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Supplemental Text File.   
Accompanies manuscript “Global impact of oncogenic Src on a phosphotyrosine proteome”  
by Luo et al.   
 
Predicted Src sites frequently identified in both nontransformed and Src-transformed cells.   
An anticipated characteristic of major and biologically-relevant sites of tyrosine phosphorylation 
by Src is their ready detection using the shotgun pTyr proteomics approach in both the 
nontransformed and Src-transformed cell populations.  Our study identified 47 distinct pTyr sites 
representing 36 different proteins that met the criteria of having 4 or more independent 
identifications (as Sequest top-scoring peptides) from both populations.  Brief overviews are 
presented below for 32 of these proteins (sites on CMGC kinases being excluded), with emphasis 
on protein function, evidence for phosphorylation by Src, and functional significance of tyrosine 
phosphorylation.  Many of the overviews make reference to the PhosphoSite Database of in vivo 
phosphorylation sites (www.phosphosite.org), a useful resource provided by Cell Signaling 
Technology, Inc.  The identification frequency profiles of the sites are shown in Table 4 of the 
main manuscript.   Known Src substrates and phosphorylation sites are highlighted in red.   
 
1. Src (UniProt ID: Q80XU2)  

pTyr-418 (representative peptide: R.LIEDNEY@TAR.Q) 
Tyr-418 (numbered according to mouse nonneuronal form) is an autophosphorylation site in the 
kinase domain activation loop and the main site of in vivo tyrosine phosphorylation of v-Src 
(Smart et al., 1981).  Phosphorylation of this site is critical for transforming ability (Kmiecik and 
Shalloway, 1987) and can be achieved through both inter- and intramolecular mechanisms 
(Cooper and MacAuley, 1987).  In the inactive conformation, the activation loop forms a helix 
that helps stabilize the closed conformation, blocks the peptide substrate-binding site, and 
prevents Tyr-418 phosphorylation (Xu et al., 1999).  Disruption of the intramolecular 
interactions by SH2 or SH3 ligands, or by dephosphorylation of pTyr-529, could lead to 
exposure and phosphorylation of Tyr-418.  Conversely, Tyr-418 phosphorylation promotes 
reorientation of kinase domain helix C into the active conformation and increases the 
accessibility of the SH3 domain for ligands (Xu et al., 1999; Gonfloni et al., 2000).   

Cooper JA, MacAuley A (1988) Proc Natl Acad Sci USA 85:4232-4236. 
Gonfloni S, Weijland A, Kretzschmar J, Superti-Furga G (2000) Nature Struct Biol 7:281-286. 
Kmiecik TE, Shalloway D (1987) Cell 49:65-73. 
Smart JE, Oppermann H, Czernilofsky AP, Purchio AF, Erikson RL, Bishop JM (1981) Proc Natl Acad Sci 

USA 78:6013-6017. 
Xu W, Doshi A, Lei M, Eck MJ, Harrison SC (1999) Mol Cell 3:629-638. 

 
2.  FAK (P34152-3)  

pTyr-576 (R.YM#EDSTY@YK.A) 
pTyr-577 (R.YM#EDSTY@Y@K.A) 

FAK (focal adhesion kinase) is a 120 kDa nonreceptor tyrosine kinase that localizes prominently 
to focal adhesions, undergoes tyrosine phosphorylation in response to integrin-mediated 
adhesion, and exhibits elevated phosphotyrosine in Src-transformed cells (Hanks et al., 1992; 
Schaller et al., 1992).  FAK autophosphorylates on Tyr-397 to create a high affinity binding site 
for the Src SH2 domain (Schaller et al., 1994), and this interaction is implicated in Src-mediated 
phosphorylation of the FAK Tyr-576/577 sites that lie in the kinase domain activation loop 
(Calalb et al., 1995; Ruest et al., 2000).  Maximal FAK autophosphorylation activity and the 
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ability of FAK to efficiently promote cell migration requires the Tyr-576/577 sites (Owen et al., 
1999; Sieg et al., 1999).  Thus Src-mediated phosphorylation of the FAK activation loop 
tyrosines may contribute to a positive feedback loop important for efficient assembly of a 
FAK/Src complex within cell/ECM adhesions.  Signaling through the FAK/Src complex 
promotes cell motility and invasion, with paxillin and p130Cas being major substrates of the 
complex (reviewed in Schlaepfer et al., 2004).   

Calalb MB, Polte TR, Hanks SK (1995) Mol Cell Biol 15:954-963. 
Hanks SK, Calalb MB, Harper MC, Patel SK (1992) Proc Natl Acad Sci USA 898487-8491. 
Owen JD, Ruest PJ, Fry DW, Hanks SK (1999) Mol Cell Biol 19:4806-4818. 
Ruest PJ, Roy S, Shi E, Mernaugh RL, Hanks SK (2000) Cell Growth Differ 11:41-48. 
Schaller MD, Borgman CA, Cobb BS,  Vines RR, Reynolds AB, Parsons JT (1992) Proc Natl Acad Sci USA 

89:5192-5196.   
Schaller MD, Hildebrand JD, Shannon JD, Fox JW, Vines RR, Parsons JT (1994) Mol Cell Biol 14:1680-1688.   
Schlaepfer DD, Mitra SK, Ilic D (2004) Biochim Biophys Acta 1692:77-102.    
Sieg DJ, Hauck CR, Schlaepfer DD (1999) J Cell Sci 112:2677–2691. 

 
3. SgK269 (Q8BX56) 

pTyr-632 (K.NAIKVPIVINPNAY@DNLAIYK.S) 
pTyr-638 (K.NAIKVPIVINPNAY@DNLAIY@K.S) 

SgK269 (“Sugen Kinase 269”) is an uncharacterized putative protein kinase of the NKF3 family 
that was first described in the analysis of the human “kinome” (Manning et al., 2002).  The 
UnitProt entry for SgK269 (Q8BX56) indicates it is a tyrosine kinase, but there is no apparent 
supportive evidence for this claim other than the fact that it can be phosphorylated on tyrosine 
residues.  The PhosphoSite database lists many sites of SgK269 tyrosine phosphorylation, 
including the Tyr-632 and Tyr-638 sites, which were first reported in Rush et al. (2005).   

Manning G, Whyte DB, Martinez R, Hunter T, Sudarsanam S (2002) Science 298:1912-1934.  
Rush J, Moritz A, Lee KA, Guo A, Goss VL, Spek EJ, Zhang H, Zha XM, Polakiewicz RD, Comb MJ (2005) 

Nature Biotechnol 23:94-101.  
 
4. SHP2 (P35235) 

pTyr-62 (K.IQNTGDY@YDLYGGEK.F) 
SHP2 (reviewed in Neel et al., 2003) is a 68 kDa non-transmembrane protein-tyrosine 
phosphatase containing tandem SH2 domains that mediate interactions with receptor tyrosine 
kinases, adapter/docking proteins, and cell adhesion components.  SHP2, like its Drosophila 
ortholog Corkscrew, has been characterized as an enhancer of receptor tyrosine kinase signaling 
leading to activation of the Ras > ERK pathway (Neel et al., 2003).  Multiple mechanisms have 
been implicated in this paradoxical role, including stimulation of Src activity through 
dephosphorylation of proteins that bind to the Src negative regulator Csk (Ren et al., 2004; 
Zhang et al., 2004).  Supporting a role for SHP2 as a positive regulator of Src activity in integrin 
signaling, SHP2-deficient fibroblasts are defective in adhesion-stimulated FAK and ERK 
activation as well as cell spreading and migration (Yu et al., 1998; Oh et al., 1999) and exhibit 
increased stress fibers and focal adhesions linked to increased RhoA activity (Schoenwaelder et 
al., 2000).  In Src-transformed cells, SHP2 exhibits constitutive tyrosine-phosphorylation (Feng 
et al, 1993) and is required for full morphological transformation and podosome formation 
(Hakak et al., 2000).  Tyrosine phosphorylation of SHP2 Tyr-62 could be a novel mechanism for 
promoting SHP2 signaling.  Notably, the D′E turn of the N-terminal SH2 domain (Asn58-Tyr62) 
inserts into the catalytic cleft to autoinhibit phosphatase activity (Hof et al., 1998).  While 
binding of the N-terminal SH2 domain to a phosphopeptide ligand can dissociate the 
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autoinhibitory interaction to  promote SHP2 signaling, Tyr-62 phosphorylation could also act to 
stabilize the active conformation.  SHP2 Tyr-62 phosphorylation has been documented in other 
proteomics studies (PhosphoSite), and implicated in cell migration in response to HER2 (Kumar 
et al., 2006; Wolf-Yadlin et al. 2006).   

Feng GS, Hui CC, Pawson T (1993)  Science 259:1607-1611. 
Hakak, Y, Hsu, YS, Martin GS (2000) Oncogene 19:3164-3171. 
Hof P, Pluskey S, Dhe-Paganon S, Eck MJ., Shoelson SE (1998) Cell 92:441-450. 
Kumar N, Wolf-Yadlin A, White FM, Lauffenburger DA (2007) PLoS Comput. Biol. 3(1):e4. 
Neel BG, Gu H, Pao L (2003) Trends Biochem Sci 28:284-293.  
Oh E., Gu H, Saxton TM, Timms JF, Hausdorff S, Frevert EU, Kahn BB, Pawson T, Neel BG, Thomas SM. 

(1999) Mol Cell Biol 19:3205-3215.  
Ren Y, Meng S, Mei L, Zhao ZJ, Jove R, J. Wu J (2004)  J Biol Chem 279:8497-8505.  
Schoenwaelder, SM, Petch LA, Williamson D, Shen R, Feng GS, Burridge K (2000) Curr Biol 10:1523–1526.  
Yu DH, Qu CK, Henegariu O, Lu X, Fen, GS (1998) J Biol Chem 273:21125–21131.  
Wolf-Yadlin A, Kumar N, Zhang Y, Hautaniemi S, Zaman M, Kim HD, Grantcharova V, Lauffenburger DA, 

White FM (2006) Mol Syst Biol 2:54.  
Zhang SQ, Yang W, Kontaridis MI, Bivona TG, Wen G, Araki T, Luo J, Thompson JA, Schraven BL, Philips 

MR, Neel BG (2004) Mol Cell 13:341–355. 
 
5. PI3K p85α (P26450) 

pTyr-467 (K.SREYDRLY@EEYTR.T) 
Phosphatidylinositol 3’ kinase (PI3K) type 1A is a heterodimer of regulatory (p85) and catalytic 
(p110) subunits.  PI3K phosphorylates the inositol ring D3 position to produce 
phosphatidylinositol-3,4,5-trisphosphate (PI-3,4,5-P3) that acts as a second messenger to affect 
cell growth, survival, and movement (reviewed by Cantley, 2002).  PI3K activity is stimulated 
by mitogens (Auger et al., 1989) and is elevated in Src–transformed cells (Whitman et al., 1988).  
PI-3,4,5-P3 functions in the plasma membrane to recruit proteins containing pleckstrin homology 
domains including the serine-threonine kinase Akt.  Signals downstream of PI3K > Akt have 
been implicated in transformation by oncogenic Src (Penuel and Martin, 1999; Johnson et al., 
2000).  The two p85 isoforms (alpha and beta) share a domain structure of N-terminal SH3 
domain, RhoGAP-related domain, and two SH2 domains.  Under quiescent conditions the p85 
inter-SH2 region interacts with the p110 subunit to inhibit catalytic activity, and the inhibition is 
relieved when p85 SH2 domains interact with phosphotyrosine residues on activated receptor 
tyrosine kinases or other docking proteins (Yu et al., 1998; Jimenez et al., 2002).  The Src SH3 
domain interacts with p85 (Liu et al., 1993; Pleiman et al., 1994), correlating with PI3K 
activation and transformation (Wages et al., 1992).  Phosphorylation of Tyr-688 (numbering for 
p85alpha) in the C-terminal SH2 domain, a known target of Src- and Abl-family kinases (von 
Willebrand et al., 1998), neutralizes the inhibitory function of p85 (Cuevas et al., 2001, Chan et 
al., 2001).  Oncogenic Src can also promote PI3K activation by indirect mechanisms such as 
promoting Ras interaction with p110 (Rodriguez-Viciana et al., 1994).  Tyr-688 phosphorylation 
has yet to be detected in phosphotyrosine proteomics studies, while many other sites in the 
interSH2 region and C-terminal SH2 domain have been detected (PhosphoSite), including pTyr-
467 in the inter-SH2 region.  Since Tyr-467 is part of a coiled-coiled domain important for the 
inhibitory interaction with p110 (Dhand et al., 1994), phosphorylation of this residue could 
influence enzyme activity. 

Auger KR, Serunian LA, Soltoff SP, Libby P, Cantley LC (1989) Cell 57:167-175. 
Cantley LC (2002) Science 296:1655–1657. 
Chan TO, Rodeck U, Chan AM, Kimmelman AC, Rittenhouse SE, Panayotou G, Tsichlis PN (2002) Cancer 

Cell 1:181-191. 
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Cuevas BD, Lu Y, Mao M, Zhang J, LaPushin R, Siminovitch K, Mills GB (2001) J Biol Chem 276:27455-
27461.  

Dhand R, Hara K, Hiles I, Bax B, Gout I, Panayotou G, Fry MJ, Yonezawa K, Kasuga M, Waterfield MD 
(1994) EMBO J 13:511-521. 

Jimenez C, Hernandez C, Pimentel B & Carrera AC (2002) J Biol Chem 277:41556-41562. 
Johnson D, Agochiya M, Samejima K, Earnshaw W, Frame M, Wyke J (2000) Cell Death Differ 7:685-696. 
Liu XQ, Marengere LEM, Koch CA, Pawson T (1993) Mol Cell Biol 13:5225-5232. 
Penuel E, Martin GS (1999) Mol Biol Cell 10:1693-1703. 
Pleiman CM, Hertz WM, Cambier JC (1994) Science 263:1609-1612. 
Rodriguez-Viciana P, Warne PH, Khwaja A, Marte BM, Pappin D, Das P, Waterfield MD, Ridley A, 

Downward J (1997) Cell 89:457-467. 
von Willebrand M, Williams S, Saxena M, Gilman J, Tailor P, Jascur T, Amarante-Mendes GP, Green DR, 

Mustelin T (1998) J Biol Chem 273:3994-4000.   
Wages DS, Keefer J, Rall TB, Weber MJ (1992) J Virol 66:1866-1874. 
Whitman M, Downes CP, Keeler M, Keller T, Cantley L (1988) Nature 332:644-646. 
Yu JH, Zhang YT, McIlroy J, Rordorf-Nikolic T, Orr GA, Backer JM (1998) Mol Cell Biol 18:1379-1387.   

 
6. SHIP2 (Q9JLL7) 
 pTyr-987 (K.NSFNNPAY@YVLEGVPHQLLPLEPPSLAR.A) 
SHIP2 is an SH2-containing inositol 5’-phosphatase.  In addition to an N-terminal SH2 domain, 
SHIP2 has a proline-rich region, a single NPXY motif, and a C-terminal SAM domain.  SHIP2 
localizes to focal contacts during attachment and lamellipodia in spreading cells, and the SH2 
domain of SHIP2 interacts with p130Cas (Prasad et al., 2001).  Tyr-987 is the tyrosine of the 
NPXY motif.  During cell attachment and spreading on collagen I (but not fibronectin, collagen 
IV, or laminin) there is good evidence that Src phosphorylates this residue to promote an 
interaction with Shc, via the Shc PTB domain (Prasad et al., 2002).  Expression of a SHIP2 
Y987F/Y988F mutant results in irregular membrane protrusions and actin spikes (Prasad et al., 
2002), suggesting that the SHIP2-Shc interaction has a significant impact on the organization of 
the actin cytoskeleton.  Suppression of SHIP2 levels by RNAi causes F-actin deformities 
associated with delayed cell spreading, absence of cell/ECM adhesions, and defects in 
endocytosis (Prasad and Decker, 2005).   

Prasad N, Topping RS, Decker SJ (2001) Mol Cell Biol 21:1416-1428. 
Prasad N, Topping RS, Decker SJ (2002) J Cell Sci 115:3807-3815.   
Prasad NK, Decker SJ (2005) J Biol Chem 280:13129-13136. 

 
7. GIT1 (Q68FF6) 

pTyr-554 (R.LQPFHSTELEDDAIY@SVHVPAGLYR.I) 
GIT1 was first characterized as an ARF-GAP that binds G-protein-coupled receptor kinases and 
inhibits their internalization (Premont et al., 1998; Claing et al., 2000).  GIT1, and the related 
protein GIT2, have since been shown to also have major functions as regulators of adhesion and 
cytoskeletal organization (reviewed in Hoefen and Berk, 2006).  GIT proteins interact strongly 
with the PIX family of GEFs for Rac1/Cdc42 (Premont et al., 2004) and have also been detected 
in complex with other signaling proteins, including paxillin, FAK, phospholipase C, MEK1, and 
ERK1/2 (Hoefen and Berk, 2006).  GIT1 promotes adhesion disassembly through a PIX-
dependent mechanism (Zhao et al., 2000) and there is evidence that GIT1, PIX, paxillin, and the 
Rac/Cdc42 effector kinase p21PAK exist as a motile signaling complex that targets to adhesions 
and lamellipodia leading edges to regulate cell migration (Manabe et al., 2002).   GIT1 is a 
recognized Src substrate (Bagrodia et al., 1999; Haendeler et al., 2003; Yin et al., 2005), and the 
scaffolding activity of FAK may play a role in Src-mediated GIT1 phosphorylation in cell/ECM 
adhesions (Bagrodia et al., 1999).  From proteomics approaches several sites of GIT1 tyrosine 
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phosphorylation have been identified (Webb et al., 2006; PhosphoSite Database), including Tyr-
554.  Tyr-554 is not conserved in GIT2, nor is a nearby GIT1 phosphorylation site (Tyr-563) that 
was detected only in Src-transformed cells in our study.  There are no published studies on the 
significance of GIT1 tyrosine phosphorylation.  However, tyrosine phosphorylation of GIT2 by 
Src and/or FAK (on sites equivalent to mouse GIT2 Tyr-285, -391, and -541) was implicated in 
recruitment to focal complexes (Brown et al., 2005).  Although GIT1 tyrosine phosphorylation 
was not similarly implicated in adhesion targeting (Brown et al., 2005), all three of these sites are 
conserved in mouse GIT1 (as Tyr-293, -392, and -607).   Of these sites, only GIT2 Tyr-541 and 
GIT1 Tyr-392 phosphorylation were detected in our analysis, and only in nontransformed cells.   

Bagrodia S, Bailey D, Lenard Z, Hart M, Guan JL, Premont RT, Taylor SJ, Cerione, RA (1999)  J Biol Chem 
274:22393-22400. 

Brown MC, Cary LA, Jamieson JS, Cooper JA, Turner CE (2005) Mol Biol Cell 16:4316-4328.  
Claing A, Perry SJ, Achiriloaie M, Walker JK, Albanesi JP, Lefkowitz RJ, Premont RT (2000) Proc Natl Acad 

Sci USA 97:1119–1124.  
Haendeler J, Yin G, Hojo Y, Saito Y, Melaragno M, Yan C, Sharma VK, Heller M, Aebersold R, Berk BC 

(2003) J Biol Chem 278:49936-49944. 
Hoefen RJ, Berk BC (2006) J Cell Sci 119:1469-1475.  
Manabe R, Kovalenko M, Webb DJ, Horwitz AR (2002) J Cell Sci 115:1497-1510. 
Premont R, Claing A, Vitale N, Freeman J, Pitcher J, Patton W, Moss J, Vaughan M, Lefkowitz R (1998)  Proc 

Natl Acad Sci USA 95:14082-14087.  
Premont RT, Perry SJ, Schmalzigaug R, Roseman JT, Xing Y, Claing A (2004) Cell Signal 16:1001-1011. 
Webb DJ, Mayhew MW, Kovalenko M, Schroeder MJ, Jeffery ED, Whitmore L, Shabanowitz J, Hunt DF, 

Horwitz AF (2006) J Cell Sci 119:2847-2850.  
Yin G, Zheng Q. Yan C, Berk BC (2005) J Biol Chem 280:27705-27712. 
Zhao ZS, Manser E, Loo TH, Lim L (2000) Mol Cell Biol 20:6354-6363. 

 
8. p190RhoGAP (Q91YM2) 

pTyr-943 (R.NEEENIY@SVPHDSTQGK.I) 
p190RhoGAP was first recognized in Src transformed cells as a highly tyrosine phosphorylated 
protein that also binds p120RasGAP (Ellis et al., 1990; Bouton et al., 1991; Settleman et al., 
1992a,b).  p190RhoGAP accounts for ~60% of cellular GAP activity towards Rho (Vincent and 
Settleman, 1999).  Tyr-943 (equivalent to Tyr-1105 in the human protein), is the major site of 
p190RhoGAP phosphorylation by Src, and this site mediates the interaction with p120RasGAP 
(Roof et al., 1998).  The interaction with p120RasGAP may stimulate the GAP activity of 
p190RhoGAP by promoting its recruitment to the plasma membrane (Bradley et al., 2006).  
Tyrosine phosphorylation of p190RhoGAP, via a Src-dependent mechanism, is an early response 
to integrin-mediated cell/ECM adhesion and is a mechanism for transient suppression of RhoA 
activity necessary for lamellipodia extension during cell motility (Arthur et al., 2000).  RhoA 
inhibition via p190RhoGAP phosphorylation is also a likely mechanism for v-Src-induced 
cytoskeletal disruption (Fincham et al., 1999).  The pTyr-943 site is also phosphorylated by the 
Abl-related kinase Arg, and the adhesion-dependent stimulation of p190RhoGAP 
phosphorylation is not observed in arg(-/-) cells (Hernandez et al., 2004).  Since Src can also 
activate Arg by phosphorylating the Arg activation loop (Plattner et al., 1999; Tanis et al., 2003), 
it is possible that Tyr-943 phosphorylation occurs through a Src >Arg/Abl > p190RhoGAP 
pathway.   

Arthur WT, Petch LA, Burridge K (2000) Curr Biol 10:719-722.  
Bouton AH, Kanner SB, Vines RR, Wang HR, Gibbs JB, Parsons JT (1991) Mol Cell Biol 11:945-953.   
Bradley WD, Hernandez SE, Settleman J, Koleske AJ (2006) Mol Biol Cell 17:4827-4836. 
Ellis C, Moran M, McCormick F, Pawson T (1990) Nature 343:377-381. 
Fincham VJ, Chudleigh A, Frame MC (1999) J Cell Sci 112:947-956. 
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Hernandez SE, Settleman J, Koleske AJ (2004) Curr Biol 14:691–696. 
Plattner R, Kadlec L, DeMali KA, Kazlauskas A, Pendergast AM (1999) Genes Dev 13:2400–2411. 
Roof RW, Haskell MD, Dukes BD, Sherman N, Kinter M, Parsons SJ (1998) Mol Cell Biol 18:7052-7063. 
Settleman J, Narasimhan V, Foster LC, Weinberg RA (1992a) Cell 69:539-549.  
Settleman J, Albright CF, Foster LC, Weinberg RA (1992b) Nature 359:153-154.   
Tanis KQ, Veach D, Duewel H., Bornmann WG, Koleske AJ (2003) Mol Cell Biol 23:3884-3896. 
Vincent S, Settleman J (1999) Eur J Cell Biol 78:539-548. 

 
9. RIN1 (Q921Q7) 

pTyr-35 (K.EKPSTDPLY@DTPDTR.G) 
RIN1 (Ras and Rab interactor 1) was originally identified by its ability to physically bind to and 
interfere with activated Ras (Han and Colicelli, 1995).  RIN1 competes with Raf1 for Ras-
binding, and can inhibit cellular transformation by activated mutant Ras (Han et al., 1997; Wang 
et al., 2002).   Other studies have demonstrated functions for RIN1 as a GEF for a G-protein 
(Rab5) involved in facilitating Ras-activated receptor endocytosis (Tall et al., 2001) and in 
activating Abl-family tyrosine kinases including Bcr-Abl (Afar et al., 1997; Han et al., 1997; Hu 
et al., 2005).  RIN1 potentiates the oncogenic activity of BCR-Abl and accelerates BCR-Abl-
induced leukemias in mice (Afar et al., 1997).  Abl activation by RIN1 involves a stable 
association of the proteins resulting from an initial interaction of the Abl SH3 domain with a 
RIN1 proline-rich motif, Abl-mediated phosphorylation of RIN1 Tyr-36 (equivalent to mouse 
RIN1 Tyr-35), and finally binding of the Abl SH2 domain to this site (Afar et al., 1997; Hu et al., 
2005).  Moreover Abl activation by RIN1 is enhanced when RIN1 interacts with activated Ras, 
supporting a Ras > RIN1 > Abl > Crk signaling pathway involved in cytoskeletal remodeling 
(Hu et al., 2005).   

Afar DE, Han L, McLaughlin J, Wong S, Dhaka A, Parmar K, Rosenberg N, Witte ON, Colicelli J (1997) 
Immunity 6:773-782.   

Han L, Colicelli J (1995) Mol Cell Biol 15:1318-1323. 
Han L, Wong D, Dhaka A, Afar D, White M, Xie W, Herschman H, Witte O, Colicelli J (1997) Proc Natl Acad 

Sci USA 94:4954-4959. 
Hu H, Bliss JM, Wang Y, Colicelli J (2005) Curr Biol 15:815-823. 
Tall GG, Barbieri MA, Stahl PD, Horazdovsky BF (2001) Dev Cell 1:73-82. 
Wang Y, Waldron RT, Dhaka A, Patel A, Riley MM, Rozengurt E, Colicelli J (2002) Mol Cell Biol 22:916-926. 

 
10. Annexin A2 (P07356) 

pTyr-23 (K.LSLEGDHSTPPSAY@GSVKPYTNFDAER.D) 
The annexins are a large family of calcium-dependent phospholipid-binding proteins (reviewed 
in Moss and Morgan, 2004).  Annexin A2, among other functions, has been implicated in 
membrane transport events including both endocytic and secretory pathways (Kwon et al., 2005).  
Annexin A2 was first recognized as a major (36 kDa) tyrosine-phosphorylated protein in v-Src-
transformed cells (Radke and Martin, 1979; Erikson and Erikson, 1980) and initially named 
“calpactin I” (Saris et al., 1986) or “lipocortin II” (Huang et al., 1986) when first described at the 
sequence level.  Tyr-23 is the major site of annexin A2 phosphorylation by Src (Isacke et al., 
1986).  In addition to being phosphorylated, the N-terminal tail of annexin A2 interacts with a 
member of the S100 family of calcium binding proteins, p11, that enhances membrane 
phospholipid binding affinity (Thiel et al., 1992).  A heterotetramer of two annexin A2 heavy 
chains and two p11 light chains is the predominant form in many cell types.  By bringing p11 to 
the cell surface, the heterotetramer is implicated in plasminogen regulation (reviewed in Kwon et 
al., 2005).  Heat stress induced translocation of annexin A2 to the cell surface was shown to 
require both p11 and Tyr-23 phosphorylation (Deora et al., 2004).  On the other hand, tyrosine 
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phosphorylation of annexin A2 was implicated as a negative regulatory event for heterotetramer 
function by inhibiting F-actin binding and complex formation with the plasma membrane and 
chromaffin granules (Hubaishy et al., 1995).  In addition to Tyr-23, our study also detected 
annexin A2 phosphorylation on tyrosines 237, 274, 310, 315, and 316.  The 237, 274, 315, and 
316 sites were all detected frequently but only in the Src-transformed cells.  Tyr-310 was 
detected infrequently and only in the nontransformed cells.   

Deora AB, Kreitzer G, Jacovina AT, Hajjar KA (2004) J Biol Chem 279:43411-43418. 
Erikson E, Erikson RL (1980) Cell 21:829-836. 
Huang KS, Wallner BP, Mattaliano RJ, Tizard R, Burne C, Frey A, Hession C, McGray P, Sinclair LK, Chow 

EP, et al. (1986) Cell 46, 191-199. 
Hubaishy I, Jones PG, Bjorge J, Bellagamba C, Fitzpatrick S, Fujita DJ, Waisman DM (1995)  Biochemistry 

34:14527-14534. 
Isacke CM, Trowbridge IS, Hunter T (1986) Mol Cell Biol 6:2745-2751.  
Kwon M, MacLeod TJ, Zhang Y, Waisman DM (2005) Front Biosci 10:300-325. 
Moss SE, Morgan RO (2004) Genome Biol 5:219. 
Radke K, Martin GS (1979) Proc Natl Acad Sci USA 76:5212-5216. 
Saris CJ, Tack BF, Kristensen T, Glenney JR Jr, Hunter T (1986) Cell 46:201-212. 
Thiel C, Osborn M, Gerke V (1992) J Cell Sci 103:733–742. 

 
11. ANKS1/Odin (P59672) 

pTyr-471 (L.AVRPRIQSSAPQEEEEHPY@EL.L) 
ANKS1 (also known as Odin) was first characterized as a cytoplasmic protein that undergoes 
tyrosine phosphorylation in response to growth factor (EGF or PDGF) stimulation (Pandey et al., 
2002).  Odin contains six tandem ankyrin repeats near the N-terminus, two sterile alpha motifs 
and a C-terminal PTB domain.  Overexpression of Odin had a negative effect on the mitogenic 
response to growth factors (Pandey et al., 2002).  Consistent with its role as a negative regulator 
of growth factor receptor signaling, MEFs generated from Odin-deficient mice exhibit a 
hyperproliferative phenotype (Kristiansen et al., 2004).  In the original report of Odin, tyrosine 
phosphorylation sites were not identified, and the functional significance of Odin tyrosine 
phosphorylation sites are unknown.  Tyr-471 lies in the central region of the protein, between the 
ankyrin repeats and sterile alpha motifs.  The same site has been detected on the human protein 
(as pTyr-472) from a quantitative phosphotyrosine proteomics study as undergoing increased 
phosphorylation in response to insulin (Schmelzle et al., 2006).   

Kristiansen TZ, Nielsen MM, Blagoev B, Pandey A, Mann M (2004) DNA Res 11:285-292. 
Pandey A, Blagoev B, Kratchmarova I, Fernandez M, Nielsen M, Kristiansen TZ, Ohara O, Podtelejnikov AV, 

Roche S, Lodish HF, Mann M (2002) Oncogene 21:8029-8036. 
Schmelzle K, Kane S, Gridley S, Lienhard GE, White FM (2006) Diabetes 55:2171-2179. 

 
12. Caveolin-1 (P49817) 

pTyr-14 (K.YVDSEGHLY@TVPIR.E) 
Caveolin-1 is an essential coat protein of caveolae, but it also localizes to other cellular 
compartments and appears to have multiple functions in lipid transport, membrane trafficking, 
and as a negative regulator of proliferative cell signaling (reviewed in Liu et al., 2002; Williams 
and Lisanti, 2005; Schwencke et al., 2006).  Caveolin-1 was first identified as a 21-22 kDa 
protein exhibiting elevated tyrosine-phosphorylation in Src-transformed cells (Glenney, 1989, 
Rothberg, 1992).  Tyr-14 was later shown to be the principal site of caveolin-1 phosphorylation 
by Src (Li et al., 1996).  The pTyr-14 site is reported to mediate caveolin-1 interactions with 
Grb7 (Lee et al., 2000), Csk (Cao et al., 2002), and MT1-MMP (Labrecque et al., 2004).  Tyr-14-
phosphorylated caveolin-1 appears to localize primarily to cell/ECM adhesions of adherent 
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fibroblasts but, upon cell detachment, translocates to caveolae where the phosphorylation site 
appears to be important for the internalization of the cholesterol-enriched caveolae (del Pozo et 
al., 2005).  This mechanism could account for the inhibition of ERK, PI3K, and Rac signaling 
pathways observed upon cell detachment (Echarri and del Pozo, 2006).  It is not known if Tyr-
14-phosphorylated caveolin-1 has specific functions in focal adhesions.  Indeed, there are 
specificity concerns regarding the observed focal adhesion staining by a phosphospecific 
antibody against the pTyr-14 site (Hill et al., 2007). 

Cao H, Courchesne WE, Mastick CC (2002) J Biol Chem 277:8771−8774. 
del Pozo MA, Balasubramanian N, Alderson NB, Kiosses WB, Grande-García A, Anderson RGW, Schwartz 

MA (2005) Nature Cell Biol 7:901–908. 
Echarri A, Del Pozo MA (2006) Cell Cycle 5:2179-2182. 
Glenney, JR Jr (1989) J Biol Chem 264:20163-20166.  
Hill MM, Scherbakov N, Schiefermeier N, Baran J, Hancock JF, Huber LA, Parton RG, Parat MO (2007) 

Traffic “Postprint” doi: 10.1111/j.1600-0854.2007.00653.x 
Labrecque L, Nyalendo C, Langlois S, Durocher Y, Roghi C, Murphy G, Gingras D, Beliveau R (2004) J Biol 

Chem 279:52132-52140.  
Lee H, Volonte D,  Galbiati F,  Iyengar P,  Lublin DM, Bregman DB,  Wilson MT,  Bouzahzah RCB, Pestell 

RG, Scherer PE, Lisanti MP (2000) Mol Endocrinol 14:1750−1775. 
Li S, Seitz R, Lisanti MP (1996) J Biol Chem 271:3863-3868. 
Liu PS, Rudick M, Anderson RGW (2002) J Biol Chem 277:41295-41298. 
Rothberg KG, Heuser JE, Donzell WC, Ying YS, Glenney JR, Anderson RG (1992) Cell 68:673-682. 
Schwencke C, Braun-Dullaeus RC, Wunderlich C, Strasser RH (2006) Cardiovasc Res 70:42-49. 
Williams TM, Lisanti MP (2005) Am J Physiol Cell Physiol 288:C494-C506.  

 
13. Dok1 (P97465) 
 pY314 (R.IPPGPSQDSVY@SDPLGSTPAGAGEGVHSK.K) 
 pY361 (K.TKLTDSKEDPIY@DEPEGLAPAPPR.G) 
 pY408 (R.LKEEGYELPYNPATDDY@AVPPPR.S) 
Dok1 was first described as a major tyrosine-phosphorylated protein in Bcr-Abl-transformed 
cells (Carpino et al., 1997; Yamanashi and Baltimore, 1997) and subsequent studies revealed this 
docking protein (characterized by N-terminal PH and PTB domains and a C-terminal 
phosphorylation domain) to be a target of various other nonreceptor and receptor tyrosine 
kinases.  Both Abl (Woodring et al., 2004) and Src (Noguchi et al., 1999) activities have been 
linked to increased Dok1 tyrosine phosphorylation in response to integrin-mediated cell-ECM 
adhesion.  Tyr-361 is a major site of Dok1 tyrosine phosphorylation, leading to recruitment of 
the adaptor Nck to stimulate F-actin reorganization and cell motility (Noguchi et al., 1999; 
Woodring et al., 2004).  A chemical genetic screen identified Dok1 tyrosines 361, 295 and 450, 
as direct phosphorylation targets of v-Src (Shah and Shokat, 2002).  Including these three sites, 
our study detected 10 different sites of Dok1 tyrosine phosphorylation including pTyr-314 and 
pTyr-408 that were frequently detected in both populations.  Tyrosine-phosphorylated Dok1 is 
also known to interact with RasGAP (Carpino et al., 1997; Yamanashi and Baltimore, 1997) and 
Csk (Neet and Hunter, 1995).  Mutation of Dok1 Tyr-450 abolishes the interaction with Csk 
(Shah and Shokat, 2002).  The RasGAP and Csk  interactions act to inhibit Ras/MAPK and 
Src/c-Myc pathways, respectively, contributing to the negative effect of Dok1 on PDGF-induced 
mitogensis (Zhao et al., 2006).  Src-mediated tyrosine phosphorylation also prevents entry of 
Dok1 into the nucleus (Niu et al., 2006).   

Carpino N, Wisniewski D, Strife A, Marshak D, Kobayashi R, Stillman B, Clarkson B (1997) Cell 88:197-204. 
Neet K, Hunter T (1995) Mol Cell Biol 15:4908-4920. 
Niu Y, Roy F,  Saltel F,  Andrieu-Soler C,  Dong W,  Chantegrel AL,  Accardi R,  Thépot A,  Foiselle N,  

Tommasino M,  Jurdic P, Sylla BS (2006) Mol Cell Biol 26:4288-4301. 
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Noguchi T, Matozaki T, Inagaki K, Tsuda M, Fukunaga K, Kitamura Y, Kitamura T, Shii K, Yamanashi Y, 
Kasuga M (1999) EMBO J 18:1748-1760. 

Shah K, Shokat KM (2002) Chem Biol 9:35-47. 
Woodring PJ, Meisenhelder J, Johnson SA, Zhou GL, Field J, Shah K, Bladt F, Pawson T, Niki M, Pandolfi PP, 

Wang JY, Hunter T (2004) J Cell Biol 165:493-503. 
Yamanashi Y, Baltimore D (1997) Cell 88:205-211. 
Zhao M,  Janas JA, Niki M, Pandolfi PP, Van Aelst L (2006) Mol Cell Biol 26:2479–2489. 

 
14. Nck1 (Q99M51) 

pTyr-105 (K.PSVPDTASPADDSFVDPGERLY@DLNMPAFVK.F) 
Nck1 is a 47 kDa SH2/SH3 domain-containing adapter protein implicated in actin cytoskeleton 
organization, cell adhesion and migration (reviewed in Li et al., 2001; Buday et al., 2002).  
EGFR and PDGFR activation, as well as v-Src cellular transformation are associated with 
phosphorylation of Nck1 at a single tyrosine, and Src was shown capable of directly 
phosphorylating Nck1 at the same site (Meisenhelder and Hunter, 1992).  The site has been 
identified as Tyr-105 (T. Hunter, personal communication).  The same site was reported from 
other proteomics studies (PhosphoSite), including two that linked the Nck1 Tyr-105 
phosphorylation to Bcr-Abl signaling (Griswold et al., 2006; Goss et al., 2006).  The functional 
significance of Nck1 Tyr-105 phosphorylation is unknown.   

Buday L, Wunderlich L, Tamas P (2002) Cell Signal 14:723-731. 
Goss VL, Lee KA, Moritz A, Nardone J, Spek EJ, MacNeill J, Rush J, Comb MJ, Polakiewicz RD (2006) Blood 

107:4888-4897. 
Griswold IJ, MacPartlin M, Bumm T, Goss VL, O'Hare T, Lee KA, Corbin AS, Stoffregen EP, Smith C, 

Johnson K, Moseson EM, Wood LJ, Polakiewicz RD, Druker BJ, Deininger MW (2006) Mol Cell Biol 
26:6082-6093. 

Li W, Jianhua Fan J, Woodley DT (2001) Oncogene 20:6403-6417. 
Meisenhelder J, Hunter T (1992) Mol Cell Biol 12:5843-5856. 

 
15. Shc1 (P98083-1, p66 isoform) 

pTyr-423 (R.ELFDDPSY@VNIQNLDK.A) 
Shc1 is an adaptor protein first identified as a protooncogene involved in growth factor signaling 
(Pelicci et al., 1992).  Three isoforms of Shc1 (p46, p52 and p66 kDa) are generated through 
alternative splicing, and all contain PTB and SH2 domains and a central region containing 
tyrosine phosphorylation sites (Pelicci et al., 1996).  Shc1 tyrosine phosphorylation has been 
observed in response to many extracellular stimuli including growth factors, cytokines, 
hormones, and cell/ECM adhesion (reviewed in Ravichandran, 2001) and in human tumors 
(Pelicci et al., 1995).  Shc proteins have elevated tyrosine-phosphorylated in v-Src transformed 
cells (McGlade et al., 1992).  Tyr-317 (numbered for the p52 isoform (eq. to Tyr-423 in p66) is 
phosphorylated by Src and other tyrosine kinases to create a high affinity binding site for Grb2 
(Salcini et al., 1994), establishing a link to mitogenic signaling via the Ras/MAPK pathway.  
Phosphorylated tyrosines 239 and 240 have also been identified and implicated in Grb2 binding 
(van der Geer et al., 1996), and in our study these sites were also frequently identified in the Src-
transformed cells, but detected infrequently from the nontransformed cells.  Elevated Shc1 
phosphorylation is a likely cause of Ras activation required for transformation by oncogenic Src 
(Smith et al., 1986, Penuel and Martin, 1999).  Targetted knockout of Shc1 in mice supports a 
role for this signaling adaptor in growth factor-induced MAP kinase activation, as well as in 
proper organization of focal adhesions and the actin cytoskeletal network (Lai and Pawson, 
2000).   

Lai KM, Pawson T (2000) Genes Dev 14:1132-1145.  
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Pelicci G, Lanfrancone L, Grignani F, McGlade J, Cavallo F, Forni G, Nicoletti I, Grignani F, Pawson T, 

Pelicci PG (1992) Cell 70:93-104. 
Pelicci G, Lanfrancone L, Salcini AE, Romano A, Mele S, Grazia Borrello M, Segatto O, Di Fiore PP, Pelicci 

PG (1995) Oncogene 11:899-907. 
Pelicci G, Dente L, De Giuseppe A, Verducci-Galletti B, Giuli S, Mele S, Vetriani C, Giorgio M, Pandolfi PP, 

Cesareni G, Pelicci PG (1996) Oncogene 13:633-641. 
Penuel E, Martin GS. (1999) Mol Biol Cell 10:1693-1703. 
Ravichandran KS (2001) Oncogene 20:6322-6330. 
Salcini AE, McGlade J, Pelicci G, Nicoletti I, Pawson T, Pelicci PG (1994) Oncogene 9:2827-2836. 
Smith MR, DeGudicibus SJ, Stacey DW (1986) Nature 320:540-543.  
van der Geer P, Wiley S, Gish DG, Pawson T (1996) Curr Biol 11:1435-1444.   

 
16. p130Cas (Q61140) 

pTyr-253 (R.HLLAPGPQDIY@DVPPVR.G) 
pTyr-271 (R.GLLPNQYGQEVY@DTPPMAVK.G) 
pTyr-414 (R.VLPPEVADGSVVDDGVY@AVPPPAER.E) 

p130Cas (Crk-associated substrate) was first recognized as a major tyrosine-phosphorylated 
protein in cells transformed by v-Crk (Mayer et al., 1988) and v-Src (Kanner et al., 1990).  
p130Cas is a nonenzymatic docking protein with an N-terminal SH3 domain that interacts with 
FAK, Src-binding domain (SBD) near the C-terminus, and interior substrate domain (SD) 
defined by 15 YxxP motifs.  p130Cas tyrosine phosphorylation is achieved primarily by Src-
family kinases with the SD YxxP tyrosines representing major sites (Sakai et al., 1997; Ruest et 
al., 2001; Fonseca et al., 2004).  Mapping studies identified 14 YxxP tyrosines (all but the most 
N-terminal) as subject to direct phosphorylation by Src in vitro (Goldberg et al., 2003; Shin et 
al., 2004).  p130Cas SD phosphotyrosine is detected at sites of integrin-mediated adhesion 
(Fonseca et al., 2004) and has been linked to integrin signaling pathways promoting both cell 
motility and survival (Klemke et al., 1998; Honda et al., 1999; Cho and Klemke, 2000; Goldberg 
et al, 2003; Shin et al., 2004).  Recruitment of Crk adaptor proteins to phosphorylated YxxP sites 
is implicated as a relevant downstream signaling event (Klemke et al., 1998; Cho and Klemke, 
2000).  In PDGF-treated cells, p130Cas SD tyrosine phosphorylation leading to recruitment of 
Nck adaptors is implicated in membrane ruffling (Rivera et al., 2006).  Elevated p130Cas YxxP 
site phosphorylation has been linked to invasive/metastatic behavior of Src-transformed 
fibroblasts (Brabek et al., 2004, 2005).  Tyrosines 253, 271, and 414 (representing the 7th, 8th, 
and 15th SD YxxP sites) were frequently identified in our study in both nontransformed and Src-
transformed cells, while YxxP sites 2, 6, 9, 10, 11, and 14 were also detected. 

Brabek J, Constancio SS, Siesser PF, Shin NY, Pozzi A, Hanks SK (2005) Mol Cancer Res 3:307-315. 
Brábek J, Constancio SS, Shin NY, Pozzi A, Weaver AM, Hanks SK (2004) Oncogene 23: 7406–7415. 
Cho SY, Klemke RL (2000) J Cell Biol 149:223-236. 
Fonseca PM, Shin NY, Brabek J, Ryzhova L, Wu J, Hanks SK. (2004) Cell Signal 16:621-629. 
Goldberg GS, Alexander DB, Pellicena P, Zhang ZY, Tsuda H, Miller WT (2003) J Biol Chem 278:46533-

46540. 
Honda H, Oda H, Nakamoto T, Honda Z, Sakai R, Suzuki T, Saito T, Nakamura K, Nakao K, Ishikawa T, 

Katsuki M, Yazaki Y, Hirai H. (1998) Nat Genet 19:361-365. 
Kanner SB, Reynolds AB, Vines RR, Parsons JT (1990) Proc Natl Acad Sci USA 87:3328-3332. 
Klemke RL, Leng J, Molander R, Brooks PC, Vuori K, Cheresh DA (1998) J Cell Biol 140:961-972. 
Mayer BJ, Hamaguchi M, Hanafusa H (1988) Nature 332:272-275. 
Rivera GM, Antoku S, Gelkop S, Shin NY, Hanks SK, Pawson T, Mayer BJ (2006) Proc Natl Acad Sci USA 

103:9536-9541. 
Ruest PJ, Shin NY, Polte TR, Zhang X, Hanks SK (2001) Mol Cell Biol 21:7641-7652. 
Sakai R, Nakamoto T, Ozawa K, Aizawa S, Hirai H (1997) Oncogene 14:1419-1426. 
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Shin NY, Dise RS, Schneider-Mergener J, Ritchie MD, Kilkenny DM, Hanks SK (2004) J Biol Chem 
279:38331-38337. 

 
17. LPP (Q8BFW7) 

pY245 (H.YMAGPSSGQIY@GPGPRGY.N) 
pY301 (R.YYEPY@YAAGPSYGGR.S) 
pY302 (R.YYEPYY@AAGPSYGGR.S) 

LPP, discovered as the product of a preferred translocation partner in a subset of lipomas (Petit et 
al., 1996), is a member of the zyxin family characterized by the presence of three C-terminal 
LIM domains.  The LPP LIM domains target the protein to focal adhesions (Petit et al., 2000, 
2003).  LPP is also present in the cytoplasm, cell-cell contacts, and shuttles to the nucleus.  LPP 
expression can be regulated by FAK and contribute to efficient cell spreading (Gorenne et al., 
2006).  LPP tyrosines 245, 301, and 302 are among a dozen tyrosines in the central region of the 
protein (N-terminal to the LIM domains) that have been detected by phosphotyrosine proteomics 
studies (PhosphoSite Database).  However there are no published reports on the functional 
significance of any of these sites or the responsible tyrosine kinase(s).  Src is reported to 
phosphorylate the zyxin family member TRIP6 as part of the signaling response to LPA (Lai et 
al., 2005), but the major site of TRIP6 phosphorylation by Src is not conserved in LPP -- nor are 
the LPP phosphotyrosine sites conserved in TRIP6.   

Gorenne I, Jin L, Yoshida T, Sanders JM, Sarembock IJ, Owens GK, Somlyo AP, Somlyo AV  (2006) Circ Res 
98:378-785.  

Lai YJ, Chen CS, Lin WC, Lin FT (2005) Mol Cell Biol 25:5859-5868. 
Petit M, Mols R, Schoenmakers E, Mandahl N, van de Ven W (1996) Genomics 36:118-129. 
Petit MM, Fradelizi J, Golsteyn RM, Ayoubi TA, Menichi B, Louvard D, van de Ven WJM, Friederich E 

(2000) Mol Biol Cell 11:117-129. 
Petit MMR, Meulemans SMP, and Wim J. M. van de Ven, WJM (2003) J Biol Chem 278:2157-2168. 

 
18. Paxillin (Q8VI36) 

pTyr-118 (R.AGEEEHVY@SFPNKQK.S) 
Paxillin is a docking protein first characterized as being tyrosine-phosphorylated protein in Src-
transformed cells (Glenney and Zokas, 1989).  Paxillin prominently localizes to focal adhesions 
(Turner et al., 1990) and undergoes tyrosine phosphorylation in response to integrin-mediated 
adhesion (Burridge et al., 1992).  Within the N-terminal two-thirds of the protein are five LD 
motifs, while four tandem LIM domains are found in the C-terminal region.  LIM domains 2 and 
3 are crucial for recruitment of paxillin to focal adhesions, while FAK interacts with paxillin via 
LD motifs 2 and 4 (Brown et al., 1996).  Studies on paxillin-null fibroblasts demonstrated critical 
roles for paxillin in focal adhesion and cortical cytoskeleton organization, integrin-mediated 
tyrosine kinase signaling, and cell spreading and motiltiy (Hagel et al., 2002).  Paxillin tyrosine 
phosphorylation occurs on multiple residues in the N-terminal region, and appears to be 
mediated by FAK- and/or Src-family kinases (reviewed in Schaller and Schaefer, 2001).  
Tyrosines 31 and 118 were first described as the major sites of phosphorylation with a function 
in recruitment of Crk-family adaptors (Schaller and Parsons, 1995; Bellis et al., 1995) important 
for cell migration (Petit et al., 2000; Vindis et al., 2004).  These two sites have also been 
implicated in binding of the tandem SH2 domains of p120RasGAP, providing a mechanism for 
localized suppression of RhoA (Tsubouchi et al., 2002).  A recent study indicates that Tyr-
31/Tyr-118 phosphorylation stimulates assembly of cell/ECM adhesions while also inducing the 
turnover of adhesions through recruitment of FAK (Zaidel-Bar et al., 2007).  Tyrosines 40, 88, 
and 181 have also been reported as minor sites of phosphorylation (Schaller and Parsons, 1995; 
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Bellis et al., 1995, Nakamura et al., 2000; Schaller and Schaefer, 2001).  In addition to pTyr-118, 
our study also identified the Tyr-31 and Tyr-88 sites.   

Bellis SL, Miller JT, Turner, CE (1995) J Biol Chem 270:17437-17441. 
Brown MC, Perrotta JA, Turner CE (1996) J Cell Biol 135:1109-1123.  
Burridge K, Turner CE, Romer LH (1992) J Cell Biol 119:893-903. 
Glenney JR Jr, Zokas L (1989) J Cell Biol 108:2401-2408. 
Hagel ME, George EL, Kim A, Tamimi R, Opitz SL, Turner CE, Imamoto A, Thomas SM. (2002) Mol Cell 

Biol 22:901-915. 
Nakamura K, Yano H, Uchida H, Hashimoto S, Schaefer E, Sabe H (2000) J Biol Chem 275:27155-27164. 
Petit V, Boyer B, Lentz D, Turner CE,Thiery JP, Valles AM  (2000) J Cell Biol 148:957-970.  
Schaller MD,  Parsons JT (1995) Mol Cell Biol 15:2635-2645. 
Schaller MD, Schaefer EM. (2001). Biochem J. 360:57-66. 
Tsubouchi A,  Sakakura J, Yagi R, Mazaki Y, Schaefer E, Yano H, Sabe H (2002) J Cell Biol 159:673-683. 
Turner CE, Glenney JR Jr, Burridge K (1990) J Cell Biol 111:1059-1068. 
Vindis C, Teli T, Cerretti DP, Turner CE, Huynh-Do U (2004) J Biol Chem 279:27965-27970. 
Zaidel-Bar R, Milo R, Kam Z, Geiger B (2007) J Cell Sci 120:137-148. 

 
19. Talin1 (P26039) 

pTyr-26 (K.TMQFEPSTMVY@DAC*R.M) 
pTyr-70 (K.ALDY@YMLR.N) 

Talin1 is a 235 kDa focal adhesion protein that functions in establishing the physical linkage 
between integrins and F-actin (reviewed in Critchley, 2000; Nayal et al., 2004).  Studies with 
talin1-null cells indicate a role for talin1 in the force-dependent formation of early cell-ECM 
adhesion sites (reinforcement of initial integrin-cytoskeleton bonds) (Giannone et al., 2003).  
Talin undergoes enhanced tyrosine phosphorylation in Src-transformed fibroblasts (Pasquale et 
al., 1986) irrespective of the morphology induced (DeClue and Martin, 1987).  In 
nontransformed cells talin is also phosphorylated at multiple tyrosine residues, some of which 
appear to be distinct from the sites elevated in response to oncogenic Src (DeClue and Martin, 
1987).  Our study identified six sites of talin1 tyrosine phosphorylation, including Tyr-26 and 
Tyr-70 found frequently in both nontransformed and Src-transformed cells.  All of these sites 
have been identified in other proteomics studies (PhosphoSite), and the functional significance of 
any of the sites is unknown.    

Critchley DR (2000) Curr Opin Cell Biol 12:133–139. 
DeClue JE, Martin GS (1987) Mol Cell Biol 7:371-378. 
Giannone G, Jiang G, Sutton DH, Critchley DR, Sheetz MP (2003) J Cell Biol 163:409-419. 
Nayal A, Webb DJ, Horwitz AF (2004) Curr Opin Cell Biol 16:94-98. 
Pasquale EB, Maher PA, Singer SJ (1986) Proc Natl Acad Sci USA 83:5507-5511. 

 
20. p120 catenin (P30999) 

pTyr-96 (K.LNGPQDHNHLLY@STIPR.M) 
pTyr-228 (R.HYEDGYPGGSDNY@GSLSR.V) 

p120 catenin is a multiple armadillo domain-containing protein first described as a major 
tyrosine-phosphorylated protein in Src-transformed cells and subsequently characterized as a 
cadherin-interacting protein required for E-cadherin stability at the cell surface (reviewed by 
Reynolds, 2007).  p120 is further implicated as a modulator of Rho-family GTPases, through 
multiple mechanisms.  p120 overexpression causes a dendritic cell phenotype linked to the 
ability of p120 to bind to either RhoA and act as a Rho-GDI (Anastasiadis et al., 2000) and/or to 
a Rho-family GEF (Vav2) to increase the activity of Cdc42 and Rac1 (Noren et al., 2000).  More 
recently, p120 was implicated in coordinating antagonism between Rac and Rho by interacting 
with p190RhoGAP at cadherin complexes (Wildenberg et al., 2006).  Localized RhoA inhibition 
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at cadherin complexes via p190RhoGAP (Noren et al., 2003) could contribute to cadherin 
stability at the cell surface.  While a large number of p120 tyrosine phosphorylation sites have 
been reported in the “regulatory domain” N-terminal to the armadillo repeats, the functional 
significance of these modifications is uncertain (Alemà and Salvatore, 2007).  Tyr-96 and -228 
are among 8 residues identified as in vitro Src sites (Mariner et al., 2001).  Tyr-96 is found only 
in splice isoform 1, the predominant form in mesenchymal cells, and is not present in isoform 3 
that is the major form expressed in epithelial cells.  Using a phosphospecific antibody, Tyr-228 
phosphorylation was observed in response to EGF stimulation in a Src-independent manner 
(Mariner et al., 2004).  p120 tyrosine phosphorylation by Src-family kinases was reported to 
regulate the interaction with RhoA and regulation of RhoA activity by p120, with surprising 
differential effects of phosphorylation mediated by Fyn versus Src (Castano et al., 2007).   

Alemà S, Salvatore AM (2007) Biochim Biophys Acta 1773:47-58. 
Anastasiadis PZ, Moon SY, Thoreson MA, Mariner DJ, Crawford HC, Zheng Y,  Reynolds AB (2000) Nat Cell 

Biol 2:637–644. 
Castano J, Solanas G, Casagolda D, Raurell I, Villagrasa P, Bustelo XR, de Herreros AG, Dunach M (2006) 

Mol Cell Biol 27:1745-1757. 
Mariner DJ, Anastasiadis P, Keilhack H, Bohmer FD, Wang J, Reynolds AB (2001) J Biol Chem 276:28006-

28013. 
Mariner DJ, Davis MA, Reynolds AB (2004) J Cell Sci 117:1339-1350. 
Noren NK, Liu BP, Burridge K, Kreft B (2000) J Cell Biol 150:567–580. 
Noren NK, Arthur WT, Burridge K (2003) J Biol Chem 278:13615–13618. 
Reynolds, AB (2007) Biochim Biophys Acta 1773:2-7. 
Wildenberg GA, Dohn MR, Carnahan RH, Davis MA, Lobdell NA, Settleman J, Reynolds AB (2006) Cell 

127:1027-1039.   
 
21. ZO-1 (P39447) 

pTyr-1164 (R.HEEQPAPAY@EVHNR.Y) 
ZO-1 (zonula occludens-1) is a 220 kDa tight junction protein and member of the MAGUK 
family (Stevenson et al., 1986; Itoh et al., 1993; Willott et al., 1993).  MAGUKs are molecular 
scaffolds containing PDZ, SH3, and guanylate kinase homology domains and act to recruit 
signaling proteins to plasma membrane structural specializations, including epithelial cell tight 
junctions, synaptic junctions, and neuromuscular junctions (Kim, 1995; Dimitratos et al., 1999).  
In fibroblasts, ZO-1 localizes to cell-cell contacts (Itoh et al., 1993).  In epithelial cells ZO-1 has 
a role in efficient tight junction assembly (Umeda et al., 2004, 2006; McNeil et al., 2006).  In 
endothelial cells ZO-1/alpha-catenin complexes regulate barrier integrity while ZO-1/cortactin 
complexes regulate chemotaxis (Lee et al., 2006).  ZO-1 undergoes tyrosine phophorylation in 
MDCK cells following v-Src activation, correlating with weakened cell-cell adhesion (Takeda et 
al., 1995).  ZO-1 also becomes tyrosine phosphorylated in EGF stimulated A431 cells correlating 
with junctional localization (Van Itallie et al., 1995) and in stressed Caco-2 cells correlating with 
decreased transepithelial resistance (Rao et al., 2002).  Our study identified 5 sites of ZO-1 
tyrosine phosphorylation (and 6 sites on the related protein ZO-2), most of which were found 
only in the Src-transformed cells.  PhosphoSite lists 12 pTyr sites for ZO-1 (including Tyr-1164) 
and 12 sites for ZO-2.  The functional significance of any of these phosphorylation events is 
unknown.   

Itoh M, Nagafuchi A, Yonemura S, Kitani-Yasuda T, Tsukita S, Tsukita S (1993) J Cell Biol 121:491-502. 
Kim, S.K (1995) Curr Opin Cell Biol 7:641– 649. 
Lee JF, Zeng Q, Ozaki H, Wang L, Hand AR, Hla T, Wang E, Lee MJ (2006) J Biol Chem 281:29190-29200. 
McNeil E, Capaldo CT, Macara IG (2006) Mol Biol Cell 17:1922-1932. 
Rao RK, Basuroy S, Rao VU, Karnaky KJ Jr, Gupta A (2002) Biochem J 368:471-481. 
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22. Cofilin-1 (P18760) 

pTyr-139 (K.HELQANC*Y@EEVKDR.C) 
Cofilin-1 is a member of the ADF/cofilin family of small (15-18 kDa) actin-binding proteins that 
act to increase the rate of actin filament turnover (by both severing and depolymerizing F-actin) 
to help drive cell motility (Bamburg, 1999; Carlier et al., 1999; Ghosh et al. 2004; Hotulainen et 
al., 2005).  In mammals there are three family members: ADF expressed mainly in epithelial and 
neuronal cells, cofilin-1 expressed in most cell types, and cofilin-2 expressed specifically in 
muscle.  ADF/cofilin function is known to be regulated by phosphorylation (reviewed in Huang 
et al., 2006).  LIM-kinase, a downstream effector of Rho, phosphorylates cofilin at a conserved 
residue (Ser-3), which inhibits binding to F-actin leading to F-actin stabilization.  The Rho > 
ROCK > LIMK > cofilin pathway thus contributes to Rho-mediated stress-fiber stabilization 
(Yang et al., 1998; Maekawa et al., 1999).  In Src-transformed cells, cofilin serine 
phosphorylation is reduced (cofilin activated) (Pawlak and Helfman, 2002), consistent with the 
ability of oncogenic Src to disrupt the Rho > ROCK > LIMK pathway.  Cofilin has also been 
recognized as a direct v-Src substrate in a chemical genetic screen (Shah and Shokat; 2002), 
suggesting another possible mechanism by which Src could regulate coflin.  Tyr-139 lies near 
the “ADF homology” domain, and the significance its phosphorylation is unknown.  The site has 
been found in other phosphoproteomics studies (Phosphosite).   
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23. Cortactin (Q60598) 

pTyr-466 (Y.TSEPVY@ETTEAPGHY.Q) 
Cortactin was first characterized as a Src substrate associated with the cortical actin cytoskeleton 
(Wu et al., 1991, Wu and Parsons, 1993).  Cortactin interacts directly with F-actin and the 
Arp2/3 complex (Weed et al., 2000) and acts to stabilize Arp2/3-mediated branched actin 
filament formation (Weaver et al., 2001; Weed and Parsons, 2001).  Tyr-466 lies in the central 
proline-rich region and is one of three major sites of phosphorylation reported for Src, along with 
Tyr-421 and Tyr-482 (Huang et al., 1998).  Studies with phosphospecific antibodies indicate that 
cortactin tyrosine phosphorylation requires Rac1 activity and association with the cortical actin 
cytoskeleton (Head et al., 2003).  Src-mediated cortactin phosphorylation appears to negatively 
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affect its ability to enhance actin polymerization (Huang et al., 1997; Martinez-Quiles et al., 
2004).  Consistent with this notion, tyrosine phosphorylation of cortactin has been implicated in 
regulating turnover of podosomes in osteoclasts (Luxenburg et al., 2006) and smooth muscle 
cells (Zhou et al., 2006).  Cortactin tyrosine phosphorylation appears to occur in a progressive 
manner, with Tyr-421 phosphorylation required for phosphorylation of Tyr-466 (Head et al., 
2003).  In our study peptides containing Tyr-421 were frequently detected (in Src-transformed 
cells only), but Tyr-421 was not the site of phosphorylation assigned by Sequest.  Our study also 
identified cortactin pTyr-442 in the Src-transformed cells, while pTyr-482 was not detected.   
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24. Septin-2 (P42208) 

pTyr-17 (K.QQPTQFINPETPGY@VGFANLPNQVHR.K) 
Septins are a conserved family of GTPases implicated in diverse cellular processes including 
cytokinesis, vesicle trafficking and exocytosis (Kinoshita, 2003; Spiliotis and Nelson; 2006).   
Septin-2 (originally called Nedd5) is a 45 kDa ubiquitously expressed protein belonging to the 
acidic septin subgroup consisting of a short N-terminus, a conserved GTPase domain and a C-
terminal coiled-coil structure (Kinoshita et al., 1997; Kinoshita, 2003).  Septin-2 is involved in 
cytokinesis, and in interphase cells septin-2 fibers are seen in association with actin bundles and 
focal adhesions (Kinoshita et al., 1997).  During cytokinesis, septin-2 localizes to the contractile 
ring and midbody and may have a role in formation of the midbody diffusion barrier (Schmidt 
and Nichols, 2004).  In nonmotile interphase cells, septin-2 plays a role in stabilizing actin 
bundles (Kinoshita et al., 2002; Schmidt and Nichols, 2004), while in migrating and ruffling cells 
septin-2 assembles into dynamic actin-independent ring structures (Schmidt and Nichols, 2004).  
Septin-2 Tyr-17 phosphorylation was found in a previous phosphotyrosine proteomics study 
(Rush et al., 2005), and the functional significance of this modification is unknown.   
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25. VASP (P70460) 

pTyr-39 (R.VQIY@HNPTANSFR.V) 
 VASP (“vasodilator-stimulated phosphoprotein”), first characterized as a substrate of cGMP- 
and cAMP-dependent kinases in platelets (Waldmann et al., 1987), is a founding member of the 
Ena/VASP family of proteins, along with Drosophila Enabled (Ena) discovered in a genetic 



 
16 

screen for dominant suppressors of Abl (Gertler et al., 1990).  Mena and EVL are other 
vertebrate family members.  Ena/VASP proteins share an N-terminal EVH1 domain, a C-
terminal EVH2 domain, and central polyproline-rich core.  VASP localizes prominently to 
lamellipodial leading edges and filopodial tips where it functions in actin-based motility (Krause 
et al., 2003).  The VASP EVH2 domain binds to F-actin free barbed ends, antagonizing the 
capping proteins that inhibit filament elongation, and thereby promoting lamellipodial extension 
(Bear et al., 2002).  Other studies indicate VASP aids in the supply of actin monomers for 
filament nucleation by recruiting profilin (Krause et al., 2003).  VASP Tyr-39 is a conserved 
residue in the EVH1 domain (Prehoda et al., 1999).  EVH1 functions (similarly to WW and SH3 
domains) in binding type II poly-proline helical sites (Prehoda et al., 1999).  The EVH1 domain 
is involved in targeting Ena/VASP proteins to focal adhesions (Gertler et al., 1996) and 
filopodia/lammelipodia (Krause et al., 2004), and interacts with vinculin (Brindel et al., 1996), 
zyxin (Drees et al., 2000), the zyxin-related LPP (Petit et al., 2000), and lammellipodin (Krause 
et al., 2004).  Tyr-39 phosphorylation may regulate targeting involving these interactions.  Abl 
and Src can directly interact with the VASP proline-rich region (Cormer et al., 1998), and 
interaction with Abl was shown to occur in a manner dependent on cell-ECM adhesion (Howe et 
al., 2002).  While there is no published evidence that either Abl or Src phosphorylates VASP, 
Drosophila Abl was shown to phosphorylate Ena on six sites clustered in the proline-rich region 
(Cormer et al., 1998) none of which are conserved in vertebrate Mena or VASP. 
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26. Enolase (P17182, alpha form) 

pTyr-43 (R.AAVPSGASTGIY@EALELR.D) 
Enolase catalyzes the first common step of glycolysis and gluconeogenesis, the interconversion 
of 2-phospho-D-glycerate and phosphoenolpyruvate.  Mammalian enolase is composed of 3 
isozyme subunits, alpha, beta and gamma, which can form homodimers or heterodimers.  
Enolase was one of the first identified v-Src substrates (Cooper et al., 1983) and Tyr-43 was 
identified as the principle site of phosphorylation by Src (Cooper et al., 1984).  Tyr-43 lies 
within a loop that undergoes movement after 2-phosphoglycerate binding to help create the 
active site (Pancholi, 2001).  Thus Tyr-43 phosphorylation could influence the catalytic activity 
of the enzyme.  However due to low phosphorylation stoichiometry and the fact that enolase is 
not a rate-limiting step in glycolysis, it is unlikely that enolase phosphorylation by Src 
contributes to the increased glycolytic flux observed in transformed cells (Hunter and Cooper, 
1986).  Enolase has roles in addition to metabolism, including hypoxia tolerance (Graaven et al., 
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1993) and autoimmunity and microbial diseases (Pancholi, 2001).  Enolase overexpression is a 
diagnostic marker for many tumors (Eriksson et al., 2000), and could contribute to increased 
invasiveness through its ability to serve as a receptor and activator of plasminogen (Miles at al., 
1991).  Recently, enolase was reported to be phosphorylated by Src during capacitation of 
spermatozoa (Baker et al., 2006). 
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27. GAPDH (P16858) 

pTyr-315 (K.LISWYDNEY@GYSNR.V) 
GAPDH (glyceraldehyde-3-phosphate dehydrogenase) catalyses the first step of the second part 
of glycolysis: NAD+ dependent reversible oxidative phosphorylation of glyceraldehyde-3-
phosphate to 1,3-diphosphoglycerate.  In addition to its established role in metabolism, GAPDH 
has been implicated in non-glycolytic activities, including transcriptional regulation (Zheng et 
al., 2003), DNA repair (Meyer-Siegler et al., 1991), and telomeric DNA binding (Sundararaj et 
al., 2004).  Specific association of GAPDH with viral RNA may be involved in the regulation of 
viral gene expression and/or translation (De et al., 1996).  GAPDH has also been implicated in 
membrane fusion, tubulin bundling, nuclear RNA export and apoptosis (reviewed in Kim and 
Dang, 2005).  GAPDH was identified as a major component of actin-rich tumor cell pseudopodia 
(Nguyen et al., 2000), raising the possibility that localized glycolysis regulates plasma membrane 
protrusion.  GAPDH has been previously described as a substrate for receptor tyrosine kinases 
EGFR (Reiss et al., 1986) and Tkl (Gartner et al., 1992), and the pTyr-315 site has been 
identified in several other phosphotyrosine proteomics studies (PhosphoSite).  Tyr-315 is located 
in the alpha 4 helix close to the C-terminus in the NAD+ binding region (Eyschen et al., 1999).  
It is likely the helix must unfold to allow Tyr-315 phosphorylation.  In human GAPDH, Tyr-315 
is substituted by phenylalanine.  However two other conserved tyrosine residues in this region 
(corresponding to mouse Tyr-311 and Tyr-317), are reported as unpublished sites of human 
GAPDH phosphorylation in PhosphoSite.  The significance of any of these phosphorylation 
events is unknown. 
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28. eEF1A (P10126, isoform 1) 
pTyr-29 (K.STTTGHLIY@K.C) 
pTyr-141 (R.EHALLAY@TLGVK.Q) 

Eukaryotic elongation factor 1 alpha (eEF1A) catalyzes the GTP-dependent binding of 
aminoacyl-tRNAs to their acceptor sites on the ribosome and accounts for 1-2% of total protein 
in normal growing cells (second in abundance only to actin).  eEF1A has functions in addition to 
its core role in translation (Ejiri, 2002; Lamberti et al., 2004).  Notably, eEF1A associates with 
cytoskeletal components including microfilaments and microtubules (Condeelis, 1995).  By 
binding simultaneously to F-actin and beta-actin mRNA, EF1A acts as a scaffold to direct beta-
actin to the protrusive leading edges of cells and thereby contribute to polarity and directional 
movement (Liu et al., 2002; Condeelis and Singer, 2005).  eEF1A2 is frequently overexpressed 
in some cancers and has the capacity to promote anchorage-independent growth and 
tumorigenesis (Anand et al., 2002; Tomlinson et al., 2005; Kulkarni et al., 2006).  The oncogenic 
properties of eEF1A2 may relate to its ability to promote the PI3K > Akt pathway resulting in 
filopodia formation, cell migration, and invasion (Amiri et al., 2006).  eEF1A2 was recognized 
as a Src substrate through an approach involving chemical rescue of a Src mutational variant 
(Qiao et al., 2006).  In our study, eEF1A tyrosines 29 and 141 (peptides identical for both 
isoforms) were among the sites frequently identified in both nontransformed and Src-
transformed cells.  No published studies have addressed the functional significance of eEF1A 
tyrosine phosphorylation.   
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29. Cbl (P22682) 

pTyr-672 (K.PSSSANAIY@SLAARPLPMPK.L) 
First characterized as an oncogene product (Langdon et al., 1989), Cbl is a 120 kDa E3 ubiquitin 
ligase that acts as a negative regulator of tyrosine kinases (Thien and Langdon, 2001; Peschard 
and Park, 2003).  Through its N-terminal PTB domain that binds phosphotyrosine residues and 
central RING domain that binds E2 ubiquitin-conjugating enzymes, Cbl acts as an adaptor to 
promote receptor tyrosine kinase ubiquitination and degradation.  Oncogenic forms of Cbl 
behave as dominant-negative mutants to impair this activity.  The Cbl PTB domain interacts with 
Src pTyr-418 to inhibit kinase activity (Sanjay et al., 2001), while in another model Src-mediated 
Cbl tyrosine phosphorylation leads to the displacement of E2 and ubiquitination of both Src and 
Cbl to promote destriction of both proteins (Yokouchi et al., 2001).  By promoting Cbl 
destruction, Src may enable EGFR to evade downregulation (Bao et al., 2003).  Cbl is tyrosine 
phosphorylated in Src-transformed cells (Tanaka et al., 1995; Odai et al., 1995) and in response 
to integrin-mediated adhesion (Ojaniemi et al., 1997).  In T cells, the major sites of human Cbl 
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tyrosine phosphorylation were determined to be Tyr-700, -731, and -774, and Src-family kinases 
are capable of phosphorylating these residues (Feshchenko et al., 1998).  The ability of Cbl to 
stably interact with Src is reduced in a 3YF mutant with phenylalanine substitutions for the Tyr-
700, -731, and -774 sites (Bao et al., 2003).  These three sites have been further characterized as 
binding sites for SH2-containing signaling proteins including Crk-family adaptors (Andoniou et 
al., 1996), PI3K-p85 (Ueno et al., 1998), and Vav (Marengere et al., 1997), which could 
contribute to a role for Cbl in cell migration (Meng and Lowell, 1998; Uemura and Griffin, 
1999).  In our study mouse equivalents of these three sites were not detected, while pTyr-672 
(equivalent to human Cbl Tyr-674) was frequently detected in both nontransformed and Src-
transformed cells.  The Tyr-672 site has been detected in other proteomics studies (PhosphoSite), 
but no published studies have addressed the functional significance of this site.   
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30. Intersectin-2 (Q9Z0R6) 

pTyr-921 (R.GEPEALY@AAVTK.K) 
Intersectin-2 and the related protein intersectin-1 are Dbl-family GEFs for Rho GTPases that 
function in clathrin-mediated endocytosis (Pucharcos et al., 2000).  These proteins are 
characterized by two N-terminal Eps15 homology (EH) domains, a coiled-coil domain, five SH3 
domains, a Dbl-homology (DH) domain, a pleckstrin homology (PH) domain, and a C2 domain.  
The tandem DH-PH cassette is the hallmark of the Dbl family.  The DH domain stimulates 
GDP/GTP exchange while the PH domain promotes interaction with the plasma membrane.  
Alternative splicing generates short forms of both intersectins that lack the DH, PH and C2 
domains.  The long form of intersectin-1 was shown to be a Cdc42-specific GEF that regulates 
actin assembly via N-WASP (Hussain et al., 2001).  Similary, there is evidence that intersection-
2 functions cooperatively with N-WASP and Cdc42 to promote clathrin-mediated endocytosis of 
the T-cell receptor complex (McGavin et al., 2001).  A recent study demonstrated a role for 
intersectin-1 in EGFR internalization, but also in the ubiquitination and degradation of the 
receptor that was linked to the interaction of intersectin-1 SH3 domains with the E3 ubiquitin 
ligase Cbl (Martin et al., 2006).  Intersectin-2 Tyr-921 lies between the 2nd and 3rd SH3 
domains.  The site has been reported in several other proteomics studies (PhosphoSite).  Five 
other pTyr sites on intersectin-2 are also reported in PhosphoSite, while there are no reported 
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sites of intersectin-1 tyrosine phosphorylation.  There are no published studies on the 
significance of tyrosine phosphorylation of intersectin-2. 
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31. CDV3 (Q920I4, isoform A) 

pTyr-213 (R.KTPQGPPEIY@SDTQFPSLQSTAK.H) 
CDV3 (“carnitine deficiency-associated gene expressed in ventricle”) was first described as the 
product of a gene upregulated in hypertrophied ventricles of “juvenile visceral steatosis” (JVS) 
mice (Fukumaru et al., 1999).  JVS mice are deficient in carnitine, a key molecule for β-
oxidation of long chain fatty acids in mitochondria.  Two splice isoforms encode proteins 
(CDV3A and CDV3B) with predicted masses of 24.4 and 29.7 kDa, respectively.  CDV3B has a 
C-terminal extension, relative to CDV3A.  The CDV3 proteins were independently identified as 
novel Abl tyrosine kinase substrates in a B cell progenitor line, and given the alternative names 
TPP36 (“tyrosine-phosphorylated protein of apparent molecular weight 36 kDa”) and TPP32 
(Tsuchiya et al., 2003).  In a coexpression assay, several nonreceptor tyrosine kinases were 
shown to promote tyrosine phosphorylation of CDV3/TPP proteins, including Src and Bcr-Abl 
(Tsuchiya et al., 2003).  Tyr-120 was described as a major site of TPP36 phosphorylation by 
Bcr-Abl (Tsuchiya et al., 2003).  The CDV3/TPP proteins are predominantly cytoplasmic 
(Tsuchiya et al., 2003) although they contain predicted nuclear translocation signals.  Otherwise, 
the biological functions of CDV3 proteins, or their tyrosine phosphorylation, are unknown.  
CDV3A/B Tyr-213 was also reported in the phosphotyrosine proteomics study of Rush et al. 
(2005).   
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32. PREDICTED: Similar to Oligophrenin 1 (UPI00005125B7) 

pTyr-371 (K.LWLEAMDGKEPIY@TLPAIISK.K) 
This uncharacterized protein, predicted from genome sequence data, is related to oligophrenin-1 
(OPHN1, mouse entry UniRef100_Q99J31) but is clearly a distinct protein.  OPHN1 is a Rho-
family GAP encoded by a gene mutated in a form of nonspecific X-linked mental retardation 
associated with dendritic abnormalities and impaired synaptic transmission and information 
processing (Billuart et al., 1998).  In glial and neuronal cells, OPHN1 colocalizes with actin, 
notably at the tip of growing neurites (Fauchereau et al., 2003).  Overexpression studies suggest 
that the OPHN1 RhoGAP domain regulates actin cytoskeletal organization by inactivating Rho 
and Cdc42 (Fauchereau et al., 2003).  Knocking down OPHN1 by siRNA significantly decreased 
dendritic spine length, related to its ability to repress RhoA and Rho-kinase activities (Govek et 
al., 2004).  “Similar to Oligophrenin 1” pTyr-371 site lies in a small linker between PH and 
RhoGAP domains.  The equivalent residue of human OPHN1 is reported in PhosphoSite as an 
unpublished site of tyrosine phosphorylation.  The FAK-interacting protein “Graf ” shares the 
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central PH-RhoGAP organization while also posessing a C-terminal SH3 domain.  A C-terminal 
SH3 domain is also present in  “Similar to Oligophrenin 1” but not in OPHN1.  “PSGAP” (Ren 
et al., 2001) is fourth mammalian member of this RhoGAP family.   
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