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II. FBROME (RIEHERE)

WFEBHRIRE LI L D M D HE

Fng
FErmAE R BEFR O G & 2 X7 B HAERZ RK (GPCR) ZH.0MZ 14 FiE O h GPCR # B8R L,
Ballesteros-Weinstein (BW) %5 3.43 O7 X JEEEIEZ /7 V21 (Q) ICEMHLI-a A T
7 NEAERL LTz, 2T B ORBUENTZ FIREE T 5720, N Kl FLAG =& h—7% 7 &0
Uiz, AR A LT 7 & 343Q AR a2 T 7 % HEK293 B8 i ic — @A IZ 3 Bl &
. TGFa Ui 7 v A (Gq ¥ 7T NVEBLTGI2 ¥ 7T vz finaE) & cAMP Glosensor 77
A (Gs VI TNABLRGL v 7F v (Rvxz ) V) Z3HMmalge) 2V, UKy RIER
INEED GPCR OMEFIEMEZFHM L7, ZOREHE, 14 FEHEOWT 4L GPCR 128\ T 3.43Q 28 FARMN
TEFEEZ R T2 2 M LT, BIZIE Gs HEROB1 T LU UZFE, B2 7 KLU oz
IR, 75 v A2A ZFEIK, Gi D M2 7 F Lol UZR/RIK, p A4 14 RZRIE, Gq
HERDOHL & AZ I U2/, CysLT2 AT =l 2 b ) = U RFIEICE VT, 3.43Q ZRIK
XZEDOTFWMY 7T NEFLE LI, o, THA T =88 (NERPEY T RSB a8k Y
Ay RO I > THEMALEN D N TZEE) @ M3D & M3D-81 128\ TH, L3.43Q ZRED
FEUCL W ZNEN Gq v 7T e Gs ¥ 7 FAOIEFRZRTEHEL FE S fu, BEMiaichskL 5
LN o RORBEZPER LRI T 3.43Q ZARMITEFIELA2HT5 2 L 2R L1z,
TGF o Ul 7 v & A THEEE B E S 343Q BRMa A T 7 MMZoW T, Gq K
HEK293 #ij, G12 k48 HEK293 #l, Gq/G12 &4 HEK293 fifunz HWT, D=8k G % v
RO E TNV ERTOREE LTz, TOfE., H1 & CysLT2 1X Gq @M, AT1 7o AT v
II ZHEKIT Gq & G12 OFHFICHE Lz TGF a YIMNGE 2 /R4 2 & 2R Lz, [FFEIZ, cAMP
Glosensor 7 v &£ A T cAMP #4/ll> 7 F D STz 3.43Q AR M a A N 7 FO—HfIT-DOWN
T. Gs X HEK293 #iffi 2 AN TZE DL ZF NIRRT H0E2FHME L. B1 7 RLT U U2 EFIK,
B2 7 FLF VU K1 cAMP Glosensor 3 7 F /L N5ERITIEAT 2 2 L 2R L=, WIZ, VA
 RHEEOBAR o A T 7 O ZBIKG X X EOiEMAL Y — % TGF o Ul 7 v & A
B LU cAMP Glosensor # H W TR L, 3.43Q ARM 2 A T 7 NOEFIEIED > 7L H
— LR LT, FORER, 3.43Q BRM o X T 7 FOEFEIEMEILY H 2 RO B A4 R o
VARNT T NEFERBRO Y T FNNRE = s e R R LT, £, ZEIE G XTI ED
EMALZ T 212> T @HEAT Y » Ly 7 =7 —F NanoBiT v A7 A% HW iz Z &K
G & o7 EEM bR EZBR L, FRROBAEMa X T 7 hOZBIK G ¥ X7 oMb
INE— T fERE Lo, L FLAG =Y h—7" % 7Hilk e m—H A A MU —l2 kb B4R
aALART U e 343Q BRMa L A NT Y NOEERBR AL LI 2 A, 3.43Q BRA o
ANZ 7 NIMRBAR a2 T 7 I EBEEMET LT\ e, ZORBEEOK T AR
GPCRIZEDNTEALDTTHEIC LD b D EHE L, BT L AT K1 HEK293 il 2 v THEZ i %
BURNT AT 272 2 A, B2 7 KL T U UZREICBWNTEHAER L A T 7 & 3.43Q Ao
VAT D OBEEEERBEIIZEREE R 572, & 512, NanoBiT ¥ A7 4% T GPCR ~
DIEFHR BT VAF U OREETHE LI Z A, 27 FLF U USHKIZBWTEHAR 2 X K
Z7 kY 8343Q BRMa LA NT I MOFTRT VAF U OEEENHEIML Tz, CysLT2
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X M3D (Z2W\T 3.43Q BRIKD Y H o RISEMEFMI L& 25, 3.43Q BREKRITIAEM = 2

rZ 7 b EHARTEOIEMENRK 10 50 E (EC50 3 1000 1) T5Z & &AM L, 1E- T,
3.43Q O FE AT GPCR DG M « RIGEMERL Oy 2 IEHERUAE T AR H Y, VAT RER7
v b OMEIEITHERF SN D Z ERbho T,

£33

Based on structural information (crystal structures) and ligand availability (high affinity
agonists and inverse agonists), we selected 14 GPCRs and generated their point mutants by
introducing a glutamine (Q) at the Ballesteros-Weinstein (BW) position 3.43 (3.43Q mutants). In
order to be able to track protein expression and distribution using a tag antibody, we fused the
FLAG epitope tag at the N-terminus. We transiently expressed the 3.43Q mutants and their
wild-type constructs in HEK293 cells and measured activation of G protein signaling. We used a
transforming growth factor-o (TGFa) shedding assay, which detects Gq and G12 signaling, and
in-house modified cAMP Glosensor assay, which monitors Gs and Gi signaling (the latter with
forskolin treatment). We found that all of the tested 3.43Q mutants induced constitutive G
protein signaling as compared with their wild-type constructs. For example, Gs-coupled
adrenergic B1, B2 and adenosine A2A receptors showed higher cAMP-derived luminescent
signals; Gi-coupled muscarinic M2 and opioid p receptors exhibited lower cAMP-derived
luminescent signals in the presence of forskolin; Gq-coupled histaminergic H1 and cysteinyl
leukotriene CysLT2 receptors induced TGFa shedding response. To exclude effects of
endogenous ligands produced by cultured cells, we used designer GPCRs known as DREADDs,
which are solely activated by a synthetic, biologically inert ligand. When we expressed the 3.43Q
mutant of a Gq-coupled M3D or a Gs-coupled M3D-B1 receptor, we detected constitutive signals
in the TGFa shedding assay or the cAMP Glosensor assay, respectively. The result indicates that
the apo form (GPCR without ligand in its orthosteric pocket) of the 3.43Q mutants is
constitutively active. We further validated G protein signaling of the 3.43Q mutants by using a
panel of recently generated G protein-deficient HEK293 (deletion of Gs, Gq, G12 or
combinations). In the Gq-deficient cells, the mutant Hl-induced TGFa shedding response as
well as the mutant CysLT2-induced response were completely abolished, thus confirming
selective activation of Gq pathway by the mutant GPCRs. In case of angiotensin II AT1 receptor,
TGFa shedding response of 3.43Q-mutant AT1 remained in the Gq-deficient cells or the
G12-deficient cells, but silenced in the Gq/G12-deficient cells, showing that the mutant AT1
induces both Gq and G12 signaling. In the cAMP Glosensor assay, the 3.43Q mutant-induced
luminescent signals were completely missing. We next compared G protein signaling patterns of
the 3.43Q mutants with those of ligand-induced wild-type GPCRs and confirmed that the
coupling profile of the 3.43Q mutants resembles that of the wild-type constructs. By analyzing
cell surface expression of the 3.43Q mutants using a flow cytometry, we found reduced
expression level of the 3.43Q mutants (on average, 30% reduction). We assumed that the 3.43Q
mutants constitutively recruits p-arrestins and is internalized. To this end, we used

B-arrestin-deficient HEK293 cells and compared surface expression in the cells. We found that in
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the B2 adrenoceptor the 3.43Q-mutant and wild-type receptors showed similar expression levels.
We further examined B-arrestin recruitment to GPCRs using a NanoBiT system and confirmed
higher basal binding of B-arrestins to the 3.43Q mutants than wild-type constructs. Together, we
concluded that the 3.43Q mutants showed constitutive G protein signaling and B-arrestin

recruitment, both of which are indicative of active GPCR conformation.

III. FRE DO/ ~DRE
(1) %55k MRS ick i 2% (EWNEE 0 . EESSE o0 1)
BALAS
(2) %2« VR AEIZBITAOHE - RAX —3E
1. GPCR Y 7V &Kl & U7-RISRILRERFsE, DE, HEIRE, HAEE, HAKEESE 13745,

2017/3/25, EHN

(3) MERE DR - Bkttt oxbd 2 H00 #A
AL

(4) FrarHiE
ML



