N

SUPPLEMENTARY DATA

A Structures
aproTem saucTuRE necepron oTheR proTENS
op Refined ot
Fam. a Species. Note % of Seq B Species. v Species Method A structure  Resolution IUPHAR Receptor family Class. ‘Species. Receptor fusion Antibodies. Other
= )
. ——
s
Gs as Human - 55 B 2 Bovine cryo-EM 7DHI - 33 /ADRB2 P Adrenoceptors A (Rhodopsin) Humen - Nanobody-35 -
Gs as Human - 49 B1 Bovine ¥2 Bovine cryo-EM 7DHR - 38 ADRB2 Bz Adrenoceptors ‘A (Rhodopsin} Human - Nanobody-35 -
Gs as Human - 50 B Bovine '3 Bovine cryo-EM 7822 - 38 'ADRB2 Pz Adrenoceptors A (Rhodopsin) Human - Nanobody-35 -
Gs as Human - 59 B Human 2 Human cryo-EM 6NI3 - 38 'ADRB2 B Adrenoceptors A (Rhodopsin) Human - Nanobody-35 -
Gs as Bovine. o ) Rat 2 Bovine Xeray 3sNe = 32 ADRB2 B Adrenoceptors A (Rhodopsin) Human Ta-Lysozyme. Antibody
Showing 1to 5 of 5 entries (filtered from 216 total entries)
B Structure models
MODEL RECEPTOR G PROTEIN TEMPLATE
Dt
From * ADRB2
Model Rofined wPHAR |y [ Rec. fomiy Class Species | | G protein G protein |+ | Transducer Receptor G protein
To
Be-adrenoceptor - gnai2_human  2020-06-21 No ADRB2 [ Adrenoceptors. A (Rhodopsin) Human G() subunit alpha-2 GNAR2 secondary A receptor G() subunit alpha-2 6DSH
Bz-adrenoceptor - gnail_human  2020-06-21 No ADRB2 B2 Adrenoceptors A (Rhodopsin) Human G(j) subunit alpha-1 GNAI 'secondary | receptor G(i) subunit alpha-1 B6DDF
Be-adrenoceptor - gna15_human 2020-06-21 No ADRB2 [ Adrenoceptors. A (Rhodopsin) Human subunit alpha-15 GNA1S. no evidence M receptor subunit alpha-11 60
 actonocepor - guas2_human 20210015 Yes pr IS Aarenceaptors A Prodopain) Homan o) ubunt spha oforms short GNAS2 prmary f-acrenoceptor (s ubunit spha foforma short 6
By-achenoceptor - guaid_human 20200821 No Aome2 IS P —— A @hodopsin) - 0 subunit aipha:3 onan J— 5HTyp rocoplor 0) subunit apha 6o
Bz-adrenoceptor - gnas2_human  2021-03-15 Yes ADRB2 3 Adrenoceptors A (Rhodopsin) Human G(s) subunit alpha isoforms short GNAS2 primary B-adrenoceptor (G(s) subunit alpha isoforms short 7DHR
Bz-adrenoceptor - gnao_human  2020-06-21 No ADRB2 [ Adrenoceptors. A (Rhodopsin) Human Glo) subunit alpha GNAO ‘secondary 5-HTyg receptor G(o) subunit alpha. 6G79
PBy-adrenoceptor - gnaz_human  2020-06-21 No ADRB2 B Adrencceptors A Rhodopsin) Human G(z) subunit aipha GNAZ secondary 5-HT4 receptor Glo) subunit alpha 6G79
f-acenoceptor - gua_human 20200621 No pr IS Advonosoptors A@nodopsin) Hurman 6@ subunitaipha ona nooddoncs My recoptor subuntaipha-11 sou
Be-adrenoceptor - gnas2_bovin  2021-03-15 Yes. ADRB2 B Adrenoceptors. A (Rhodopsin) Human G(s) subunit alpha isoforms short GNAS2 primary B,-adrenoceptor Gig) subunit alpha isoforms short 3SN6.
Bz-adrenoceptor - gnal1_human 2020-06-21 No ADRB2 Bz Adrenoceptors A (Rhodopsin) Human subunit alpha-11 GNAT1 no evidence M receptor subunit alpha-11 60N
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Supplementary Figure 1. Structures and structure models. (A) Structure and (B) structure model browsers applying a

filter to the receptor UniProt name to show [32-G protein complexes.
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A Protein receptors CCR1 CCR1 62

A Peptide receptors TRH;, receptor TRFR 59

A Aminergic receptors Ds receptor DRD5 58

A Protein receptors CCR3 CCR3 58
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A Protein receptors CCR4 CCR4 55

A Aminergic receptors 5-htyg receptor SHT1E 54

A Protein receptors CCR7 CCR7 54
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A Orphan receptors TAAR9 TAAR9 52

A Aminergic receptors 5-HT 4 receptor SHT1F 51
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Supplementary Figure 2. Interface interactions. (A) Interface fingerprint based on residue property consensus of
representative class A GPCR-Giyo structures (PDB identifiers: 601K, 6D9H, 6K41, 6N4B, 6KPF, 6WWZ, 6LFO, 60MM,
60859 and 6DDE; same as in Fig. 2c). (B) Matching of the interface fingerprint listing all other class A GPCRs by

decreasing conservation of residue properties along with known G protein couplings.



1. Mutations to increase Gs binding

Mutation design:

2. Mutations to decrease Gs binding

3. Al residue positions

Mutations to increase Gs binding

To strengthen coupling, mutate receptor positions lacking a conserved positive (+) property by introducing the highest conserved amino acid (A) of the Gs binding GPCRs having that property.

For negative (-) properties, which contribute to non-binding, instead mutate receptor positions into the highest conserved AA of the Gs binding GPCRs lacking that property.
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Mutations to decrease Gs binding
1. Mutations to increase Gs binding 2. Mutations to decrease Gs binding 3. Al residue positions
Mutation design:
To weaken coupling, mutate receptor positions lacking a conserved negative (-) property by introducing the highest conserved amino acid (AR) of the Gs non-binding GPCRs having that property.
For positive (+) properties, which contribute to binding, instead mutate receptor positions into the highest conserved AA of the Gs non-binding GPCRs lacking that property.
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Supplementary Figure 3. Coupling determinant mutation design. The Coupling determinant mutation

design tool

(https://gproteindb.org/mutations/gprot _coupling) suggests mutations in a receptor to increase (top) or decrease (bottom)

the coupling to a given G protein family (here the fB:-adrenoceptor and Gs family). The determinants suggested for

mutagenesis are predicted by tailoring the functionality of a sequence signature tool which identifies distinctly conserved

residues within one of two sets of receptors (1) (here Gs- and non-Gs-coupling class A GPCRs).
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Supplementary Table 1. Distance and angle rules for defining GPCR — G protein interactions. The values are adapted

and extended from (2).

Interaction

Hydrogen bond

(strong)

Hydrogen bond

(weak)

Tonic

Hydrophobe

Aromatic

(Face to face)

Aromatic
(Edge to face)
Aromatic
(rr-cation)

Van-der-Waals

(vdW)

Moiety 1

Donor

Donor

Cation

Hydrophobic

atom

Ring center

Ring center

Ring center

vdW Atom

Moiety 2

Acceptor

Acceptor

Anion

Hydrophobic

atom

Ring center

Ring center

Cation

vdW Atom

Max distance (A)

3.5

4.0

4.0

4.5

44

5.5

6.6

1.1*atom radii sum

Angle rule

(Donor — Hydrogen, Hydrogen — Acceptor)

<[53

T T
(ring normaly, ring normal,) € [?'E]

m 5m
(ring normal,, ring normal,) € [g,?]

D N - T
(ring normal ,ring center +) € [?'E]
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