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Abstract

Src family tyrosine kinases (SFKs) are critical players in normal and aberrant biological processes. 

While phosphorylation importantly-regulates SFKs at two known tyrosines, large-scale 

phosphoproteomics have revealed four additional tyrosines commonly-phosphorylated in SFKs. 

We found these novel tyrosines to be autophosphorylation sites. Mimicking phosphorylation at the 

site C-terminal to the activation loop decreased Fyn activity. Phosphomimetics and direct 

phosphorylation at the three SH2 domain sites increased Fyn activity while reducing 

phosphotyrosine-dependent interactions. While 68% of human SH2 domains exhibit conservation 

of at least one of these tyrosines, few have been found phosphorylated except when found in cis to 

a kinase domain.
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1. Introduction

Studies leading to the identification of v-Src as the oncogenic agent behind Peyton Rous' 

sarcoma virus precipitated more than a century of extraordinary science and critically fueled 

the birth of the field of signal transduction [1]. Given its oncogenic potential, the mechanism 

behind v-src's ability to transform cells was investigated with vigor [1]. However, while 

hyperactive cellular Src's place as a major therapeutic target for cancer therapy has not been 

front and center [2] it has strong potential as a target in cancer subtypes, particularly when 

using inhibitor cocktails [3–6]. Importantly, this aggressive research led to the uncovering of 

many of the critical and wide-ranging normal roles of the Src family of non-receptor 

tyrosine kinases (SFKs)[7–9], including roles in homeostatic processes [10–12], acute 

responses to injury and infection [13–15], a variety of developmental processes [12,16–20] 

and critical evolutionary transitions [21].

Key to understanding the molecular regulation of SFKs was the identification of two 

tyrosine phosphorylation sites conserved on all eleven of the extended SFK family members. 

The first is a product of intermolecular autophosphorylation at the activation loop in the 

kinase domain and leads to increased catalytic activity. The second, located at the C-

terminus, is primarily phosphorylated by Csk (C-terminal Src kinase or c-Src kinase) and 

leads to intramolecular, autoinhibitory rearrangement. This site is absent in v-Src, and this 

absence is the major reason for v-Src's transforming activity [8,9,22,23]. However, SFKs are 

known to be importantly-regulated by other modifications including serine phosphorylation 

and lipid modification [8,9,22,23]. Our current omics era has delivered mountains of 

relatively unbiased descriptive data enabling investigators to form targeted hypotheses of 

molecular function. Tests of such hypotheses are ultimately required if omics data are to be 

more than correlations or biomarkers. Intriguingly, in hundreds of large-scale 

phosphoproteomic analyses conducted by our group and several others, four additional 

tyrosine phosphorylation sites have been identified in SFKs from a wide variety of primary 

tissues, cell lines and cancer cells. These studies comprise both published studies and many 

in-house assays compiled and curated at PhosphoSitePlus [24]. Fig. 1A summarizes the 

number of times these sites have been identified and the positions of these phosphorylation 

sites relative to the major structural domains of SFKs (using the residue numbers of human 

Fyn which contains all four of the variably-conserved, novel tyrosine phosphorylation sites). 

One of the sites is located 20 amino acids C-terminal to the activation loop phosphorylation 

site and the other three are located in the Src Homology 2 (SH2) domain. In Fig. 1B and C 

these sites are mapped onto the backbone and ribbon structural depictions of the SH2 and 

kinase domains respectively. Given the striking number of studies in which they had been 

identified, and given their proximity to major structural features in SFKs, we hypothesized 

that their phosphorylation would play important regulatory roles. We therefore sought to 

understand ways that these sites might become phosphorylated and to characterize their 

effects on kinase activity and on protein-protein interactions driven by the SH2 domain.

2. Materials and methods

Detailed materials and methods are provided as Supplementary Information Document 1.
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3. Results and discussion

3.1. SFKs autophosphorylate their kinase domain and their SH2 domain at novel sites of 
tyrosine phosphorylation

SFKs undergo intermolecular autophosphorylation at their positive regulatory sites within 

their activation loops [8,23]. Therefore, we asked if any of the novel but poorly characterized 

SFK tyrosine phosphorylation sites could also be the result of autophosphorylation. To 

assess autophosphorylation and to avoid ambiguity due to indirect phosphorylation, we 

expressed eight of the eleven human SFKs in yeast [25], which are devoid of tyrosine-

specific kinases [26]. Pioneering studies used this approach a few decades ago and found 

that a kinase-dead version of Src was not phosphorylated on any tyrosine residue when 

expressed in yeast [27], indicating that yeast kinases could not directly phosphorylate Src on 

tyrosine. Furthermore, SFKs expressed in yeast could autophosphorylate at their activation 

loops, and to a far lesser extent their C-terminal negative regulatory sites [28,29]. 

Intriguingly, SFKs expressed in yeast that had phenylalanine substitutions at both the known 

positive and negative regulatory sites showed intermolecular phosphorylation at additional 

tyrosines [28]. We reasoned, therefore, that if a SFK expressed in yeast were phosphorylated 

at one or more of the newly identified tyrosine phosphorylation sites in the SH2 and kinase 

domains, it would be the result of autophosphorylation. Yeast expressing individual SFKs 

(Blk, Fgr, Frk, Fyn, Hck, Lyn, Srm and Yes), were lysed and individual extracts were 

digested with trypsin. The desalted peptides were subjected to anti-phosphotyrosine peptide 

immunoprecipitation [30–32] and peptides retrieved in the immune complexes were 

subjected to liquid chromatography-tandem mass spectrometry. The tandem mass spectra 

were searched using a database of all human tyrosine kinases. Yeast expressing a given SFK 

only yielded phosphotyrosyl peptides matching to the kinase expressed, except in cases 

where tryptic peptides were identical among SFKs. Strikingly, in addition to detecting 

autophosphorylation in the activation loop for seven out of eight of the expressed SFKs, we 

found the majority of the other four sites phosphorylated when they were conserved tyrosine 

residues (Table 1). In two cases (Fgr and Frk) we also found autophosphorylation of the C-

terminal negative regulatory site. The lack of the identification of phosphorylation at the C-

terminal site in the other tested SFKs was likely due to their C-termini falling in rather large 

tryptic peptides (>30 amino acids). Supplementary Table 1 provides a list of all pY peptides 

identified in these assays. We chose to further validate the mass spectrometry results using 

Fyn as a representative SFK, as it harbors tyrosines at all of the major SFK tyrosine 

phosphorylation sites and given we found each was phosphorylated when Fyn was expressed 

in yeast. We did this by acquiring tandem mass spectra of synthetic peptides harboring 

phosphotyrosine singly at each of the three SH2 domain sites (Tyr185, Tyr213 and Tyr214), 

at the activation loop site (Tyr420) and at the novel (Tyr440) kinase domain site (Fig. 2A and 

Supplementary Fig. 1–5).

In a separate assay we also found Fyn specifically capable of intermolecular SH2 

autophosphorylation when we incubated purified, active, full-length Fyn with a soluble 

GST-fusion of Fyn's SH2 domain in an in vitro kinase assay (Fig. 3). Furthermore, the 

majority of this phosphorylation went away when using a GST-Fyn-SH2 domain substrate 

harboring Tyr-to-Phe substitutions at Tyr185, Tyr213 and Tyr214 (Fyn-SH2-3F). These 
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results suggest Fyn intermolecular SH2 domain autophosphorylation is predominately at 

Tyr185, TyrY213 and Tyr214. However, they also indicate the presence of an additional site 

of Fyn SH2 domain autophosphorylation. There are three additional tyrosine residues in 

Fyn's SH2 domain (Tyr150, Tyr203 and Tyr231), all falling into MS-compatible tryptic 

peptides. However, only Tyr150 has been curated as phosphosphorylated in PhosphoSitePlus 

[24], and albeit only four times. While we did not find Tyr150, Tyr203 or Tyr231 tyrosine 

phosphorylated in the SH2 domain of Fyn from our expression studies in yeast, we did find 

the equivalent of Tyr150 phosphorylated when expressing Fgr or Srm in yeast 

(Supplementary Tables 1–2). Taken together, our results and the high number of site 

identifications reported for SFK equivalents of Fyn Tyr185, Tyr213 and Tyr214 (Fig. 1A; 

Supplementary Tables 1–2)[24], suggest these three sites are the major sites of SFK SH2 

domain autophosphorylation.

3.2. Fyn Tyr440Asp shows decreased activation loop phosphorylation in cultured cells

Given the proximity of Tyr440 to the activation loop of Fyn (Fig. 1C), one might predict 

Tyr440 phosphorylation could either disrupt or enhance kinase activity. To examine this we 

generated Fyn Tyr440Asp and Tyr440Phe mutants, expressed them in cultured cells and then 

measured the levels of phosphorylation at their activation loops relative to levels from cells 

expressing wild type Fyn. Tyr440Asp Fyn consistently showed decreased activation loop 

phosphorylation while the Tyr440Phe mutant showed little difference relative to wild type 

(Fig. 4A–B). These results are consistent with Fyn autophosphorylation at Tyr440 as a 

means of autoinhibition.

3.3. Fyn Tyr185Asp, Tyr213Asp and Tyr214Asp show increased activation in cultured cells

Although Tyr185, Tyr213 and Tyr214 do not appear to be in close interfering-proximity to 

the phosphotyrosine of a bound substrate (Fig. 1B), it may be possible that when 

phosphorylated they provide some form of generalized electrostatic repulsion for potential 

phosphotyrosyl-containing SH2 interactors. Alternatively, phosphorylation at these residues 

might compromise the shape of the SH2 domain, also potentially reducing binding to 

interacting partners. If either of these were true, we reasoned this would increase the overall 

activity of full-length Fyn as it would be less likely to be locked in its autoinhibited 

conformation with its SH2 domain bound to its own phosphorylated C-terminus [8,22,28]. 

We tested this hypothesis in two ways. As we did for experiments shown in Fig. 4A, we first 

used a phospho-specific antibody to examine the phosphorylation state of the activation loop 

of a Fyn molecule harboring aspartic acid residues at the three major sites of tyrosine 

phosphorylation within the SH2 domain (Fyn-Y3D). We found that the allele encoding Fyn-

Y3D led to elevated activation loop phosphorylation comparable to that encoded by an allele 

of a Fyn Tyr-to-Phe mutation at the negative regulatory site (Tyr531Phe) that cannot be 

inhibited by Csk or autophosphorylation (Fig. 4C–D).

We next examined the effect of expressing Fyn-Y3D, or individual Tyr-to-Asp SH2 domain 

mutants within the context of full-length Fyn on general cellular tyrosine phosphorylation. 

We used an assay of simple design described by Azam et al. that was instrumental in 

identifying novel regulatory residues in the Src kinase domain [33]. In this approach, 

wildtype and mutant SFK constructs are transiently expressed in cultured cells and the 
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activity of the transfected kinase is inferred by the overall change in phosphotyrosine signal 

on proteins within whole cell extracts. Consistent with its increased activation loop 

phosphorylation, whole cell extracts from cells expressing Fyn-Y3D showed an increase in 

tyrosine phosphorylated bands relative to cells expressing wild type Fyn (Fig. 5A). As work 

from other labs found that the equivalent of Fyn Tyr214 phosphorylation in Src led to 

increased kinase activity [34,35] we compared in three separate experiments the difference 

between the individual point mutants Fyn-Tyr213Asp and Fyn-Tyr214Asp with the Fyn-

Y3D mutant. We also included the Tyr185Asp mutant in one of these sets of experiments. 

We observed that each individual Tyr-to-Asp point mutant showed an increase over wild 

type in the overall tyrosine phosphorylation of cellular substrates. However, the observed 

increase in cellular tyrosine phosphorylation of the Fyn-Y3D was greater than any individual 

Tyr-to-Asp mutant (Fig. 5B). Taken together, these data suggest that individual 

phosphorylation events of Fyn at Tyr185, Tyr213 and Tyr214 contribute in an additive 

fashion to increase Fyn's kinase activity, likely by preventing the adoption of an 

autoinhibitory conformation.

3.4. Phosphorylation of the Fyn SH2 domain reduces its capacity for phosphotyrosine-
dependent interactions

As Fyn harboring charge-based phosphomimetics in its SH2 domain suggested decreased 

autoinhibition, we hypothesized that autophosphorylation of Fyn's SH2 domain would lead 

to a reduced affinity for phosphotyrosine-containing binding partners. We focus here on 

autophosphorylation of all three sites in Fyn and note that previous work has focused on the 

effect of the equivalent of Tyr214 phosphorylation by a heterologous kinase on Src, Lck and 

Lyn [34,36,37]. To test this we performed two types of experiments. We first examined the 

capacity of Fyn-SH2-Y3D to bind tyrosine phosphorylated proteins in a GST fusion protein 

pulldown assay. As binding partners we used an extract generated from cells treated with 

hydrogen peroxide to non-specifically boost tyrosine phosphorylation via the inhibition of 

tyrosine phosphatases [38]. We observed that a subset of tyrosine phosphorylated proteins 

bound prominently to the wildtype Fyn SH2 domain (Fig. 6A). However, we saw no binding 

of these same proteins to the Fyn SH2-Y3D domain or to Fyn-SH2-Arg176Glu, a charge-

reversed mutant where the known phosphotyrosyl-recognizing arginine [22] was exchanged 

for glutamate (Fig. 6A). While these results show that charge-based phosphomimetics in the 

Fyn SH2 domain are sufficient to dramatically reduce the binding of phosphotyrosyl-

dependent interactions, they do not directly assess the role of phosphorylation, and more 

specifically, autophosphorylation. To determine if Fyn intermolecular autophosphorylation 

of its SH2 domain could directly alter the binding of a known Fyn-SH2-binding partner, we 

phosphorylated in vitro GST-Fyn-SH2 using purified, active Fyn. We then tested if a 

phosphotyrosine-dependent SH2-binding partner of Fyn, ESDN/DCBLD2 [39], would show 

reduced binding in a pulldown assay with the autophosporylated Fyn SH2 domain. Indeed 

we observed that in vitro, intermolecular Fyn-SH2 autophosphorylation reduced its 

interaction with ESDN/DCBLD2 (Fig. 6B). In doing this pulldown assay, we reasoned it 

was critical to keep the levels of GST-SH2 relatively low to increase the stoichiometry of 

phosphorylation at the three SH2 domain sites and achieve a sufficiently robust signal in 

spite of comprising enzymatic velocity. We therefore conducted this assay under three 

dilutions containing approximately 300, 200 and 100 molecules respectively of GST-Fyn-
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SH2 per one molecule of full-length, active kinase. The results show that Fyn intermolecular 

autophosphorylation indeed reduces its ability to bind to ESDN/DCBLD2 (Fig. 6B).

3.5. Homologous residues of Fyn Tyr185, Tyr213, Tyr214 and Tyr440 are variably conserved 
among SFKs and SH2 domain-containing proteins

Our data showing the Fyn SH2 domain has reduced binding capacity when intermolecularly 

autophosphorylated, or when in a phosphomimetic state, are consistent with a quantitative 

proteomics screen recently conducted by Jin et al. that compared the interacting partners of 

the SH2 domain of the SFK Lyn with or without in vitro phosphorylation with the Ephrin 

type-A receptor 4 (EphA4) [36]. Lyn harbors the homologous residues to Fyn Tyr213 and 

Tyr214, but has a phenylalanine at the homologous Tyr185 residue (Supplementary Fig. 6). 

Jin et al. reported that all of the binding partners to Lyn's EphA4-phosphorylated SH2 

domain showed reduced binding [36]. Interestingly, tyrosine residues at the equivalent 

positions of Fyn tyrosines 185, 213, 214 and 440 are variably conserved among human 

SFKs and within SFKs across evolutionary space (Supplementary Figs. 6–7). Interestingly, 

of human SFKs the highly related group containing Fyn, Src, Yes and Fgr has conservation 

of all three SH2 domain tyrosine sites with the exception of Src which harbors phenylalanine 

at the equivalent residue of Fyn Tyr213 (Supplementary Fig. 6). Among the next group of 

four closely related SFKs (Lyn, Hck, Lck and Blk), all have tyrosine at the equivalent 

position of Tyr214, but feature phenylalanines more prominently at the other two SH2 

domain regulatory sites. Additionally, from an evolutionary perspective, vertebrate Fyn 

proteins have all three sites conserved (Supplementary Fig. 6) while their closest relatives in 

invertebrate metazoans are more variable and resemble the spectrum of tyrosine 

conservation for these sites observed in human SFKs. While the three SH2 tyrosines show 

variable conservation across metazoan taxa, metazoans of more basal derivation have high 

conservation of tyrosine at the equivalent of Tyr440 in their SFKs, suggesting that the 

Tyr440 equivalent diverged to other amino acids as SFKs diversified within vertebrates 

(Supplementary Fig. 6–7).

3.6. Conservation of residues homologous to Fyn Tyr185, Tyr213 and Tyr214 in non-SFK 
SH2 domains and their identified phosphorylation profiles

The human proteome contains 120 SH2 domains in 110 distinct proteins [40]. Given our 

results above we hypothesized that we would find a similar signature of phosphorylation at 

homologous residues in the SH2 domains of other proteins. To assess this, we manually 

examined a multiple sequence alignment of all 120 human SH2 domains [40] and found that 

81 (68%), including 10 of the 11 SFKs, had at least one tyrosine residue at the equivalent 

sites of Fyn Tyr185, Tyr213 and Tyr214. In total 111 conserved tyrosines were identified on 

these 81 SH2 domains. We next used PhosphositePlus [24] to determine if these tyrosines 

had been found phosphorylated in either small- or large-scale analyses. We found this to be 

true of only 49 of the 111 conserved tyrosines and these 49 came from only 35 discreet SH2 

domains and only 25 coming from non-SFKs. While a few additional phosphotyrosine 

residues, as well as phosphoserine and phosphothreonine residues, within SH2 domains have 

been identified [24], they are relatively sparse and suggest that SH2 domain regulation by 

phosphorylation is generally restricted. However, we did find that of the 30 SH2 domains 

encoded by tyrosine kinase genes, 18 have been found phosphorylated at one or more of the 
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residues homologous to Fyn's SH2 domain autophosphorylation sites [24]. This is striking, 

as only 17 of 90 SH2 domains encoded by non-kinase genes have similarly been found 

phosphorylated (Fig. 7; Supplementary Table 3).

3.7. Potential cellular regulation by novel SFK tyrosine phosphorylation sites

To date a few studies have provided clues to the potential cellular consequences of tyrosine 

phosphorylation of the SH2 domain sites on SFKs, while no study has addressed the site at 

the C-terminal base of the activation loop. As mentioned previously, non-SFKs have been 

shown to phosphorylate the equivalent of Fyn Tyr214 to increase SFK activity and reduce 

SH2 binding capacity [34,36,37] suggesting that mechanisms other than 

autophosphorylation can regulate SFKs at this site. Furthermore, Tyr214 was shown to be 

phosphorylated downstream of the EGF receptor family [35,41] and possibly by CD3 in T 

cells [42]. In these cases Tyr214 phosphorylation correlated with SFK activation but whether 

Tyr214 phosphorylation specifically was essential for a biological consequence was not 

clear. Similarly, Fyn Tyr185 phosphorylation correlated with Fyn activity and increased 

EGFR expression in gliobastomas with sensitivity to SFK inhibitors [43]. A more in-depth, 

cell-based functional characterization of Fyn Tyr213 was conducted by Kaspar and Jaiswal 

[44]. They expressed Fyn in HepG2 cells and following immunoprecipitation and mass 

spectrometry analysis, they found Fyn Tyr213 tyrosine could be phosphorylated. Using 

biochemical fractionation they found a Tyr213Phe mutant is less associated with the nucleus 

than wild type Fyn and shows less redox-dependent regulation of nuclear association. The 

Tyr213Phe mutant also showed reduced binding to and transcriptional regulation of specific 

proteins. However, it isn't clear from these studies if phosphorylation, per se, of Tyr213 is 

responsible for these cellular phenotypes.

In summary, we have identified that SFKs autophosphorylate at tyrosines in their SH2 and 

kinase domains. Using Fyn as a prototypical SFK, we show that phosphomimics at these 

residues alters kinase activity and SH2-dependent binding interactions and that direct 

phosphorylation similarly reduces SH2-dependent binding interactions. Finally, 

bioinformatic analyses suggest that most SH2 domains are not similarly regulated unless 

they are encoded by genes for tyrosine kinases. The ultimate cellular consequences of these 

novel tyrosine phosphorylation events and whether heterologous kinases might importantly 

contribute to their phosphorylation await further characterization. However, we suggest that 

phosphorylation of these sites might be either a mechanism for the cell to reduce tyrosine 

kinase activity following prolonged activation, or perhaps a mechanism of shifting away 

from SFK-dependent phosphorylation of SH2-binding partners and toward phosphorylation 

of their SH3-binding partners. Future experiments will address these hypotheses.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Mass spectrometry identifies novel autophosphorylation sites in 7 Src family 

kinases.

• A phosphomimetic mutant of Fyn at Tyr440 lowers Fyn kinase activity.

• Fyn SH2 phosphomimetics increase the phosphorylation of cellular substrates.

• Fyn SH2 autophosphorylation reduces its phosphotyrosine-dependent 

interactions.

• Homologous SH2 tyrosines are commonly phosphorylated when in cis with 

kinase domains.
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Fig. 1. 
Localization of novel tyrosine phosphorylation sites (A) in a cartoon schema of the domain 

structure of human Fyn and in a backbone and ribbon 3D View rendering of structural data 

of (B) the Fyn SH2 domain with a phosphotyrosine peptide (PDB#1AOU) or (C) the Fyn 

kinase domain (PDB#2DQ7). Circled P denotes phosphate with colors corresponding to 

regulatory roles (green=positive; red=negative, blue=uncharacterized). Numbers above 

circles in (A) denote the number of independent identifications recorded in PhosphositePlus 

for each phosphorylation site. For the structural data atoms are portrayed of the 

phosphorylated tyrosine on the associated peptide; Arg176 and Tyr185, Tyr213, Tyr 214 on 

the SH2 domain; and the Fyn equivalents of phosphoTyr420 and Tyr440 on the kinase 

domain.
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Fig. 2. 
Low-energy collision-induced dissociation mass spectra of (A) a tryptic peptide harboring 

autophosphorylated Tyr185 which was immunoprecipitated from tryptic digests of yeast 

expressing active Fyn or (B) a synthetic peptide of the same with an added stable isotope-

containing mass tag on Leu187 to distinguish it from the otherwise near-identical spectrum 

in (A). See Supplementary Figs. 1–5 for additional validation spectra.
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Fig. 3. 
Fyn intermolecularly autophosphorylates its SH2 domain primarily at Tyr185, Tyr213 and/or 

Tyr214. Soluble GST, GST-Fyn-SH2 wild type, and GST-Fyn-SH2 Y3F were subjected 

individually to in vitro kinase reactions with (+) or without purified (−), active Fyn prior to 

SDS-PAGE and immunoblotting with the indicated antibodies.

Weir et al. Page 14

FEBS Lett. Author manuscript; available in PMC 2017 April 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 4. 
Charge-based phosphomimetics decrease Fyn activation loop phosphorylation for the 

Tyr440Asp allele (A–B) and increase activation loop phosphorylation for the Y3D allele (C–

D). The indicated Fyn alleles were expressed in HEK 293 cells and whole cell extracts were 

subjected to SDS-PAGE and immunoblotting with the indicated antibodies. The Log2 fold 

change in activation loop phosphorylation relative to the expression of individual alleles was 

determined by densitometry. The means of three experiments normalized to wild type levels 

are indicated as well as the individual data points and comparisons of statistical significance. 

†For this KD replicate pY416 levels were not above background. A very conservative noise 

level of 7.5 fold lower than WT was used for the calculation, giving a value ~1/3 the mean of 

the other two KD values.
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Fig. 5. 
Charge-based phosphomimetics in Fyn's SH2 domain increase Fyn kinase activity as 

measured by total tyrosine phosphorylation in whole cell extracts. The indicated Fyn alleles 

were expressed in HEK 293 cells and whole cell extracts were subjected to SDS-PAGE and 

immunoblotting with the indicated antibodies. The Log2 fold change in tyrosine 

phosphorylation of cellular substrates above 70 kDa relative to the expression of individual 

alleles was determined by densitometry. The means of three experiments (one for 

Tyr185Asp) normalized to wild type levels are indicated as well as the individual data points 

and comparisons of statistical significance.
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Fig. 6. 
Charge-based phosphomimetics (A) or in vitro autophosphorylation (B) reduce the binding 

of the Fyn SH2 domain to tyrosine phosphorylated proteins. (A) GST fusion-based pulldown 

assays using GST-Fyn-SH2 Y3D and GST-Fyn-SH2 R176E show no binding to 

phosphorylated proteins in contrast to GST-Fyn-SH2 wild type. Pulldowns were subjected to 

SDS-PAGE and immunblotting with the indicated antibodies. (B) As indicated in the work 

flow at left, increasing dilute amounts of soluble GST-Fyn-SH2 wild type were subjected to 

in vitro kinase assays with or without purified Fyn before being captured on glutathione 

agarose and used in pulldown assays using phosphotyrosyl-ESDN as a binding partner. 

Pulldowns were subjected to SDS-PAGE and immunoblotting with the indicated antibodies.
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Fig. 7. 
Homologous residues to at least one of Tyr185, Tyr 213 or Tyr214 are found in 81 of the 120 

human SH2 domains. Gene products with both a kinase domain and a SH2 domain are 2.8 

times more likely to have tyrosines phosphorylated at the equivalents of Tyr185, Tyr213 or 

Tyr214 than gene products with SH2 domains but without a kinase domain (18/22 (82%) 

compared with 17/59 (29%)).
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Table 1

Autophosphorylation sites identified following the expression of the indicated human SFKs in yeast. 

Following cell lysis, extracts were digested with trypsin and tryptic peptides were immunoprecipitated with 

anti-phosphotyrosine antibodies. Retrieved peptides were subjected to LC-MS/MS. “Yes” indicates the site 

was found phosphorylated by mass spectrometry. “Yes?” at Tyr214 indicates the phosphorylation site could 

not unambiguously be distinguished from the Tyr213 equivalent. “No” indicates the site was not identified as 

phosphorylated, and “Phe”, “Leu”, or “Ser” indicate these non-tyrosine residues were found in the 

homologous position. Human Fyn numbering is used on the top row for reference. Homologous site in the 

other kinases are in each column.

Y185 Y213 Y214 Y420 Y440

Yes No No Yes Yes Yes

Fyn Yes Yes Yes Yes Yes

Fgr No Yes Yes Yes Phe

Lyn Phe Yes Yes? Yes Phe

Hck No Phe Yes Yes Phe

Blk Phe Yes Yes Yes Phe

Frk Phe Phe Phe No Ser

Srm Yes Leu Yes Yes Yes
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