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Summary

The adaptor protein SETA/CIN85/Ruk is involved in  promoted the interaction between PYK-2 and AIP1. Direct
regulating diverse signal transduction pathways, including analysis of the impact of these proteins on cell adhesion, by
the internalization of tyrosine kinase receptors via the Cbl  use of an electrical cell-substrate impedance sensor (ECIS),
ubiquitin ligases, and attenuating PI3K activity by  showed that SETA promoted cell adhesion while AIP1 and
interaction with its regulatory subunit. Here we present c¢-Cbl reduced it. Furthermore, the ability of AIP1 and
evidence for a new aspect of SETA function, based on AIP1 mutants to decrease cell adhesion in ECIS analysis
the initial observation that it co-localizes with actin in  correlated with their presence in PYK-2 complexes,
microfilaments and at focal adhesions, and with providing a direct link between AlP1-mediated molecular
microtubules. Although there was no evidence for direct interactions and cellular behavior. Transfection of AlIP1
molecular interactions between SETA and cytoskeletal also reduced the level of phosphorylation of endogenous
proteins, the SETA-interacting protein AIP1, whichisarat PYK-2 and FAK, suggesting that this protein may directly
ortholog of the Xenopus src substrate Xp95, strongly regulate focal adhesion kinases, and thereby cell adhesion.
interacted with structural proteins of the cytoskeleton, These data are the first to implicate the adaptor protein
including actin and tubulins. Both SETA and AIP1  SETA and its binding partner AIP1 as being involved with
interacted with focal adhesion kinase (FAK) and proline the cytoskeleton and in the regulation of cell adhesion, and
rich tyrosine kinase 2 (PYK-2), and c-Cbl interacted with  suggest that they may be part of the focal adhesion kinase
PYK-2. AIP1, which interacted more strongly than either  regulatory complex.

SETA or c-Cbhl, required an intact consensus tyrosine

kinase phosphorylation sequence at Y319 to bind to focal

adhesion kinases, which suggests that phosphorylation is key words: Glioma, Astrocytes, SETA/CIN85/Ruk, AIP1, Focal

an important mediator of this complex. SETA, which  adhesion kinase, Cytoskeleton, Electrical cell substrate impedance
interacted as a dimer with focal adhesion kinases, sensor

Introduction proline rich region and a C-terminal coiled-coil domain

The gene SH3-domain encoding, expressed in tumorigeniavolved in multimerization (Borinstein et al., 2000; Watanabe
astrocytes $ETA encodes adaptor proteins characterized bt al., 2000).

the presence of src homology 3 (SH3) domains, proline rich Recently SETA/CIN85/Ruk has been implicated in
regions with P-x-x-P motifs that bind to SH3 domains (Mayeiparticipating in the internalization of activated receptor
and Eck, 1995) and a C-terminal coiled-coil. Its expressiofyrosine kinases together with Cbl proteins. Ligand activation
in glial cells is associated with differentiation in of EGFR leads to the binding and phosphorylation of c-Chbl or
oligodendrocytes and the acquisition of a tumorigenicCbl-b proteins via their modified SH2 phosphotyrosine binding
phenotype in transformed, p%3astrocytes (Bogler et al., domains, and the recruitment of SETA/CIN85 by binding of
2000). The protein has been independently identified as its SH3 domains to the C-terminus of the Cbls (Take et al.,
binding partner of p85- and a negative regulator oR000; Soubeyran et al., 2002; Szymkiewicz et al., 2002).
phosphatidylinositol 3-kinase [PI3K; regulator of ubiquitousSETA/CINSS is monoubiquitinated at lysines in its C-terminus,
kinase orRuk (Gout et al., 2000)] and twice as a bindingwhile the EGFR is polyubiquitinated by the Cbls marking it
partner for c-Cbl [Cbl-interacting protein of 85 kDa®@IiN85  for proteasomal degradation (Soubeyran et al., 2002; Haglund
(Take et al., 2000; Soubeyran et al., 2002)]. SETA/CIN85/Rulet al., 2002; Szymkiewicz et al., 2002). In addition, endophilins
proteins exist in several isoforms (Borinstein et al., 2000; Gowdre recruited to the complex, by virtue of a constitutive
et al., 2000; Buchman et al., 2002), the longest of whiclinteraction with SETA/CIN85 mediated by the endophilin
encodes three SH3 domains in the N-terminal half, a centr8H3 domain and the SETA/CIN85 proline rich C-terminus
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(Soubeyran et al., 2002; Szymkiewicz et al., 2002). It has beem N-terminal HA-tag in pCEFL [provided by Stan Lipkowitz,
demonstrated that the internalization and ubiquitination of th&lational Cancer Institute, National Institutes of Health, Bethesda, MD
EGFR can be mechanistically separated, and the interacti¢fttenberg et al., 1999)]. AIP1 mutants were made with the
of the SETA/CIN85-Cbl complex with the receptor may bechkChangg Site Directed Mutagenesis kit according to the
primariy molved in infemalization info clatfin coated MIUSCLIETS uctons Ctiaase ol O L
vesicles, Wh'le. thg ubquItln_atlon state may regulateand antiB-tubulin (Sigma, St Louis, MO). For western blots and
subsequent sorting into recycl!ng_or degradation p"’lthvv"’lylﬁmunoprecipitations we used the following antibodies: monoclonal
(Soubeyran et al., 2002; Szymkiewicz et al., 2002). mouse anti-HA (F-7) and polyclonal goat anti-actin (I-19) antibodies
While the implication of SETA/CIN85/Ruk in receptor from Santa Cruz Biotechnology (Santa Cruz, CA); monoclonal anti-
internalization is an important advance in our understanding GfLAG (M2), anti-GFAP (G-A-5), anti-MAP1 (HM-1), ant-tubulin
the function of this protein, it is unlikely to reflect all aspects(B-5-1-2), antiB-tubulin (2-28-33), anti-tubulin (GTU-88), anti-
of it. In addition to the demonstration that SETA/Ruk canphosphotyrosine tubulin (TUB-1A2), as well as polyclonal rabbit
inhibit PI3K activity (Gout et al., 2000), there is a growing listanti-actin, anti-MAPs and anti-PKC zeta antibodies from Sigma.
of interactions with other signaling molecules including MS:tg(t:éog?éten;ﬁggﬁ)gin:;p:vgﬁpggtﬁgzglgo r?;]t'gr?t?i"(;‘f(i(g) ‘;ﬁ?
:’r?gllljléiiﬁ)grs C?L-ﬁt]ecﬁzfﬁ?k;lg[g(ncggf gﬁ)dzlflaé%rssl O;n?jp(l)s?ngK (77) and anti-PYK2 (11) antibodies from BD Biosciences, San
(Chen et al., 2000; Borinstein et al., 2000; Watanabe et a ose, CA. Polyclonal anti-SETA antibodies were as described (Chen
1 £UUU, 1ot : ; t al., 2000).
2000). In addition, localization of SETA in the cell may
provide important clues to its function. We had previously
observed that SETA staining overlapped with actin stainingell lines and cell transfection
in astrocytes (Chen et al., 2000), which prompted furthePrimary rat cortical astrocytes were isolated as described (McCarthy
investigation of the association between SETA and cytoskeletahd De Vellis, 1980; Chen et al., 2000) and were cultured in DMEM
proteins, focal adhesion kinases and whether it could modulagepplemented with antibiotics and 10% fetal calf serum (DMEM-
cellular adhesion characteristics. In addition we had shown th&fS)- HEK293 embryonic kidney cells were cultured under standard
AIP1, a binding partner of SETA, also had a ceII-stainingcond't'_Q”S in DMEM-FCS. Cells were transfected with plasmids by
pattern with cytoskeletal appearance, and so investigated #’Eodlfled calcium-phosphate procedure. The day before transfection

. ; . er two or five million cells were plated in 10 cm tissue culture
association with cytosk_eletal proteins at_ the molecular leve ishes to allow them to remain non-confluent or become confluent,
Here we show by immunocytochemistry and confocalegpectively, two days after transfection.
microscopy that SETA staining overlaps with actin dhd
tubulin staining in astrocytes, but that there is no direct o o _
molecular interaction between these proteins. Similarlyjmmunoprecipitation and in vitro confrontation
intense SETA staining at focal adhesions but the presené€ells were washed twice with ice-cold PBS and were lysed on ice for
of relatively small amounts of SETA in FAK or PYK-2 30 minutes in a modified RIPA buffer [50 mM HEPES (pH 7.5), 150

y .
immunoprecipitates suggests that indirect binding may thgM NaCl, 1% IGEPAL CA-630 (Sigma), 0.5% deoxycholate, 0.1%
most prevalent mode of interaction between these proteins. fPS: 5 MM EDTA, 1 mM EGTA, 1 mM DTT, 4 mM sodium azide,
contrast the SETA interacting protein AIPL can be foun mM PMSF, 5 mM benzamidine], as well as a protease inhibitor

! . cocktail (2pg/ml aprotinin and leupeptin, 38y/ml E-64 and trypsin
complexed to cytoskeletal proteins and is robustly present Ii'ﬂhibitor, 1 pg/ml pepstatin A) and a phosphatase inhibitor cocktail

focal adhesion kinase immunoprecipitates, and so may B8 my sodium vanadate and sodium fluoride, 5 mM sodium
directing SETA to them. In agreement with this is themolybdate and 15 mM p-nitrophenylphosphate). Following lysis, the
observation that SETA increases the amount of AIP1 igell suspension was sheared ten times through an'1®@édle, ten

these complexes. Furthermore, we show that SETA promotdisnes through an IM1 needle, and incubated on ice for another 30
adhesion and AIP1 or c-Chl antagonize adhesion as measurgihutes. The cell solution was then cleared by centrifugation at
at steady state by an electrical cell-substrate impedance send8/000g at 4°C. The supernatant was used for immunoprecipitation

[ECIS (Mitra et al., 1991)], suggesting that these proteins hav@udies. Appropriate concentration;s of primary antibody were added
an impact on cell behavior. Interestingly, the presence of AIpgnd the solution was rotated at 4°C for at least an hour. Antibody-
rotein complexes were precipitated with BOProtein A-agarose

proteins in PY.K'Z Complexe§ correlates W'th. a redl“.'cuon.' olution (Roche) by rotation at 4°C overnight. The agarose beads were
cell adhesion in ECIS experiments, suggesting a direct lin

. . . llected by centrifugation at 12,0@0for five minutes at 4°C, and
between the interaction between these proteins and Cglkre washed seven times with precipitation buffer on ice. Finally, the
adhesion. Lastly, we show that AIP1 can reduce the level @ediment was boiled for five minutes at 95°C inNUPAGE® LDS
endogenous focal adhesion kinase phosphorylation, providirgample Buffer (Invitrogen) containing 20@smercaptoethanol and

a possible mechanism of its ability to regulate these processesnsferred to ice immediately. The solution was cleared of agarose
by centrifugation and stored at —80°C until further analysis by protein
electrophoresis. Microtubule spin-down assays were performed using
. the Microtubule Associated Protein Spin-Down Assay Kit BK029
Materials and Me.thoqls (Cytoskeleton Inc., Denver, CO) according to the manufacturers
Constructs and antibodies instructions. In vitro confrontation experiments were carried out as
Transfection experiments were performed using: full lengthpreviously described (Chen et al., 2000; Borinstein et al., 2000).
SETA123cc andacZin pcDNAG (Invitrogen) as previously described

(Chen et al., 2000; Borinstein et al., 2000); ALG-2 and C-terminal .

FLAG-tagged AIP1 [(Vito et al., 1996; Vito et al., 1999) provided by Western blotting

Luciano D’Adamio, Albert Einstein College of Medicine, Yeshiva Protein samples were analyzed by SDS-PAGE with NUPAGE 4-12%
University, Bronx, NY] and AIP1 mutants in pcDNAS3; c-Cbl carrying or 10% Bis-Tris gels (1 mm) according to the manufacturer's
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guidelines. This gel system alters the relative mobility of proteingright hand arrowhead in Fig. 1D-F) and phalloidin staining
when compared with conventional Laemmli PAGE gels, and so extr@eft hand arrowhead in Fig. 1D-F) that did not appear to
care was taken to confirm the identity of all proteins identified heregverlap. This allowed for the possibility that SETA could co-
by comparing non-transfected controls and using more than ongcalize with other cytoskeletal components. Double staining
antibody when possible. Proteins were blotted to PVDF and wergih anti-GFAP antibodies, which label the major intermediate

incubated for 1 hour in blocking buffer (5% BSA and 1% Tween-ZQf- S : s

: . : . o ! . ilament protein in astrocytes, failed to show convincin
in TBS) and overnight with appropriate dilutions of primary antibody incidenFc):e of sianal (dataynot shown). However, when ceﬁs
in blocking buffer. Membranes were washed and incubated for 1 ho 9 : '

with alkaline-phosphatase conjugated secondary antibody solution ¥f€re stained with anfi-tubulin and anti-SETA, overlap was
blocking buffer (Sigma; dilutions: anti-mouse antibody 1:3000, anti€vident (Fig. 1G-L). The overlap was particularly noticeable in
rabbit antibody 1:5000, and anti-goat antibody 1:15,000). Aftethe peri-nuclear area that showed the most intgrtabulin as
additional washing steps, antibody complexes were visualized on filwell as SETA staining. In addition, SETA staining was

by Immun-Star AP substrate (Bio-Rad).

Immunocytochemistry

Primary cortical rat astrocytes were grown on glass coverslips, washed

in phosphate buffered saline (PBS; pH 7.4) and fixed in 4%
paraformaldehyde in PBS for 10 minutes, before being rinser
Hanks Balanced Salt Solution (HBSS; buffered with 0.04 M HEF
pH 7.4, 5% vl/v calf serum) and incubated in primary antibodies
HBSS supplemented with 5% v/v goat serum for one hour i
humidified chamber. After several rinses in HBSS cells w
incubated in species and isotype specific secondary fluoresc
labeled antibodies (Southern Biotechnology, Birmingham, AL)
phalloidin-FITC for another hour. After the final washing steps, ct
were mounted in glycerol supplemented with 2.5% w/v 1
diazobicyclo-2.2.2 octane (Sigma) and viewed on a Bio-F
MRC1024 confocal microscope.

ECIS cell attachment assay

The electrical cell-substrate impedance sensor system (ECIS, Ap
Biophysics, Troy, NY) (Mitra et al., 1991; Tiruppathi et al., 1992; |
et al., 1995) was applied to analyze the ability of SETA, AIP1 an
Chl to alter the steady-state cell adhesive properties of HEK293 ¢
Corresponding plasmids were transiently transfected 48 hours pri
each experiment. Cells were harvested after 2 days and plat
200,000 cells per well in ECIS chambers with JOOMEM-FCS to
obtain a confluent layer of cells covering each electrode. |
attachment behavior was monitored for up to 10 hours, with resist
values being collected every few seconds by the ECIS de\
Complete single-layer electrode coverage was confirr
microscopically prior to data analysis. To analyze ECIS rest
resistance values were adjusted by first subtracting the value of
individual electrode before addition of the cells, when only medi
was present to compensate for minor differences in elect
manufacture. Values were then normalized by subtraction of
resistance value décz-transfected control cells at each time-poir
At each hour the ten readings leading up to that hour were aver
and their standard deviation calculated. Finally, the change relati
the zero time point was calculated for each data series independ
and graphed as change in resistance over time.

Results
SETA co-localizes with actin and tubulin

We previously showed that SETA appeared to co-localize \
actin in primary cortical rat astrocytes under a conventic
microscope (Chen et al., 2000). To extend this we perfor
confocal microscopy on astrocytes stained with anti-SE
antibody and phalloidin (Fig. 1A-F), which demonstrated tl
a portion of the endogenous SETA protein co-localized v
actin microfilaments and focal adhesions in astrocytes (arr
in Fig 1A-C). However, there were also areas of SETA stair

coincident with individual bundles of microtubules (Fig. 1G-
L, arrows). Again, there was not complete overlap between
the staining patterns for SETA arféttubulin (Fig. 1G-L,
arrowheads).

SETA

SETA B-tubulin merged

Fig. 1. SETA co-localizes with microfilaments and microtubules.
Confocal microscopy of astrocytes stained with polyclonal anti-
SETA antibody together with FITC-conjugated secondary antibodies
(A,D,G,J), TRITC-phalloidin (B,E), oB-tubulin followed by
TRITC-conjugated secondary antibodies (H,K). The analysis
revealed partial co-localization of SETA and actin microfilaments,
and focal adhesions (arrows in A-C). However, areas without co-
localization were also detected (arrowheads in D-F). Furthermore,
partial overlap of SETA an@-tubulin staining was detected in the
peri-nuclear region and along individual bundles of microtubules
(arrows in G-L). As shown for actin, the overlap was not complete
(arrowheads in J-L).
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obtained with3-tubulin and GFAP immunoprecipitates (Fig. 2,
lanes 3,8), and a weak signal was obtained withbulin
(Fig. 2, lane 3). No AIP1 protein was recovered in
immunoprecipitates made with PKC antibody, demonstrating
- the specificity of the other interactions (Fig. 2, lane 9). The

£
: . -
SETA '"p-b SETA  ability of AIP1 to bind cytoskeletal proteins allows that it
. . mediates their interactions with SETA.
el SeE- @

1 2 3 4 5 6 7 8 9 10 Il SETA and AIP1 interact with focal adhesion kinases

Fig. 2. AIP1 but not SETA co-immunoprecipitates with cytoskeletal The intense SETA immunoreactivity observed at focal

proteins. SETA or Flag-tagged AIP1 were transiently transfected intg\dhe_smns (F'g.' 1A'F). suggested th'at.SETA may interact with
HEK293 cells and various cytoskeletal proteins were proteins associated with these specialized structures. Therefore

immunoprecipitated with specific antibodies, as indicated. The we next immunoprecipitated the endogenous focal adhesion
immunoprecipitates were subsequently analyzed by PAGE and kinases FAK and PYK-2 from SETA-transfected HEK293 cells
immunoblotting with polyclonal anti-SETA antibody or monoclonal (Fig. 3). These experiments revealed that there was a weak
anti-Flag antibody. Although SETA was present in the lysates of theinteraction between SETA and FAK (Fig. 3A) and PYK-2 (Fig.
cells (lane 11), and was immunoprecipitated with the positive contro8B). Cell density did not affect the strength of interaction
protein EGFR (lane 10), it was not found in any of the _ (shown for PYK-2 in Fig. 3B) suggesting that SETA is a weak
immunoprecipitates made with antibodies to cytoskeletal proteins  jnteracting partner of the focal adhesion kinases under different
(lanes 1 to 9). In contrast, AIP1 revealed a strong signal after physiological conditions. The SETA protein associated with

immunoprecipitation of most cytoskeletal proteins, with actin, - . -
tubulin, B-tubulin and phosphotyrosine tubulin, as well as the focal adhesion kinases was detected as a band with an apparent

microtubule-associated proteins (MAPS), showing particularly strongn0lecular weight of about 160 kDa in these experiments, while
signals, and was also found in EGFR immunoprecipitates. other SETA bands, including one at 85 kDa, that were observed

in the lysates were not represented in the immunoprecipitates

(Fig. 3). The 160 kDa band appeared only when gels are run

under weak denaturing conditions, and likely represents a
AIP1 but not SETA interacts directly with cytoskeletal dimer of SETA mediated by the coiled-coil domain (Borinstein
proteins et al., 2000; Watanabe et al., 2000). To test this directly, we
To investigate the interaction between SETA and cytoskeletaintroduced either SETA full length or SEA&c, which lacks
proteins, immunoprecipitation experiments were performed ithe C-terminal coiled-coil, into HEK293 cells, and performed
HEK293 cells, which are more efficiently transfected tharwestern blots under strong or weak denaturing conditions (Fig.
primary astrocytes. Cells were transfected with full-lengti3C). The 160 kDa SETA band was only found under weak
SETA and immunoprecipitates made with antibodies againstenaturing conditions when the SETA protein encoded the
various cytoskeletal components were analyzed by anti-SETgoiled-coil motif (Fig. 3C, lane 3).
western blot (Fig. 2). This analysis failed to show evidence for To determine whether a stronger interaction could again be
a direct interaction between SETA and actin, any of th@bserved between focal adhesion kinases and AIP1, we
tubulins, microtubule associated proteins (MAPs) or GFARransfected AIP1 into HEK293 cells and immunoprecipitated
(Fig. 2, lanes 1-8). In addition no interaction was demonstrablendogeneous FAK and PYK-2 proteins (Fig. 4). High levels
with the signal transduction associated molecule protein kinasd AIP-1 were present in FAK (Fig. 4A, lane 1) and PYK-2
C (PKC; Fig. 2, lane 9). SETA could be recovered by(Fig. 4Bb, lanes 1,2) immunoprecipitates. Interestingly, the
immunoprecipitating the EGFR, as has been shown previousmount of AIP1 recovered from precipitates of the focal
(Soubeyran et al.,, 2002). Because immunoprecipitatioadhesion kinases could be somewhat enhanced by increasing
experiments of cytoskeletal components may favor recovery dhe cell density (shown for PYK-2 in Fig. 4B, lanes 1,2),
monomers, a microtubule associated protein spin-down assahile AIP1 expression levels were similar (Fig. 4B, lanes
was also performed. Microtubules were polymerized in vitrd,6). In contrast, another binding partner of SETA, c-Cbl
(Hyman et al.,, 1991) and confronted with bacterial SETA(Borinstein et al., 2000; Take et al., 2000; Soubeyran et al.,
protein or cell extract that had been pre-cleared of microtubulex)02), was not found in FAK immunoprecipitates (Fig. 4A,
but contained SETA, and the synthesized microtubules wettane 3), suggesting that not all SETA binding partners are
subsequently pelleted by centrifugation. Anti-SETA westerrmpresent in this complex. However, c-Cbl was part of a
blots performed on the pellets failed to provide evidence for aeomplex with PYK-2, indicating an interesting difference
direct interaction between SETA and microtubules (data ndietween these two focal adhesion kinases. However, it was
shown), suggesting that the co-localization observed ionly present at a low intensity (Fig. 4B, lanes 3,4) as
astrocytes occurs indirectly. compared to AIP1. Lastly, another protein that is associated

The SETA binding partner, apoptosis linked gene-2with AIP1, apoptosis linked gene 2 (ALG-2) was examined

interacting protein 1 [AIP1 (Chen et al., 2000)], was present iin this context, and found to be recoverable in a PYK-2
immunoprecipitates made with antibodies against variousnmunoprecipitate (Fig. 4C).
cytoskeletal components, as well as EGFR. Strong AIP1 The interaction between focal adhesion kinases and actin is
signals were obtained in association with actintubulin,  calcium dependent, and can be strengthened by high levels
tyrosine phosphorylated tubulin and with the MAPs (Fig. 20f intracellular calcium, which promote PYK-2 activity,
lanes 1,2,5,6,7), while lower but detectable signals werautophosphorylation and complex formation (Lev et al., 1995).

IP with:

o tubulin
B tubulin
Y tubulin
PY tubulin
MAP PAb
MAP| MAb
GFAP
PKC

GFR
ysate
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To determine whether this would also mediate an increase BETA promotes the interaction between AlIP1 and

AIP1 association, the concentration of calcium was increasdelYK-2

in cell lysates prior to immunoprecipitation with anti-PYK-2 If SETA, AIP1 and the focal adhesion kinases participate in a
antibodies (Fig. 5). In the presence of 10 mM Ga&l multi-protein complex, it is possible that altering the level of
noticeably higher level of AIP1 and actin was recovered fronone component may affect the interaction of the others. To test
PYK-2 immunoprecipitates (Fig. 5, lane 3). this hypothesis we first attempted to create an AIP1 mutant that

Fig. 3. SETA associates with FAK and PYK-
2 as a dimer. To further analyze SETA's co-
localization with focal adhesions, two major
components of these structures, FAK (A) and
<« SETA cell density: PYK-2 (B), were immunoprecipitated from
wa: 97 - - KDa 191 — HEK293 cells that had been transiently
SETA - SETA a transfected with SETA. Western blotting
64 WB: = SETA revealed that SETA could be recovered in
- = SETA both immunoprecipitates (A, lane 1; B, lanes
~SETA 1,2), but was not recovered in control
FAK — - wFAK transfections (A, lanes 3,4; B, lanes 5,6).
3456 SETA appeared predominantly at about 160
X R _ kDa in the immunoprecipitates, while equal
IP:  PYK-2 lysate PYK-2 amounts of SETA at 85 kDa were present in
lysates. Direct analysis (C) of SETA under
strong (s; lanes 1,2) and weak (w; lane 3)
;5 denaturating PAGE conditions, as well as
w comparison with SETAcc (lane 4) lacking
---a—

control

SETA
lacZ

transfection:

%
FAK
lysate
FAK

IacZ

C transfected

with:

SETAAcc

transfection:
WB: the coiled-coil domain, revealed that the 160
- 191 kDa : PYK-2 kDa band observed probably represents a
- SETA PYK-2 SETA dimer mediated by homophilic
— interaction by this C-terminal domain, as
N IP:  PYK-2 shown previously (Borinstein et al., 2000;
SETAAcc Watanabe et al., 2000). No SETA band at 160
denacuracion T TR - &4 kDa was found under strong denaturing
expmm; long —Short— conditions even when longer exposures (lane
' 1) were examined. This suggests that SETA
23 4 preferentially associated with focal adhesion
kinases as a dimer.

< < <«
Lo &
-
-—

SETAWB

A _ B

transfection: 0—

Fig. 4. The SETA binding partner AIP1
eransfection: is asso.ciated with focal adhesion kinases.
—— on: Analysis of the presence of the SETA-
:& AP cell density: h | ]?lnd:ngdﬁart_ners AIPllagdhc-Cz:F\:\gthm y
' ocal adhesions revealed that cou
- 2= ol KD ™ “ L€ ve recovered by immunoprecipitation of
- . - FAK (A, lane 1) and PYK-2 (B, lanes
1,2) from transiently transfected HEK293
cells, whereas c-Cbl was exclusively and
WB:  Flag HA  Flag HA weakly associated with PYK-2 (B, lanes
FAK 3 4 IP: PYK-2 lysate 3,4). Changing the cell density from low
or non-confluent (1) to high or confluent
(h) increased the amount of AIP1
associated with PYK-2, but did not
influence the amount of c-Cbl. Neither
o protein had an influence on the
transfe‘ily;f 9 cell density: h concentration of PYK-2 under these
< - — conditions. Finally, the AIP1-binding
WE: PYK-2 #®&& <—PYK-2 partner ALG-2 was also found to co-
ALG-2 . ALG-2 S— precipitate with PYK-2 (C), indicating
™ IP: PYK-2 that an extended SETA-associated protein
complex was intimately associated with
PYK-2 M PYK-2 focal adhesions. Please note that relative
mobilities of proteins in Nu-PAGE gels is
different from conventional Laemmli gels
with stronger denaturation (see Materials
and Methods).

c-CbI
AIPI
c-CbI

=
<

WB:

|
|
m
<

IP:

FAK —
lysate o
FA

lacZ
SETA
AIP|
c-Cbl

transfection:
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was incapable of binding SETA. Two deletion constructs of thef SETA on AIP1 in the FAK immunoprecipitations. However,
AIP1’s proline rich C-terminus, where the sequences thougtihis lower level did not affect the amount of SETA in the PYK-
to interact with SETA's SH3 domains are located, were mad2 complexes, made from the same lysates, nor from SETA
(Fig. 6A): one lacking the C-terminal half (nonsense codon ataving an affect on the amount of AIP1 associated with PYK-
position 784; AIP1-784Stop) and the other lacking the N2 (Fig. 7, lanes 1,2), implying that the amount of SETA was
terminal half (in-frame deletion from residues 717 to 784not necessarily limiting.
inclusive; AIP1A717-784). In vitro binding assays between Interestingly, no interaction with either focal adhesion
bacterial GST-SETA and in vitro transcribed and translate#tinase was observed for a mutant, AIP1-Y319F, which has
AIP1 showed that binding of AIP1-784Stop to SETA wasan alteration in the single consensus tyrosine kinase
indistinguishable from wild type AIP1 (Chen et al., 2000),phosphorylation site, shown to be phosphorylated by src in the
while AIP1-A717-784 bound at low levels, and did not Xenopushomolog of AIP1, Xp95 (Che et al., 1999). Reduced
discriminate between different SETA SH3 domains (Fig. 6B)interaction with focal adhesion kinases was also observed for
This suggests that the N-terminal half of the proline rich Cthe other AIP1 mutants, AIPA717-784 and AIP1-784Stop.
terminus of AIP1 contains the SETA binding site, and that thignterestingly transfection of SETA was able to increase the
deletion mutant can be used to probe the role of the SETAmount of these two AIP1 mutants in both FAK and PYK-2
AIP1 interaction. immunoprecipitates (Fig. 7, lanes 5-8). In both sets of
The effect of SETA on the interaction between AIP1 or AIPlimmunoprecipitations SETA had a more pronounced effect on
mutants and FAK or PYK-2 was then tested (Fig. 7). Thehe amount of AIP1-784Stop than AIRT-17-784 recovered
transfection of SETA did not alter the amount of AIP1 detectedFig. 7, lanes 6,8), in line with their relative abilities to interact
in FAK immunoprecipitates, but did strengthen the interactiomwith SETA. Neither wild-type AIP1 nor the deletion mutants
between AIP1 and PYK-2 (Fig. 7, lanes 1,2). The loweincreased the amount of SETA in focal adhesion kinase
amount of SETA in the lysates of the AIP1-SETA co-complexes.
transfection (Fig. 7, lane 2) as compared to the other SETA-
containing co-transfections (Fig. 7, lanes 4,6,8) was

consistent observation, which we are currently investigating. AIP1 { Alix
is possible that this is the reason we did not observe an effe | 111111118
1 77 869
AIP1-7845top
] | |
o~ U f_( E 1 n£4
U ™
w V0O <
conditions: § U & @ AIP1-A717-784
S E=x | I\)HII:'
S Eo EE 1 717784 869
PYK-2IPand: & = 25 s
VE™ ™ in vitro
Flag AIPIWB T g = AIPI binding 7 & 2 8 5
w & 5 & 3 B
actin WB ’- ‘actin -
— ~ AIPI
PYK-2WB . PYK-=2 : ko
P-TYR | - PYK-2
1 23 45 — s S AIPI-784Stop
Fig. 5.Increased calcium concentration causes increased
association between AIP1 and PYK-2. Increased intracellul4r Ca
stimulates PYK-2 phosphorylation prompting an investigation of
whether increasing the level of free calcium enhanced the B — AIPI-A717-784
AIP1-PYK-2 interaction. PYK-2 immunoprecipitations from
transiently AIP1-transfected HEK293 cells were performed in I 2 3 4 5

various immunoprecipitation buffers. The IP buffer (control;

containing 1 mM EGTA) was supplemented with 1 mM (lane 2) or Fig. 6. The AIP1 deletion mutant AIPA717-784 shows reduced

10 mM (lane 3) CaG| external C&* was complexed by raising the binding to SETA. (A) The C-terminal proline-rich region containing
EGTA concentration to 5 mM (lane 4), or protein-associatéd Ca  multiple P-x-x-P motifs between residues 717 and 869 (black vertical
was complexed by adding 5 mM BAPTA (lane 5). No impact on  lines) in full-length AIP1, and regions deleted in two AIP1 mutants
the AIP1-PYK-2 or actin—PYK-2 interaction was found after AIP1-784Stop and AIPI717-784. (B) In vitro binding assays were
moderate increases in the Ca€bncentration, nor after addition of performed with bacterial GST-SETA fusion proteins encoding either
EGTA or BAPTA. However, raising the CaQloncentration to 10 isolated SH3 domains (SH3-1, -2 and -3) or full length SETA

mM resulted in a dramatic increase of AIP1 and actin in PYK-2  (123cc), and in vitro transcribed and translated, radiolabeled, full-
immunoprecipitates (lane 3). PYK-2 activity, as measured by length or mutant AIP1. Full-length AIP1 bound to the middle SH3-2
phosphotyrosine western blot, is elevated in the presence of 10 miomain, and more strongly to full length SETA, as shown previously
CaCb. The AIP1 band appears weaker in lanes 1, 2, 4 and 5 of  (Chen et al., 2000). AIP1-784Stop showed a similar binding profile
this figure compared with that in Fig. 4 because of the short to full-length, while AIP1A717-784 showed faint, non-specific
exposure time of the film to the blot, as a result of the strong signabinding, indicating that the N-terminal half of the P-x-x-P domain

in lane 3. mediated SETA binding.
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Fig. 7. SETA promotes the association between AIP1 and PYK-2. o 1 2 3 45 & 7 8 9
AIP1 and AIP1 mutants were transiently co-transfected into HEK29: time {h)

cells with SETA otlacZ control plasmid. Endogenous FAK or PYK-

2 was immunoprecipitated and the pellet subsequently analyzed by
immunoblotting for AIP1 and SETA. When compared with wild-type
AIP1, all mutants were significantly reduced in their ability to bind
FAK and PYK-2, with the AIP1Y319F mutant, which is altered at a
potential src phosphorylation site, showing no detectable binding to
either focal adhesion kinase. The PxxP-deficient mutants were also
negatively impacted in their binding capacity but remained detectabl
in the complex. Co-transfection of SETA enhanced wild-type AIP1
binding to PYK-2 but not to FAK. Furthermore, SETA was able to
partially restore the binding of AIP1 and the two AIP1 deletion
mutants to FAK/PYK-2.

Fig. 8. Reduction in cell adhesion by AIP1 proteins correlates with
their presence in PYK-2 immunoprecipitates. HEK293 cells were
transiently transfected with SETA, AIP1, AIRAI-17-784, AIP1-
784Stop, AIP1Y319F c-Cbhl arldcZ as a control, as indicated. Two
days after transfection cultures were harvested and underwent an
ECIS cell attachment assay under confluent conditions on the
electrode, over a period of 9 hours (see Materials and Methods for
details). The values at each time point forltde-transfected
cultures from each experiment were averaged, taken as background
and subtracted from the other data sets. Ten values around each hour
were then taken, averaged and the standard deviation calculated.
The values for each curve were set to zero at the zero time point and
changes in resistance over time plotted. After an initial settling
period of 3 hours the graphs reflect changes in resistance as cells
SETA and AIP1 modulate cell adhesion via the attach and reach a steady state. (A) The resistance of SETA and

. . AIP1 or c-Chl-transfected cells moved in opposite directions over
attenuation of PYK-2 activity ' . . .

) o ime. While SETA increased the resistance of the cell layer up to

To determine whether the association between SETA angis500 ohm, AIP1 and c-Cbl decreased it to about —1500 ohm.
elements of the cytoskeleton and focal adhesions had amycordingly, SETA mediates a pro-adhesive effect on HEK293
impact on cell behavior we measured steady-state cell adhesicslls, while AIP1 and c-Cbl negatively affect cell adhesion. Cell
using an electrical cell-substrate impendence sensor [ECK&nsity at the time of transfection had no major influence on these
(Mitra et al., 1991; Tiruppathi et al., 1992; Lo et al., 1995)].effects. (B) AIP1A717-784 and AIP1Y319F induced no major
ECIS allows the measurement of cell-substrate adhesion botAange in cell adhesion, while AIP1 and AlP1-784Stop induced a

during the cell attachment phase and after cells have becorffguction similar to that observed in AIP1 (A). While SETA co-
g P nsfection did not alter the pattern of AIP1 and AIP1-784Stop cell

attached and are in a steady state condition, rather than relyiFi e dani i adhesi h focted
on the transient attachment of cells that have been trypsinizegk: esion, It caused an increase in achesion when co-transfecte
ith AIP1Y319F, which suggests that it's effect was dominant over

are spherical and do not have well-formed focal adhesiongs mutant, which had no effect on its own. Interestingly, co-
HEK293 cells were transfected with expression plasmidgansfection of SETA and AIPA717-784 caused a reduction in
encoding SETA, AIP1, AIP1 mutants or the SETA bindingadhesion. Error bars are smaller than plot symbols at some time
partner c-Cbl, and analyzed by ECIS under confluenpoints.
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conditions over a period of nine hours. Changes in resistan:
after subtraction of the measurements obtained flaca-
transfected control cells, and after setting the zero time poil
to a zero value were calculated over time (Fig. 8). Transfectic
of full length SETA resulted in an increase in resistance, afte
an initial three hour period as cells settled on the electrode, ai
a reaching of a steady state of close to 1500 ohm over contt ~ PYK-2 IP:
(Fig. 8A), indicating a pro-adhesive effect of SETA. In P-TYRWB
contrast, transfection of c-Chl or AIP1 had the opposite effec

and diminished resistance and cell adhesion. Again chang PYK-2WB
were manifested after an initial period of settlement, an

resulted in these cells reaching a steady state close to —1&

transfected
with:

AIPIY3I9F
AIPI-A717-784
AlIP|-784Stop

lacZ

- AIPI

-“ P-PYK-2
-

ohm relative to thdacZ-transfected control (Fig. 8A). This FAK IP:
suggests that AIP1 and c-Cbl have anti-adhesive effects. = p.TYRWB h .  PFAK
compare the impact of AIP1 mutants to AIP1, AWA17-784, -

AIP1-784Stop and AIP1Y319F were also analyzed. FAK WB

AIP1Y319F had no prominent effect on adhesion, and a sligt FAK

increase over time was observed (Fig. 8B). Similarly, AIP1: | )

A717-784 showed essentially no difference when compared ysates: AlPI .

control cells (Fig. 8B). In contrast, AIP1-784Stop mediated : ~ AIP1 WB proteins

similar decrease in adhesion to wild-type AIP1. These dat

correlated very well with what was observed in Fig. 7 in term: I 2 3 4 5

of AIP1 protein in PYK-2 immunoprecipitates: a reduction in _ _

adhesion was only observed in the case of AIP1 and AIPﬁgk%gFc)él{fsviﬁgstrzzgfc{z%dv\zﬁﬁ;:;Z?%g;os;gfe:ﬁ‘s’e;

784Stop, which were present in PYK-2 comp_lexes, but not i dicated, and the endogenous PYK-2 or FAK proteins were

the case of AIPZ].Y319F or AI_PA717'784 Wh'Ch were _nOt immunoprecipitated. Western blots of the immunoprecipitates

recruited to this kinase. These immunoprecipitation studies hagmonstrate similar levels of focal adhesion kinase proteins, but

also demonstrated the ability of SETA to recruit AWAE7-  ifferent levels of phosphotyrosine when AIP1 or, to a lesser extent,

784 but not AIP1Y319F proteins to focal adhesion kinaselpP1-784Stop are co-transfected.

complexes, and so SETAs ability to modulate cell adhesion

decreases by AIP1 proteins was tested by ECIS. This analysis

further supported the correspondence between a reduction AP1Y319F nor AIP1A717-784 affected focal adhesion

cell adhesion and the presence of AIP1 protein in PYK-Xinase phosphorylation levels (Fig. 9). This experiment

complexes. In the case of co-transfection of SETA anduggests that negative modulation of PYK-2 phosphorylation

AIP1Y319F, which did not result in the recruitment of thelevels is a consequence of AIP1 protein binding and a possible

AIP1 mutant to PYK-2 (Fig. 7, lanes 2,4) an increase immediator of AIP1 action on cell adhesion.

adhesion similar to that observed when SETA was transfected

alone was observed (Fig. 8A,B), suggesting that SETAS effect )

was the dominant phenomenon. Interestingly, when SETA wdgiscussion

co-transfected with AIPIN/17-784 a reduction in cell Confocal analysis (Fig. 1) showed that SETA non-exclusively

adhesion relative to control was observed (Fig. 8B), parallelingo-localized with actin microfilaments, focal adhesions and

the ability of SETA to increase the amount of AI®417-784  microtubules, suggesting that interaction between SETA and

in PYK-2 complexes (Fig. 7, lanes 5,6). Co-transfection oflifferent elements of the cytoskeleton is not obligate and so

SETA and AIP1 or AIP1-784Stop did not further decreaselynamic and possibly regulated. This is underpinned by its

adhesion, suggesting that it did not promote an effect beyomtesence at focal adhesions, which are short-lived, appear at

that already induced by these AIP1 proteins alone. contact points between the cell and extra-cellular substrates
Finally, to determine whether the presence of AIP1 proteinand are active signaling complexes. At the molecular level,

in focal adhesion kinases had any consequences on tB&TA could not be recovered in immunoprecipitations of

biochemical nature of these proteins, cells were transfectagrious cytoskeletal proteins (Fig. 2), suggesting an indirect

with AIP1 proteins, and the endogenous PYK-2 or FAK proteirand perhaps labile association with SETA. One possible

was immunoprecipitated and analyzed for phosphotyrosineandidate to mediate these interactions is the SETA-binding

levels (Fig. 9). This study demonstrated that co-transfection gfrotein AIP1 (Chen et al., 2000), which showed strong

AIP1 resulted in a significant attenuation of both PYK-2 andnteraction with actin and tubulin, the two components SETA

FAK tyrosine phosphorylation levels, suggesting that thisvas preferentially associated with at the immunohistochemical

protein may regulate the activity of these protein kinasedevel. This suggests that AIP1 mediates the interaction between

AlP1-784Stop also reduced PYK-2 phosphotyrosine levels, b BETA and the cytoskeleton, but does not exclude the possibility

to a smaller extent, and appeared to have little if any effect ahat other proteins are involved.

FAK phosphorylation levels. This mutant is also present in The localization of SETA to focal adhesions prompted us to

PYK-2 immunoprecipitates (Fig. 7) and capable of reducindurther explore interactions with the focal adhesion kinases

adhesion in HEK293 cells (Fig. 8). As expected from the celFAK (Cary and Guan, 1999; Parsons et al.,, 2000) and

adhesion and the PYK-2 immunoprecipitation data, neithePYK-2/Cak3/RAFTK/CADTK/FAK2 (Lev et al.,, 1995).
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Immunoprecipitation studies of endogenous focal adhesio? interaction is dependent on the presence of src and its ability
kinases revealed the presence of small amounts of a higherphosphorylate AIP1 at Y319F.

molecular weight isoform of transfected SETA, which most Analysis of AIP1 mutants also showed that deletion
likely represented a dimer (Fig. 3). While it has previouslyof the SETA binding site in AIPIN17-784 strongly
been demonstrated that the coiled-coil domain of SETA cadiminished the amount of AIP1 in focal adhesion kinase
mediate multimerization (Borinstein et al., 2000; Watanabe emmunoprecipitations, making it undetectable in the case of
al., 2000; Verdier et al., 2002) this is the first instance to ouPYK-2. Furthermore, elimination of the other half of the
knowledge, of a SETA-binding partner showing a preferenceroline rich C-terminus in AIP1-784Stop also significantly
for SETA dimers. diminished binding to FAK or PYK-2. Taken together this

Although the association between SETA and FAK or PYK-suggests that the interaction between AIP1 and focal adhesion
2 could occur directly via SETAs SH3 domains and thekinases is not SETA dependent. However, SETA was capable
proline-rich regions of both kinases (Lev et al., 1995; Caryf increasing the amount of AIP1 associated with PYK-2 and
and Guan, 1999), the amount of SETA observed in FAK opartially restoring the interaction of the C-terminal deletion
PYK-2 immunoprecipitates was relatively low and contrastednutants of AIP1 with FAK or PYK-2. This included AIP1-
with the robust signal obtained by cell staining. This suggest#&717-784, which lacks the SETA binding site, suggesting that
that SETA may also be interacting with focal adhesions vid may be mediated indirectly, and possibly represents the
other proteins, and prompted an investigation of AIP1 and cstabilization of the focal adhesion protein complex via other
Cbl (Fig. 4). It has previously been shown that c-Chlassociated proteins. It is worth noting in this context that, in
associates with PYK-2 via src (Sanjay et al.,, 2001), andddition to the interactions discussed above, there are other
localizes to actin lamellae in fibroblasts (Scaife and Langdorhinding partners of the focal adhesion kinases that are also
2000). Immunoprecipitation studies showed a strongeknown to interact with SETA. These include the adaptor
association between AIP1 and FAK or PYK-2 than was foungrotein Grb2 (Lev et al., 1995; Cary et al., 1998; Cary and
for SETA, mirroring the results obtained for cytoskeletalGuan, 1999; Borinstein et al., 2000) and the p85 regulatory
proteins, and again allowing for a role for AIP1 in mediatingsubunit of PI3K (Cary and Guan, 1999; Gout et al., 2000;
SETA localization. As reported by others (Sanjay et al., 2001parsons et al., 2000). In addition, receptor tyrosine kinases,
c-Cbl was associated with PYK-2, however it bound moréncluding the EGFR may play a role, as they interact with the
weakly than AIP1, and did not associate with FAK. Thisvery N-terminus of FAK and PYK-2 (Parsons et al., 2000) and
suggests the interaction between SETA and the focal adhesiare internalized by a complex that contains SETA/CIN85
kinases does not resemble SETA's recruitment to the activaté8oubeyran et al., 2002).

EGFR complex, which occurs via Chl proteins (Soubeyran et To examine the impact of the molecular events described
al., 2002), but is likely to involve other molecules includingabove on cells we performed ECIS cell adhesion assays with
AIP1. HEK?293 cells transfected with AIP1, AIP1 mutants, SETA or

The strong presence of AIP1 in focal adhesion kinase-Cbhl. First, we compared the impact of AIP1, SETA and c-
complexes prompted an investigation of its binding partne€bl, and found that all three molecules had profound effects
ALG-2 (Vito et al., 1999), which was found to be associatedn adhesion, with SETA mediating increased cell adhesion,
with PYK-2 as well. Interestingly, ALG-2 binding to AIP1 is while AIP1 and c-Chl caused a similar decrease (Fig. 8A).
Ca* regulated (Vito et al., 1999) as is PYK-2 activation (LevAnalysis of AIP1 mutants, and the modulation of their impact
et al., 1995). ALG-2 shares some sequence homology with thiy SETA, provided further evidence that the presence of AIP1
calpain protease family, which disassembles focal adhesions by PYK-2 complexes is an important negative modulator of
cleaving the activated FAK complex, and reduces cell adhesiadhesion. For example, AIP1Y319F, which was not found in
(Frame et al., 2002), allowing for the possibility that it has docal adhesion kinase complexes, did not reduce cell adhesion,
regulatory role, and that association with AIP1, and perhapsnd was incapable of antagonizing SETA's stimulation of cell
indirectly SETA, modulates its activity. Furthermore, analysisadhesion in co-transfection experiments. In contrast, AIP1 or
of the calcium-dependency of the AIP1-PYK-2 interactionAlP1-784Stop, which bound PYK-2 in the presence or absence
(Fig. 5) showed that a large increase in calcium concentratiasf SETA, reduced adhesion regardless of whether SETA was
resulted in an enhanced attraction of AIP1 and actin to PYKeo-transfected. Interestingly, AIR¥£17-784, which alone was
2. This may reflect the ability of increased intracellula?*Ca not detectable in PYK-2 immunoprecipitates did not modulate
to stimulate the formation of focal adhesions in intact cellgell adhesion. However, when SETA was co-transfected, and
(Lev et al., 1995; Blaukat et al., 1999). increased the amount of AIRI#17-784 in the complex (Fig.

To test the role of the interaction between SETA and AIPT), this resulted in a reduction in adhesion as measured by
in the presence of AIP1 in focal adhesion kinase complexes WeCIS (Fig. 8B). These data demonstrate a direct connection
created mutants in AIP1. All AIP1 mutants were restrictecbetween the composition of the PYK-2 complex and cell
in their capacity to bind FAK or PYK-2. The AIP1Y319F behavior, and suggest that the presence of AIP1 has a negative
mutation, which alters the single consensus tyrosin@mpact on cell adhesion.
phosphorylation site, eliminated interaction between AIP1 and The molecular basis for AIP1’'s negative impact on cell
PYK-2 completely, allowing for a critical role for tyrosine adhesion is not yet fully understood but has been reported in a
kinase signaling in the formation of this complex. It has beedifferent assay for the human homologue Hp95 (Wu et al.,
established that the interaction between activated PYK-2 arD02). Our experiments show that AIP1 is capable of reducing
src results in the src-mediated phosphorylation of othethe level of tyrosine phosphorylation of both FAK and PYK-2
associated proteins (Blaukat et al., 1999; Parsons et al., 200(Fjg. 9). Focal adhesion kinase phosphorylation on tyrosine has
allowing for the possibility that the stability of the AIP1-PYK- been linked to increased cell adhesion in another cellular



2854 Journal of Cell Science 116 (14)

context (McDonald et al., 2000). Similarly, it has been shown containing adapter molecule associated with malignancy in astrocytes.

that c-Chl negatively regulates cell adhesion in a complex with Neuro. Oncol2, 6-15.

_ indi Borinstein, S. C., Hyatt, M. A., Sykes, V. W., Straub, R. E., Lipkowitz, S.,
src and PYK-2, and does so by blndlng the auto Boulter, J. and Bogler, O.(2000). SETA is a multifunctional adapter

thSphorylatl(_)n Slt_e Of C-S_I’C, W_h|Ch would OtherW'S_e be protein with three SH3 domains that binds Grb2, Cbl and the novel SB1
activated by integrin S|gn_allng via focal adh_e3|_on kinases proteins.Cellular Signalling12, 769-779.

(Blaukat et al., 1999; Sanjay et al., 2001). This illustrates &uchman, V., Luke, C., Borthwick, E., Gout, I. and Ninkina, N.(2002).
possible mechanism for c-Cbl action in our experiments, and tQrganizcz;lti0n2<23f5fh:{93rr]1-(;use Ruk locus and expression of isoforms in mouse

H il H Issuesene -1/,
rk?rllsaesse thﬁozoflsollpl:g}/iot:aCt)nAltPr](-)Sﬁggldb reidnttjgreagzﬁal V?I(ijtﬂe::geary' L. A e}nd Guan, J. L. (1999). Focal adhesion kinase in integrin-

> phospnory 1y y g C. mediated signalingFront. Biosci.4, D102-D113.
AIP1 is likely to be a src kinase substrate by analogy to itgary, L. A, Han, D. C., Polte, T. R., Hanks, S. K. and Guan, J. (1998).
Xenopushomologue Xp95 (Che et al.,, 1999). Indeed, the lIdentification of p130Cas as a mediator of focal adhesion kinase-promoted
apparent requirement for a tyrosine phosphorylation sit hce”sm'gErlagong: ?_f':\f"i/'\-/l“% 2&1-,\2‘2|1. Gonzales. M. Weil. M. M
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suggests that AIP1 may be an adaptor protein between src angf xpgs, a putative signal transduction protein in Xenopus 0ocyt@ol.
focal adhesion kinases. An alternative mechanism of action Chem.274 5522-5531.
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o H H e glioma associate! proteln interacts wit IX an
relative of Ca_lpaln proteases that are known t0_ n_egatlvely aff,eCtALG-Z and modulates apoptosis in astrocyesBiol. Chem275 19275-
focal adhesions (Frame et al., 2002). Similarly SETAS ‘g5g1
mechanism of action on cell adhesion is not yet clear, althoughkic, 1. (2002). CIN85/CMS family of adaptor moleculd<EBS Lett.529,
it appears to work in part independently to promote adhesion110-115.
when no AIP1 is present. When AIP1 proteins are present, th@ts_“befngSHA-' *;ei’_]elé M. M-vSNfi‘gég/'- MBf tfr?rr]ml'(t?'l' M-v_‘é\’angrl'-- 'V'-’h
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. L factor receptor signalingoncogenel8, 1855-1866.
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