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Supplementary Fig. S1. OG resistance profile of clones randomly selected from YDDS library.
Encoding DNA isolated by PCR from the OG-resistant cell population present in the A2aR library
was reintroduced into yeast by homology recombination to yield a sub-library enriched in OG-
resistant A2aR variants (the YDDS library). Seventy five randomly selected clones from the YDDS
library were analyzed using CA200623 (20 nM) binding assay in the presence of 2% OG, and the
extent of residual florescence was measured by flow cytometry (as described in the Methods).
Eighteen clones with the highest residual florescence (geometric MFI across the population) were
selected for further analyses (colored orange). The bars representing A2aR-WT and thermostable

mutant GL26 are colored in blue and green, respectively.
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Supplementary Fig. S2. Amino acid sequence alignment of OG resistant A2aR variants
retrieved by YDDS. The amino acid sequence alignment of A2aR-WT, thermostable GL26 mutant
and 18 highly OG resistant A2aR variants present in the YDDS library was generated by using T-
Coffee multiple sequence alignment server: http://tcoffee.crg.cat/apps/tcoffee/do:regular. The
positions of structure-stabilizing substitutions, the transmembrane helices (TMH) and the

cytoplasmic helix 8 are indicated.

TMH1 TMH2

WT VP IMGSSVYITVELAIAVLAILGNVLVCWAVWLNSNLONVTNYFVVSLAAADIAVGVLAT
E LI > [ MGSSVY ITVELATAVLAILGNVLVCWAVWLN SNLONVTINY FVVSAAADIMVGVLAT
c2 M PIMGSSVYITVELAIAVLAILGNVLVCWAVWLNSNLONVTNYFVVSLAAADIAVGVLAT
c7 IV PIMGSSVYITVELAIAVLATILGNVLVCWAVWLESNLONVTINYFVVSLAAADIAVGVLAT
c9 I PIMGSSVYITVELAIAVLAILGNVLVCWAVWLNSNLONVENYFVVSLAAADIAVGVLATL
cl3 iV P IMGSSVYITVELAIAVLAILGNVLVCWAVWLNSNLONVTNYFVVSLAAADIAVGVLAT
cl4 P IRGSSVYITVELAIAVLATILGNVLVCWAVWLNSNLONETNYFVVSLAAADIAVGVLAT
c28 I PIMGSSVYITVELAIAVLAILGNVLVCWAVWLNSNLONVTNYFVVSLAAADIAVGVLAT
c30 I PIMGSSVYITVELAIAVLAILGNVLVCWAVWLNSNLONVTNYFVVSLAAADIAVGVLAT
c32 VP IMGSSVYITVELAIAVLAILGNVLVCWAVWLNSNLONVTNYFVVSLAAADIAVGVLAT
c45 i P IMESSVYITVELAIAVLAILGNVLVCWAVWLNSNLONVTNYFVVSLAAADIAVGVLATL
c47 P IEGSSVY I VELATAVLATILGNVLVCWAVWLNSNLONVTNYFVVSLAAADIAVGVLAT
c48 I PIMGSSVYITVELAIAVLAILGNVLVCWAVWLNSNLONVTNYFVVSLAAADIAVGVLAT
c60 i PIMGSSVITVELAIAVLAILGNVLVCWAVWLNSNLONVTNYFVVSLAAADIAVGVLAT
c61 I P IMGSEVY ITVELAIAVLAIRGNVLVCWAVWLNSNLOBVTNYFVVSLAAADIAVGVLATL
c62 I Pf{MGS SVY ITVELAIAVLAILGNVLVCWAVWLNSNLONVTNYFVVSLAAADIAVGVLATL
c65 I PIMGSSVY ITVELAJAVLATLGNVLVCEAVWLNSNLONVTNYFVVSLAAADIAVGVLAT
c69 I PIMGSSVYITVELATAVLAJLGNVLVCWAVRLNSNLONVTNYFVVSLAAADIAVGVLAT
c71 i PIMGSSVRITVELATIAVLATLGNVLECWAVWLNSNLONVENYFVVSLAADIAVGVLAT
c73 iV PIMGSSVYITVELAIAVLAILGNVLVCWAVWLNSNLONVTNYFVVSLAAADIAVGVLAT

TMH2 TMH3 TMH4
WT PFAITISTGFCAACHGCLFIACFVLVLTQSSIFSLLAIAIDRY IATRIPLRYNGLVTGTR
GL2 PFAI[JISTGFCAACHGCLFIACFVLVLTSSIFSLLAIAIDRY IAIRIPLRYNGLVTGTR
c2 PFAITISTGFCAACHGCLFIACFVLVLTQSSIFSLLAIAIDRYIAIRIPLRYNGLVTGTR
c7 PFAITISTGFCAACHGCLFIACFVLVLTQSSIFSLLAIAIDRYIAIRIPLRYNGLVTGTR
c9 PFAITISTGFCAACHGCLFIACFVLVLTQSSIFSLLAIAIDRY IAIRIPLRYNGLVTGTR
cl3 PFAITISTGFCRBACHGCLFIARFVLVLTQSSIFSLLAIAIDRY IAIRIPLRYNGLVTGTR
cl4 PFAITISTGFCAACHGCLFIACFVLVLTQSSIFSLLATIAIDRYIAIRIPLRYNGLVTGTR]
c28 PFAITISTGFCAACHGCLFIACFVLVLTQSSIFSLLAIAIDRY IATRIPLRYNGLVTGTR
c30 PFAITISTGFCAACHGCLFIACFVLVLTQSSIFSLLAIAIDREIAIRIPLRYNGLVTGTR
c32 PEAITISTGFCAACHGCLIIACFVLVLTQSSIFSLLAIAIDRY IAIRIPLRYNGLVTGTR
c45 PFAITISTGFCAACHGCLFIACFVLVLTQSSIFSLLATAIDRYIAIRIPLRYNGLVTGTR]
c47 PFAITISTGFCAACHGCLFJACFVLVLTQSSIFSLLAIAIDRY IAIRIPLRYNGLVJGTR
c48 PFAITISTGFCAACHGCLFIACFVLVLTQSSIFSLLAIAIDRYIAIRIPLRYNGLVTGTR
c60 PFAITISTGFCAACHGCLEIACFVLVLTQSSIF@LLAJAIDRY IATRIPLRYNGLVTGTR
c61 PFAITISRGECAACHGCLFIACFVLVRTQSSIFSLLAIAIDRY IATRIPLRYNGLETGTR
c62 PFAITISTGFCAACHGCLIACFVLVLTQSSIFSLEAIAIDRY IAIRIPLRYNGLE§GTR
c65 PFAITISTGFCAACHGCLFIAC@VLVLTQSSIFSLLAIAIDRY IAIRIPLRYNGLVTGTR
c69 PFAITISTGFCAACHGCLFIACFVLVEEOSSIFSLLAIAIDREIAIRIPLJJYNGLVTGTR
c71 QFAITISTGFCAACHGCLEJACFVLVLTO@S ISLLAJAIDRY IATRIPLRYNGLVTGTR

c73 PFAITISTGFCAACHGCLFIACFVLVLTQSSIFSLLAIATIDRYIATRIPLRYNGLVTGTR]
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TMH4 TMH5

AKGITAICWVLSFAIGLTPMLGWNNCGQPKEGKNHSQGCGEGQVACLFEDVVPMNYMVYE]
AKGITAICWVLSFAIGLTPMLGWNNCGQPKEGKNHSQGCGEGQVACLFEDVVPMNYMVYE]
AKGITAICWVLSFAIGLTPMLGWNNCGQPKEGKNHSQGCGEGQVACLFEDVVPMNYMVYE
AKGITAICWVLSFAIGLTPMLGWNNCGQPKEGKNHSQGCGEGQVACLFEDVVPMNYMVYE]
AKGIIAICWVLSFAIGLTPMLGWNNCGQPKEGKNHSQGCGEGQVACLF@DVVPMNYMVYF
AKGITAICWVLSFAIGLTPMLGWNNCGQPKEGKNHSQGCGEGQVACLFEDVVPMNYMVYE]
AKGITAICWVLSFAIGLTPMLGWNNCGQPKEGKNHSQGCGEGQVACLFEDVVPMNYMVYE]
AKGIIAICWVLSFAIGLTPMLGWNNCEQPKEGKNHSQGCGEGQVACLFEDVVPMNYMVYF
AKGITAICWVLSFAIGLTPMLGWNNCGQPKEGKNHSQGCGEGQVACLFEDVVPMNYMVYE

AKGITAICWVLSFAIGLTPMLGWNNCGQPKEGKNHSQGCGEGQVACLFEDVVPMNYMVYE]

AKGIIAICWVLSFAIGLTPMLGWNNCGQPKEGKNHSQGCGEGQVACLFEDVVPMNYMVYH
AKGIIAICWVLSFAIGLTPMLGWNNCGQPKEGKNHSQGCGEGQVACLFEDVVPMNYMVYH
AKGIIAICWVLSFAIGLTPMLGWNNCGQPKEGKNHSQGCGEGQVACLFEDVVPMNYMVYE
AKGIIAICWVLSFAIGLTPMLGWNNCGQPKEGKNHSQGCGEFQVACLFEDVVPMNYMVYE
AKGIIAICWVLSFAIGLTPMLGWNNCGOPKEGKNHSQGCGEGQVACLFEDVVPMNYMVYF
ABGIIAICWVLSFAIGLT PMLGWNNCGQPKEGKNHSQGCGEGOEACLFEVVPMNYMVYH
AKGYIARCWVLSFAIGLT PMLGWNNCGQPKEGKNHSQGCGEGQVAC LIEDVVEMNYMV Y|
AKGIIAICWVLSFAIGLTPMLGWNNCGQPKEGKNHSQGCGEGQVACLFEDVVPMNYMV Y
AKGI§AICWVLSFAIGLTPMLGWNNCGQPKEGKNHSQGCGEGOEACLHEDVVPMNYMVYE
AKGIIAICWVLSFAIGLTPMLGWNNCGQPKEGKNHSQGCGEGQVACLFEDVVPMNYMVYE

TMHS TMH6

NFFACVLVPLLLMLGVYLRIFLAARRQLKQMESQPLPGERARSTLQKEVHAAKSLAIIVG
NFFACVLVPLLLMLGVYLRIFLAARRQLKQMESQPLPGERARSTLQKEVHAAKSLAIIVG
NFEACVLVPLLLMLGVYLRIFLAARRQLKOMEROPLPGERARSTLQKEVHAAKSLAIIVG
NFFACVLVPLLLMLGVYLRIFLAARRQLKQMESQPLPGERARSTLQKEVHAAKSLAIIVG
NFFACVLVPLLLMLGVYLRIFLAARRQLKQMESQPLPGERARSTLQKEVHAAKSLAIIVG
NFFACVLVPLLEMLGVYLRIFLAARRQLKQMESQPLPGERARSTLQKEVHAAKSLAIIVG
NFFACVLVPLLLMLGVYLRIFLAARRQLKQMESQPLPGERARSTLQKEVHAAKSLAIIVG
NFFACVLVPLLLMLGVYLRIFLAARRQLKOMESQPLPGERASTLOKEVHAAKSLAIIVG
NFFACVLVPLLLMLGVYLRIFLAARRQLKQMESQPLPGERARSTLQKEVHAAKSLAIIVG
NFFACVLVPLLLMLGVYLRIFLAARRQLKQMESQPLPGERARSTLQKEVHAAKSLAIIVG
NFFACVLVPLLLMYGVYLRIFLAARRQLKOMESQPLPGERARSTLQKEVHAAKSLATI V[l
NFFACVLVPLLLMLGVYLRIFLAARRQLKQMESQPLPGERARSTLQKEVHAAKSLAIIVG
NFFACVLVPLLLMLGVYLRIFLAARRQLKOMESQPLPGERARSTLQKEVHAAKSLAIIVG
NFFACVLVPLLLMLGVYLRIFLAARRQLKQMESQPLPGERARSTLQKEVHAAKSLAIIVG
NFFACVLVPLLLMLGVYLRIFLAARRQLKQMESQPLPGERARSTLQKEVHAAKSLAIIVG
BFFACVRVPLLLMLGVYLRIFLAARRQLKOIESQPLPJERARSTLQKEVHAAKSLAIIVG
NFFACVLVPLELMLGVJLRI@LAARRQLKOMESQPLPGERARSTLQKEVHAAKSLAIIVG
NFFACVLVPLLLMLGVYLRIFLAARRQLKQMESQPLPGERARSTLQKEVHAAKSLAIIVG
NFFACVLVPLLLMLGVYLRIFLAARRQLKQMESQPLPGERARSTLQKEVHAAKSLAIIVG
NFFACVLVPLLLMLGVYLRIFLAARRQLKQMESQPLPGERARSTLQKEVHAAKSLAIIVG
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TMH6 TMH7 Helix-8

LFALCWLPLHIINCFTFFCPDCSHAPLWLMYLAIVLSHTNSVVNPFIYAYRIREFRQTFR
LFALCWLPLHIINCFTFFCPDCSHAPLWLMYLAIVLSHTNSVVNPFIYAYRIREFRQTFR
LFALCWLPLHIINCFTFFCPDCSHAPLWLMYLAIVLSHTNSVVNPFIYAYRIREFRQTFR
LFALCWLPLHIINCFTFFCPDCSHAPLWLMYLAIVLSHTNSVVNPFIYAYRIREFRQTFR
LFALCWLPLHIINCFTFFCPDCSHAPLWLMYLAIVLSHTNSVVNPFIYAYRIREFRQTFR
LFALCWLPLHIINCFTFFCPDCSHAPLWLMYLBIVLSHTNSVVNPFIYAYRIREFRQTFR
LFALCWLPLHIINCFTFFCPDCSHAPLWLMYLAIVLSHTNSVVNPFIYAYRIREFRQTFR
LFALCWLPLHIINCFTFFCPDCSHAPLWLMYLAIVLSHTNSVVNPFIYAYRIREFRQTFR
LFALCWLPLHIINCFTFFCPDCSHAPLWLMYLAIVLSHTNSEVNPFIYAYRIREFRQTFR
LFALCWLPLHIINCFTFFCPDCSHAPLWLMYLAIVLSHTNSVVNPFIYAYRIREFRQTFR
LFALCWLPLEJIINCFTFFCPDCSHAPLWLMYLAIVLSHTNSVVNPFIYAYRIREFRQTFR
LFALCWLPLHIINCFTECPDCSHAPLWLMYLAIVLSHTNSVVNPFIYAYRIREFRQTFR
LFALCWLPLHIINCFTFFCPDCSHAPLWLMYLAIVLSHTNSVVNPFIYAYRIREFRQTFR
LEALCWLPLHIINCFHFFCPDCEHAPLWLMYLAIVLSHTESVVNPEYAYRIREFRQTFR
LFALCWLPLHIINCFTFFCPDCSHAPLWLMYLAIVLSHTNSVVNPFIYAYRIGEFROTFR
LFALCWEPLHI INCFTFCPDCSHAPLWLMYLAIVLSHTNSVVNPFIYAYRJREFROTFR
LFALCWLPLHIINCFTFFCPDCSHAPLWLMYLAIVLSHTNSVVNPFIYAYRIREFRQTFR
LFALCWLPLHIINCFTFFCPDCSHAPLWLMYLAIVLSHTNSVVNPFIYAYRIREFRQTFR
LFALCWLPLHIINCFTFFCPDCSHAPLWLMYLBIVLSHTNSVVNPFIYAYRIREFRQTFR
LFALCWLPLHIINCFTFFCPDCSHAPLWLMYLAIVLSHTNSVVNPFIYAYRIREFRQTFR

Helix-8

KIIRSHVLROQQEPFKAAGTSARVLAAHGSDGEQVSLRLNGHPPGVWANGSAPHPERRPNG
KITIRSHVLROQOQEPFKAAGTSARVLAAHGSDGEQVSLRLNGHPPGVWANGSAPHPERRPNG
KITIRSHVLROQOQEPFKAAGTSARVLAAHGSDGEQVSLRLNGHPPGVWANGSAPHPERRPNG
KITIRSHVLROQOQEPFKAAGTSARVLAAHGSDGEQVSLRLNGHPPGVWANGSAPHPERRPNG
KIIRSHVLROQQEPFKAAGTSARVLAAHGSDGEQVSLRLNGHPPGVWANGSAPHPERRPNG
KIIRSHVLROQEPFKAAGTSARVLAAHGSDGEQVSLRLNGHPPGVWANGSAPHPERRPNG
KITIRSHVLROQOQEPFKAAGTSARVLAAHGSDGEQVSLRLNGHPPGVWANGSAPHPERRPNG
KIIRSHVLRQQEPFKAAETSARVLAAHGSDGEQVSLRLNGHPPGVWANGSAPHPERRPNG
KIIRSHVLRQQEPFKAAGTSARVLAAHGSDGEQVSLRLNGHPPGVWANGSAEHPERRPNG
KIIREHVLRQQEPFKAAGTSARVLAAHGSDGEQVSLRLNGHPPGVWANGSAPHPERRPNG
KIIRSHVLROQEPFKAAGTSARVLAAHGSDGEQVSLRLNGHPPGVWANGSAPHPERRPNG
KIIRSHVLRQQEPFKAAGTSARVLAAHGEDGEQVSLRLNGHPPGVWANGSAPHPERRPNG
KIIRSHVLRQQEEFKAAGTSARVLAAHGSDGEQVSLRLNGHPPGVWANGSAPHEERRPNG
KIIRSHVLMQQEPFKAAGTSARVLAAHGSDGEQVSLRLNGHPPGVWANGSAPHPERRPNG
KIIRSHVLRQQEPFKAAGTSAREEAAHGSDGEQVSLRLNGHPPGVWANGSAP!PERRPNG
KIIESHVLRQQEPFKAAGESARVLAAHGSDGEQVSLRLNGHPPGVWANGEAPHPERRPNG
KIIRS!VLRQHEPFKAAGTSARVLAAHGSDGEQVSLRLNGHPPGVWANGSAPHPERRPNG
KITIRSHVLROQOQEPFKAAGTSARVLAAHGSDGEQVSLRLNGHPPGVWANGSAPHPERRPNG
KITIRSHVLROQOQEPFKAAGTSARVLAAHGSDGEQVSLRLNGHPPGVWANGSAPHPERRPNG
KIIRSHVLROQQEPFKAAGTSARVLAAHGSDGEQVSLRLNGHPPGVWMNGSAPHPERRPNG




USSR V7. 1.G LV SGGSAQE SQGNTGLPDVELLSHELKGVCPEPPGLDDPLAQDGAGVS
LTI Y .. GLV SGGSAQESQGNTGLPDVELLSHELKGVCPEPPGLDDPLAQDGAGVS
ST Y . .G L.V SGGSAQESQGNTGLPDVELLSHELKGVCPEPPGLDDPLAQDGAGVS
UM Y . .G L.V SGGSAQESQGNTGLPDVELLSHELKGVCPEPPGLDDPLAQDGAGVS
ST ' 2 8G LV SGGSAQESQGNTGLPDVELLSHELKGVC PEPPGLJDPLAQDGAGVS
CHICINNCTNNN Y . 1 G LV SGGSAFESQGNTGLPDVELLSHELKGVC PEPPGLDDPLAQDGAGVS
AR NNCT Y 1 1 GLVSGGSAQESQGNT@LPDVELLSHELKGVC PEPPGLDDPLAQDGAGVS
SA Tl Y . .G 1.V SGGSAQESQNTGLPDVELLSHELKGVC PEPPGLDDPLAQDGAGVS
ST v 2 1 1.V S GGSAQESQGNTGLPDVELLSHELKGVCPEPPGLDDPLAQDGAGVS
CEPINNCT Y . 1 G LV SGGSAQESQGNTGLPDVELLSHELKGVC PEPPGLDDPLAQDGAGVS
SVISINCT ' . 1 G LV SGGSAQESQGNTGLPDVELLSHELKGVC PEPPGLDDPLAQDGAGVS
VAT 1 G LV SGGSAQESQGNTGLPDVELLSHELKGVC PEPPGLJDPLAQDGAGVS
STl v . .G L.V SGGSAQESQGNTGLPDVELLSHELKGVCPEPPGLDDPLAQDGAGVS
STTICT N v . 1.G LIS GGSAQE SQGRITGLPDVELLSHELKGVCPEPPGLEDPEAODGAGVS
SIFRNCT I Y . 1. Gl§)V SGGSAQESQGNIGLPDV@LLSHELKGVCPEPPGLDJPLAQDGAGVS
ST VICT N ' 1 G LV SGGSAQESQGNTGLPDVELLSHELKGVC PEPPGLDDPLAQDGAGVS
SIICT N ' . 1 G LV SGGSAQE S@GNTGLPDVELLSHELKGVC PEPPGLDDPLAQDGAGVS
STEICY Ml v . .G L.V SGGSAQESQGNTGLPDVELLSHELKGVC PEPPGLDDPLAQDGAGVS
USRI Y . 1. G L.V SGGSAQESQGNTGLPDVELLSHELKGVC PEPPGLDDPLAQDGAGHS
SYKINCT ' 1 G LV SGGSAQESQGNTGLPDVELLSHELKGMC PEPPGLDDPLAQDGAGVS

Supplementary Table S1. Mutations occurring in OG resistant A2aR variants retrieved by
YDDS. Positions of the substitutions numbered according to the Ballesteros-Weinstein GPCR
numbering scheme are indicated in parentheses. Mutation positions located in either Helix 8 or C-
terminus (CT) are highlighted in blue. ICL and ECL are intra- and extra-cellular loops, respectively.

—

GL26 | L48A(2x46)  AS5AL (2x52)  T65A (2x62)  QS9A (3x37)

2 F183Y (5x45)  S213R (5x74)

7 N34K (1x60)

€9 | T4l (2x39)  E160K (ECL2) ~ L363Q(CT) D401V (CT)

c13 | A72D (23x52) C82R (3x30) L1921 (5x53) A273T (7x37)  Q372P (CT)
c14 | M4R(1x30)  VAOF (2x38) G379C (CT)

c28 | G147D (ICL2) R222W (6x24) = G318D (CT) G376V (CT)

€30 | Y103F (3x51) V282D (7x47)  P352R (CT)  G364W (CT)

32 F62S (2x59)  F791(3x27)  S305G (8x60)

c45 G5S (1x31)  L194M (5x55) = G240E (6x42) H250R (6x52 )
ca7 MAE (1x30)  T11A (1x37) I80T (3x28)  T117N (4x38)  S329R (CT) D401V (CT)
cas | P3135(8x68)  P354A (CT)
F79L (3x27) = S94C (3x42) 198V (3x46) G162 (ECL2)  T256l (6x58)  S263G (ECL3) N280OD (7x45) 1287T (7x52)  R309M (8x64)

c60
V366A (CT) N377H (CT) D401E (CT) L404P (CT)

S7P(1x33)  L22R (1x48) N39S (2x37)  T68A (2x65)  F70S(23x50)  L87R (3x35)  V116E (34x57) R293C (8x48)  V323F (CT)
L3245 (CT)  H353L (CT)  L365Q (CT) T378M (CT) E384G (CT) D402V (CT)

13Y (1x29) F791 (3x27) L96Q (3x44)  V116E (34x57) T117S(4x38)  KI122E (4x43) V164E (ECL2) D170V (ECL2) N181D (5x43)
L187R (5x48) M211I (5x72) G218W (ICL3) L247P (6x49)  F257L (6x59)  1292N (8x47) R304C (8x59) T319S(CT)  S350C (CT)
116V (1x42) ~ W29R (1x55) = F83L (3x31)  I124N (4x45)  I1127F (4x48)  F168I(45x52) P1735(5x36) L191Q (5x52) Y197F (5x58)
F201C (5x62) H306L (8x61) Q311H (8x66) Q375L (CT)

69 121N (1x47)  W32R (1x58)  L87P (3x35)  T88S(3x36) Y103D (3x51) R111W (34x52) F180L (5x42)

YOF (1x35)  V27M (1x53)  T411(2x39)  A50V (2x48)  P61S (2x58) F795S (3x27) ISON (3x28)  S90C (3x38)  F93Y (3x41)
198F (3x46) 1125N (4x46) V164E (ECL2) F168Y (ECL2) A273D (7x37) V411A (CT)

c73 | A3a7v(cT)  Vv393M(CT)

c61

c62

c65

c71




