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Identification of the SH3 Domain of GAP as an 
Essential -Sequence for Ras-GAP-Mediated 

Signaling 

Marc Duchesne,* Fabien Schweighoffer,* Fabienne Parker, 
Fran~ois Clerc, Yveline Frobert, Ming Nguy Thang, 

Bruno Tocque? 
Guanosine triphosphatase activating protein (GAP) is an essential component of Ras 
signaling pathways. GAP functions in different cell types as a deactivator and a transmitter 
of cellularRas signals. A domain (amino acids 275 to 351) encompassing the Src homology 
region 3 (SH3) of GAP was found to be essential for GAP signaling. A monoclonal antibody 
was used to block germinal vesicle breakdown (GVBD) induced by the oncogenic protein 
Ha-ras Lys12 in Xenopusoocytes. The monoclonal antibody, which was found to recognite 
the peptide containing amino acids 275 to 351 within the amino-terminal domain of GAP, 
did not modify the stimulation of the Ha-Ras-GTPase by GAP. Injection of peptides 
corresponding to amino acids 275 to 351 and 31 7 to 326 blocked GVBD induced by insulin 
or by Ha-Ras Lys12 but not that induced by progesterone. These findings confirm that GAP 
is an effector for Ras in Xenopus oocytes and that the SH3 domain is essential for signal 
transduction. 

R a s  proteins are required for the function- protein that can stimulzite the intrinsic 
ing of the signal transduction pathways that GTPase activity of Ras (3). A -complex 
regulate cell growth and differentiation (1, between Ras and GAP is responsible for 
2). The function of Ras in mammalian cells interrupting muscarinic atrial Kf channel 
depends on its interaction with GAP, a currents (4, 5 ) .  In Chinese hamster ovary 

cells Ras induces transcription from the 
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Ras (in the so-called effector domain be- 
tween amino acids 30 and 40) block biolog- 
ical activity and GAP-stimulated GTP hy- 
drolysis (7, 8). GAP binds to a number of 
proteins in vitro. The COOH-terminal do- 
main is sufficient for binding to cellular Ras 

'Contributed equally to this manuscript. proteins (9). The NH,-terminal domain 
tTo whom correspondence should be addressed. contains SH2 and SH3 domains that allow 
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tight binding to platelet-derived growth 
factor receptors, epidermal growth factor 
receptors, insulin receptors, v-Src, and 
~ h o s ~ h o ~ r o t e i n s  (10-151. The SH2 do- 

other nonreceptor tyrosine kinases, phos- domain containing about 60 amino acid 
pholipase C-y, the p85 subunit of Pi-3 residues that are similar yet distinct in 
kinase, and other molecules that have been various proteins. The presence of SH3 do- 

. . %  
referred to as adaptors, such as v-Crk, Nck, mains in a wide variety o f  otherwise unre- 

mains are similar to regulatory sequences of and Sem-5 (14, 15). SH3 is a small protein lated proteins suggests that these domains 
may be important for coordinating protein- 
vrotein interactions necessary for the func- 

Fig. 1. Effect of microinjected 
MAb200 on GVBD induced by 
hormones (A) or by Ha-Ras Lys12 
(B). (A) Groups of ten stage VI 
oocytes, recovered by stripping 
of the oocyte clumps for 2 hours 
at room temperature in collagen- 
ase (2 mglml) (Sigma), were mi- 
croinjected with approximately 40 
nl of control mouse immunoglob- 
ulin G (IgG) (2.5 mglml) (Control) 
or with 40 nl of solution containing 
the indicated amounts of MAb200 
per oocyte. Oocytes were placed 
into Barth buffer (2 ml) (24) con- 
taining bovine serum albumin (1 
mglml) (Buffer) and 1 pM insulin 
(Insul.) or 1 pM progesterone 
(Proges.). GVBD was scored after 
18 hours of incubation by the dis- 
section of oocytes that had been 
fixed in 5% trichloroacetic acid. 
(6) Oocytes were microinjected 
with 40 nl of a 1 to 1 (vlv) mixture 
of MAb200 (5 mglml) and of Ha- 
Ras Lys12 (0.5 mglml) (MAb200), 
40 nl of Ha-Ras Lys12 (0.25 rngl 
ml) (No Ab), or 40 nl of a 1 to 1 
(v/v) mixture of mouse IgG (5 mgl 
ml) and Ha-Ras Lys12 (0.5 mglml) 
(Control). The results are ex- 
pressed as the percentage of 
each group of oocytes that under- 
went GVBD. Each experiment was 

0 Buffer EB Insul. P r w .  

Control 10. 25 50, 100 
Amount of MAb200 injected per oocyte (ng) 

I? MAb200 EZl No Ab Control 

4 6 8 7 8 0 1 0 2 4  

Time (hours) 

reproduced at least four times. 

;ion or cellular localization of these proteins 
(15). In the Xenopus oocyte Ras is required 
for GVBD induced by insulin-like growth 
factor (IGF) or insulin but not that induced 
by progesterone (16). G A P  enhances the 
action of transforming v-Ha-Ras and insu- 
lin in Xenopus oocytes (17). We  used a 
monoclonal antibody (MAb2OO) to one 
isoform of GAP, the plOO G A P  protein 
(18), to test the function of the domain 
encompassing the SH3 sequence in Ras- 
dependent GVBD in Xenopus oocytes. 

Different amounts o f  MAb2OO were mi- 
croinjected in stage VI  oocytes. The 
oocytes were then incubated wi th insulin or 
progesterone, and GVBD was evaluated by 
scoring o f  the oocytes every hour after 
injection. The MAbZOO inhibited insulin- 
induced GVBD with an inhibition concen- 
tration (IC,,) o f  20 ng per oocyte but did 
not modify progesterone-induced GVBD 
(Fig. 1A). The MAbZOO also blocked 
GVBD that was induced in oocytes micro- 
injected wi th Ha-Ras LyslZ (10 ng per 
oocyte) (Fig. 1B). The G A P  domain rec- 
ognized by the MAbZOO was evaluated wi th 
a series o f  G A P  constructs encoding differ- 
ent portions o f  the G A P  protein (Fig. 2). 
The constructs were expressed as glu- 
tathione-S-transferase (GST) fusion pro- 
teins in Esche~ichia coli strain TG1. The 

Flg. 2. Mapping of the MAb 200 epitope on 0 0 . D w .  . - : :  A GAP. The p100 GAP sequence (a.a. 170 to 
1044), the catalytic domain (a.a. 702 to 1044), 
and the NH,-terminal domain of p100 GAP (a.a. N 0 

170 to 702) have already been described (6, 
18). Ras-GAP (a.a. 1 to 1044) was partially 
purified from bovine brain (7). The SH2-SH3 
region (a.a. 182 to 442), the two SH2 domains 
(a.a. 182 to 286 and 337 to 442), and the SH3 
sequence (a.a. 275 to 351) were obtained by a - - 
polymerase chain reaction (PCR). Oligonucleo- 
tides corresponding to the boundaries of the 
SH3 domain of human PLC-y cDNA (25) were '8; 
used to amplify the desired stretches on human - - 106 -- , 
brain cDNA by PCR to obtain PLC--, (787 to 49.5-- 80 --- 
860). Complementary DNAs were ligated to the 32.5- -- - 
Bam HI and Eco RI restriction sites of the pGEX 27.5- 49.5.- 'i 

2T vector. Expression of the GST fusion pro- l 8 . c -  
teins was induced by the addition of isopropyl- 32.5--- 
B-D-thiogalactopyranoside (IPTG) (1 pM), and 1 2 3 4 5 6 7 27.5--. 

the fusion proteins were isolated from TGl bacterial lysates by affinity 18.5--- 
chromatography with glutathione-agarose beads and eluted with glu- - 
tathione. The proteins were subjected to SDS-PAGE in a 4 to 20% 
polyacrylamide minigel, revealed by Coomassie blue staining (A), or 1 2 3 4 5 6 7 8 9 1 0 1 1  
transferred to polyvinylidene difluoride (PVDF) membranes (B). Immuno- 
blotting was done with MAb200 (0.5 pg/ml) and was revealed with a (146 to 159) and was revealed with a secondary antibody to rabbit IgG 
secondary antibody to mouse IgG linked to horseradish peroxidase linked to horseradish peroxidase (lane 11). Molecular size markers are 
detected by 4-chloro-1 naphthol (lanes 1 to 10). Bovine GAP (a.a. 1 to shown at the left (in kilodaltons). 0, GST; O ,  SH2 domain: W, SH3 domain; 
1044) was detected with a rabbit polyclonal antibody raised against GAP 0, catalytic domain. 
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proteins were purified on glutathione-aga- 
rose columns, separated by SDS-polyacryl- 
amide gel electrophoresis (PAGE), and 
blotted with MAb2OO. The MAb2OO rec- 
ognized the NH2-terminal domain of GAP 
and, within this domain, a 76-amino acid 
stretch [amino acids (a.a.) 275 to 3511 
encompassing the SH3 region (a-a. 286 to 
340). The epitopes recognized by MAb2OO 
were two hydrophilic regions of GAP (a-a. 
277 to 287 and 313 to 317) (19). 

To further evaluate whether a.a. 275 to 
35 1 of GAP [GAP (275 to 35 I)] are critical 
for Ras signaling, we injected oocytes with 
this peptide. GAP (275 to 35 1) (100 ng per 
oocyte) blocked GVBD induced by either 
Ras or insulin. Dose-response studies 
showed that the minimum amount of the 
peptide required to block GVBD was about 
10 ng per oocyte. Peptide containing a-a. 
786 to 860 from PLC--y [PLC--y (786 to 
860)], which encompasses the SH3 region 
of PLC--y and is similar but not identical to 
the SH3 domain of GAP, did not inhibit 
GVBD activity when injected at this con- 
centration (Fig. 3A). We determined the 
amount of GAP present in uninjected 
oocytes to be 1 ng per oocyte with a 
two-site immunometric assay (1 8). There- 
fore, the concentration of GAP (275 to 
351) was 1400 times greater than the con- 
centration of GAP in the oocytes. We tried 
to determine the involvement of the SH3 
domain in Ras signaling and tested peptides 
within the SH3 domain or encompassing 
one of the MAb2OO epitopes, GAP (273 to 
305), for Ras-dependent GVBD. Among 
these peptides, GAP (317 to 326) inhibited 
GVBD induced by Ha-Ras Lys12 but not 
that induced by progesterone (Fig. 3B). We 
tested whether GAP (275 to 351) could 
antagonize Ras-GAP signaling by prevent- 
ing GAP from associating with cellular 
components through its SH2 domains or by 
interfering with the Ras-GAP interaction. 
The effect of GAP (275 to 351) on the in 
vitro interaction of peptides containing 
either the two SH2 and the SH3 domains 
of GAP [GAP (182 to 442)] or one SH2 
domain [GAP (182 to 275)] with phos- 
phorylated epidermal growth factor recep- 
tors (EGF-R) was evaluated. EGF-R from 
EGF-activated cells were partially purified 
in the presence of phosphatase inhibitors 
and mixed with GAP (182 to 442) or 
GAP (182 to 275) fused in frame with the 
GST, with or without GAP (275 to 351). 
Phosphorylated EGF-R bound equally well 
to GAP (182 to 442) and GAP (182 to 
275) in the presence of GAP (275 to 351) 
(Fig. 4), suggesting that the epitope-binding 
domain of MAb2OO on GAP did not par- 
ticipate in the interaction between EGF-R 
and GAP. However, it cannot be excluded 
that GAP (275 to 351) may prevent the 
binding of cellular GAP to phosphopro- 

teins in Xempus oocytes via SH2 domains. 
The GTPase activity of Ha-Ras stimu- 

lated by plOO GAP was also analyzed. In 
the presence or absence of MAb2OO or 
GAP (275 to 35 1) , there was no difference 
in the rate of the GTPase reaction (ZO), 
whereas the neutralizing antibody to Ras, 
Y13-259, or antibodies directed to the so- 
called "effector domain" of Ha-Ras (21) 
(a-a. 30 to 40) inhibited the ability of plOO 
GAP to enhance the GTPase activity of 
Ras. The peptide GAP (3 17 to 326) did not 
modify either the association of GAP (182 
to 442) to phosphorylated EGF-R or the 
enhancement of the GTPase activity of Ras 

Fig. 3. Effect of GAP (275 to 351) and GAP (31 7 
to 326) on GVBD induced by hormones or 
Ha-Ras Lys12. (A) Recombinant GAP (275 to 
351) and PLC-7 (786 to 860) were separated 
from the GST moiety by site-specific proteolysis 
in which human thrombin [0.2% (wtw) of fusion 
protein] was applied directly to the glutathione- 
agarose column. Thrombin was eliminated by 
adding paminobenzamidine-agarose beads. 
The polypeptides were concentrated in Centri- 
con devices (Amicon). Oocytes were microin- 

by GAP (20). MAb2OO or GAP (273 to 
351) block Ras-mediated maturation of Xe- 
nopus oocytes by interacting with a domain 
of GAP different from the catalytic domain. 
GAP (275 to 351) probably acts by com- 
peting with intact GAP for binding to 
downstream components. Although there 
are a number of similarities between SH3 
domains from different proteins, identifica- 
tion of a putative SH3 is not so obvious. 
The same domain derived from PLC--y was 
not effective in blocking Ras-induced 
GVBD. This specificity is not surprising 
considering that single point mutations 
within the hydrophilic regions of the NH2- 

jected as described.in ~ i g .  1 with 40 nl of - Insulin (I pM) Proges. (I p M ) H m  ~y.12 
hydrolysis buffer [tris-HCI (pH 8), 2.5 mM 
CaCI,, 1 mM MgCI,, and GAP (275 to 351) (2.5 OBuffer  ~317to326273t0305 

mglml) or PLC-7 (786 to 860) (2.5 mglml)] and loo 
GAP GAP 

subsequently incubated in Barth buffer (2 ml) 
containing insulin or progesterone as de- 80 
scribed in Fig. 1A or microinjected with 40 nl of 
a mixture of Ha-Ras Lys12 in hydrolysis buffer 8 60 
with GAP (275 to 351) or with PLC-7 (786 to 
860) (Ha-Ras Lysq2). (B) The peptides GAP 40 

(273 to 305) and GAP (317 to 326) were syn- 20 
thesized by the solid-phase procedure of Mer- 
rifield (26) with the use of 9-fluorenyl metoxy 0 
carbonyl chemistry. The products were charac- Insulin (I PM) Proges. (1 p ~ )  w a s  ~ y . ~ ~  

terized by mass spectroscopy and sequencing, and their purity (>95%) was determined by 
reversed-phase high-pressure liquid chromatography. Results are expressed as the percentage of 
each group of ten oocytes that underwent GVBD. GAP peptides were dissolved in 5% dimethyl 
sulfoxide (DMSO) at 2.5 mglml, vortexed, and centrifuged for 5 min at room temperature. Oocytes 
were microinjected as described in Fig. 3A with 40 nl of 5% DMSO (control) or with cleared solutions 
of peptides. Each experiment was repeated at least four times. 

Fig. 4. Lack of effect of GAP (275 to 351) on EGF - + 
binding of GAP (182 to 442) to the phosphory- 
lated EGF-R. Quiescent Chinese hamster lung 7 8 9 
fibroblasts overexpressing human EGF-R were 
stimulated or not (lane 1, no EGF) with 80 nM 200- -EGF-R 
EGF (Collaborative Research) (lanes 2 to 9) for 
10 min in Dulbecco's modified Eagle's medium 'I6- 

containing sodium orthovanadate. Cells were 
lysed in lysis buffer (HNTG) [50 mM Hepes (pH 80- 
7.5), 150 mM NaCI, 10% glycerol, 1% Triton 49.5- 
X-100. 1.5 mM MaCI,. 1 mM EGTA. a~rotinin 
(1 0 k&I), 1 mM Ka;vo4. 10 mM tetrasodium 

Fusion , ~ ~ r o ~ h o s ~ h a t e ,  and 100 mM sodium fluoridel. 
GST-[182 to 44z, 82 to 2751 

After centrifugation (1 5,0009 for 15 min) the GAP GAP 
supernatants were incubated with 10 kg of 
either GST-GAP (182 to 442) (lanes 1 to 5) or GST-GAP (182 to 275) (lanes 6 to 9) that had been 
coated on 50 pI of glutathione-agarose beads and buffer (lanes 2 and 6), GAP (275 to 351) (50 pg) 
(lanes 3 and 7), GAP (275 to 351) (1 00 pg) (lanes 4 and 8), or GAP (1 82 to 275) (100 kg) (lanes 5 
and 9). After being gently mixed for 90 min, the complexes were washed three times with HNTG 
buffer. Complexed proteins were separated by SDS-PAGE (7.5% gels) and immunoblotted with 
antibodies to phosphotyrosine. Molecular size markers are shown at the left (in kilodaltons). 
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terminal and COOH-terminal SH3 regions 
alter the activity of the SEM-5 protein from 
Caenorhabditis elegans (22). GAP (275 to 
351) may thus in itself constitute a domain 
allowing binding to one or several down- 
stream molecules. These data are consistent 
with evidence suggesting that the SH2-SH3 
domains of GAP are sufficient to inhibit 
muscarinic atrial K+ channel currents (5). 

Our results provide evidence that SH3 
domains can regulate cellular signal trans- 
duction. Ras might be regulated both down- 
stream and upstream by SH2-SH3-contain- 
ing proteins. GAP (275 to 351) should 
prove to be useful for the identification of 
downstream components that participate in 
Ras-GAP signaling. Recently a complemen- 
tary DNA was isolated that encoded a pro- 
tein (3BP-1) similar to proteins with GAP 
activity that bound the SH3 domain of Abl 
(23). The Ras-GAP-associated protein 
p190 (10) has sequence similarities with 
3BP-1 and may participate in Ras signaling 
by binding to the SH3 domain of Ras-GAP. 
Direct links have yet to be made between 
Ras and the growth factor receptors that 
increase the GTP-bound active form of Ras 
and between Ras and activation of the mi- 
togen-actived protein kinases. The SH3 do- 
main of GAP may constitute a direct link in 
the control of Ras signaling, and within this 
SH3 domain the GAP (317 to 326) peptide 
may represent a binding site for an effector 
protein. 
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Modulation of Anxiety and Neuropeptide Y-Y 1 
Receptors by Antisense Oligodeoxynucleotides 

Claes Wahlestedt, Emilio Merlo Pich, George F. Koob, 
Frances Yee, Markus Heilig* 

The function of neuropeptide Y, one of the most abundant peptide transmitters of the 
mammalian brain, remains unclear because of a lack of specific receptor antagonists. An 
antisense oligodeoxynucleotide corresponding to the NH,-terminus of the rat Y1 receptor 
was constructed and added to cultures of rat cortical neurons. This treatment resulted in 
a reduced density of Y1 (but not Y2) receptors and diminished the decrease in adenosine 
3',5'-monophosphate (CAMP) usually seen afterY1 receptor activation. Repeated injection 
of the same oligodeoxynucleotide into the lateral cerebral ventricle of rats was followed by 
a similar reduction of cortical Y1 (but not Y2) receptors. Such antisense-treated animals 
displayed behavioral signs of anxiety. Thus, specific inhibition of neurotransmitter receptor 
expression can be accomplished in the living brain and demonstrates that altered central 
neuropeptide Y transmission produces an anxiety-like state. 

Neuropeptide Y (NPY) ( I )  is present in 
high concentrations in the hypothalamus, 
the limbic system, and the cortex of mam- 
mals (2). Because NPY is abundantly ex- 
pressed, exhibits bioactivity in numerous 
systems at nanomolar concentrations, and 
shows a remarkable degree of conservation 
throughout phylogenesis (3, 4), it is likely 
to be an important brain transmitter. On 
the basis of NPY administration to the 
central nervous system, the peptide has 
been proposed to participate in the central 
regulation of endocrine and autonomic 
function, circadian rhythms, and food in- 
take. In addition. disturbed NPY transmis- 
sion may contribute to clinical symptoms of 
anxiety and depression (5). In rats, central 
administration of NPY produces effects in- 
distinguishable from clinically effective 
anxiolytics (6). A direct demonstration of 
the role played by endogenous NPY, how- 
ever, has been hampered by the lack of 
specific NPY receptor antagonists. 

Two subclasses of receptors for NPY 
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have been described both in the periphery 
and in the brain (7-12). NPY-Y 1 receptors 
require the intact sequence of amino acids 1 
to 36 of NPY for activation, whereas Y2 
receptors can also be activated by shorter 
COOH-terminal fragments such as 
NPY,3-36 (7). The anxiolytic action of 
NPY in animal models of anxiety has been 
linked to the Y1 subclass of NPY receptors 
(6). The rat NPY-Y1 receptor and the 
highly homologous human NPY-Y1 recep- 
tor have been cloned ( B ) ,  and their nucle- 
otide sequences indicate that the Y1 recep- 
tor belongs to the superfamily of G protein- 
coupled receptors. On the basis of the 
sequence of the rat Y1 receptor, we de- 
signed and synthesized an antisense 18-base 
oligodeoxynucleotide (D-pligo) that corre- 
sponded to the receptor NQ~-terminus im- 
mediately downstream from the .initiation 
codon; the corresponding sense and mis- 
sense D-oligos were used as controls. 

Rat cortical neurons obtained at embry- 
onic day 14 were cultured for 7 days. RNA 
was then isolated, and the presence of Y 1 
receptor mRNA was determined by reverse 
transcriptase-polymerase chain reaction 
(RT-PCR) with the use of the sense D-oligo 
and a reverse primer (Fig. 1B) (13). Intact 
cultured cortical neurons displayed specific 
binding sites for lZ5I-labeled peptide YY 
(PYY), which binds to multiple NPY recep- 
tors (7-12). Heterogeneity among the '''I- 
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