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Table S1. List, description, and weights of the two-body scoring terms used in calculating AAG. For
the mathematical models and physical concepts that underlie those scoring terms, please consult
the reference paper [1].

Two-body terms Description weight

fa_atr Attractive energy between two atoms on different residues seperated by a distance d 1
fa_rep Repulsive energy between two atoms on different residues seperated by a distance d 0.55
fa_elec Energy of interaction between two nonbonded charged atoms seperated by a distance d 1
fa_sol Gaussian exclusion implicit solvation energy between protein atoms in different residues 1
dslf _fal3 Energy of disulfide bridges 1.25
Hbond_Ir_bb Energy of long-range hydrogen bonds 1
hbond_sr_bb Energy of short-range hydrogen bonds 1
hbond_bb_sc Energy of backbone-side-chain hydrogen bonds 1
hbond_sc Energy of sidechain-sidechain hydrogen bonds 1
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Table S2. Non Van-der Waals interactions between the set of 14 common interacting residues of
different peptide-bound class A GPCRs to their corresponding peptides. The residue list is sorted
in their ascending average AAG order (see Figure 7). The interactions analysis was performed using
MOE [2]. Types of interactions: (H): hydrogen bond; (I): ionic interactions; (IH): saltbridge; (A): in-
teraction that involve aromatic pi bonds; (C): disulfide bonds. The residues are numbered according
on the Ballesteros-Weinsein numbering scheme [3]. For each residue position, the values of the total
and average number of non-Van Der Waals interactions are colored in green such that darker hues
signify higher values. The absence of the interaction values means the residue do not form non-Van
der Waals interactions with the peptide ligands.

Receptor |CXCR4 [ETBR [CCR5 |apelinR|US28 |C5a1R |MuOR |CCR5 |AT1R Total number Average number
Residue # [4RWS |5GLH |5UIW |[5VBL (5WB2 |6C1Q |6DDF |6MEO |60S0 of interactions of interactions

7.39HH H H | 5 0.56

2.60|A H 2 0.22

45.51|C H 2 0.22

45.52 H,H HH HH H H 8 0.89

7.32 IH HH IH,H 5 0.56

7.35 H,IH H A 4 0.44

6.58|H,IH H,HH H H H H IH 10 111

6.51 H H H IH 4 0.44

2.63|IH,H H,HH A 6 0.67

3.32 H IH 2 0.22

7.36 H H A 3 0.33

1.24{HH H H 4 0.44

45.50|H,H H 3 0.33

7.28 A | 3 0.33

6.55 IH,IH IH 3 0.33
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Figure S1. Per-residue AAG values for TMs and conversed loop residues of nine class A GPCR

structures.
Receptor [CXCR4ETBR [CCR5 |apelinfUS28 |C5a1R [MuOR [CCR5 [ATIR Receptor [CXCR4ETBR [CCR5 [apelinRUS28 [C5a1R [MuOR [CCR5 [ATIR
Residue #4RWS [5GLH [5UIW_|5VBL" [5WB2 |6C1Q" [6DDF |6MEO |60S0 Residue #4RWS [5GLH [5UIW |5VBL" |5WB2 |6C1Q" |6DDF |6MEO [60S0

1.22 -0.03 5.31 -0.04 0.00

1.23 5.32 -012| -043 0.13

1.24EXE 08 -4.88 5.34 X X 0.00 0.00)
1.25] -0.40 ] 0.00 -0.95 5.35 024

1.26 -0.03 5.36 0.00] 0.00

1.27] -0.02 66 5.37 X

1.28 6 5.38 44 0.00 0.1
1.29 0.00! -0.01] 002 5.39 -0.17| -0.29 -0.07| -0.02

1.30 5.42 0 0.98 0.17

1.31] 001 -0.03 0.00 5.43 0.00 0.01

1.32 -0.01 -0.93 X -0.10 5.46 0.04 -0.09 0.01
1.33 | | | 0.00] 5.47 0.00

1.35 0 0.00 -0.27] _0.00 6.48 0 0.09] -0.38 -0.37] 0.00] -0.25
1.36 0.00 6.50

1.39]  0.00 0.00] -0.40[ -040] 0.00] -0.05] -024 651 012 7 003 ] -021] -013
23.49 0.00 0.01 6.52 -0.24 6 0.00]
23.50 -0.41 -0.06 6.53 -0.01

2.53 -018] 000 -001] o001 0.00[__0.00 6.54 0.00] 0.00 KK -0.03

2.56] 005 -0.01] 000 <015 0.00 6.55 o.oopq -0.38 : K] 002
. 0.00] 0.00 0.00 6.56 0.01] 0.00

2.59 0.00 0.00[ -022 6.57 -0.02

X -3.76 6.58 0 0 0.10 64

2.61 ] 6.59 -0.06] -0.09] -007] 000] 004

2.62 0.00] 0.00 6.60 0.01 0.00!

2.63 6 018 -040] 024 012 8 6.61] -021 038 019] 013 0.05 0
2.64 -0.08 | 012 0.00] -0.25] 0.00 6.62[ -020 0.20] -0.10|_ -0.48 -0.48
265 000 0.00, 80 -0.02 0.00)
2.66 0.00 0.07

2.67 0.00

324 000 -003 0.00)
325 013[ -0.08] -0.19 -0.01] _0.00] -0.19] -0.05

3.26 0.00]

3.28 4 -0.06 0 0.00 -0.05

3290 08 -0.02[ -0.05 0 -033] 002 -0.02[ -0.01
3.30 -0.01

3.31 0 0.00] -0.01 0.00] -0.02
3.32] 000 T o011

3.33 -0.32| -0.05
3.34

3.35 542 -0.98

3.36 -1.15 -0.86 I XY -0.23
3.37 | ] . 0.00 ] 0.00
45.50 123 -415 -1.55 7.38 0.00 -0.03| -0.05] 030

304 EFF] -238 304 -273 -1.91 7.39 00 08 9 -4.99
7.40 0.00[ -0.01] 000 -0.01] 0.00

. I 7.42 -0.08| -0.26] -0.30 0.00 0.00)
4.57 -0.01 7.43] 001[ 000 -030[ 002 005 -012
4.59 -0.06] 0.00

4.60 |IN085| -0.09 0.00] 002 -0.06 H

s L Per-residue AAG

4.62 0.00

4.64) 027|EXH 017 0.00 | -2.00] 1

-1 +

Figure S2. Per-residue AAG values for TMs and conversed loop residues of nine class A GPCR
structures that are sorted in ascending order.
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CXCR4ETBR [CCR5 |apelinR[US28_|C5a1R [MuOR [CCR5 [ATIR | Average
5WB2 DDF_|6ME

50 33 14

24 23 A7

24 30 -27
-5.4

|:Receptor CXCR4ETBR [CCR5 |apelinR[US28 |C5a1R [MuOR [CCR5 [ATIR Average
Residue # [4RWS [5GLH [5UIW |5VBL* |SWB2 |6C1Q" |6DDF [6MEO [60S0 AAG
1.26 -0.03 -0.06
5.32 -0.12|  -0.43| 0.13 0.00! -0.05
7.33 0.00{ -0.04 0.00 -0.32 -0.05 -0.05
2.56] -0.05| -0.01] 0.00 -0.15 0.00 -0.02
5.36 -0.21]  0.00 0.00[ 0.00 0.00 -0.02
2.53 -0.18] 0.00 -0.01] 0.01 0.00 0.00 -0.02
7.29| -0.03| -0.09] -0.01 -0.02 -0.01 -0.02
4.60 -0.09 0.00{ 0.02 -0.06 -0.01
5.46 -0.04 -0.09 0.01 -0.01
4.59 -0.06! 0.00 -0.01
261 -0.01 0.00{ -0.04 0.00 -0.01
7.27 -0.04 0.00
1.22] -0.03 0.00
3.24 0.00{ -0.03 0.00
6.57. -0.02 0.00
7.34] 0.00 -0.02 0.00 0.00
7.40 0.00] -0.01 0.00[ -0.01] 0.00 0.00
3.30 -0.01 0.00
3.34) 0.00 -0.01 0.00
4.56 -0.01 0.00
4.57 -0.01 0.00
4.61 -0.01 0.00
6.50! -0.01 0.00
6.53 0.00] -0.01 0.00
6.56 -0.02| 0.01] 0.00 0.00
1.30 0.00 0.00
1.33 0.00 0.00
1.36 0.00 0.00
2.57 0.00{ 0.00 0.00 0.00
262 0.00{ 0.00 0.00
3.26 0.00 0.00
3.35 0.00 0.00
4.62 0.00 0.00
4.63 0.00] 0.00 0.00
5.37 0.00 0.00
5.47 0.00 0.00
7.26| 0.00 0.00
7.37| 0.00[ 000 0.00{ 0.00 0.00 0.00
1.29 0.00 -0.01] 0.02 0.00 0.00
5.43 0.00 0.01 0.00
6.60 0.01 0.00 0.00
6.63 0.01 0.00 0.00
7.30 0.01 0.00
3.31 0.02 0.00
7.38 0.00 -0.03] -0.05] 030 0.02

Per-residue AAG

.
-1 +

Figure S3. Comparison between the PMX53 structures in the Rosetta relaxed model (pink) and in
the crystal structure (PDB ID: 6C1Q) (cyan). While the sidechain of ornithine (ORN) at position 2
and the carboxylate group of ARG at position 6 are linked in the crystal structures, they form a salt
bridge in the Rosetta relaxed models.
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Methods

1. Structure preparation:

Nine structures are downloaded and the coordinates of the GPCR targets and the peptide ligands were extracted. The
complex structures were then minimized by Rosetta backrub applied to the interface residues [4] followed by two cycles
of fast relax [5]. Backrub movement mimics the backbone fluctuations observed in the crystal lattice [4]. The BackrubDD
mover combined backrub movements with metropolis Monte Carlo to sample low energy backbone conformation that
were close to the starting crystal structures in the context of the Rosetta all-atom force field. The FastRelax protocol
found low-energy backbone and side-chain conformations near a starting conformation by applying ten repeats of five
rounds of packing and minimizing, with the repulsive weight in the scoring function gradually increased from a very
low value to the normal value from one round to the next [6]. For each complex, ten optimized model were generated.
The sequence numbering table for each GPCR class A were extracted from GPCRdb database [7].
2. Incorporate NCAAs into peptide modeling for 6C1Q

A rotamer library of 1000 conformers of 3-cyclohexyl-L-alanine were generated using BCL:Conf [8, 9]. We used
ornithine rotamer library that was generated in a previous study [10]. Those non-natural amino acids were then
incorporated into the structural optimization step of the complex.

3. Modeling of native peptide of 5VBL

Since the structure of the ligand in the structure is derived from the C-terminus of apelin [11], we generated the model
of the native apelin peptide and the apelin receptor using fix backbone design application in Rosetta [12] before the

structural optimization step.

4. AAG analysis:

Residue-pair Rosetta interaction energy between GPCR targets and peptide ligands were computed. For each model of
the optimized structure ensemble, the AAG value of each interaction target residue is the sum of computed pairwise
interaction energy. The AAG values of each residue were then averaged over 10 structures.

The protocol capture and code have been uploaded to github (link:
https://github.com/vuoanh/peptide_binding_classA_GPCR_protocol_capture.git)
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