focal adhesion complex organization and acts as a negative
regulator of mitogenic signaling activity.

EXPERIMENTAL PROCEDURES

Materials—Puromycin was purchased from Calbiochem, tetracycline
and anti-vinculin antibody were obtained from Sigma, and Texas red-
conjugated phalloidin was from Molecular Probes. The Tet-off inducible
expression system was described previously (11).

Selection of Tet-off Inducible Cell Lines—The HindIII/EcoRV-di-
gested Myc-tagged ACK2 cDNA from pcDNA3 Myc-ACK2 and the cor-
responding Myc-tagged ACK2(K158R) cDNA were cloned into the pTet-
splice vector to obtain pTet Myc-ACK2 or pTet Myc-ACK2(K158R). We
then co-transfected ptTAK (3 �g/60-mm dish) with either the pTet-
splice (control) vector, the pTet Myc-ACK2, or the pTet Myc-
ACK2(K158R) (3 �g/60-mm dish) together with the puromycin-resis-
tant gene plasmid (0.3 �g/60-mm dish) into NIH3T3 cells (3 � 105

cells/60-mm dish) in the presence of tetracycline (1 �g/ml). After 48 h,
the cells were transferred to 100-mm dishes and cultured overnight in
DMEM plus 10% calf serum (CS) and 1 �g/ml tetracycline. The colony
selection was performed by adding puromycin (5 �g/ml) into the culture
medium. The positive colonies were identified following removal of
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