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ABSTRACT The activity of the c-Src protein tyrosine
kinase is regulated by phosphorylation of a tyrosine residue
(Tyr-527) in the C-terminal tail of the molecule. Phosphory-
lation of Tyr-527 promotes association of the tail with the SH2
domain and a concomitant reduction of the enzymatic activity
of Src. We asked the question whether regulation by C-
terminal phosphorylation was accompanied by a change in the
quaternary structure of the enzyme or if it occurred within a
monomeric form of Src. For this purpose we purified to
homogeneity a chicken Src form lacking the unique domain
from Schizosaccharomyces pombe cells. The cells were engi-
neered to express Src along with Csk, a protein kinase able to
phosphorylate Tyr-527 efficiently. Mass spectrometric anal-
ysis showed that purified Src was homogeneously phosphor-
ylated at Tyr-527. The enzyme was in the regulated form,
because it could be activated by a phosphorylated peptide able
to bind the SH2 domain with high affinity. Using gel filtration
chromatography, dynamic light scattering, and ultracentrif-
ugation, we found that the regulated form of Src was a
monomer. We have obtained crystals diffracting to 2.4 Å with
space group P212121 and one molecule per asymmetric unit, in
agreement with the monomeric state. These results indicate
that the structural rearrangements of regulated Src are of an
intramolecular nature.

Tyrosine phosphorylation plays an important role in the
regulation of many cellular processes. The activity of the
enzymes governing this modification, protein tyrosine kinases
and phosphatases, needs to be tightly controlled for tyrosine
phosphorylation to proceed orderly (1). Improper phosphor-
ylation, due to misfunction of protein tyrosine kinases or
phosphatases, can lead to diseases in humans and animals,
including immunodeficiencies and cancer. c-Src was the first
cellular protein tyrosine kinase identified almost 20 years ago
and since has served as a prototype for this class of enzymes
(2). Src is a member of the family of protein tyrosine kinases
of the same name that is distinguished by a conserved arrange-
ment of functional domains. These are, from N to C terminus,
a poorly conserved region called unique domain, two protein–
protein interaction modules called Src-homology 2 and 3 (SH2
and SH3) domains, a catalytic domain, and a short tail
containing a tyrosine residue important for regulation. The
activity of c-Src is regulated in a complex way that involves
phosphorylation and protein–protein interactions (reviewed in
refs. 3, 4). A key regulatory switch in c-Src operates by
phosphorylation and dephosphorylation of tyrosine residue
527 in the C-terminal tail of the molecule. Most Src molecules
in a cell are phosphorylated at this residue by the action of the
Csk family of protein tyrosine kinases (reviewed in refs. 3 and
5). Dephosphorylation of this residue leads to a severalfold

increase in the activity of Src (ref. 6, reviewed in ref. 7). Active
forms of Src, on the other hand, are phosphorylated at Tyr416
in the catalytic domain, mainly by autophosphorylation (see
ref. 3). There is extensive experimental evidence to support the
hypothesis, first suggested by Matsuda et al. (8), that phos-
phorylated Tyr-527 undergoes an interaction with the SH2
domain of Src and that this interaction is accompanied by a
conformational change that reduces kinase activity (reviewed
in refs. 3, 4). No structural data to prove this model, however,
has yet been produced. The ligand binding surface of the SH3
domain is also necessary for this intramolecular association
and regulation of the enzyme, presumably by binding to some
other region of Src (reviewed in ref. 4). The unique domain,
on the other hand, is not involved in regulation by C-terminal
phosphorylation (9). Binding of heterologous proteins to the
SH2 andyor SH3 domain is thought to displace the intramo-
lecular interactions and activate Src. In vivo such activating
associations have been documented for some growth factor
receptors (reviewed in ref. 10) and for the cellular substrate Sin
(11). Activation by Src SH2 domain ligands has been repro-
duced in vitro (12, 13). Eck et al. (14) have published the crystal
structure of the SH3-SH2 domains of the Src family member
Lck, complexed to a peptide derived from the tail containing
phosphorylated Tyr-505, corresponding to Tyr-527 of Src. In
the crystal structure, the Lck regulatory domains form a dimer
with the phosphopeptide binding at the interface. No further
evidence for the existence of dimers of Src family kinases in the
regulated state is known.
Transient dimerization of activated protein tyrosine kinases

is well documented for receptor-type kinases upon ligand
binding and usually results in phosphorylation of tyrosine
residues in the activation loop through a trans mechanism
(reviewed in ref. 15). Whether cytoplasmic protein tyrosine
kinases such as Src dimerize in the cell to autophosphorylate
is still not clear. Occurrence of both mechanisms has been
reported for Src (reviewed in ref. 3). While the unique domain
does not appear to be required for regulation of Src by
C-terminal phosphorylation, it is possible that in vivo the
unique domain may be implicated in the formation of Src
dimers, be they in the regulated or active configuration.
We previously have used fission yeast Schizosaccharomyces

pombe to study the regulation of c-Src in an organism devoid
of specific Src regulators (9, 16, 17). Moreover, using S. pombe
cells we have expressed, purified, and characterized the cata-
lytic domain of Src including the tail (Src-CD; ref. 18). Here
we present a biochemical, physicochemical, and preliminary
structural analysis of a purified form of Src (without the unique
domain; Src-DU) phosphorylated at Tyr-527 and catalytically
repressed.

MATERIALS AND METHODS

Expression and Purification. Plasmids pRSP-Src-DU,
pRSP-Src-kinonly (encoding Src-CD), and pAU-Csk have
been described previously (9, 16). The Src-DU construct starts
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with methionine followed by Ala-81 to Leu-533. The coding
region has been entirely sequenced. S. pombe strain SP200 (h2s

leu1.32 ura4 ade210) was used as host. Expression of Src and
preparation of extract was done as described previously (18).
Protein purification was performed at 48C. The cell suspension
was centrifuged (30 min at 6,000 g), and the supernatant
applied to a Q-Sepharose column (100 ml) and eluted in buffer
A (50 mM triethanolamine, pH 7.6y1 mM phenylmethyl-
sulfonyl f luoridey0.1 mM sodium orthovanadatey1 mM so-
dium azidey5 mM DTT) with a linear gradient from 0 to 1 M
NaCl. Fractions containing Src were detected by immunoblot-
ting using cst1 antibody as described (16). Pooled fractions
were dialyzed against buffer A, applied to a second 30-ml
Q-Sepharose column, and eluted with a linear gradient from
0 to 250 mM NaCl. The fractions containing Src then were
pooled and passed over an ATP affinity column (19). The
column was washed with buffer A plus 50 mMMgCl2 and 1 M
NaCl. Src was eluted with buffer A containing 1 M NaCl and
run over a G75 gel-filtration column in buffer A containing 40
mM NaCl. Finally, the protein was purified over a MonoQ
column in buffer A and eluted with a gradient of NaCl from
25 to 90 mM. The purity of each batch was tested by mass
spectrometry. Approximately 5–10 mg of Src-DU protein
phosphorylated at Tyr-527 could be obtained from 100 liters
of cells. The protein was frozen in liquid nitrogen and stored
for several months without detectable changes in crystalliza-
tion and activity properties.
Mass Spectrometry and Mapping of Phosphorylation Sites.

Mass spectra were acquired on an API III triple quadrupole
mass spectrometer equipped with an updated collision cell
(Perkin–Elmer; Sciex Instruments, Thornhill, Canada) and a
nanoelectrospray source (20, 21). For the intact molecular
mass measurement the sample was diluted to 3–6 mM in 50%
methanol and 10% formic acid. For the phosphorylation
mapping, the Src-DU preparation was digested with trypsin
after reduction and alkylation as previously described (18).
The resulting peptide solution was diluted to a final concen-
tration of 1 mM with 50% methanol. The phosphopeptide was
selectively detected in the unseparated mixture by a parent ion
scan of myz 79, and the phosphopeptide was sequenced in the
positive ionmode (18, 22). Less than 1 pmol of sample was used
for each measurement.
Kinase Assays. Kinase assays were performed in kinase

buffer (20 mM Hepes, pH 7.6y10 mM MnCl2y1 mM DTT)
using the Src peptide substrate (AEEEIYGEFEAAKKKKK;
ref. 23) as described (18). Three peptides were used for the
activation experiments: (i) phosphorylated, (ii) unphosphory-
lated hamster polyoma virus middle T antigen peptide (EPQY-
EEIPI, refs. 12, 13, 24), and (iii) phosphorylated Src tail
peptide (TEPQYQPGENL). All peptides were synthesized by
the EMBL peptide unit, were acetylated at the N terminus, and
contained an amide group at the C terminus. Determination
of kinase concentrations was done using the Bradford assay
with BSA as standard (25). In the activation experiments,

preincubation with the different peptides was carried out for
30 min at 48C. The reactions were started by adding the diluted
[g-32P]ATP solution (2 Ciymmol; 1 Ci 5 37 GBq) and incu-
bating at 308C.
Crystalization. Src-DU protein stored in liquid nitrogen was

thawed at 48C and aggregates were removed by a brief
centrifugation. The protein solution (5 mgyml), contained 10
mM triethanolamine (pH 7.6), 200 mM NaCl, 1 mM DTT, 1
mM sodium azide, and 0.1 mM sodium orthovanadate. Crys-
tals initially were obtained by vapor diffusion using the hanging
drop technique at 48C with 1 ml of mother liquor in the well
solution. The drop was made by mixing 1 ml of the protein
solution with 1 ml of the well solution. The well solution
consisted of 20–25% PEG2000, 100 mM TriszHCl (pH 8), 200
mM NaCl, 0.1 mM sodium orthovanadate, 5 mM DTT, 1 mM
sodium azide, and sometimes as additive 1-octanol (5% voly
vol) or 2-methyl-2,4-pentanediol (5% volyvol). Macroseeding
then was used to yield crystals of the order 400 3 200 3 100
mm3 reproducibly.
Analytical Ultracentrifugation. Sedimentation velocity and

sedimentation equilibrium runs with purified Src-CD and
Src-DU were performed with a Beckman analytical ultracen-
trifuge XLA, equipped with absorption optics. The Src-CD
protein used was in the monophosphorylated form (18). The
runs were performed in 50 mM triethanolamine, pH 7.6y200
mM NaCly5 mM DTTy1 mM sodium azide. All runs were
done at 208C. Sedimentation velocity runs were done at 56,000
rpm and 1.1 A276 for Src-CD and 0.2 A276 for Src-DU. Sedi-
mentation equilibrium runs were done at 22,000 rpm and 0.4
A278 for Src-CD and 0.2A278 for Src-DU. Themolecular masses
were calculated from sedimentation equilibrium runs using a
computer program that adjusts the baseline absorbance to
obtain the best linear fit of lnA versus r2 (A is absorbance, and
r is radial distance in the cell). In all cases a partial specific
volume of 0.73 cm3yg was used.
Dynamic Light Scattering. Dynamic light scattering exper-

iments were performed at 48C with a DynaPro 801 device
(ProteinSolutions, United Kingdom). Src-DU protein (2 mgy
ml) was in buffer A including 200 mM NaCl.
Gel Filtration. Gel filtration was carried out at 48C in a

column (106 3 1.99 cm2) using Sephadex G75 (Pharmacia) as
matrix. The column was equilibrated and eluted with buffer A.
Src-DU protein (0.5 mg) was loaded on the column. Protein
concentration in the fractions was determined by absorbance
at 280 nm. Alcohol dehydrogenase (150 kDa), BSA (67 kDa),
and chymotrypsinogen (25 kDa) (all about 0.5 mg) were used
as standards. The molecular mass of the eluted proteins in the
different fractions was confirmed by SDS gel electrophoresis,
using low molecular mass standards (Bio-Rad) as reference.

RESULTS

The induction of c-Src expression in fission yeast results in a
lethal phenotype. Coexpression of the Csk protein tyrosine

Table 1. Purification of Src-DU

Step
Total activity,
cpm 31029

Total protein,
mg

Specific actitivy,
(cpmymg) 3 1025

Purification
factor

Supernatant 88 10,000 88 1
Q-Sepharose 1 82 4,400 186 2.1
Q-Sepharose 2 76 1,800 222 2.5
ATP affinity 66 35 18,860 214
G75 gel filtration 58 30 19,333 220
MonoQ 14 7 20,000 227

Kinase activity was measured in the presence of 1 mM activation peptide (phosphorylated middle T
peptide) in 20 ml of reaction mixture and 100 mM of Src substrate peptide. The reaction was carried out
for 3 min at 308C; 15 ml of reaction mixture was pipetted on phosphocellulose units and washed twice with
75 mM phosphoric acid. The radioactivity bound to the filter was counted in a Beckman scintillator.
Background incorporation obtained in the absence of enzyme was subtracted from all values.
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kinase causes efficient phosphorylation of Tyr-527, reduction
of Src activity, and rescue of the lethal phenotype (16). Using
this assay, investigation of the minimal structural requirements
within Src for regulation by C-terminal phosphorylation pro-
duced Src-DU lacking the 80 residue-long unique domain at
the N terminus, which was fully active and perfectly regulated
by Csk action (9). Expression of Src-DU in fission yeast cells
corresponded to approximately 1% of the total protein. Five
chromatographic steps were required to purify the protein to
homogeneity (Table 1 and Fig. 1). The fifth and last step was
a MonoQ column that separated Src-DU phosphorylated at
Tyr-527 from residual contaminations of Csk and Src-DU
bearing different posttranslational modifications (data not
shown). Sequencing by mass spectrometry of the purified
Src-DU N-terminal tryptic peptide (AGGVTTFVALY-
DYESR) showed that the N-terminal methionine was missing.
The molecular mass of Src-DU determined by mass spectrom-
etry was 51,750 6 5 Da (Fig. 2A), in agreement with the
expected value of 51,746.3 Da. The latter was obtained by
subtracting the mass of a methionine residue (131 Da, from the
N terminus) and adding the mass of a phosphate group (80 Da)
to the mass inferred from the amino acid sequence of Src-DU
(51,797.3 kDa). After tryptic digestion of Src-DU only one
phosphopeptide was detected by parent ion scan of myz 79
(data not shown). Sequencing of this peptide confirmed phos-
phorylation of Tyr-527 (Fig. 2B).
It has been shown previously that incubation of a regulated

form of Src with phosphorylated peptides able to bind the SH2
domain results in activation of the enzyme by displacement of
the phosphorylated tail from the SH2 domain (12, 13). The
same assay was used to investigate whether Src-DU, phosphor-
ylated at Tyr-527, was still in the regulated conformation (Fig.
3). The catalytic activity of Src-DU phosphorylated at Tyr-527
was approximately 20 times lower than the activity of Src-CD.
This basic activity increased about 3- to 4.5-fold by preincu-
bating the enzyme with the phosphorylated middle T antigen
peptide (Fig. 3). This agrees well with the 3-fold activation
observed with the same peptide using Src either immunopre-
cipitated from fibroblasts (12) or purified from insect cells and
phosphorylated by Csk in vitro (13). The same peptide in the
unphosphorylated state showed no activation of Src (Fig. 3). A
different phosphorylated peptide, corresponding to the tail of
Src showed no activation of Src-DU at concentrations up to 10
mM (Fig. 3B and data not shown). This was also observed by
Liu et al. (12). Affinity studies performed using peptides very
similar to the ones used in this study showed an approximately
45- to 80-fold higher affinity of the middle T peptide for the
Src SH2 domain compared with a Src tail peptide (26, 27).
Moreover, in competition studies, the Src tail peptide was 104
times less potent in displacing its own interaction with the Src

SH2 domain than a middle T peptide (28). Comparison of the
phosphorylation kinetics of Src-DU and Src-CD (lacking the
SH3 and SH2 domain) (Fig. 3A) in the presence of phosphor-
ylated middle T peptide indicated that Src-DU, but not Src-
CD, could be activated. Src-CD lacks the SH3 and SH2 domain
and is not regulated (9). This result confirmed that the effect
of the middle T peptide was on regulation of the enzyme by the
SH2 domain and not on the catalytic domain itself.
We then set out to test the quaternary structure of regulated

Src-DU. The crystal structure of the regulatory domains of the
Src family member Lck suggested that to achieve regulation,
Src family members may form dimers (14). If the regulated
Src-DU preparation consists of dimers, then it should elute
from a G75 gel filtration column at double the value of its
molecular mass. Src-DU, however, eluted at the monomeric
size between BSA (67 kDa) and chymotrypsinogen (25 kDa)
(Fig. 4).
To analyze the oligomeric state of Src in our preparation by

a different method, we used dynamic light scattering. This
experiment indicated a protein with a radius of 32 6 7 Å and
an approximate molecular mass of 49 kDa. Subsequently we
performed sedimentation velocity and sedimentation equilib-
rium measurements (Fig. 5). The single 3.9S sedimentation
boundary of the sedimentation velocity experiment (Fig. 5A)
shows that the moving boundary represents a single pure
species with no indication for higher aggregates. The sedimen-
tation equilibrium run yielded a plot with a linear relationship
of lnA versus r2 (the linear correlation coefficient is 0.99965)
representing a single protein species with a molecular mass of
506 2 kDa (Fig. 5B). From the S-value and the molecular mass
the fyf0 (f is the frictional coefficient) is calculated to be 1.28,
indicating that Src-DU is close to spherical in shape. In similar
experiments Src-CD also behaved as a monomer and showed
a molecular mass of 32 6 2 kDa.
Finally, Src-DU protein was crystalized by vapor diffusion

using the hanging drop technique (Fig. 6). The crystals were of
an average size of 0.153 0.153 0.1 mm3, but occasionally grew
to 0.4 3 0.2 3 0.1 mm3. The use of a synchrotron x-ray beam
allowed the collection of high-resolution data sets from these
crystals. However, severe radiation damage made it necessary
to establish cryocooling conditions. Good results were ob-

FIG. 1. Purification of Src-DU to homogeneity. Samples from the
different purification steps were separated by SDSyPAGE (15%) and
stained with Coomassie brilliant blue. The lane designations are: M,
molecular mass marker (sizes from top to bottom: 107 kDa, 76 kDa,
52 kDa, 36.8 kDa, 27.2 kDa, 19 kDa); S, supernatant; Q1, first Q
Sepharose column; Q2, second Q Sepharose column; ATP, ATP
affinity column; G75, G75 gel filtration; MQ, final MonoQ column.

FIG. 2. Mass spectrometric analysis. (A) Deconvoluted mass spec-
trum of Src-DU. The measured molecular mass corresponds to the
predicted sequence without the N-terminal methionine and with one
phosphorylation site. (B) Product ion scan of the detected phos-
phopeptide. After the phosphopeptide was detected by parent ion scan
for the loss of PO32 in negative ion mode (not shown), the mode of
acquisition was switched from negative to positive, and the quadruply
charged ion of the detected phosphopeptide (4,062 kDa) was frag-
mented. Phosphorylation of Tyr-527 was confirmed by a doubly
charged b-ion series as indicated.
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tained by serial transfer of the crystals in drops containing
increasing amounts of PEG400 in standard mother liquor
(5–30% in steps of 5%). Crystals manipulated in this way
diffracted beyond 2.4 Å (1 Å 5 10210 m) resolution. Analysis
of the symmetry and systematic extinction of the data sets
revealed the space group to be P212121. The spacegroup
P212121 has 2-fold screw axes but no crystallographic 2-fold
axis. The cell dimensions were a5 54.3 Å, b5 89.0 Å, c5 98.2
Å. For one molecule per asymmetric unit the Matthew’s
volume (Vm) was 2.3 Å3yDa. Altogether we therefore could
exclude that the Src-DU crystals contained dimers, in which
the monomers are related by a 2-fold axis.

DISCUSSION

A considerable amount of information is available about the
structural requirements for regulation of Src family protein
tyrosine kinases by C-terminal phosphorylation (reviewed in
refs. 3 and 4). A large proportion of the data concerns Src, but
several important findings either have been confirmed or have
originally been obtained with Lck (see ref. 3). The two proteins
appear to be regulated the same way. Most likely the same will
apply for other members of the family as well, although
peculiar features of individual members have been reported
(29–31). Moreover, regulation of Src family members by
C-terminal phosphorylation appears to be evolutionarily con-
served, as both the two Drosophila Src proteins characterized
(Src64B and Src41) are at least partially activated by mutation
of the tail (32, 33).
In chicken c-Src, absolute requirements for regulation by

C-terminal regulation are Tyr-527 in the tail (7), an intact SH2
domain (34, 35), and an intact SH3 domain (reviewed in refs.
3 and 4). SH2 domains interact with phosphotyrosine-
containing motifs with different affinities, depending on the
sequence context (reviewed in ref. 36). Discovery of the
phosphotyrosine-binding property of SH2 domains taken to-
gether with the inhibitory role of Tyr-527 phosphorylation, led
to the hypothesis that the SH2 domain and Tyr-527 interact to
regulate the activity of the enzyme (8). Indeed, Src phosphor-
ylated at Tyr-527 binds more weakly to peptides able to bind
its SH2 domain than does the dephosphorylated form, sug-
gesting that the SH2 domain binds to the phosphorylated tail
(37). Displacement of this interaction by peptides binding the
SH2 domain or by antibodies binding to the C terminus results
in an increase in the activity of the enzyme (12, 38). Moreover,
experiments of protease sensitivity have produced evidence for
a conformational change between the Tyr-527-phosphorylated
form and the dephosphorylated form of Src (39).
Point mutations or deletions of the SH3 domain render c-Src

oncogenic in chicken embryo fibroblasts (40–42) and desta-
bilize the SH2-phosphorylated tail interaction (16, 43, 44).
Detailed mutagenic analysis has shown that it is the ligand

FIG. 4. Molecular mass analysis of Src-DU by gel filtration. The
G75 gel filtration column was calibrated with alcohol dehydrogenase
(E, 150 kDa), BSA (m, 67 kDa), and chymotrypsinogen (F, 30 kDa)
in elution buffer (50 mM triethanolamine, pH 7.6y200 mM NaCly5
mM DTTy1 mm sodium azide). Src-DU (M, 0.2 mgyml) eluted
between BSA and chymotrypsinogen.

FIG. 3. Activation of Src-DU by phosphopeptides. (A) Influence of different peptides on the activity of Src-DU and Src-CD. Kinase assays using
purified Src-DU and Src-CD were carried out in 60 ml of kinase buffer containing 100 mM substrate peptide, 0.02 mM enzyme, and 1 mM activation
peptide. After 30 min of preincubation the reaction was started as described inMaterials and Methods. After 2, 4, 6, and 8 min, 10-ml samples were
pipetted on phosphocellulose units and washed twice with 75 mM phosphoric acid, and treated as described in Table 1. Incorporation was linear
over the time range of the experiment. Fold activation for the four different time points was calculated as follows. The counts obtained in the
presence of unphosphorylated (up) or phosphorylated (pp) middle T peptide were divided by the counts obtained in the absence of activating
peptide. Error bars represent the standard deviation of the four time points. Counts obtained from the control experiments (without enzyme) were
subtracted and corresponded to about 0.5% of the Src-CD values and 10% of the Src-DU values. (B) Phosphopeptide titration. Different peptides
were tested for their ability to activate Src at different concentrations. Assay conditions were the same as in Fig. 3A except that reaction volumes
were 20 ml and the reaction time was 3 min. Counts per minute incorporated into the substrate were plotted against the peptide concentration.
Phosphorylated (E), unphosphorylated (Ç), and polyoma middle T peptide or phosphorylated tail peptide (M) were included in the preincubation
at different concentrations as indicated. Control reactions were carried out without enzyme (m).
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binding surface of the SH3 domain to be involved in Src
regulation (17). Physical interactions and cooperative binding
between the SH3 and SH2 domain of Src family members have
been detected and potentially could explain the involvement of
the SH3 domain in Src regulation (27, 28). However, the
structural constraints imposed by the short linker between the
two domains, revealed by the crystal structure of the SH3-SH2
domain of Lck, makes it extremely unlikely that the SH3
domain binds to the SH2 domain of the same molecule (14).
The same crystal structure shows an interaction of the phos-
phorylated Lck tail peptide with the SH2 and SH3 domains of
two different molecules, suggesting that regulated Src family
members may be dimers (14). The data presented here strongly
argue against this. We have purified a form of Src that is
perfectly regulated by Csk action in a yeast functional assay (9).
Throughout the purification, phosphorylation at Tyr-527 was
maintained. To test the state of the regulated form we per-
formed what we consider the most stringent assay, i.e. reac-
tivation of catalytic activity with SH2-domain binding pep-
tides. The degree of activation we obtained was comparable
with preparations of regulated Src obtained by completely
different methods, like immunoprecipitation frommammalian
cells (where the vast majority of Src is phosphorylated at
Tyr-527, ref. 12) or purified from insect cells and phosphor-
ylated in vitro (13). We performed three independent assays to

test the monomericydimeric state of this form of Src. In all
assays, Src behaved unequivocally as a monomer both at 48C
and at room temperature. Finally, the Src protein crystals we
obtained do not contain Src dimers. Intramolecular interaction
of a phosphotyrosine residue and an SH2 domain has been
demonstrated directly within the Crk adapter molecule using
a combination of physical techniques (45). While the Crk study
very conclusively demonstrated the occurrence of intramolec-
ular SH2-phosphotyrosine interactions, it may bear only lim-
ited relevance to Src regulation. Besides the SH2 and SH3
domains, Crk bears no homology to Src, has no known catalytic
activity, and the phosphotyrosine-SH2 domain interaction is
much stronger than in Src (46). The data presented here argue
that Src regulation occurs within a monomer. This implies that
not only the SH2 domain-phosphorylated tail interaction, but
also the SH3 domain interaction with a yet unidentified part
of Src, are intramolecular in nature. Thus, phosphorylation of
Src at the C-terminal tyrosine triggers a structural rearrange-
ment that has multiple functional consequences. The catalytic
activity of the kinase domain is reduced, and the protein–
protein interaction domains SH2 and SH3 become inert
through intramolecular engagements. While solving the struc-
ture of the crystals described here will show the molecular
details of the Src intramolecular interactions, it also may reveal
general mechanisms of protein kinase regulation.
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