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Figure S1. High resolution MS spectrum of peptide Tyr-c(D-Lys-Phe-Phe-Asp)-NH, (analog 1). In inset, fragment of

the experimental spectrum is compared with the simulated isotopic profile calculated for the expected molecular
formula of protonated species (bottom panel).
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Figure S2. High resolution MS spectrum of peptide Dmt-c(D-Lys-D-1-Nal-Phe-Asp)-NH, (analog 2). In inset, fragment

of the experimental spectrum is compared with the simulated isotopic profile calculated for the expected molecular
formula of protonated species (bottom panel).
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Figure S3. High resolution MS spectrum of peptide Dmt-c(D-Lys-D-2-Nal-Phe-Asp)-NH, (analog 3). In inset, fragment

of the experimental spectrum is compared with the simulated isotopic profile calculated for the expected molecular
formula of protonated species (bottom panel).
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Figure S4. High resolution MS spectrum of peptide Dmt-c(D-Lys-Phe-D-1-Nal-Asp)-NH, (analog 4). In inset, fragment

of the experimental spectrum is compared with the simulated isotopic profile calculated for the expected molecular
formula of protonated species (bottom panel).
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Figure S5. High resolution MS spectrum of peptide Dmt-c(D-Lys-Phe-D-2-Nal-Asp)-NH, (analog 5). In inset, fragment

of the experimental spectrum is compared with the simulated isotopic profile calculated for the expected molecular
formula of protonated species (bottom panel).
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Figure S6. 'H NMR (400 MHz, 8:2 DMSO-ds/H,0) for analog 2

1.09

1.15

1.20

S7

3.51

0.95

1.65

0.96 078150 155 298
0.930.77 079 153 233

I s e

0.77

Figure S7. *H NMR (400 MHz, 8:2 DMSO-ds/H;0) for analog 3.
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Figure S8. *H NMR (400 MHz, 8:2 DMSO-ds/H20) for analog 4.

Figure S9. 'H NMR (400 MHz, 8:2 DMSO-ds/H;0) for analog 5.
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Table S1. Non-obvious ROESY cross peaks? of 2° in DMSO-d¢/H-0 (8:2)

Cross-peak intensity Cross-peak intensity Cross-peak intensity
PheNH-PheHp. Vs LysNH-LysHyo. s CONH;71-AspHa m
PheNH-PheHp2. LysNH-LysHyos m CONH 7,0-PheHa w
PheNH-PheHo. LysNH-LysHp: m NalHo-NalHB2s vs
PheNH-NalHa. Vs LysNH-LysHB1.4 w NalHo-NalHpB2 5 VS
PheNH-PheArH m LysNH-DmtMe m PheHa-PheHp,. vs
PheNH-LysNH w LysNH-DmtHo m PheHo-PheHpB2.s VS
PheNH-NalH23 W LysNH-DmtH, w PheHo-DmtHo. w
PheNH-AspNH m LysNH-AspHao w PheHa-NalHo
PheNH-NalNH W LysNH-NalHa m PheHa-AspHa m
PheNH-NalHs m NalH7-LysHo w AspHa-AspHB2.4 Vs
NalNH-LysHB 1.4 Vs LysNHe-LysHyo.4 w AspHa-AspHpB2 s S
NalNH-NalHp2s VS LysNHe-LysHyo s m AspHa-PheHB2s w
NalNH-NalHp2. w LysNHe-LysHd1.0 m AspHao-PheHpB2s w
NalNH-LysHa VS LysNHe-LysHd1 S AspHa-PheHo m
NalNH-NalHa. m LysNHe-AspHp23 vs LysHa-LysHyo.s w
NalNH-NalHz3 m LysNHe-AspHp2s S LysHo-LysHyos m
NalNH-LysNH w LysNHe-LysHez o Vs LysHa-LysHB1.2 VS
NalNH-AspNH m LysNHe- LysHezo VS LysHo-LysHB1.4 VS
DmMtNH-DmtMe W LysNHe-AspHa S LysHa-DmtMe m
DmtNH-DmtHP2s VS NalHz3-NalHB2 Vs LysHa-DmtHB o
DmtNH-DmtHp 2. Vs NalHz3-NalHB2 5 m DmtHa-DmtMe s
DmtNH-DmtHa m NalHz3-NalHa S DmtHa-DmtHB27 S
DmtNH-DmtArH w NalHzz-LysHo w DmtHa-DmtHPB,o m
NalHs-NalHo, Vs PheArH-PheHpB2. Vs LysHez o-LysHYo.4 w
AspNH-AspHB2.4 w PheArH-PheHpB2s Vs LysHes o-LysHyoss w
AspNH-AspHP26 s PheArH-AspHao w LysHes 0-LysHb1 2 Vs
AspNH-PheHp2s W PheArH-LysHa w LysHes o-LysH&81.4 m
AspNH-PheHp2. m PheArH-PheHao S LysHez o-DmtMe m
AspNH-AspHo. m CONH: 7.1-AspHB2.4 m LysHez s-LysHyo.4 m
AspNH-PheHo Vs CONHz71-AspHB2s LysHezg-LysHyos w
AspNH-DmtArH CONHz7.1-AspHa Vs LysHezg-LysHS1 2 m
AspNH-CONH, m CONH270-AspHp2.4 w LysHezs-LysHS1 4 s
CONH: 7,0-AspHB2s W

AspNH-LysHe

ays = very strong, s = strong, m = medium, w = weak; ® stereochemistry has been omitted
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Table S2. Non-obvious ROESY cross peaks? of 3° in DMSO-ds/H,0 (8:2)

Cross-peak intensity Cross-peak intensity Cross-peak intensity
DmtOH-LysHyo4 w LysNH-DmtHa Vs PheHo-PheHp2. s
DmtOH-LysH8;. W LysNH-LysHa m AspHa-AspHp23 sivs
DmMtOH-LysHB 1.4 w/m LysNH-LysNHe w AspHa-AspHp m
DmtOH-LysHa. w NalH:-NalHp25 Vs AspHa-LysHez g w
PheNH-NalHp 5 w/m NalH:-NalHB26 Vs LysHa-LysHyo. w
PheNH-NalHB26 m NalH:-NalHa Vs LysHo-LysHyoz m
PheNH-PheHp. 7 Vs LysNHe-LysHyo. w LysHo-LysHp1. vs
PheNH-PheHB2. w LysNHe-LysHyo.7 w LysHo-LysHp1.4 Vs
PheNH-DmtHa w LysNHe-LysHd:.» m/w LysHa-DmtMe w/m
PheNH-LysHo LysNHe-AspHp23 S LysHo-DmtHp7 w
PheNH-PheHo. m LysNHe-AspHp2s Vs DmtHa-LysHyo.4 w
PheNH-NalHa. Vs LysNHe-LysHe Vs DmtHo-LysHB 1.4 w
PheNH-PheArH m/s LysNHe-AspHo m DmtHa-DmtMe Vs
NalNH-LysHyo 4 w NalHs-NalHB2s S DmtHa-DmtHpB,.7 sivs
NalNH-LysHp1.4 Vs NalHs-NalHpB26 m/s DmtHo-DmtHp2.9 m/w
NalNH-NalHB.s VS NalHs-NalHa S DmtHpB2s5-DmtMe Vs
NalNH-NalHB25s 'S PheArH;e-PheHPa27 Vs LysHez9-LysHS1.0 S
NalNH-NalHp2¢ w PheArHze-PheHB2o VS LysHezo-LysHS1 1 s
NalNH-LysHa VS PheArH;6-PheHa sivs LysHezo-LysHP1.4 m/w
NalNH-NalHo m PheArH2-NalHR: s w LysHe26-LysHyo.
NalNH-NalH3 m PheArHz-NalHB26 w/m LysHeg-LysHS1.0
NalNH-NalH; w PheArHzs-PheHB,;  m LysHezg-LysHd11
AspNH-LysHyo4 w PheArHzs-PheHp2. m LysHe-LysHpB1.4 m/w
AspNH-LysHS1.0 w CONH:-AspHB23 W DmtHp,.,-DmtMe S
AspNH-AspHP2s Vs CONH:-AspHB2s W DmtMe-LysHyo.4 m
AspNH-AspHa. m CONH>-PheHp27 w DmtMe-LysH81 1 s
AspNH-PheHo. Vs CONH2-LysHez w DmtMe-LysHp1.4 w
AspNH-PheArH Vs CONHz-AspHa Vs LysHPB1.4-LysHyo.4 w
AspNH-CONH2 72 m/w NalHo-LysHpP1 .4 w LysHp1.4-LysHyo7 m/s
AspNH-LysNHe m NalHa-DmtMe w LysHp1.4-LysH81.0 w
LysNH-LysHyo.4 5 NalHa-NalHp: s m LysHB11-LysHyo4 S
LysNH-LysHyo- w NalHa-NalHpB26 m/s LysHPB1.1-LysHyo.z m
LysNH-LysH31.» w PheHo-NalHpB25 LysHd1.0-LysHyo.4 m/s
LysNH-LysHP1.4 w PheHo-NalHpB26 LysHd1.0-LysHyo.7 m
LysNH-DmtMe w PheHa-PheHp2 s

ays = very strong, s = strong, m = medium, w = weak; ® stereochemistry has been omitted
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Table S3. Non-obvious ROESY cross peaks of 4° in DMSO-ds/H,0 (8:2)

Cross-peak intensity Cross-peak intensity Cross-peak intensity
NalNH-PheHp23 m LysNHe-LysHpB 1.0 w DmtArH-LysHyo6 w
NalNH-PheHpB2.4 w LysNHe-LysHd1.1 S DmtArH-LysHpB1.0 w
NalNH-NalHB30 VS LysNHe-LysH3; » w DmtArH-LysHS1 » w
NalNH- NalHB36 w LysNHe-PheHp2:3 w DmtArH-LysHb1.4 m
NalNH-LysHa w LysNHe-AspHp2.4 m DmtArH-LysHB 15 W
NalNH-PheHa Vs LysNHe-AspHp2.4 Vs DmtArH-LysHez 7 w
NalNH-NalHo S LysNHe-LysHe; g S DmtArH-LysHes» w
NalNH-PheArH w LysNHe-LysHes» ] DmtArH-LysHa w
NalNH-PheNH w LysNHe-LysHa w NalHa-LysHo w
NalNH-NalH; m LysNHe-DmtHo w NalHa-NalHpB36 s
NalNH-AspNH S NalH;,3-PheHB2.3 w NalHa-NalHp2. S
DmtNH-DmtMe m NalHz3-NalHB3,0 Vs NalHa-PheHB23 w
DmtNH-DmtHp2 5 S NalH23-NalHBs6 m PheHa-LysHao w
DmtNH-DmtHps.0 m NalHz3-NalHa m PheHo-PheHp: 4 S
DmtNH-DmtHao 'S CONH27.2-AspHa 'S PheHa-PheHB23 S
NalHg-NalHBs.0 'S CONH2 7.2-AspHB2.6 m AspHa-AspHpB2.4 S
NalHg-NalHPs 6 'S CONHz72-AspHB24 W AspHa-AspHp2s6 m
NalHs-NalHo 'S CONH272-NalHB3.0 w LysHa-DmtHa w
LysNH-LysHyo6 'S PheNH-LysHyos w LysHo-DmtHp w
LysNH-LysHyos m PheNH-LysHyos m LysHa-DmtHMe S
LysNH-LysHB1.0 S PheNH-LysHB1.0 S LysHo-LysHpB13 Vs
LysNH-LysHp13 S PheNH-LysHp13 w LysHao-LysHd1.1 m
LysNH-DmtMe m PheNH-PheHp2.4 s LysHa-LysHpB 1.0 vs
LysNH-DmtHB3.0 PheNH-PheHp231 S LysHao-LysHdo 5
LysNH-DmtHa Vs PheNH-DmtHa, W LysHa-LysHdo.6
LysNH-LysHa m/s PheNH-LysHa m DmtHo-DmtHpB Vs
LysNH-PheNH m PheNH-PheHa m DmtHa-DmtMe S
AspNH-AspHB2.4 m PheNH-NalHa w LysHez>-LysHd1.» Vs
AspNH-AspHB26 Vs CONH;z7.1-AspHa. w LysHesz »-LysH81 1 S
AspNH-NalHB30 w PheArHso-PheHB24s VS LysHes2-LysHB1.0 m
AspNH-NalHB36 m PheArHgo-PheHP231 VS LysHes2-LysHyos S
AspNH-AspHa m PheArHs o-NalHpB30 w LysHeso-LysHyos m
AspNH-NalHa S PheArHso-LysHa. w LysHez 6-LysHS1 2 'S
LysNHe-LysHyo6 PheArHs o-PheHa S LysHez 6-LysHS1 2 'S
LysNHe-LysHyos PheArHs o-NalHo w

ays = very strong, s = strong, m = medium, w = weak; ° stereochemistry has been omitted
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Table S4. Non-obvious ROESY cross peaks? of 5° in DMSO-ds/H,0 (8:2)

Cross-peak intensity | Cross-peak intensity Cross-peak intensity
DmtOH-LysHd w AspNH-AspHao. m AspHa-NalHB3.1 w
DmtOH-DmtHa w AspNH-NalHa. m AspHa-LysHes 2 m
NalNH-PheHp m PheNH-LysHB 1.0 w PheHa-PheHp Vs
NalNH-NalHB:.s 'S PheNH-PheHo w LysHo-LysHyos w
NalNH-NalHB3 1 w PheNH-PheHa m LysHa-LysHyo.9 w
NalNH-PheHa 'S NalHs-PheHp w LysHa-LysHB1.0 S
NalNH-NalHo S NalHs-NalHp.s S LysHo-LysH&1 1 m
NalNH-PheArH w NalHs-NalHpB3.1 S LysHa-LysHd1 3 w
NalNH-NalHsz w NalHs-NalHo s LysHo-LysHpB 1.4 s
NalNH-NalH; VS NalHs-PheHo w DmtHa-DmtMe S
LysNH-LysHyo6 VS PheArH-NalHp3.1 w DmtHo-DmtHp..9 m
LysNH-LysHyo.0 w CONH>-LysH8 w DmtHo-DmtHB30 m
LysNH-LysHB1.0 S CONHa-AspHpB2.3 S LysHeso-LysHyo6 w
LysNH-LysHB1.4 m CONHa-AspHB2.5 m LysHes >-LysHyoo w
LysNH-DmtMe CONHz-LysHes w LysHes»-LysHB 1.0 m
LysNH-DmtHa 'S CONH2-AspHa S LysHesz2-LysHd1.1 S
LysNH-LysHa PheArH;s-PheHa S LysHes 2-LysHd1 3 S
LysNH-PheNH PheArH;s-AspHp2.3 m LysHes 2-AspHp2s W
LysNHe-LysHyo6 DmtArH-LysHyo6 w LysHezs-LysHS1.1 S
LysNHe-LysHyo.9 w DmtArH-LysHB 1.0 m LysHezs-LysHO1.3 S
LysNHe-LysHS1.1 'S DmtArH-LysHS1.1 m AspHP25-LysHyos m
LysNHe-AspHp23 S DmtArH-LysHB1.4 w AspHP2.3-LysHyo. W
LysNHe-AspHB2.5 S NalHo-NalHB2.g S AspHp23-LysHd1.1 w
LysNHe-LysHez s S NalHo-NalHB3 1 'S LysHp1.3-LysHyos w
LysNHe-LysHes» m NalHa-AspHp2.3 w LysHpB1.3-LysHyo.9 S
AspNH-AspHp23 m NalHo-PheHa w LysHd1.3-LysHyos S
AspNH-AspHB2s s AspHa-AspHB23 Vs LysHd11-LysHyos m
AspNH-NalHps AspHa-AspHB2s m LysH&1.1-LysHyo.9 m
AspNH-NalHB31 AspHa-NalHB2.9 w LysHPB1.0-LysHyo.s m

ays = very strong, s = strong, m = medium, w = weak; ® stereochemistry has been omitted
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Figure S10. Representative lowest energy structures of 2-5, calculated by ROESY -restrained MD in a 30x30x30 A box of
standard TIP3P water molecules. Only amide and a-protons are shown.
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Figure S11. Sketches of the structures of 2-5 showing well-defined secondary structures, to be compared to Figure S1.
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Figure S12. Schematic 3D diagrams of the interactions between analog 4 (A) and analog 5 (B) with hMOR. Residues

belonging to the hMOR receptor are shown in wireframe, while the ligands are in stick. Hydrogen bonds are

represented by dashed lines.
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Figure S13. Schematic 3D diagrams of the interactions between analog 2 (A) and analog 3 (B) with hMOR. Residues
belonging to the hMOR receptor are shown in wireframe, while the ligands are in stick. Hydrogen bonds are

represented by dashed lines.
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