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ABSTRACT. RGS9, a member of the family of regulators of G protein signaling (RGS), serves as a GTPase-
activating protein (GAP) for the transduaiasubunit (Gt in the vertebrate visual transduction cascade.
The GAP activity of RGS9 is uniquely potentiated by tpesubunit of the effector enzyme, cGMP-
phosphodiesterase)l In contrast, R attenuates the GAP effects of several other RGS proteins, including
RGS16. We demonstrate here that thedabunit exerts its effects on the GTPase activity of the-Gt

RGS complex via the C-terminal domair;-B3—87. The structural determinants that control the direction

of Py effects on the RGSGta system are localized within the RGS domains. The additionyat&®ised

an increase in the maximal stimulation ofdGGTPase activity by RGS9d without affecting the 45C
value. Modulation of Gi GTPase activity by chimeric RGS16 and RGS9 proteins anchds been
investigated. This analysis suggests that in addition to the differences in primary structures, the overall
conformations of the RGS fold in RGS9 and RGS16 are likely to be responsible for the opposite effects
of Py on the RGS9 and RGS16 GAP activity. The RGE3-a5 region constituted the minimal insertion

of the RGS9 domain into RGS16 that reversed the inhibitory effeciyoARmodel of the RGS9 complex

with Gto. shows then3—a5 helices in RGS9 facing the proximate Binding site on Gi. Our results

and this model demonstrate that the mechanism of potentiation of RGS9 GAP activifyibydives a

more rigid stabilization of the @t switch regions when @t is bound to both RGS9 andyP

Recently, a novel class of GTPase-activating proteins for Intrinsic Gon GTPase activity leads to inactivation of
heterotrimeric G proteins termed regulators of G protein transducin, which is central to the turnoff of the cascdd. (
signaling (RGS)has been described3). Members of the Until recently, one of the major unresolved questions has
RGS family negatively regulate G protein signaling of G been a discrepancy between the slow rate of the@EPase
proteins, particularly those from Gi, Gq, and G12 families activity measured in vitro and the fast photoresponse turnoff
(4—7). RGS proteins share a conserved RGS domain, whichin mammalian rods in vivo15—18). It was long thought
is responsible for their GAP activityd{-6). RGS domains  that the existence of a GAP for Gtmight explain this
bind to the conformation-sensitive switch regions of the G inconsistency. The effector molecule, and more specifically
subunits when the latter assume a transitional state for GTPthe Py subunit, had become an early candidate for such a
hydrolysis 8, 9). The Gu's GTPase activity is accelerated GAP (19). However, subsequent studies have established that
as a result of stabilization of the transitional state. This a distinct membrane-associated factor is the principal GAP
mechanism of the RGS GAP function is supported by the in phototransduction, whereag BEnhances this factor's GAP
first crystal structure of RGS4 bound to&GAIF,~ (10). activity toward Gt (20, 21). Hypothesizing that the GAP

The discovery of RGS proteins has had important implica- factor might belong to the RGS family, several groups have
tions for the visual transduction cascade. During photoex- cloned a number of retina-specific RGS proteins such as
citation, the transducin-subunit (Gt&) in the active GTP- mMRGSr (RGS16), RET-RGS1, and RGS9, which are capable
bound conformation stimulates the effector enzyme, cGMP of stimulating Gt GTPase activity Z2—24). Although a
phosphodiesterase (PDE), by displacing the inhibifesub-  retinal localization of RGS16 has been shown by Northern
units (Fy) from the PDE catalytic core (i) (11-13). analysis 22), the presence of the RGS16 protein in photo-
receptor cells has not been demonstrated. In our experiments,
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action by B implies simultaneous binding of the two  RGsied

molecules to Gi. The potentiation of RGS9 GAP activity g;
by Py may constitute an important feedback mechanism by &
which the activated effector contributes to signal termination. c4

CS

The synergistic effect of RGS9 ang kh stimulating the Co6
Gta. GTPase activity is unique, because acceleration of Gt c7
GTPase by other tested RGS proteins such as RGS16, RGS4, &
and GAIP is attenuated byyP(26—28). This attenuation g1

appears to be allosteric and results from the noncompetitive = (17 —————————
binding of Py and RGS to Gt (27). Despite an apparent S —
lack of physiological relevance, the inhibition of RGS16 GAP

. ! . - i al o2 a3 od as o6 a7 o8a9
activity by Py represents an interesting model interaction
that can be utilized to probe the mechanism of regulation of Avil  Sall EcoRISphI  Ndel AflIl
the RGS9 function by . Here, we analyze the structural EEERRGSS T RGSI6

determinants of RGS9 that contribute to the synergism FiGURE 1. Schematic representation of RGS domains of chimeric
between RGS9 andjPusing chimeric RGS16 and RGS9 RGS16-RGS9 proteins. Restriction sites that were utilized in
proteins. cloning of the RGS16RGS9 chimeras are denoted.
fragment and pGEX-KG-RGS16 were digested udiug
EXPERIMENTAL PROCEDURES and Aflll and then ligated together to produce chimera C2
. (1-123RGS1857-408RGSH 76—-202RGS16). Chimera
Preparation of Rod Outer Segment (ROS) Membranes, 3 containing the N-terminal half of RGS9d was generated
Gtofy, Py, and RGS16Bovine ROS membranes were i, 5 manner similar to that of C2 using therll and Nde
prepared as previously describezb) Urea-washed ROS  gjies (€3, + 61RGS16/296 354RGS9/122202RGS16). A
membranes (UROS) were prepared according to a previouslygjjent Sph site was introduced in both RGS9 and RGS16
published protocol30). Gtafy was prepared by a previously  «pNAs to generate chimeric RGS proteins-26 (Figure
described procedure31). Recombinant  was expressed 1) This restriction site provided junctions Cys98RGS16/
in Escherichia coliand purified according to a previously  ),333RGS9 and Cys332RGS9/GIU99RGS16 in these chi-
published protocol32). Peptides corregponding to r_e.sidues meras. ASal site, introduced into the RGS16 cDNA and
24—45 and 63-87 of Py were synthesized and purified s jnyinsic to the RGS9d cDNA, along with the previous
previously described3@). RGS16 was prepared and purified  reggriction sites was used to construct chimeric RGS pro-
as described in re27. teins C7C9. TheSal site allowed the joining of RGS16
Cloning and Site-Directed Mutagenesis of RGS16d, RGS9d.and RGS9 sequences at Gly75RGS16/Arg310RGS9 or
and Chimeric RGS16RGS9 ProteinscDNA encoding the  GIn311RGS9/Ala78RGS16. To further the development of
RGS domain of RGS16 (RGS16d, amino acids &80 was  chimeric proteins, afEcoRl site, which is already present
PCR amplified from the pGEX-KG-RGS16 vect@7] using in the RGS9d cDNA, was silently introduced into the RGS16
primers carrying thexba and Xhd restriction sites and ~ ¢DNA. The EcaRlI site furnished junctions Glu320RGS9/
subcloned into the pGEX-KG vectoBg). RGS16d was  Phe87RGS16 in chimeric protein C10 and Glu86RGS16/
expressed and purified according to a previously published phe321RGS9 in C11 and C12. TRal and Ndd restriction
protocol @7). cDNA encoding the RGS domain of RGS9  sjtes were used to generate chimeras 13 and 14. Single point
[amino acids 293418 of RGS9 24)] was PCR amplified  mutations of RGS16, Glu89Gly, Glu93Gly, and Leu96Glu,
from the human retinal cDNA library (provided by J. were introduced by PCR-directed mutagenesis using primers
Nathans, Johns Hopkins University, Baltimore, MD) using carrying the mutation and aSpH restriction site. All
primers carrying thédd and BanHI restriction sites. The  generated sequences were verified by automated DNA
PCR product was subcloned into the pET15b vector for sequencing at the University of lowa DNA Core Facility.

expression of RGS9d as a His-tagged proteirEincoli. Single-Turneer GTPase AssaySingle-turnover GTPase

RGS9d was expressed and purified essentially as describeghssays were carried out in suspensions of URQBV[IR*)

by He et al. 24). reconstituted with 0.4M Gt in 20 mM HEPES buffer (pH
Two silent restriction sitesAerll and Aflll) were intro- 7.4) containing 100 mM NaCl and 8 mM Mg%®ssentially

duced at the start (Gly61) and near the end (Leul72) of theas described previousl\24). The GTPase reactions were
RGS16d cDNA. The RGS sequences outside RGS16d wereinitiated by addition of 100 nMy}-32P]GTP 5 x 10* dpm/
PCR amplified and then used as primers in the second roundpmol). After a 5 sinterval, one of the RGS proteins (RGS9,
of PCR amplification with RGS16 cDNA as a template. To RGS16, or chimeric RGS9RGS16) and P or Py peptides
obtain the first chimera (C1), RGS9d was amplified with were added. The reactions proceeded for amobhs and
primers containingfurll and Aflll sites and subcloned into  were quenched by addition of 10 of 7% perchloric acid.

the pGEX-KG-RGS16 vector cut withwrll and Aflll to Nucleotides were then precipitated using charcoal, and the
replace RGS16d (C1,-161RGS16/296408RGS9/176 amount of free®?R, that formed was measured by liquid
202RGS16). Next, a silerildd restriction site was intro-  scintillation counting. The results are expressed as the mean
duced into RGS16 cDNA (lle122) using two-round PCR =+ standard error of triplicate measurements. The GTP
amplifications as described above. A cDNA segment encod- hydrolysis rate constants were calculated using the method
ing the C-terminal half of the RGS9d residues (3808 of of He et al. @4).

RGS9) was PCR amplified using & fimer containing an Other MethodsProtein concentrations were determined
Ndd site and a 3 primer with anAflll site. This PCR by the method of Bradford3d) using IgG as a standard or
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Ficure 2: Modulation of Gtv GTPase activity by RGS16d, RGS16

, and RGS9d in the absence or in the presencd®pi2B—45 or

Py-63—87. Single-turnover GTPase assays were carried out in suspensions of uURBISRE reconstituted with 0.4«M Gt as described
in Experimental Procedures. RGS16d (2M), RGS16 (0.5«M), or RGS9d (3uM) was added with or without(1 uM), Py-24—45 or

Py-63-87 (50uM each).

using calculated extinction coefficients at 280 nm. Rhodopsin
concentrations were measured using the difference in ab-
sorbance at 500 nm between “dark” and bleached ROS
preparations. The modeling of thedG3tRGS9 complex was
performed using SWISS-MODEL3B) and coordinates of
the RGS4-Gioy complex as a templatelQ).

RESULTS

Effect of B on Stimulation of Gt GTPase Actiity by
the RGS Domains of RGS16 and RG&®@.and others have
previously demonstrated the inhibitory effects of & the
GAP activity of RGS16 toward @&t (26, 27). To determine
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Ficure 3: Effects of B on dose-dependent stimulation ofdGt

whether the RGS domain of RGS16 is responsible for this GTPase activity by RGS9d. The &G TPase rate constants were

modulation by B, we have tested howyRaffects stimulation
of Gta. GTPase activity by RGS16d. Single-turnover assays

were carried out as described in Experimental Procedures.

Figure 2A shows that RGS16d at a concentration ofd/b
stimulated G&t GTPase activity by~3.5-fold. Addition of

1 uM Py inhibited this stimulation in a manner similar to
that of the effect of > on the GAP activity of full-length
RGS16 (Figure 2B). This rules out the possibility that the
inhibitory effect of B on RGS16 GAP activity might be

determined for GTP hydrolysis in suspensions of uUROSMBER*)

reconstituted with 0.4«M Gt and increasing concentrations of
RGS9d in the absencHl) or in the presencea() of 1 uM Py. The
calculated EG and V. values areM) 3.1+ 0.1 uM and 0.065

+ 0.005 st and @) 3.0 +£ 0.1 uM and 0.14+ 0.01 s?,
respectively.

implicated in the interaction with @t (32, 36—38). We
examined the effects of two synthetic peptides, corresponding
to Py-24—45 and RB-63—87, on the stimulation of @&t
GTPase activity by RGS16, RGS16d, and RGS9d. Peptide

mediated by the sequences outside the RGS domain. We the?y-24—45 had no effect on the degree to which RGS16d,

confirmed the potentiation of the RGS9d GAP effect oo Gt
by Py. In our experiments, RGS9d maximally accelerated
the GTPase activity of Gt reconstituted with uUROS mem-
branes by~3.5-fold with an EGg value of 3uM (Figure 3).
Effects of B on Gin GTPase activity were subsequently
tested under conditions of half-maximal stimulation by
RGS9d. The addition of increasing concentrations of P
brought the RGS9d-stimulated &6tGTPase activity up
further in a dose-dependent manner (not shown). The Gt
GTPase rate in the presence ofuBl RGS9d reached a
maximal level ¢0.07 s at 1 uM Py (Figure 2C).
Thereatfter, this concentration of Rvas fixed when examin-
ing the modulation of RGS9d and chimeric RGSEGS9

by Py. The above results are consistent with previous
observations 24, 27) and demonstrate that the structural
determinants within the RGS domains of different RGS

RGS16, or RGS9d acceleratedoGB TPase activity (Figure
2). The C-terminal peptide,P63—87, reversed the stimula-
tion of Gtao GTPase activity by RGS16d or RGS16, and
enhanced the GAP effect of RGS9d in a manner similar to
that of the effects of the full-lengthyP(Figure 2). These
results suggest that the C-terminal domain gfi®respon-
sible for opposite modulation of the RGS9 and RGS16 GAP
activity.

Py Enhances the Maximal Stimulation of GGTPase
Activity by RGS9d.Potentiation of the GAP activity of
RGS9d by P may involve changes in the maximal GTPase
activity, the EGo value, or both of the parameters. To
elucidate the mechanism of/Rction, the extent of stimula-
tion of Gtao GTPase activity by varying concentrations of
RGS9d was measured in the absence or in the presence of
Py (1 uM). The dose dependence curves shown in Figure 3

proteins underlie both the attenuation and enhancement ofindicate that the addition of)Pleads to an increase of the

the RGS GAP activity by f.

Effects of B Peptides on the RGS9d and RGS16d GAP
Activity. Two major regions of §, a polycationic region (7
24—45) and the C-terminal region yF63—76), have been

maximal RGS9d-stimulated GtGTPase rate\nax effect),
whereas the E& value (3uM) remains unchanged.

The single-turnover GTPase assay used in this study does
not allow accurate measurements of GTPase rates exceeding
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Ficure 4: Modulation of Gtv GTPase activity by chimeric
RGS16-RGS9 proteins and P Single-turnover GTPase assays
were carried out in suspensions of UROS:@ R*) reconstituted
with 0.4uM Gt and 3uM RGS protein in the absence (black bars)
or in the presence (white bars) ofuM Py.

C3 C§ ¢8 C7 C8 C10 C11 C12 C13 C14

0.2 s'1. At such rates, nearly all the GTP is hydrolyzed after
the 10 s incubation period. RGS16 (or RGS16d) is a
significantly more potent GAP than RGS9d and at high
concentrations can stimulate GGTPase activity to rates

of >0.2 s'*. Therefore, we were unable to obtain saturating
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Ficure 5: Effects of B on dose-dependent stimulation ofdGt
GTPase activity by chimeric RGS, C8. TheoGGTPase rate
constants were determined for GTP hydrolysis in suspensions of
UROS (5uM R*) reconstituted with 0.4«M Gt and increasing
concentrations of chimera C8 in the abserledr in the presence

(a) of 1 uM Py. The calculated E§ andVnax values are) 2.3

+ 0.1uM and 0.070+ 0.005 st and &) 1.9+ 0.14M and 0.10

+ 0.01 s'%, respectively.

the C5 and C6 GAP activity toward Gtthus excluding the

dose dependence curves for the GTPase rates using RGS1@5 helix alone as well as the whotés—o8 region of RGS9

and consequently determine the effect of & the EGo
value for the GAP activity of RGS16. However, a reversal
of stimulation of the Gi GTPase activity by RGS16 at
saturating B concentrations was only partial (560%),
suggesting an allosteric nature of the &fect (not shown).
Similar observations have been made foo@gulation by
RGS4 @8).

Modulation of Gtx GTPase Actiity by Chimeric RGS9
RGS16 ProteinsSince the RGS domains of RGS9 and
RGS16 are fully sufficient for reconstitution of modulation
of these RGS proteins byyPthe simplest design would be
to generate chimeric RGS16€RGS9d domains. We have

as domains that are responsible for the synergistic GAP effect
of RGS9 and p. Chimera C7 was made to probe the role
of the RGS%a1—a2 region (Figure 1). C7 appeared to be
functionally equivalent to the wild-type RGS16, indicating
that theal—a2 region is not involved in the modulation of
the RGS GAP activity by f (Figure 4). This result was
also corroborated by C8 (Figure 1). The GAP effect of C8
was enhanced in the presence ¢f By ~50% (Figure 4).
These results seemed to implicate the RGS and o4
helices. Therefore, a chimeric RGS protein, C9, containing
the RGS%3—a4 region was designed to elucidate the role
of this region (Figure 1). However, C9 was inactive. The

noticed, however, that RGS9d is unstable and has a tendencyt3—o4 region was further split in chimeric proteins C10

to slowly precipitate out of solution. Perhaps it is related to

and C11, which contained individual helice8 anda4 of

the fact that it cannot be expressed as a soluble protein andRGS9, respectively. Although C11 was relatively inefficient

requires refolding after solubilization of inclusion bodies in
6 M guanidinium chloride Z4). This instability of RGS9d

in stimulating Gtt GTPase activity, both C10 and C11 were
negatively modulated by)P(Figure 4). In addition, we have

prevented us from taking a straightforward approach to made a chimeric RGS protein containing tike—o5 region
making chimeric RGS domains by swapping pieces of of RGS9d (C12). C12 displayed functional characteristics
RGS16d and RGS9d. Instead, we used full-length RGS16similar to those of C11, i.e., modest stimulation ofoGt

as a background for substitution of different RGS16d

GTPase activity, which was attenuated by. Pence, the

segments with corresponding sequences from RGS9. The firsbverall data indicate that whereas the N-terminal half of
chimeric RGS protein (C1) that was made contained RGS9dRGS9d (1—ab) is apparently involved in the synergistic

flanked by the N- and C-terminal regions of RGS16 (Figure
1). Expression of C1 led to an insoluble protein found
exclusively in inclusion bodies. Attempts to increase the
solubility of the protein by decreasing the induction tem-
perature to 25°C and adding 2.5 mM betaine and 1 M

sorbitol 39) were unsuccessful. Next, two chimeric RGS

potentiation of the RGS9 GAP activity byyPnone of the
individual domains ¢1—o2, a3, a4, a5, ando4—a5) was
sufficient to reproduce this effect in the context of RGS16.
However, a modest but consistent enhancement ef Gt
GTPase activity by #was observed for chimera C13 (Figure
1), which contains three-helices,a3—a5, and the con-

proteins, C2 and C3, were generated (Figure 1). C2 was fully necting loops from RGS9 (amino acids 31864) (Figure

functional with a GAP activity comparable to that for RGS16
(Figure 4). B inhibited the GAP effect of C2 on @t C3
had no GAP activity. However, a small increase30%) in

4). Supporting the requirement for th—a5 helices in the
Py modulation of RGS, a symmetrical chimera C14 which
contained thea3—o5 helices from RGS16d exhibited

the Gtr GTPase activity was detected in the presence of both negative regulation by+P(Figure 4).

C3 and B (Figure 4). Chimeras C2 and C3 thus provided
an indication that the N-terminal portion of RGS9d (helices
1-5) may contribute to the RGS9 ability to stimulate the
Gta. GTPase activity in concert withyP To further delineate
this region, chimeric RGS proteins €£6 were subse-

To examine how closely the chimeric RGSIBGS9
proteins that displayed RGS9d-like modulation reflect the
functional properties of RGS9d, the representative chimera,
C8, has been analyzed in the titration experiments. Figure 5
shows that C8 activated GtGTPase activity in a manner

quently cloned (Figure 1). C4 was inactive, but C5 and C6 analogous to that of RGS9d with a maximal stimulation of

were functionally active (Figure 4)egatively modulated

~3.5-fold and an Eg; value of 2.3uM. The extent of
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A Some of the examined chimeric RGSABGS9 proteins
were inactive (C1, C4, and C9), indicating incorrect folding
of the RGS domain. Several other chimeras, such as C3 and

RGS9 32FS|IGENLG|FW|E|A CE33 C11-C13, had weak GAP activity toward Gt This in part
RGS16 9 FS|IEIENLE|FWIL |ACE®» may be due to the relatively inefficient GAP activity of
RGS4 #YSIEENIIDI FWII |S CE% RGSQd, although_the altered folding _of the chimeric RGS
domain may contribute as well. Analysis of the GAP activity
< > of chimeric RGS suggests that those chimeras that contained
o4 the RGS9do4 helix were most impaired. Therefore, the

chimeric approach could have left unnoticed the potential
structural elements within the4 helix that are required for

0.25- B the synergistic effects of RGS9 ang.PAn alignment of
the o4 sequences from RGS16, RGS4 (both are inhibited
- 020. by Py), and RGS9 (potentiated byyPreveals three non-
w conservative positions (Figure 6A). Reflecting these differ-
& 0.154 ences, three RGS16 mutants, Glu89Gly, Glu93Gly, and
P Leu96Gilu, with single substitutions for RGS9 residues have
8 510l been made. All three mutants stimulatedt@TPase activity
= in a manner similar to that of RGS16 (Figure 6B). Further-
© 0.054 more, B attenuated the GAP activity of these mutants in a
& manner analogous to that of RGS16 (Figure 6B).
0.00 Gta E89G E93G L96E DISCUSSION
- + - + - +
FiGURE 6: (A) Sequence alignment of the4 helices from RGS Rapidly accumulating evidence indicates an important role

domains of RGS9, RGS16, and RGS4. Nonconserved residues arf RGS proteins in regulation of a variety of cellular
denoted. (B) Effects of point mutants of RGS16 anddnh Gix mechanisms mediated by G proteids-6). RGS proteins
GTPase activity. Point mutants of RGS16 with substitutions of are very diverse and may contain multiple structural domains.

nonconserved4 residues with the corresponding RGS9 residues . .
were tested in single-turnover GTPase assays in suspensions ofl N€ Presence of the RGS domain is a common denominator

UROS (5uM R*) reconstituted with 0.4«M Gt and 0.5«M mutant that allows grouping of all these proteins into one large
RGS16 in the absence-{ or in the presenceX) of 1 uM Py. family. The crystal structure of RGS4 bound too@AIF 4~

has elucidated a general architecture of the RGS domain and
potentiation of C8 GAP activity byPwas somewhat lower  a principle mechanism of the RGS GAP activity0). The
than that of RGS9d (Figure 5). Nonetheless, theB@lue conserved RGS core is composed of ninkelices that fold

for the GTPase activation by C8 in the presencepiRs into two subdomains. The larger subdomain which includes
practically unaffected (E4s = 1.9 uM) as it was seen for  helicesa3—a8 is a typical antiparallel four-helix bundle.
the RGS9d effect. Loopsa3—a4 andab—a6 and the region of.7—a8 form

Ficure 7: Model of the complex between RGS9d andxGl_eft) The RGS9¢ Gta. complex was modeled using SWISS-MODERS[

and the RGS4Gia, crystal structurel0) as a template. The picture was generated using RasMol (version 2.6). The RGS9 contact residues
of Gta are green. Effector-interacting residues from the switch Il region andwghkelix of Gix (40) are blue. Then3—o5 region of

RGS9d (amino acids 31B54) is magenta; the remaining RGS9d residues are orange. (Right) View of the complex rotatsalifd the

vertical axis with respect to the view in the left panel. The RGS9d chain is shown in a space-filing mode.
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three distinct sites of interaction withdGThese RGS regions  loops are facing the jPbinding surface on Gt identified
make contacts with the three switch regions oé3(10). by site-directed mutagenesis of dGt(40). Perhaps the
Interaction of RGS protein with the G protein switch regions opposite effects of Pon RGS9 and RGS16 can be explained
suggests a reduction in the free energy of the transitional simply by the lack of interference between the RGEH-
state via stabilization of @ switch regions and residues a5 region and P, thus allowing for optimal stabilization of
directly involved in GTP hydrolysis as the mechanism of the G switch regions in the RGS9Gta—Py complex.
RGS GAP activity 10). Recently, we identified Gt residues

that are critical for the interaction with theyPsubunit of =~ REFERENCES

the effector enzyme, PDE(). Comparative analysis of the 1. Koelle, M. R., and Honvitz, H. R. (1996Jell 84 115-125.

RGS and effector interfaces of @Gtllows for speculation 2. Druey, K. M., Blumer, K. J., Kang, V. H., and Kehrl, J. H.
about the mechanism of potentiation of RGS9 GAP action (1996) Nature 379 742-746.

by Py. We have shown that RGS ang Bind to distinct 3. Berman, D. M., Wilkie, T. M., and Gilman, A. G. (1996gll
Gto residues located in close proximity within the switch 11 86, 445-452.

region @0). Such an organization of the two interfaces may 4. 3?;7“1'1“3?;7’{" G., and Thomer, J. (199T)Biol. Chem. 272
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