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a b s t r a c t

Bruton’s tyrosine kinase (Btk) of the Tec family possesses a Pleckstrin homology (PH) domain, which is
responsible for plasma membrane targeting. In this study, the crystal structure of the Btk PH domain
in complex with dibutylyl-phosphatidylinositol-3,4,5-triphosphate was determined. The structure
revealed that the Btk PH domain forms a homodimer and that each molecule binds phosphatidylinositol
in the binding pocket. The side chain of Lys18 within a Btk-specific insertion in the b1–b2 loop is able to
form a hydrogen bond with the diacylglycerol moiety of phosphatidylinositol. The other Btk-specific
insertion in the b5–b6 loop constitutes the dimerization interface. Thus, the modes of phosphatidylino-
sitol recognition and Btk PH domain dimerization are distinct from those of other PH domains.

� 2008 Elsevier Inc. All rights reserved.

Bruton’s tyrosine kinase (Btk) gene mutations cause the immu-
nodeficiency disease X-linked agammaglobulinemia in humans
and X-linked immunodeficiency (Xid) in mice [1,2]. The disease
is the result of a B-lymphocyte developmental defect, in which
Btk-dependent signal transduction pathways are inactivated, and
B cells remain at the pre-B cell stage. Btk belongs to the Tec family
of non-receptor protein tyrosine kinases, whose members, Itk, Rlk,
Tec, Btk, and Bmx, share a common domain construction [3]. In its
N-terminal region, Btk possesses a Pleckstrin homology (PH)
domain characteristically followed by the Tec homology (TH) do-
main. The TH domain contains a Zn2+ binding region, known as
the Btk motif, and a proline-rich region. The C-terminal region con-
tains a Src homology (SH) 2 domain, an SH3 domain, and a tyrosine
kinase domain (Fig. 1A).

Lyn activates phosphatidylinositol 3-kinase following B cell
receptor stimulation, and then phosphatidylinositol-3,4,5-tri-

phosphate (PtdIns(3,4,5)P3) is produced. Subsequently, Btk is
recruited to the plasma membrane, where it interacts with
PtdIns(3,4,5)P3 [3]. The PH domain is responsible for binding
with phosphoinositides and is important for the regulation of
membrane recruitment [4,5]. The Btk PH domain recognizes
PtdIns(3,4,5)P3 more specifically than other phosphatidylinositols
[6]. The crystal structures of the complexes between the PH do-
mains and various ligands have revealed their specific binding in
canonical [7–14] and non-canonical [15,16] manners. The crystal
structure of the complex of the Btk PH domain with D-myo-ino-
sitol 1,3,4,5-tetrakisphosphate (Ins(1,3,4,5)P4) revealed that the
Btk PH domain recognizes Ins(1,3,4,5)P4 in the canonical manner
[7]. Most of such ligands are water soluble inositol phosphates,
and discussions of phosphatidylinositol recognition have focused
on the phosphate groups of the inositol ring. In addition, the
affinity of the Btk PH domain for PtdIns(3,4,5)P3 varies with
different lipid lengths [6]. This implies that the Btk PH domain
recognizes not only inositol phosphates but also the diacylglyc-
erol moiety and/or the lipid. All of the crystal structures of the
Btk PH domain have been determined as dimers, although it
may be a monomer in solution [17]. Therefore, it is possible that
the Btk PH domain dimerizes upon membrane binding and that
its phosphatidylinositol recognition is important.

In the present study, we determined the crystal structure of a Btk
fragment consisting of the PH domain and the Btk motif in complex
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with dibutylyl-phosphatidylinositol-3,4,5-triphosphate (C4PtdIns
(3,4,5)P3), to clarify the PtdIns(3,4,5)P3 recognition and dimerization
mechanisms. The electron density of C4PtdIns(3,4,5)P3 was ob-
served in the ligand binding sites of the two PH domain molecules,
suggesting that the diacylglycerol moieties are involved in phospha-
tidylinositol recognition by the Btk PH domain dimer.

Materials and methods

Expression and purification. The Btk PH domain was expressed in
Spodoptera frugiperda Sf9 insect cells using the baculovirus expres-
sion system. The cells were collected by centrifugation. After son-
ication, the insoluble components were removed by centrifugation
(16,000g) for 60 min. The supernatant was loaded onto a HiTrap SP
(GE Healthcare) column, equilibrated with 20 mM Tris–HCl buffer

(pH 7.0) containing 100 mM NaCl and 1 mM DTT. The Btk PH
domain was eluted by a linear gradient of 0–1 M NaCl. Btk PH do-
main-containing fractions were pooled and then loaded onto a
Mono S (GE Healthcare) column, equilibrated with 20 mM
Tris–HCl buffer (pH 7.0) containing 100 mM NaCl and 1 mM DTT,
which was eluted by a linear gradient of 0–1 M NaCl. Fractions
containing the protein were pooled and subjected to gel-filtration
on a HiLoad Superdex75 (GE Healthcare) column equilibrated with
20 mM Tris–HCl buffer (pH 7.0), containing 100 mM NaCl and
1 mM DTT. Finally, the protein was concentrated to �12.6 mg/ml
with an Amicon ultra filter (Millipore).

Crystallization and data collection. The purified Btk PH domain
and C4PtdIns(3,4,5)P3 were co-crystallized by the hanging-
drop vapor-diffusion method. The protein solution, at a final
protein concentration of 6.3 mg/ml, was mixed with 0.5 mg/ml
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Fig. 1. (A) Schematic presentation of the domain architecture of Btk. (B) Ribbon representation of the crystal structure of the Btk PH domain (monomer structure, molecule B).
The phosphatidylinositol molecule and the Zinc ion are drawn in a stick model and gray sphere, respectively. (C) Crystal structures of the Btk PH domains in the asymmetric
unit.
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