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The crystal structure ofthe haematopoietic cell kinase Hck has been determined at 2.6/2.9 Aresolution. Inhibition of
enzymatic activity is a consequence of intramolecular interactions of the enzyme's Src-homology domains SH2 and
SH3, with concomitant displacement of elements of the catalytic domain. The conformation of the active site has
similarities with that of Inactive cyclln-dependent protein kinases.

The Src-family kinases, named after the src oncogene of Rous
sarcoma virus, are a closely related group of non-receptor tyrosine
kinases that play critical roles in eukaryotic signal transduction. The
viral and cellular forms of the src gene, v-src and c-src, were the first
oncogene-proto-oncogene pair to be identified (reviewed in ref. 1).
Acritical difference between v-Src and c-Src is the loss in the former
of a regulatory tyrosine residue that is located in the carboxy­
terminal tail of c-Src (Tyr 527). Phosphorylation ofTyr 527 reduces
the tyrosine kinase activity of c-Src, and without this inhibitory
control the viral form of the protein greatly elevates cytoplasmic
levels of tyrosine phosphorylation and is a potent cellular trans­
forming agene. With the aim of understanding the molecular basis
for this critical signalling mechanism we have pursued a crystal­
lographic investigation of the Src-family member Hck (haemato­
poietic cell kinase) in the auto-inhibited form.

The Src-family members share a common regulatory mechanism,
but differ in cellular expression and localization. Nine Src-family
tyrosine kinases have been identified (Src, Lck, Hck, Fyn, Fgr, Yes,
Blk, Lyn and Yrk)l. c-Src is widely expressed and phosphorylates a
wide range of substrates, whereas Lck plays a more restricted but
critical role in T-cell signalling. Hck, the subject of this study, is
expressed in lymphoid and myeloid cells2

,3, and is bound to
B-cell receptors in unstimulated B cells. Knockout studies in mice
have shown that simultaneous deletion of the genes for hck and src,
or hck and fgr, leads to severe developmental anomalies and
impaired immunity4,5.
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The highly conserved regulatory apparatus of the Src family
members consists of two peptide-binding modules, the Src­
homology domains SH2 and SH3 (refs 6, 7). These modules bind
to targets containing phosphotyrosines and polyproline type II
helices, respectively, and mediate the formation of protein-protein
complexes during signalling8

• Interactions between the SH2 domain
and a C-terminal phosphotyrosine residue in the Src kinases
(Tyr 527 in c-Src) results in repression of catalytic activity, with
additional inhibitory interactions provided by the SH3 domain.
The inhibitory phosphorylation at Tyr 527 is mediated by a distinct
tyrosine kinase, Csk (c-Src kinase), whereas autophosphorylation at
another tyrosine residue (Tyr 416 in c-Src), located within the
'activation segment' of the catalytic domain, is required for catalytic
activitl·

The catalytic domain alone is functional as a tyrosine kinase, but
the SH2 and SH3 domains are required for full biological activity.
Certain mutations in these domains lead to host cell-dependent
phenotypes, indicating that they playa dual role in the Src kinases 1

•

The SH2 and SH3 domains are required for inhibition of the
enzyme, but once released from that role they function to target
the kinase to specific substrates.

We now describe the crystal structure, determined at 2.6/2.9 A
resolution, of the downregulated form of the haematopoietic cell
kinase, Hck. The SH2 domain, long implicated in regulating
enzyme activity, is bound to the C-terminal phosphorylated tail,
but is distant from the active site. Unexpectedly, the linker con-
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