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Ras homologue enriched in brain (Rheb) represents a unique group

of small GTPases and shares moderate sequence identity with the

Ras/Rap subfamily. It acts downstream of nutrient signalling as the

direct target of the tuberous sclerosis complex (TSC) and upstream of

mTOR/S6K1/4EBP in the insulin-signalling pathway. The GTPase

domain of human Rheb (hRheb) has been recombinantly expressed

in Escherichia coli, puri®ed and cocrystallized in complexes with

GDP, GTP and GppNHp using the hanging-drop vapour-diffusion

method. Crystals of the hRheb±GDP complex belong to space group

P212121, with unit-cell parameters a = 44.5, b = 52.3, c = 70.6 AÊ . The

hRheb±GppNHp complex crystallized in two crystal forms: one has

the same space group and unit-cell parameters as the hRheb±GDP

complex and the other belongs to space group C2221, with unit-cell

parameters a = 102.9, b = 99.2, c = 48.0 AÊ . The hRheb±GTP complex

also crystallized in two crystal forms: one belongs to space group

C2221, with unit-cell parameters a = 102.4, b = 98.3, c = 47.9 AÊ , and the

other belongs to space group P21, with unit-cell parameters a = 77.3,

b = 47.9, c = 71.9 AÊ , � = 89.0�. All these crystals diffract X-rays to

better than 2.8 AÊ resolution and at least one diffraction data set has

been collected for each crystal form using an in-house R-AXIS IV++

diffractometer. Structural studies of hRheb in complexes with various

substrates may provide insights into the recognition and speci®city of

substrate and the catalytic mechanism of mammalian Rhebs and shed

light on the biological functions of Rhebs in the mTOR signalling

pathway.
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1. Introduction

Small GTPases play important roles in various

biological processes including transmembrane

signalling, intracellular signal transduction,

vesicle traf®cking, cytoskeletal rearrangement

and neucleoplasmic transport (Herrmann,

2003). They act as binary switches cycling

between the active GTP-binding form and

the inactive GDP-binding form. GTPase-

activating proteins (GAPs) regulate small

GTPases by accelerating their low intrinsic

GTP hydrolysis activity, while guanosine

nucleotide-exchange factors (GEFs) activate

them by GDP±GTP exchange. Small GTPases

can be divided into six subfamilies: Ras/Rap,

Rho, Ran, Rab, Arf and Kir/Rem/Rad

(Reuther & Der, 2000). The Ras/Rap sub-

family consists of ®ve groups, including the

prototypic p21 Ras protein group, which

comprises H-Ras, N-Ras and K-Ras. Members

of the other groups share about 40±50%

amino-acid identity with p21 Ras (Reuther &

Der, 2000).

Ras homologue enriched in brain (Rheb) is

a small GTPase that was ®rst identi®ed in a

differential screen of neuronal genes and

subsequently found to be ubiquitously

expressed and particularly abundant in muscle

and brain (Clark et al., 1997; Gromov et al.,

1995; Mizuki et al., 1996; Yamagata et al., 1994).

Until recently, its biological functions were

unknown. Genetic, biochemical and cell-

biological studies in Drosophila and mammals

have now shown that Rheb participates in the

insulin-signalling pathway downstream of

tuberous sclerosis complex (TSC) and

upstream of the target of rapamycin (TOR) (Li

et al., 2004; Manning & Cantley, 2003; Pan et

al., 2004; Saucedo et al., 2003; Stocker et al.,

2003; Zhang et al., 2003). TSC is an autosomal

dominant disorder that is manifested by the

occurrence of different types of benign

tumours in a variety of organ systems,

including the brain, kidneys, lungs, heart, skin,

eyes, pancreas and skeleton (Gomez, 1999).

TSC syndrome is caused by mutations in either

the TSC1 gene on chromosome 9q34 or the

TSC2 gene on chromosome 16p13 (Dabora et

al., 2001; Maheshwar et al., 1997; Povey et al.,

1994). The protein products of TSC1 and TSC2

genes, hamartin (TSC1) and tuberin (TSC2),
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form a putative tumour-suppressor complex

(Montagne et al., 2001; Sparagana & Roach,

2000) that regulates the growth-factor-

dependent and nutrient-dependent activa-

tion of TOR signalling (Gao et al., 2002;

Inoki et al., 2002; Jaeschke et al., 2002;

Manning et al., 2002; Tee et al., 2002). This

repression process is mediated through the

small GTPase Rheb (Li et al., 2004; Pan et

al., 2004; Saucedo et al., 2003; Stocker et al.,

2003; Zhang et al., 2003). TSC2 possesses a

domain at its C-terminus that is homologous

to Rap1 GAP and Rheb has been shown to

be a direct target of the TSC2 GAP domain

(Castro et al., 2003; Garami et al., 2003; Inoki

et al., 2003; Tee et al., 2003; Zhang et al.,

2003). Mammalian Rheb (mRheb) can acti-

vate mammalian TOR (mTOR) kinase,

which in turn phosphorylates and activates

its downstream targets ribosomal S6 kinase 1

(S6K1) and eIF-4E binding protein 1

(4E-BP1) (Castro et al., 2003; Garami et al.,

2003; Inoki et al., 2003; Tee et al., 2003).

mTOR belongs to the phosphoinositide

kinase-related kinase family (PIKK;

Hentges et al., 2001; Keith & Schreiber,

1995) and plays a central role in controlling

cell growth in response to growth factor, cell

energy and nutrient status (Gingras et al.,

2001).

Rheb shares a moderate sequence

homology with other small GTPase proteins,

especially members of the Ras/Rap

subfamily (about 30±40% sequence identity;

Yamagata et al., 1994). The human Rheb

gene was localized to both chromosomes

7q36 and 10q11 (Gromov et al., 1995; Mizuki

et al., 1996). The human Rheb gene-encoded

protein (hRheb) consists of 184 amino-acid

residues with a molecular weight of 22 kDa

(Swiss-Prot code Q15382). The N-terminal

169 residues of hRheb form the GTPase

domain. The C-terminal 15 residues have a

¯exible structure and contain a conserved

carboxyl CAAX motif that plays important

roles in the farnesylation of hRheb and its

association with the membrane (Inoki et al.,

2003; Castro et al., 2003). The full-length

hRheb shares 40% sequence identity with

human Rap2A, 37% with human Rap1A

and 32% with human H-Ras. Additionally, it

also shares 36% sequence identity with

human Rab21 and 32% with human RhoA,

both of which are not members of the Ras/

Rap subfamily.

Extensive structural studies of Ras

proteins have been carried out either in

unliganded form or in complexes with

various ligands and substrates (for reviews,

see Herrmann, 2003; Paduch et al., 2001;

Vetter & Wittinghofer, 2001). However, so

far no three-dimensional structure has been

reported for any Rheb. Structural studies of

mammalian Rheb in complexes with various

substrates may provide a molecular basis for

the recognition and speci®city of substrate

and the catalytic mechanism of Rheb and

shed light on the biological functions of

Rheb in the mTOR signalling pathway.

Comparison of the structure of Rheb with

those of other small GTPases may also

provide some insight into the evolutionary

relationship between Rheb and other small

GTPases. In this communication, we report

the expression, puri®cation, crystallization

and preliminary structural characterization

of the GTPase domain of hRheb.

2. Materials and methods

2.1. Cloning, expression and purification

The cDNA corresponding to the GTPase

domain (residues 1±169) of hRheb was

obtained from the cDNA library of human

CD34+ haematopoietic stem/progenitor

cells (Zhang et al., 2000). The gene was

cloned into the NdeI and XhoI restriction

sites of the pET-22b(+) expression plasmid

(Novagen) and fused with a His tag

(LEHHHHHH) at the C-terminus. The

plasmid was transformed into and expressed

in Escherichia coli BL21(DE3) strain

(Novagen). E. coli cells were grown in LB

media supplemented with ampicillin

(50 mg mlÿ1) at 310 K until an OD600 of 0.6

was reached. Protein expression was

induced by adding isopropyl �-d-thio-

galactoside (IPTG) to a ®nal concentration

of 0.2 mM. Cells were cultured for 4 h after

induction, collected by centrifugation at

5000g for 15 min and resuspended in buffer

A (50 mM NaH2PO4 pH 8.0, 500 mM NaCl).

The cells were further lysed on ice by soni-

cation and the cell debris was precipitated

by centrifugation at 15 000g for 20 min.

Puri®cation of the protein was carried out

by af®nity chromatography using an Ni±

NTA agarose column (Qiagen). The lysis

supernatant was ®rst loaded onto an Ni±

NTA agarose column equilibrated with

buffer A and the resin was washed with 20

column volumes of buffer B (buffer A

supplemented with 20 mM imidazole) to

elute non-speci®c binding proteins. The

tightly bound target protein was eluted with

buffer C (buffer A supplemented with

250 mM imidazole). The ®nal puri®cation

was performed using gel ®ltration on a

Superose 12 column (Amersham Phar-

macia) with a volume of 60 ml equilibrated

with a gel-®ltration buffer (50 mM Tris±HCl

pH 8.0, 200 mM NaCl). The fraction

containing the target protein was eluted at

40 ml. A similar result was obtained using

gel ®ltration on a Superdex G-75 column

(26 � 600 mm, Amersham Pharmacia) with

a volume of about 300 ml. The target protein

was eluted at about 190 ml. The peak frac-

tions were collected, concentrated and then

stored at 193 K in storage buffer (20 mM

Tris±HCl pH 8.0, 200 mM NaCl, 2 mM DTT,

0.02% NaN3, 5 mM MgCl2) supplemented

with 50% glycerol for biochemical studies

and crystallization experiments. All steps

were carried out at 277 K to minimize

potential proteolysis of the target protein.

Reducing SDS±PAGE analysis of the

puri®ed protein shows a single band at

20 kDa. Dynamic light-scattering analysis

was carried out by using a DynaPro MS X

instrument (Protein Solutions) and the

software DYNAMICS 5.0 to characterize

the aggregation state of the protein in solu-

tion (at a protein concentration of

1 mg mlÿ1). The protein had a radius of

2.2 nm at 278 K and 2.1 nm at 298 K, corre-

sponding to an estimated molecular weight

of 21 and 19 kDa, respectively. The mole-

cular weight of the protein was also deter-

mined by mass-spectrometry analysis. The

puri®ed protein was ®rst dialyzed against a

low ionic strength solution (20 mM Tris±HCl

pH 8.0, 100 mM NaCl) for 24 h. The sample

was then run on a reverse-phase RP-C8

HPLC column (2.1 � 30 mm) using a

gradient of 0±80%(v/v) acetonitrile in water

before being introduced into an LCQ Classic

mass spectrometer (Finnigan). Analysis of

the puri®ed hRheb GTPase domain showed

a molecular weight of 20 008.0 Da, in

agreement with the theoretical molecular

weight of 20 123.1 Da calculated from the

amino-acid sequence.

2.2. Crystallization

2.2.1. hRheb±GDP complex. The puri®ed

hRheb GTPase protein was ®rst dialyzed

against the storage buffer for 12 h and then

concentrated to about 7 mg mlÿ1 in an

Amicon (Millipore) by centrifugation prior

to crystallization. Crystallization was

performed at 277 K using the hanging-drop

vapour-diffusion method. Initial trials of

crystallization conditions were carried out

for the hRheb±GDP complex using

screening kits from Hampton Research.

Solution No. 42 of Crystal Screen I (50 mM

KH2PO4 and 20% PEG 8000) produced

small rod-shaped crystals (about 0.02 � 0.02

� 0.04 mm for the largest crystal). Optimi-

zation was performed by varying the PEG

and salt concentration and the pH. Large

single crystals (about 0.1 � 0.2 � 0.8 mm) of

the hRheb±GDP complex were obtained by

1884 Yu et al. � Rheb Acta Cryst. (2004). D60, 1883±1887
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streak-seeding using small crystals from a

drop that consisted of equal volumes of

protein solution (2 ml) containing 1 mM

GDP and crystallization solution (2 ml)

containing 50 mM KH2PO4 pH 4.6, 15±20%

PEG 8000 equilibrated against 0.5 ml of the

crystallization solution.

2.2.2. Apo-form hRheb. Attempts were

made to crystallize apo-form hRheb from

similar crystallization conditions to those

used for the hRheb±GDP complex. 2 ml

concentrated protein solution (7 mg mlÿ1)

was mixed with 2 ml crystallization solution

(50 mM KH2PO4, 20% PEG 8000) to form a

hanging drop that was equilibrated against

0.5 ml crystallization solution. No nucleotide

substrate was added to either the protein

solution or the crystallization solution.

Streak-seeding with microcrystals of the

hRheb±GDP complex was performed the

next day and produced rod-shaped crystals

within 2 d. The newly formed crystals were

used to streak-seed fresh drops in subse-

quent crystallization. This process was

repeated several times to ensure the removal

of the hRheb±GDP complex from the

original seeding and the growth of apo-form

hRheb crystals.

2.2.3. hRheb±GppNHp complex. Crystals

of hRheb in complex with the GTP analogue

GppNHp were grown from a drop

containing 2 ml protein solution, 0.5 ml 7 mM

GppNHp and 2 ml crystallization solution

(50 mM KH2PO4 pH 4.6, 15% PEG 8000)

equilibrated against 0.5 ml crystallization

solution. Microcrystals appeared the next

day and did not grow larger. Those crystals

were used for streak-seeding in subsequent

crystallization experiments. Two different

forms of crystals were grown from the same

crystallization condition in about 3 d.

2.2.4. hRheb±GTP complex. Initial

attempts to grow crystals of the hRheb±GTP

complex were performed by streak-seeding,

initially with the hRheb±GDP crystals and

subsequently with newly formed crystals

from a protein solution containing GTP

(about a threefold excess of GTP over the

protein) and the crystallization condition

used for the hRheb±GDP complex. Those

experiments produced crystals that have a

similar morphology and unit-cell parameters

to those of the hRheb±GDP complex. Later,

these crystals were shown to be of the

hRheb±GDP complex (see x3.4). In order to

obtain crystals of the hRheb±GTP complex,

the protein sample was speci®cally prepared

using a method modi®ed from that reported

by Herrmann et al. (1996) prior to setting up

crystallization. 5 ml of the puri®ed protein

(1.2 mg mlÿ1) was exchanged into a buffer

containing 20 mM Tris±HCl pH 8.0, 200 mM

NaCl, 2 mM DTT, 0.02% NaN3, 5 mM

EDTA in an Amicon ultra®ltration tube

(Pharmacia) and then concentrated to 1 ml.

The concentrated protein was mixed with

1 ml 50 mM GTP (about a 150-fold excess of

GTP over the protein) and then incubated at

277 K for 3 h. The mixture was ®nally loaded

onto a 5 ml Superdex G-25 Desalting

column (Pharmacia) pre-equilibrated with

the storage buffer to remove the excess GTP

substrate. The eluted protein from the G-25

column was subsequently concentrated to

about 6 mg mlÿ1 in an Amicon (Millipore)

by centrifugation prior to crystallization.

Screening for crystallization conditions of

the hRheb±GTP complex was carried out

using sparse-matrix kits from Hampton

Research (Crystal Screens I and II). Solu-

tion No. 37 (0.1 M sodium acetate pH 4.6,

8% PEG 4000) of Crystal Screen I produced

large plate-shaped crystals (about 0.2 � 0.2

� 0.04 mm) and solution No. 3 (0.4 M

NH4H2PO4) of Crystal Screen I produced

small thin plate-shaped crystals (about

0.1 � 0.1 � 0.02 mm).

2.3. Diffraction data collection

Preliminary diffraction characterization

and diffraction data collection were

performed using an in-house Rigaku

R-AXIS IV++ image-plate detector and

Cu K� radiation (wavelength of 1.5418 AÊ )

generated with a Rigaku rotating-anode

generator (50 kV and 100 mA) and focused

with a confocal mirror. X-ray diffraction

data were collected from crystals that were

mounted with a nylon loop and ¯ash-cooled

in a cold gaseous stream of N2 (100 K)

following a quick dip in a cryoprotectant

solution containing the crystallization solu-

tion and 12% PEG 400 or 20% glycerol. The

oscillation was 0.5±1� and the exposure time

was about 2±4 min. The diffraction data

were recorded on dual image plates and

processed and scaled together using

CrystalClear (MSC; P¯ugrath, 1999).

2.4. Preliminary structure analysis

Preliminary structure analysis was carried

out to determine whether a nucleotide

substrate was bound at the active site, what

kind of substrate was bound at the active site

and to guide further crystallization experi-

ments. The hRheb structures were deter-

mined using the molecular-replacement

(MR) method as implemented in CNS

(BruÈ nger et al., 1998). A homologue model

of the hRheb GTPase domain generated by

the Swiss-Model server using the structures

of the two most homologous small GTPases,

Acta Cryst. (2004). D60, 1883±1887 Yu et al. � Rheb 1885

Table 1
Summary of diffraction data statistics.

Values in parentheses refer to the highest resolution shell.

Complex
hRheb±GDP
(form I)

hRheb±GDP
(form I)

hRheb±GppNHp
(form I)

hRheb±GppNHp
(form II)

hRheb±GTP
(form II)

hRheb±GTP
(form III)

Substrate added GDP None GppNHp GppNHp GTP GTP
Resolution (AÊ ) 14.8±2.5 (2.7±2.5) 19.8±2.5 (2.6±2.5) 19.8±2.8 (2.9±2.8) 12.0±2.8 (2.9±2.8) 15.0±2.8 (2.9±2.8) 19.9±2.8 (2.9±2.8)
Space group P212121 P212121 P212121 C2221 C2221 P21

Unit-cell parameters
a (AÊ ) 44.5 44.5 44.6 102.9 102.4 77.3
b (AÊ ) 52.3 54.6 53.5 99.2 98.3 47.9
c (AÊ ) 70.6 70.6 70.7 48.0 47.9 71.9
� (�) 89.0

Observed re¯ections 15260 25593 16879 16061 21293 35586
Unique re¯ections [I > 0�(I)] 5784 5819 4342 6018 6145 11538
Completeness (%) 98.2 (100.0) 91.4 (91.5) 97.4 (100.0) 96.0 (100.0) 98.8 (98.5) 95.3 (95.3)
Rmerge² 0.020 (0.042) 0.112 (0.292) 0.080 (0.203) 0.158 (0.381) 0.156 (0.333) 0.116 (0.254)
Average I/�(I) 28.0 (14.8) 5.6 (2.2) 7.5 (2.9) 5.1 (2.3) 3.9 (1.6) 5.5 (2.3)
Mosaicity 0.84 1.11 1.31 0.61 0.93 0.67
Molecules per AU 1 1 1 1 1 2
Solvent content (%) 40.1 42.6 41.5 59.8 59.2 63.0
VM (AÊ 3 Daÿ1) 2.1 2.1 2.1 3.1 3.0 3.3

² Rmerge =
P

hkl

P
i jIi�hkl� ÿ hI�hkl�ij=Phkl

P
i I�hkl�, where Ii is the observed intensity of the ith measurement of re¯ection hkl and hIi is the average intensity for multiple measurements.
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human Rap2A (PDB code 1kao; Cher®ls et

al., 1997) and human Rap1A (PDB code

1gua; Nassar et al., 1996), was used as the

template model for MR search.

3. Results and discussion

Rheb is a small GTPase that has been shown

to play an important role in the insulin-

signalling pathway, mediating the repression

process of the growth-factor-dependent and

nutrient-dependent activation of the mTOR

signalling by TSC1/2 complex. In order to

gain insight into the biological functions of

Rheb, we are performing structural and

functional studies on the GTPase domain of

human Rheb. The GTPase domain of hRheb

(residues 1±169 fused with a His tag at the C-

terminus) was expressed in E. coli and

puri®ed to homogeneity using a combina-

tion of Ni±NTA af®nity chromatography

and gel ®ltration. Dynamic light-scattering

analysis indicated that the protein is homo-

geneously dispersed and forms a monomer

in solution. We have cocrystallized the

GTPase domain of hRheb in complexes with

substrates GDP, GTP and the GTP analogue

GppNHp using the hanging-drop vapour-

diffusion method and carried out X-ray

diffraction data collection and preliminary

structural analyses of these complexes. A

summary of the diffraction data statistics is

given in Table 1.

3.1. hRheb±GDP complex

Large single crystals of the hRheb±GDP

complex appeared in 2±3 d after streak-

seeding and grew to approximate dimen-

sions of 0.1� 0.2� 0.8 mm with a rod shape

within a week (Fig. 1a). These crystals

diffracted X-rays to better than 2.5 AÊ reso-

lution and showed no signi®cant decay upon

X-ray exposure. A diffraction data set was

collected to 2.5 AÊ resolution (Table 1).

Preliminary diffraction data analyses by

autoindexing and examination of systematic

absences in the reduced data indicate that

the crystals belong to the orthorhombic

space group P212121, with unit-cell para-

meters a = 44.5, b = 52.3, c = 70.6 AÊ (form I).

There is one hRheb±GDP complex per

asymmetric unit, corresponding to a

Matthews coef®cient (VM) of 2.1 AÊ 3 Daÿ1

(Matthews, 1968) and an estimated solvent

content of 40.1%. Preliminary structure

determination of the Rheb±GDP complex

using the MR method has revealed well

de®ned electron density for the bound GDP

substrate at the nucleotide-binding site and

structure re®nement is ongoing.

3.2. Apo-form hRheb

Attempts to crystallize the apo-form

hRheb GTPase from similar crystallization

conditions as the hRheb±GDP complex but

without the addition of any substrate

produced crystals in 2±3 d. These crystals

have a similar morphology to those of the

hRheb±GDP complex (Fig. 1b). A diffrac-

tion data set was collected to 2.5 AÊ resolu-

tion for these crystals (Table 1). Analysis of

the diffraction data indicates that these

crystals have the same unit-cell parameters

and belong to the same space group as those

of the hRheb±GDP complex (form I).

Preliminary structural analysis indicates that

these crystals are actually the hRheb±GDP

complex and that there is a GDP molecule

bound at the nucleotide-binding site. These

results suggest that GDP has tight binding

af®nity with the hRheb GTPase and that the

bound GDP must be copuri®ed with the

protein from the expression system, as no

GDP was added in the crystallization solu-

tion.

3.3. hRheb-GppNHp complex

The hRheb±GppNHp complex has been

crystallized in two crystal forms by streak-

seeding using the same crystallization

conditions as for the hRheb±GDP complex.

One type of crystals has the same

morphology as those of the hRheb±GDP

complex and grew to typical dimensions of

0.1 � 0.2 � 0.8 mm in 3±5 d (Fig. 1c). A

diffraction data set was collected to 2.80 AÊ

resolution (Table 1). These crystals have the

same unit-cell parameters and belong to the

same space group as those of the hRheb±

GDP complex (form I). The other type of

crystals have a thin plate shape and grew to

typical dimensions of 0.2� 0.2� 0.02 mm in

about 3 d (Fig. 1d). The space group of these

crystals was determined to be the ortho-

rhombic C2221, with unit-cell parameters

a = 102.9, b = 99.2, c = 48.0 AÊ (form II).

There is one hRheb±GppNHp complex per

asymmetric unit, with a VM value of

3.1 AÊ 3 Daÿ1 and a solvent content of 59.8%.

These crystals diffract X-rays to better than

2.8 AÊ resolution and a diffraction data set

has been collected (Table 1). Preliminary

structure determinations of both crystal

forms have con®rmed the presence of

GppNHp in the substrate-binding site.

3.4. hRheb±GTP complex

Initial attempts to grow crystals of the

hRheb±GTP complex from the same crys-

tallization conditions as the hRheb±GDP

complex in the presence of an excess amount

of GTP in the protein solution produced

crystals that have similar morphology and

unit-cell parameters to those of the hRheb±

GDP complex. 2.8 AÊ resolution diffraction

data were collected for those crystals.

However, preliminary structure analysis

indicated that the structure contains GDP at

the substrate-binding site, suggesting that

the hRheb GTPase domain may have an

intrinsic GTPase activity that can hydrolyze

GTP into GDP and/or that GDP has a much

tighter binding af®nity than GTP and the

concentration of GTP was not suf®cient to

replace GDP at the nucleotide-binding site.

1886 Yu et al. � Rheb Acta Cryst. (2004). D60, 1883±1887

Figure 1
(a) Rod-shaped crystals of the hRheb±GDP complex in the presence of GDP (form I). (b) Rod-shaped crystals of
the hRheb±GDP complex in the absence of GDP (form I). (c) Rod-shaped crystals of the hRheb±GppNHp
complex (form I). (d) Plate-shaped crystals of the hRheb±GppNHp complex (form II). (e) Plate-shaped crystals
of the hRheb±GTP complex (form II). (f) Small thin plate-shaped crystals of the hRheb±GTP complex (form
III).



crystallization papers

New crystallization screening of the

hRheb±GTP complex yielded two different

crystallization conditions that produced two

types of crystals. One type of crystals had a

thin plate shape similar to that of the form II

type of crystals of the hRheb±GppNHp

complex and grew to typical dimensions of

0.2 � 0.2 � 0.04 mm in 3±5 d (Fig. 1e). They

belong to space group C2221, with unit-cell

parameters a = 102.4, b = 98.3, c = 47.9 AÊ

(form II) and a 2.80 AÊ resolution diffraction

data set was collected (Table 1). The other

type of crystals has small thin plate shape

and grew to typical dimensions of 0.1 � 0.1

� 0.02 mm in about 3 d (Fig. 1f). They

belong to the monoclinic space group P21,

with unit-cell parameters a = 77.3, b = 47.9,

c = 71.9 AÊ , � = 89.0� (form III), and contain

two hRheb±GTP complex per asymmetric

unit, with a VM value of 3.3 AÊ 3 Daÿ1 and a

solvent content of 63.0%. A diffraction data

set has been collected to 2.8 AÊ resolution

(Table 1). Analysis of the lattice packing

indicates that form III appears to be a non-

isomorphic subgroup of form II. Preliminary

structure determinations of both crystal

forms have con®rmed the presence of GTP

at the substrate-binding site and further

structure re®nement is under way.
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