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The PTB domain of mouse dok1 fusion protein has been over-

expressed in Escherichia coli and crystallized in a form suitable for X-

ray crystallographic study. Crystals have been obtained using the

vapour-diffusion method and belong to space group P212121. X-ray

diffraction data were collected in-house to 2.5 AÊ resolution. A

selenomethionine (SeMet) dok1 PTB fusion-protein derivative was

expressed using the same expression system, puri®ed in a reductive

environment and crystals were obtained under similar conditions.

Subsequently, three different wavelength data sets from the

derivative crystal were collected to 2.5 AÊ resolution at SPring-8.
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1. Introduction

Dok1 is a common substrate of activated

protein tyrosine kinases such as v-Abl

(Yamanashi & Baltimore, 1997), v-Src (Shah &

Shokat, 2002), BCR (Kato et al., 2002), EphRs

(Becker et al., 2000), Ret (Murakami et al.,

2002) and integrin � (Calderwood et al., 2003)

etc. It is rapidly tyrosine-phosphorylated in

response to receptor tyrosine activation in

various cell systems, suggesting that the protein

plays an important role in cellular signalling.

Five members of the the dok family are

known to date (Grimm et al., 2001). They all

contain an amino-terminal PH domain

followed by a central PTB domain and a

proline- and tyrosine-rich carboxy-terminal

tail. The PH domain is known to bind to acidic

phospholipids and localizes protein to the

plasma membrane, while the PTB domain

mediates protein±protein interactions by

binding to phosphotyrosine-containing motifs

(Jacobs et al., 2001). The carboxy-terminal part

of dok1 contains multiple tyrosine-phosphor-

ylation sites. When phosphorylated, they

become potential docking sites for Src

homology 2 containing proteins such as

rasGAP and Nck. This leads to the inhibition

of ras signalling pathway activation and also to

c-jun amino-terminal kinase (JNK) and c-jun

activation (Murakami et al., 2002).

Proteins containing PTB domains have been

classi®ed into two major groups. The ®rst

group contains PTB domains that have

primary sequences similar to that of the Shc

PTB domain. The second group contains

insulin receptor substrate (IRS) like proteins

such as IRS, dok and SNT/FRS2; their PTB

domains have limited sequence similarity to

the Shc PTB domain but exhibit similar

binding characteristics (Wolf et al., 1995).

The PTB domain of dok1 belongs to the

second group, with 17% sequence identity to

the PTB domain of IRS. It is supposed to

recognize the sequence containing the NKLpY

motif (Songyang et al., 2001). Here, we

describe the crystallization and preliminary

X-ray crystallographic analysis of native and

selenomethionyl recombinant dok1 PTB-

domain protein.

2. Materials and methods

2.1. Protein expression and purification

The coding sequence of the PTB domain of

mouse dok1 (mdok1; residues 154±266) was

ampli®ed by PCR. The PCR product was

restricted with BamHI and XhoI and cloned

into a modi®ed pET28a(+) expression vector

(Novagen) with an N-terminal hexahistidine

sequence followed by a thrombin cleavage site.

A further transformation into Escherichia coli

BL21 (DE3) competent cells was performed

and the sequence of the insert was veri®ed by

sequencing. Protein was expressed in E. coli

BL21 (DE3) cells by induction (at A600 ' 0.7)

with 1 mM isopropyl-�-d-thiogalactoside

(IPTG) for 6 h at 303 K. Cells were harvested

and resuspended in lysis buffer (20 mM Tris

pH 8.0, 500 mM NaCl, 10 mM imidazole, 10%

glycerol and 1 mM PMSF) and homogenized

by sonication. The lysate was centrifuged at

20 000g for 20 min at 277 K to remove the cell

debris. The supernatant was applied to an

Ni±NTA resin (Qiagen) af®nity column. The

target protein was then eluted with lysis buffer

containing 300 mM imidazole and incubated

overnight at 289 K in the presence of one unit

of thrombin per 2 mg of protein in order to

cleave the N-terminal hexahistidine tag. The

protein solution was exchanged into buffer A
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(20 mM MES pH 6.0). This sample was

subsequently applied to a 1 ml Resource S

column (Pharmacia) and bound proteins

were eluted with a 0±400 mM NaCl gradient

in buffer A. The peak fractions were

collected and concentrated. Further puri®-

cation was accomplished by gel-®ltration

chromatography on Superdex G75 (Phar-

macia) in buffer A containing 50 mM NaCl.

The puri®ed protein homogeneity was

con®rmed by 15% SDS±PAGE electro-

phoresis.

Expression of SeMet-substituted protein

(mdok1 PTB contains two Met residues) was

achieved by transformation of the mdok1

PTB construct into the methionine-

auxotrophic E. coli strain B834 (DE3)

(Novagen). The SeMet protein derivative

was expressed in M9 minimal media

containing 30 mg lÿ1 l-SeMet and puri®ed

as described for the native protein, except

that 10 mM �-mercaptoethanol (or 5 mM

DTT) and 0.5 mM EDTA were added to the

buffer after the eluting step from the Ni±

NTA af®nity column to prevent SeMet

oxidation.

2.2. Crystallization

The puri®ed protein was concentrated to

5±10 mg mlÿ1 using a 5K Filtron ultra®ltra-

tion membrane in 10 mM MES buffer pH

6.5. Initial crystallization trials were carried

out by the hanging-drop vapour-diffusion

method using Hampton Research Crystal

Screens I and II (Hampton Research). Each

drop was formed by mixing equal volumes

(1±3 ml) of protein solution and reservoir

solution and was allowed to equilibrate via

vapour diffusion over 200 ml of reservoir

solution at 291 K. The protein concentration

was 10 mg mlÿ1 prior to mixing with the

reservoir solution. Conditions yielding small

crystals were further optimized by variation

of precipitants, buffer pH, protein concen-

tration, additives and temperature.

The puri®ed selenomethionine derivative

was concentrated to 7 mg mlÿ1. Crystal-

lization trials were set up based on the

conditions used for the native protein.

2.3. Data collection and processing

Preliminary X-ray diffraction data were

collected in-house at 100 K using a MAR

Research image plate and a 4.8 kW Rigaku

rotating-anode generator producing Cu K�
radiation of wavelength 1.5418 AÊ , with a

crystal-to-®lm distance of 110 mm and an

oscillation range of 1�. Multiwavelength

anomalous dispersion (MAD) data were

collected on beamline 41XU under cryo-

conditions at SPring-8. Crystals were frozen

in the crystallization buffer with 20%(v/v)

glycerol as cryoprotectant before data were

collected.

Data processing was performed using the

program DENZO and data sets were scaled

and merged using SCALEPACK (Otwi-

nowski & Minor, 1997).

The self-rotation functions (Rossmann &

Blow, 1962) were calculated using the

program POLARRFN from the CCP4

package (Collaborative Computational

Project, Number 4, 1994).

3. Results and discussion

3.1. Expression and purification

A 16 kDa band corresponding to the

molecular weight of mdok1 PTB-fusion

protein was visible on SDS±PAGE gels after

elution from Ni±NTA resin. Two peaks were

observed during Resource S cation-

exchange chromatography, which indicated

the existence of charged isomers. Samples

from the two peaks were further puri®ed

and used in crystallization trials, but yielded

no crystals. After the removal of the

amino-terminal His tag, only one peak was

observed during Resource S cation-

exchange chromatography. Further puri®-

cation resulted in pure protein which was

used in crystallization trials. The puri®cation

of the SeMet mdok1 PTB derivative

followed the same protocol as for the native

protein.

3.2. Crystallization

Initial crystals of mdok1 PTB were

obtained after one week in conditions

consisting of 30%(w/v) PEG MME 5000,

0.1 M MES pH 6.5, 0.2 M ammonium

sulfate. After optimization of the crystal-

lization conditions, crystals useful for crys-

tallographic structure determination were

obtained with a reservoir solution con-

taining 28%(w/v) PEG 6000, 0.1 M MES

pH 6.5. The best diffracting crystals grew to

dimensions of 2� 0.2� 0.05 mm at 277 K in

one week (Fig. 1). They diffracted to 2.3 AÊ

on an in-house X-ray source. The seleno-

methionine-derivative crystals were ob-

tained using similar conditions to those for

native protein, except for a lower pH (0.1 M

MES pH 6.0) and protein concentration

(7 mg mlÿ1).

3.3. Data collection and preliminary X-ray

crystallographic analysis

Diffraction data to 2.5 AÊ resolution were

collected from a native crystal on in-house

X-ray equipment. The crystal belongs to

space group P212121, with unit-cell para-

meters a = 33.6, b = 51.2, c = 114.2 AÊ .

Assuming two monomers (14.3 kDa) per

asymmetric unit, the Matthews coef®cient

(VM) is 2.2 AÊ 3 Daÿ1, corresponding to a

solvent content of 32%. No signi®cant peak

was observed in the self-rotation function

section corresponding to � = 180�, indicating

the absence of non-crystallographic twofold

rotational symmetry or the coincidence of

the crystallographic and non-crystallo-

graphic rotation axes.

Figure 1
Native crystals of mdok1 PTB domain (the size of a
single crystal is approximately 0.7 � 0.4 � 0.2 mm).

Table 1
Data-collection and processing statistics.

All data were collected on beamline 41XU at SPring-8, Japan. Values in parentheses correspond to the highest resolution
shell (2.59±2.50 AÊ ).

Peak Edge Remote

Space group P212121

Unit-cell parameters (AÊ , �) a = 41.1, b = 56.2, c = 99.6, � = 90
Wavelength (AÊ ) 0.9798 0.9800 0.9000
Resolution (AÊ ) 50±2.5 50±2.5 50±2.5
Mean redundancy 7.2 (4.8) 7.1 (3.9) 7.3 (2.5)
Completeness(%) 99.0 (94.5) 97.6 (89.0) 96.6 (80.1)
Rmerge² (%) 0.106 (0.348) 0.102 (0.361) 0.108 (0.460)
Mean I/�(I) 6.5 (1.7) 5.6 (1.6) 5.4 (1.3)
Total observations 52658 49486 55735
Unique re¯ections 8330 (780) 8423 (740) 8238 (670)

² Rmerge =
P

h

P
I jIih ÿ hIhij=

P
h

P
I hIhi, where hIhi is the mean of the observations Iih of re¯ection h.
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Attempts to solve the crystal structure of

mdok1 PTB by molecular replacement using

human dok5 PTB as a model (Shi et al.,

2002) were unsuccessful, despite the 28%

sequence identity between the mdok1 and

human dok5 PTB domains. MAD data were

collected from a single SeMet-derivative

crystal at peak (�1 = 0.9798 AÊ ), in¯ection

(�2 = 0.9800 AÊ ) and remote (�3 = 0.9000 AÊ )

wavelengths to 2.5 AÊ resolution. Statistics

for MAD data collection are shown in

Table 1. The SeMet-derivative crystal also

belongs to space group P212121, but with

different unit-cell parameters (a = 41.1,

b = 56.2, c = 99.6 AÊ ) to the native crystal.

Three selenium sites were located in the

asymmetric unit of the protein and were

suf®cient for the determination of the

mdok1 PTB domain crystal structure. Its

fold consists of a �-sandwich composed of

two nearly orthogonal seven-stranded anti-

parallel �-sheets and is capped at one side by

a C-terminal �-helix (Fig. 2). The detailed

three-dimensional structure will be

described elsewhere.
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Figure 2
A stereo ®gure showing the C� trace of the mdok1 PTB domain (generated using MOLSCRIPT; Kraulis, 1991).
The N- and C-termini are indicated.


