
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 28 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

The Ras-RasGAP Complex: How to Complement an Inefficient Active Site
Klaus Scheffzek; Mohammad Reza Ahmadian; Lisa Wiesmüller; Alfred Lautwein; Wolfgang Kabsch;
Frank Schmitz; Alfred Wittinghofer

To cite this Article Scheffzek, Klaus , Ahmadian, Mohammad Reza , Wiesmüller, Lisa , Lautwein, Alfred , Kabsch,
Wolfgang , Schmitz, Frank and Wittinghofer, Alfred(1999) 'The Ras-RasGAP Complex: How to Complement an
Inefficient Active Site', Phosphorus, Sulfur, and Silicon and the Related Elements, 144: 1, 741 — 744
To link to this Article: DOI: 10.1080/10426509908546351
URL: http://dx.doi.org/10.1080/10426509908546351

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509908546351
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus, Sulfur and Silicon, 1999, Vol. 144-146, pp. 741-744 © 1999 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under the
Photocopying permitted by license only Gordon and Breach Science Publishers imprint.

Printed in Malaysia

The Ras-RasGAP Complex: How to Complement
an Inefficient Active Site

KLAUS SCHEFFZEK3, MOHAMMAD REZA AHMADIAN3,

LISA WIESMULLER3, ALFRED LAUTWEIN3,

WOLFGANG KABSCHb, FRANK SCHMITZa and

ALFRED WITTINGHOFER3

aMax-Planck-Institutfiir molekulare Physiologie, Abt. Striikturelle Biologie
Rheinlanddamm 201, 44139 Dortmund, Germany and bMax-Planck-Institutfiir
medizinische Forschwig, Abt. Biophysik Jahnstr. 29, 69120 Heidelberg, Germany

GTP-hydrolysis as carried out by GTP-binding proteins'1' is intrinsically very slow but can
be accelerated by orders of magnitude upon interaction with GTPase Activating Proteins,
GAPs, which are specific for the respective GTP-binding proteins. Focusing on p2Iras (Ras),
a key element in growth control and differentiation, we have used biochemical and structural
methods to elucidate the mechanism of GTPase activation. An arginine side chain is supplied
into the active site of Ras to contact the nucleotide and stabilize the transition state of the
reaction, consistent with mutational analyses. The switch II region of Ras is stabilized by
GAP-334 to allow GIn61, the mutation of which activates the oncogenic potential of Ras, to
participate in catalysis. The structure provides an explanation how Glyl2 and Gln61 muta-
tions might escape regulation by GAPs.

Introduction: Trc small GTP binding protein p21ras (Ras) plays a crucial role in cellular
growth control'2'. It functions like a molecular switch cycling between GTP-bound 'ON' and
GDP-bound 'OFF'. In the active form Ras interacts specifically with effector molecules. The
transmitted signal is switched off by GTP hydrolysis mediated by Ras itself, a process that is
intrinsically slow but can be accelerated dramatically upon interaction with GTPase activating
proteins (GAIV.-'. Oncogenic Ras mutants, as found in a large number of tumors, arc unable
to hydrolyzc G I P at a rate sufficient to turn off the signal and arc not i-:nsitive to GAPs':'.
This makes the mechanism of Ras mediated GTP hydrolysis and how t is accelerated by
GAPs an important target for the development of anticanccr drugs. Start.r.:; with pl20GAP'4',
a number of R;.sGAPs are know to date |3'. They arc modular proteins o.' various sizes and
domain composition sharing a region of sequence homology (spanning approximately 350
amino acids) that is responsible for the GAP activity of these proteins.
The GTPase activating domain (residues 714-1047) of the human pl20GAP (GAP-334) is a
helical protein consisting of 2 domains: a small extra domain (GAP,,; residues 718-764; 982-
1037) and a central domain (GAPC; residues 765-981) that contains all residues conserved
among RasGAPs1*1 (Fig 1). Conserved residues are clustered around a surface groove which
was identified o :•: *l.e Ras binding site. To find out how GAPs interact with Ras, how they
accelerate Gl I' )•> lirulysis, and why oncogenic Ras mutants are not sensitive to GTPase
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activation we \n\ c determined the structure of a complex between Ras-GDP and the catalytic

domain of human pl20GAP (GAP-334) crystallized in the presence of aluminum fluoride.

Experiments nitli aluminum fluoride: It was found that RasGAPs ana Ras-GDP form a
ternary compi:x wt.h aluminum fluoride|6', a putative transition state analogue mimicking the
phosphoryl gifur d inferred during GTP hydrolysis. Since Ras-GDP alone docs not bind
A1F, and given th>; requirement of stoichiomctric amounts of GAP for complex formation with
Ras, these experiments favored a model, according to which GAP participates actively in
catalysis.

The Ras-RasGAP complex: In the structure of a Ras-RasGAP complex crystallized from H-

Ras'GDP and GAP-334 in the presence of aluminum fluoride, Ras UnJs to the surface

groove with it-: f.witch regions, P-loop, and a part of a3|7'(Fig. 1). Or. the GAP side the

interaction is re lated mainly by residues belonging to loop Llc, (finger loop), helices a6c and

a7c together v i:h L6C (variable loop). Tlic interface is stabilized by hydrophobic and

hydrophilic contacts involving several water molecules.

The effector region participates in a number of polar interactions that panicularly involve the

L6C region of OA1.' and several water molecules. Lys949 and Glu950, belonging to loop L6C

arc tightly involved in these interaction, and in a revised sequence comparison that suggest L6C

to be of variable i.ngih (hence 'variable loop') in RasGAPs, define a previously unrecognized

'KE'-motif. Of fiv: acidic residues in the effector region only Asp33 and Asp38 are in

orientations to interact closely with GAP, contacting directly or indirectly Lys949 and

Glu950. The H-.crminal part of helix <xi (residues 87-102) of Ras contairs another region to

contact GAP, \ ;ih Asp92 being a residue crucial for the interaction'8'.

The active site and mechanism of GTPase activation: In the Ras-Ri-sGAP complex the
nuclcotide GDP is bound in a similar way as observed in isolated Ras'9'l0'. Aluminum fluoride
is bound in the y-phosphate position but in contrast to a-subunits or' hctcrotrimeric G-
proteins'"' l ; ' .i:id to the structure of the catalytic domain of p50rhoGAP complcxed with
RhoA'GDP and aluminum fluoride '" ' only three fluoride ligands appear to be present.
Although AIT'* has also been found in other phosphotransfcr enzymes tlic difference in the
number of fli oridi:s coordinating aluminum is presently not explained 'M'.
In the comply, the nucleotidc binding pocket is bordered by Llc of GAP-334. This causes
placement of the Jiinidinium group of Arg789 in proximity of the phosphate moieties and of
AlFj to stabilize t l : transition state of the GTPase reaction (Fig. 2). In addition, the presence
of Llc results i.i itabilization of switch II and especially of Gln6l, which is mobile in isolated
Ras'9'10'. Mut.t'o ul analyses of conserved arginines confirm the critical :olc of Arg789 for
GAP catalysis1'1'. Oncogcnic mutations in position 121'6' or 6l'171 would not be compatible
with the transition state geometry explaining why they are not sensitive to OTPase activation.
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RASGDPAIF, .

Finger loop
(L1)

j , <*>c GA1 1 Variable loop

GAP-334

Fig. I: GAP-334 in.t its interactions with Ras. Ribbon representation of tiie complex showing
the architecture cf GAP-334 and its binding to Ras, with important elements indicated (see
text), GDP All> is in ball and stick.

GAP
RAS

Fig.2: Schematic diagram of the active site, with polar interactions symbolized as dashed
lines. The active ,-ite is constituted by Ras and GAP-334, forming a hctcrodimer to accelerate
the rate of GTh' hydrolysis.
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