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S| Materials and Methods. Plasmid construction. The cDNAs of hu-
man Ga, were amplified and subcloned into pCMV5. Mutants of
Go, (R60K, L78N, V184S, I190N, and P193C) were generated by
site-directed PCR mutagenesis. A soluble and functional
chimeric protein, Gai, which comprises the N-terminal helix (re-
sidues 1-28) of rat Gu;;, the Arg-Ser linker, and the core domain
of mouse Ga, (residues 37-359) was generated by overlapping
PCR as previously described (1).

X-ray data collection. For X-ray data collection, the crystal was
mounted on a rayon loop and flash-frozen in liquid nitrogen.
The X-ray data were collected at SPring-8 on beamline BL41XU.
The crystal was maintained at 100 K in a nitrogen stream during
exposure to the X-ray beam with a wavelength of 1.00 A. Diffrac-
tion from a total oscillation range of 180° was recorded by the
charge-coupled device detector (ADSC Quantum 315). The da-
taset was indexed and merged using the HKL2000 program
suite (2).

Structure determination. The phases were determined by the mo-
lecular replacement (MR) method using the GDP + AlF,~ form
of the Go;q subunit (PDB ID: 2BCJ) (1) and the Gy subunits
(PDB ID: 1GP2) (3) as a search model. Two independent MR
calculations using the Gayq and Gy coordinates were performed
by the PHASER (4) program, which successfully gave solutions
corresponding to the known architecture of the heterotrimer.
One complex was included in the asymmetric unit of the crystal.
In the model building, the structure of the heterotrimer was at
first refined by CNS (5). The inhibitor model was then built into
the residual electron-density map using the graphic program
Coot (6). In this process, the ring-shaped densities with an ex-
tended body (corresponding to the cyclic backbone with the
YM-254890 subregion) were traced by two different orientations
of an inhibitor structure, a clockwise one and an anticlockwise
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one, as well as with several different conformations of the sub-
region. Only the present structure fully fitted into the densities
accompanied with the lowest R-values. The structure was finally
refined by REFMAC with TLS parameterization (7). The figures
were prepared using PyMOL (DeLano Scientific).

Trypsin protection assay. 293T cells were transfected with each Ga.
At 48 h posttransfection, the cells were washed with PBS and
lysed with a lysis buffer (20 mM Hepes-NaOH pH 8.0,
100 mM NaCl, 3 mM MgCl,, 1 mM EDTA, 1 mM DTT,
10 pM GDP, and 0.5% Lubrol-PX). Lysates were cleared by
centrifugation at 14,000 g for 10 min, and supernatants were pre-
treated with or without 10 pM YM-254890 for 15 min at 30 °C.
Next, supernatants (1.5 mg/mL) were incubated with or without
AlF,~ (10 mM MgCl,, 5 mM NaF, and 50 uM AICl;) for 15 min at
30°C and then treated with 5 pg/mL TPCK-trypsin for 20 min at
30°C. The reactions were stopped by the addition of Laemmli
sample buffer. The digestion of Ga, or Gays was detected using
an anti-Gag,; antibody (Santa Cruz Biotechnology) or anti-Goy4
antibody (Gramsch Laboratories) that recognizes the C-terminal
tail of the corresponding protein.

AIF,~-induced Ga dissociation from GBy. The assay was performed
as previously described by Yamaguchi et al. (8) with some mod-
ification. Briefly, 293T cells were transfected with each Ga, G,
and FLAG-Gy,. At 48 h posttransfection, the cells were pre-
treated with or without 10 pM YM-254890 for 30 min and incu-
bated with or without AIF,~ for an additional 2 h. The cells were
then washed with PBS and lysed with lysis buffer with or without
10 pM YM-254890 and AlF,~. Lysates were cleared by centrifu-
gation at 14,000 g for 10 min, and the supernatants were then
incubated with the anti-FLAG antibody and protein G-Sepharose
for 1 h. Immunoprecipitates were washed three times with lysis
buffer and treated with Laemmli sample buffer.
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Fig. S1. The a subunit selectivity of YM-254890. Purified Gas (A), Goir (B), G, (C), or Gays (D) at a concentration of 100 nM was preincubated with (open circles)
or without (filled circles) 10 pM YM-254890 for 3 min, and GTPyS binding assay was performed. Each value represents the mean =+ S.D. from three independent
experiments.
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Fig. S2. ' YM-254890 sensitivity of Gais and Gays. The AlF,~-induced conformational changes in Gous and Goss were evaluated with the trypsin protection assay
(A) or the dissociation from Gpy (B), respectively. (A) 293T cells were transfected with Gag or Gaus plasmid. Cell lysate was pretreated with or without 10 pM YM-
254890 and then incubated with or without AlF,~. Ga in the lysate was digested with trypsin. The trypsin sensitivities of Goy and Gais were analyzed by
immunoblotting using anti-Gog and anti-Gays antibodies, respectively. Partially protected 38 kDa products of Gag and Gays are shown as Protected Gag
and Protected Gaus, respectively. (B) 293T cells transfected with Go, Gpfs, and FLAG-Gy, were preincubated with or without 10 uM YM-254890. After
30 min, 293T cells were treated with or without AIF,~ for an additional 2 h. The whole-cell lysate (WCL) was prepared and incubated with an anti-FLAG
antibody and protein G-Sepharose. Coimmunoprecipitation of Gog or Gays With FLAG-Gf1y, was detected with anti-Gag and anti-Gays antibodies, respectively.
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Fig. S3. Comparison of YM-254890 sensitivity between Gayq monomer and Gaify heterotrimer. (A) Inhibition of GTPyS binding to His-Gaypy heterotrimer.
Purified His-Gayqfy (100 nM) was preincubated with (open circles) or without (filled circles) 10 uM YM-254890 for 3 min, and the GTPyS binding assay was
performed. (B) Comparison of dose-dependent inhibition of GTPyS binding to His-Goiq and His-Gaqfy. Purified His-Goq (filled circles) or His-Goqfy (open circles)
was preincubated with the indicated concentration of YM-254890, and the GTPyS binding assay was performed for 120 min. Each value represents the mean +
S.D. from three independent experiments.
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Fig. S4. Comparison of overall structure of Gai,fy-YM-254890 with those of other Gapy. (A) Stereo view of the Gaiqpiy. (red), which is bound to GDP (purple)
and YM-254890 (cyan), superimposed on Guiip1y2 (yellow) (1) and Gowifiy: (gray) (2). The helical domain of Gayq may be rotated through the hinge regions
(Linker 1 and Switch I) compared with those of Gai; and Ga. (B) Stereo view of the Goyq (red), which is bound to GDP and YM-254890, superimposed on the Gaq
bound to GDP and AlF,~ from Ga;-GRK2-Gpy complex (yellow) (3) and Ga,-p63RhoGEF-RhoA complex (gray) (4). (C) Close-up view of the three switch regions
of Gaiq. The conformations of three switch regions of Gai,fy bound to YM-254890 are essentially the same as those of Gaify and Gaypy, which display the
typical inactive GDP-bound conformation.
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Fig. S5. Stereo view of the structure model of YM-254890 bound to the heterotrimer. The |F,|-|F.| omit electron-density map contoured at 3.3¢ (gray mesh) is
superimposed. The map was calculated without the contribution of YM-254890. Oxygen and nitrogen are shown in red and blue, respectively. The hydrogen
bonds within a distance of 3.3 A are shown as dashed lines.
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Fig. S6. Trypsin protection assay of each Gag mutant. 293T cells were transfected with each Gag, mutant plasmid. Cell lysate was preincubated with or without
AlF,~, and then Ga, was digested with trypsin.
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Fig. S7. Stereo view of the interaction between YM-254890 and Gaiqfy. GaigPy-YM-254890 complex depicted as a stick model is shown in the same orientation
as Fig. 3E. GTPase domain, helical domain, and two linkers of Goq are shown in yellow, green, and light red, respectively. G and YM-254890 are light blue and
cyan, respectively. Oxygen and nitrogen are shown in red and blue, respectively. Hydrogen bonds are shown as dashed lines.
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Table S1. Crystallographic data for the Ga/qpy-YM-254890

complex

X-ray data

Space group
Cell parameters [A]
Resolution [A] *

14,
a=b=173.3, c=60.9
20-2.9 (3.0-2.9)

Mosaicity 0.2-0.3
Vi[A®/Dal/Vioent [%] 2.59/47.5
Reflections, total/unique 80,301/19,018
Completeness [%] 94.1 (76.9)
e 11.1 (2.9)
Redundancy 4.2 (4.1)
Rimerge [%] 5.9 (52.6)
Refinement

Number of residues included

Gayg 342 (of 355)

GB 330 (of 340)

Gy 50 (of 78)
Number of atoms 5,829
Rwork/Rfree [%] ! 25-9/31-5
Ramachandran plot [%]

Most favored 81.6

Additionally allowed 16.4

Generously allowed 1.8

Disallowed 0.2 (Thr87 of Gp)
Average B-factor [A?]

Gog 91.1

Gp 91.2

Gy 93.1

GDP 90.7

YM-254890 101.7
R.m.s. bond length [A], angles [°] 0.011, 1.2

*Numbers in parentheses refer to statistics for the outer

resolution shell.

TRwork = Z:”Fobs‘ - |Fcalc||/2‘Fobs|- Rfree is the same as Rwork except
for a 5% subset of all reflections that were never used in the

crystallographic refinement.
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