Crystal structure of multifunctional GB5-RGS9: an R7-
family RGS protein complex

Matthew L. Cheever'?, Jason T. Snyder'*, Svetlana Gershburg', David P.

Siderovski'??, T. Kendall Harden'?, John Sondek'?*

"Department of Pharmacology, University of North Carolina School of Medicine,

Campus Box # 7365, Chapel Hill, North Carolina 27599-7365 USA.

2| ineberger Comprehensive Cancer Center, University of North Carolina School

of Medicine, Campus Box # 7295, Chapel Hill, North Carolina 27599-7295 USA.

SUNC Neuroscience Center, University of North Carolina School of Medicine,

Campus Box # 7250, Chapel Hill, North Carolina 27599-7250 USA.

‘Department of Biochemistry and Biophysics, University of North Carolina School
of Medicine, Campus Box # 7260, Chapel Hill, North Carolina 27599-7260 USA.

Correspondence should be addressed to J.S. email: sondek@med.unc.edu

®Present address: Dade Behring Inc., Newark, DE 19702, USA



Supplementary Figure 1

RGS9

dp1 do2

o I I

30 40 50 60 70 80 90
RGS9 1 MTIRHQ ALVKDMQNPETG - VRMENQRVLVTSVPHAMTGGDVLQWIT ONIIGNFII VKYGY I YPLQDPKNLILKPDS
RGS11 5 TRCTPH RVVVSMQDPDQG-VKMRSQRLLITVIPHAVAGRDLVEWLVH LHLGTLLAQHGYIYPLRESRDLTLRPDE
RGS6 10 AVGIADP DIITKMQDDKTGGVPIRTVKSFLSKIPSVVTGTDIVQWLM IHLGSLIAAQGYIFPISD-HVLTMKDDG
RGS7 9 QTSNG DVIARMQDEKNG-IPIRTVKSFLSKIPSVFSGSDIVQWLI LHLGT GYFFPISD-HVLTLKDDG
EGL-10 9 NASN- MLVNQMLDAEAG-VPIKTVKSFLSKVPSVFTGQDLIGWIM LH TASHGYLFQIDD-HVLTVKNDG
EAT-16 1 -------- - VLAKRVMEG- - - -AQLKTHKYFRIAVPHAITGQQLIALVL SH. LLHHGYMFPVIE-HGQPFKDDG
SST2 244 DINDLERVSPLAHRFFTNPDSESHTQYYVSNAG-IRLFENKTFGTS (7) TFTTKAIWQWIMDCTDIMHVKEAVSLAALFLKTGLIVPV----- LLQPSRT
dB3 dp4 d3441 xou1 xo2 x3101 xo3 xo4
100 110 120 130 140 150 160 170 180 190
RGS9 99 SLYRFQTPYFWPTQQWPAEDTDYAIYLAKRNIKKKG- - ILEEYEKENYDFLNKKINYKWDFVIMQAKEQYRTGKERNKADRYALDCQEKAYWLVHRSPPG
RGS11 103 TPYRFQTPYFWTSTMWPAAELDYAIYLAKKNIQKQG--ALVDYEKEHYALLHKKINHAWDLVLMQAREQLRAAKQRRKGDRMVISCQEQTYWLVNKPPPG
RGS6 109 TFYRFQAPYFWPSNCWEPENTDYAIYLCKRTMQNKARLELADYEAENLARLQRAFARKWEFIFMQAEAQVKIDRKKDKTERKILDSQERAFWDVHRPVPG
RGS7 106 TFYRFQTPYFWPSNCWEPENTDYAVYLCKRTMQNKARLELADYEAESLARLQRAFARKWEFIFMQAEAQAKVDKKRDKIERKILDSQERAFWDVHRPVPG
EGL-10 106 TFYRFQTPYFWPSNCWDPENTDYAVYLCKRTMQNKAHLELEDFEAENLAKLQKMFSRKWEFVFMQAEAQYKVDKKRDRQERQILDSQERAFWDVHRPVPG
EAT-16 84 TLYRLQRPYFWPSQAELVPDVEYAIYLNKRLLRNEQKHGLEEDEVESFNRLADVLAHMWAFIVQQSELQLKQQKEKKKVDKVVFDSEERAFWKIRKPSRG
SST2 342 DKKKFQIS--------m- - - e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e mec e me—e———m—————————
xB1 gal go2 93101 go3 god gob
2 270 280
RGS9 197 L Q DAIMSGCL-PS- -NPWII KL-
RGS11 201 LECFR PIMSGCL-PS--NPWII Ty PN-
RGS6 209 [T A TPAE-PS--NPWI TTIL SK-
RGS7 206 n's Q DPFLVPPD-PS - -NPWL YT SK-
EGL-10 206 VO DPLLTPP (8) SQPNPWINDTV! ITG
EAT-16 184 M )G MDR F FDPFILHPPQPS - - NPW. DTS
SST2 350 (RSSFFTLSKRGWDLVSWTGCKSNNIRAPNGSTIDLD -------------------------------------
rB1 ro1 ro2 ro3 ro4 3401 ro5 ro6
290 310 320 330 350 370
RGS9 285 -VEIPT i KVKE EIYKLFLAP-GA TMDITVKGLR
RGS11 289 -VAAPT Al QVPT SVYQQFLAP - TMERTLEGLR
RGS6 324 ---EPS SI DVAK EIWQEFLAP - SYEITSQNVK
RGS7 321 ---EPS SI EVPS EIWQEFLAP - A SYDKTTQNVK
EGL-10 409 ---DIQ G MVP EIYNEFIDT VMEVTEDNLK
EAT-16 272 SAEIPT S QIYQ RIREEFLAQ-GAPAQ TLDQTLECIS
SST2 409 ————QDMLISSSNLNKLDYVLTDPGMRYLFRRHLE AELCV DVFIEIKRFLKK(36)QANECLE HIYSSYIMI-GSPYQ LRQONISDIML
380 390 400 410 420 [ GB5 contacts [0 SST2 only
E(SJSQ 379 HPH---- Q----TH L YARYLKSPIYKEMLAKAIEPQE 422 [J N-term/Link contacts ® Putative Go. contacts
RGS11 383 QPH----RYV. Q- - - -LHIYML YPRFLKSDIYKGLLEEAVIPLE 426 ° ifi
RGS6 416 DGG----RYT AQ- - - -EHIVKL Y. LRSNAYQDLLLAKKKGKS 459 O DEP contacts GGL,SpeC'f'C contacts
RGS7 413 EPG- - - -RY[TFEDAQ- - - - EHTIVKI YPRFIRSSAYQELLQAKRKRCH 456 [0 GGL/Gy contacts GpB divergence
EGL-10 502 NPN---- AA- - - -DHIVICL YQRFLRSEIYKDLVLQSRKKVS 545 [1 RGS contacts
EAT-16 367 KAK(5) - SE- - - -EHV[FITL YBRFVRSQIYKAVLTAAQQHGT 415 0G tact
SST2 536 HPH(91)RYGMDNTQ (27) NEMYRL FQKFTQSDVYKDASALIEIQEK 697 o contacts
ol o2 S1p4 S2pB1 S2p2 S233
GB5 WD
10 20 60 70 80 90
GB5 1 MATDGLHENE 50 F LKGHG K@IVSSSQBGKVIVWD 91
GB1 I MS 42 IQMR LRGH W TDSRLLVSASQD WD 83
GB2 1 -------- MS 42 IQMR LRGH TDSRLLVSASQD WD 83
GB3 1 - MG 42 VQMR LRGH n TDSKLLVSASQD 83
Gp4 I MS 42 IQMR LRGH YDSRLLVSASQD WD 83
S2p4 S3p1 3501 S3p4 S4[31 S4p2 S433
WD2
100 110 120 130 140 150 160 170 180
GB5 92 %TNKEHAVTMPC CAYAPSGCAIACGGIDNKCSVYP 133  LTFDKNENMAAKK-KSVAM-H SACSHINSDMQOILTASGDGTCALIWD 1
GB1 84 T IPLRS CAYAPSGNYVACG CSIYN 125 LK-TR-EGNV-RVSREL-AG! ,SCCRFL-DDNQIVTSSGDTTCALWD 1
GB2 84 [SY|TT IPLRS CAYAPSGNFVACG CSIYS 125 LK-TR-EGNV-RVSREL-PGHTGY[LSCCRFL-DDNQIITSSGDTTCALWD 1
GB3 84 [TY[TT IPLRS CAYAPSGNFVACG CSIYN 125 LK-SR-EGNV-KVSREL- SAHTIGY[LSCCRFL-DDNNIVTSSGDTTCALWD 1
Gp4 84 [sY[TT IPLRS CAYAPSGNYVACG CSIYN 125 LK-TR-EGNV-RVSREL - PGHIGYLSCCRFL-DDGQIITSSGDTTCALWD 1
S4p4 S5B1 S5p2 S5B3 S5p4 S6p1 S632 S633
WD4 WD5
190 200 10 220 0250 260
GB5 182 LOLAPSHIGNIFVSG AMVWD 225 SVRY[YPS ASGE@ATCRLYE 267
GB1 171 IETGQQTTTFTGH SLSLAPDTR- - LFVSGACDASAKLWD 212 NAICFH! P NAFATGSDDATC 254
GB2 171 IETGQQTVGFAGHS SLSLAPDGR- -TFVSGACDASIKLWD 212 INAVAFFPNGYAFTTGSDDATC D 254
GB3 171 IETGQQKTVFVGHTGDCMSLAVSPDYK--LFISGACDASAKLWD 212 TINAICFFPNGEAICTGSDDASCRLFD 254
GB4 171 IETGQQTTTFTGHS SLSLSPDLK--TFVSGACDASSKLWD 212 DINAVSFFPSGYAFATGSDDATCRLFD 254
S6p4 S7B1 S7B32 S7B3 S1B1 S1B2 S1B3
WD6 WD7
270 280 290 300 310 320 330 340 350 o
GB5 268 REVAIYS ASSVDHSLSGRULAAGY. NVWD 311 GSRVSTLFCHENRVSTLR CSGSWDPHTL 353
GB1 255 ADQETMTYSHDNIICGITSVS GRLLLAGYDDFNCNVWD 298 ADRAGVLAGHDNRVSCLG ATGSWDSFL 340
GB2 255 ADQETIL.MY SHDNIICGITSVAFSRSGRLLLAGYDDFNCNIWD 298 GDRAGVLAGHDNRVSCLG ATGSWDSFL 340
GB3 255 ADQHEITAYSQESIICGITSVAFSE LIL.FAGYDDFNCNVWD 298 CERVGILSGHDNRVSCLGV ATGSWDSFL 340
GB4 255 ADQRIIL.LYSHDNIICGITSVA LIL.LAGYDDFNCSVWD 298 GGRSGVLAGHDNRVSCLGVTD ATGSWDSFL 340

98
102
108
105
105

83
341

196
200
208
205
205
183

284
288
323
320
408
271
408

378
382
415
412
501
366
535

81
70
70
70
70



Supplementary Figure 1 R7-RGS and Gf secondary-structure and sequence
alignments. Secondary-structure elements from the GB5—-RGS9 complex are
indicated above sequence alignments as cylinders (a-helices) and arrows (-
strands) and are colored as in Figure 1. Residue numbers above sequences are
for mouse RGS9 and mouse Gf5. Intra- and intermolecular contacts of RGS9 as
discussed above or in ref. 1 (Ga contacts) are boxed and colored according to
the inset legend. An SST2 segment with no homology to R7-RGS proteins is
boxed with magenta. Residues boxed on the G5 sequence represent contacts
with RGS9. Residues boxed on Gp1-4 sequences are Gf3 subunit consensus
contacts with Ga. and Gy subunits®®. Sequentially and/or functionally divergent
Gp residues are indicated as red text. Additional contacts or modifications as
discussed in the text are indicated and described in the figure. GenBank
accession numbers for the proteins from top to bottom are BAE23565,
NP_001074538, Q9Z2H2, AAH51133, P49809, NP_740905, P11972,
NP_619733, P62874, P62880, Q61011 and P29387.
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Supplementary Figure 2
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Supplementary Figure 2 Specific contacts between residues of RGS9 and G35
residues. Diagram illustrating specific intermolecular contacts between RGS9
and G5 (blue) residues. The RGS9 contact residues are colored based on their
positions in the N-terminal tail (light-grey), DHEX-GGL linker (dark-grey), DEP

domain (orange), GGL domain (red) and RGS domain (green).
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Supplementary Figure 3
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Supplementary Figure 3 The electrostatic potential of GB5—RGS9 supports the
membrane orientation model. Electrostatic potential maps, calculated at + 2 KT,
and depicted as positive (blue) and negative (red) contours, are superposed on
the GB5—RGS9 structure backbone trace colored as in Figure 1. Top, Oriented
as in Figure 6a relative to the membrane. Bottom, The structure is rotated 90°

around the X-axis with respect to the top image.





