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Figure S1. High resolution MS spectrum of peptide Tyr-c(D-Lys-Phe-Phe-Asp)-NH2 (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-l-NaI-Phe-Asp)-NH2 (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).

S3



Intens

1010 778.3874
- Intesds.
i 778.3874
2,
20 4 1.
1
779.3933
o.
| 780.4001
& |
778.3923
2
15 o 1.
779.3955
1.
o.
780.3989
781.4023
0 774 776 778 780 782 784 786 788 m/z
10
05 o
636.3557 1167.5907
250.4849  389.7003
517.2818 1556.7885
00 l o Ladl o L , , , , ,
200 400 600 800 100 1200 1400 1600 1800 2000 mz

Figure S3. High resolution MS spectrum of peptide Dmt-c(D-Lys-D-2-NaI-Phe-Asp)-NH2 (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-l-NaI-Asp)-NH2 (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).

S5



Intens.
x1010 778.3885
nEF 778.3885
5
P
3
779.3916
5
2
I
73(3.3932
x&
778.3923
24
4 4 19
779.3955
14
04
78p.3989
o 781.4023
3 776 778 780 782 784 miz
2 4
14
0 — [ . A
T T T t T T T T T
200 400 600 800 100 1200 1400 1600 miz

Figure S5. High resolution MS spectrum of peptide Dmt-c(D-Lys-Phe-D-2-Nf;1I-Asp)-NH2 (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-dy/H,0) for analog 2.
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Figure S7. *H NMR (400 MHz, 8:2 DMSO-dg/H,0) for analog 3.
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Figure S8. '"H NMR (400 MHz, 8:2 DMSO-dg/H,0) for analog 4.
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Figure S9. *H NMR (400 MHz, 8:2 DMSO-dg/H,0) for analog 5.



Table S1. Non-obvious ROESY cross peaks® of 2° in DMSO-dg/H,0 (8:2)

Cross-peak intensity Cross-peak intensity Cross-peak intensity
PheNH-PheH[, Vs LysNH-LysHyo 4 s CONH; 7;-AspHa m
PheNH-PheHf, LysNH-LysHyo m CONH,70-PheHa w
PheNH-PheHo, m LysNH-LysHB; » m NalHa-NalHB,.¢ VS
PheNH-NalHo. Vs LysNH-LysHp, 4 w NalHo-NalHp, 5 Vs
PheNH-PheArH m LysNH-DmtMe m PheHo-PheHp, Vs
PheNH-LysNH W LysNH-DmtHo m PheHa-PheHp, ¢ 'S
PheNH-NalH, 5 w LysNH-DmtHpB, g w PheHo-DmtHo W
PheNH-AspNH m LysNH-AspHo w PheHo-NalHa
PheNH-NalNH w LysNH-NalHa m PheHo-AspHo m
PheNH-NalHg m NalH,-LysHa W AspHa-AspHp, 4 S
NalNH-LysHp1 4 VS LysNHe-LysHyg 4 w AspHo-AspHB, s s
NalNH-NalHp, Vs LysNHe-LysHyos m AspHa-PheHB, s w
NaINH-NalHB, o W LysNHe-LysHS; o m AspHo-PheHp, 5 W
NalNH-LysHo. Vs LysNHe-LysHd; , s AspHa-PheHa m
NaINH-NalHo m LysNHe-AspHp, 5 Vs LysHo-LysHyo.4 w
NalNH-NalH, 5 m LysNHe-AspHB. 5 Vs LysHa-LysHyo6 m
NaINH-LysNH w LysNHe-LysHe; g Vs LysHa-LysHB: Vs
NaINH-AspNH m LysNHe- LysHez Vs LysHo-LysHp1 4 Vs
DmtNH-DmtMe w LysNHe-AspHa S LysHo-DmtMe m
DmtNH-DmtHB, g Vs NalH,3-NalHpB,s Vs LysHa-DmtHBa w
DmtNH-DmtHpB,. Vs NalH;s-NalHp, 5 m DmtHa-DmtMe S
DmtNH-DmtHo m NalH, ;-NalHa S DmtHo-DmtHp, 7 s
DmtNH-DmtArH w NalH;s-LysHao w DmtHa-DmtH, m
NalHg-NalHa. VS PheArH-PheHp, o VS LysHegzo-LysHyo4 w
AspNH-AspHP,.4 W PheArH-PheHp; Vs LysHez o-LysHyo w
AspNH-AspHB, 6 s PheArH-AspHa w LysHeg o-LysH3, » Vs
AspNH-PheHp, g w PheArH-LysHo w LysHe; o-LysHS: 4 m
AspNH-PheHB, o m PheArH-PheHo S LysHez -DmtMe m
AspNH-AspHa m CONH; 71-AspHp2.4 m LysHez g-LysHyo.4 m
AspNH-PheHa Vs CONH; 71-AspHB25 LysHes-LysHyo w
AspNH-DmtArH w CONH; 71-AspHa vs LysHezg-LysH3, m
AspNH-CONH;, m CONH_ 70-AspHpB2.4 w LysHez g-LysHd, 4 S
AspNH-LysHe w CONH, 70-AspHB25 w

2ys = 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-dg/H,0 (8:2)

Cross-peak intensity Cross-peak intensity Cross-peak intensity
DmtOH-LysHyg. w LysNH-DmtHa Vs PheHo-PheHp2 S
DmtOH-LysHS, W LysNH-LysHa m AspHo-AspHB2 3 sivs
DmtOH-LysHp1 4 w/m LysNH-LysNHe w AspHa-AspHp m
DmtOH-LysHa w NalH;-NalHp, Vs AspHo-LysHe; g w
PheNH-NalHpB, 5 w/m NalH;-NalHB, 6 vs LysHo-LysHyo.4 W
PheNH-NalHB,6 m NalH;-NalHo Vs LysHa-LysHyo 7 m
PheNH-PheHp,; Vs LysNHe-LysHyo 4 w LysHo-LysHB1 Vs
PheNH-PheHp,. w LysNHe-LysHyo w LysHa-LysHB: 4 vs
PheNH-DmtHa. w LysNHe-LysHb; m/w LysHa-DmtMe w/m
PheNH-LysHa w LysNHe-AspHp, 5 S LysHo-DmtHp, 7 w
PheNH-PheHo m LysNHe-AspHB, 5 Vs DmtHo-LysHyo .4 w
PheNH-NalHa. VS LysNHe-LysHe Vs DmtHo-LysHB1 4 w
PheNH-PheArH m/s LysNHe-AspHo m DmtHa-DmtMe Vs
NaINH-LysHyo.4 W NalH3-NalHp; 5 S DmtHo-DmtHR, 7 sivs
NaINH-LysHB: 4 VS NalHz-NalHp, ¢ m/s DmtHa-DmtHB, g m/w
NaINH-NalHB, s VS NalH;-NalHa S DmtHp,s-DmtMe S
NaINH-NalHB, s Vs PheArH;¢-PheHB,; Vs LysHezo-LysH1 S
NaINH-NalHB, 6 w PheArH, s-PheHB,q Vs LysHe, o-LysH8, s
NaINH-LysHo. Vs PheArH, ¢-PheHa sivs LysHe, o-LYysSHB1 4 m/w
NaINH-NalHo m PheArH,-NalHp. 5 w LysHezg-LysHyo4 m
NalNH-NalH; m PheArH,-NalHB, s w/m LysHe; g-LysH81 o m
NalNH-NalH, w PheArHz s-PheHB,; ~ m LysHe; g-LysHd, ;
AspNH-LysHyo 4 W PheArH;s-PheHB,s m LysHe-LysHp 4 m/w
AspNH-LysH8; o w CONH,-AspHp, 3 w DmtHp,7-DmtMe S
AspNH-AspHB,5 Vs CONHy-AspHp; 5 w DmtMe-LysHyo.4 m
AspNH-AspHa m CONH,-PheHp, 7 w DmtMe-LysHd, , s
AspNH-PheHa. Vs CONH,-LysHe; o w DmtMe-LysHp; 4 w
AspNH-PheArH Vs CONH,-AspHo Vs LysHB14-LysHyo4 w
AspNH-CONH, 7, m/w NalHo-LysHB1 4 w LysHPBy.4-LysHyo 7 m/s
AspNH-LysNHe m NalHo-DmtMe LysHpB; 4-LysHS1 o w
LysNH-LysHyo.4 s NalHo-NalHp, 5 m LysHpB11-LysHyo 4 S
LysNH-LysHyq 7 w NalHo-NalHp: 6 m/s LysHpB1.1-LysHyo m
LysNH-LysHS; , W PheHa-NalHB, 5 LysH&; o-LysHyq .4 m/s
LysNH-LysHp1 4 w PheHa-NalHpB,¢ LysH&; o-LysHyq 7 m
LysNH-DmtMe w PheHo-PheHp, 7 s

2 ys = 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-dg/H,0 (8:2)

Cross-peak intensity Cross-peak intensity Cross-peak intensity
NaINH-PheHp, 3 m LysNHe-LysHpB1o w DmtArH-LysHyqs w
NalNH-PheHp; 4 w LysNHe-LysHd, 1 S DmtArH-LysHB; o w
NalNH-NalHBs VS LysNHe-LysH9;, , w DmtArH-LysHd; , w
NalNH- NalHB3¢ w LysNHe-PheHp; 5 w DmtArH-LysHS, 4 m
NalNH-LysHa. W LysNHe-AspHp, 4 m DmtArH-LysHB s w
NalNH-PheHa Vs LysNHe-AspHB,.4 VS DmtArH-LysHe; ; w
NalNH-NalHa S LysNHe-LysHe, g S DmtArH-LysHes» w
NalNH-PheArH w LysNHe-LysHes» S DmtArH-LysHo w
NaINH-PheNH w LysNHe-LysHa w NalHo-LysHo W
NalNH-NalH, m LysNHe-DmtHa. w NalHa-NalHBs 6 s
NaINH-AspNH s NalH, s-PheHp; 3 w NalHo-NalHB, s
DmtNH-DmtMe m NalH, 3-NalHB3 Vs NalHo-PheHp; 3 w
DmMtNH-DmtHp, 5 s NalH, 5-NalHBs 6 m PheHa-LysHa w
DmtNH-DmtHp; o m NalH, 3-NalHa m PheHa-PheHB, 4 S
DmtNH-DmtHo. Vs CONHj, 7 -AspHa. Vs PheHa-PheHp; 3 s
NalHg-NalHpBs 'S CONH; 7,-AspHp, 6 m AspHa-AspHp, 4 S
NalHg-NalHp3 ¢ S CONH,7,-AspHB,, W AspHo-AspHpB, 6 m
NalHg-NalHo 'S CONH, 7,-NalHps w LysHa-DmtHao, w
LysNH-LysHyqg Vs PheNH-LysHyg ¢ w LysHo-DmtHpB w
LysNH-LysHyqg m PheNH-LysHyg g m LysHa-DmtHMe s
LysNH-LysHB1 ¢ ] PheNH-LysHp1 o s LysHo-LysHB 3 Vs
LysNH-LysHp1 3 s PheNH-LysHB 5 w LysHo-LysHS; 1 m
LysNH-DmtMe m PheNH-PheHf3, 4 s LysHo-LysHB1 o VS
LysNH-DmtHp3 w PheNH-PheHp; 3; S LysHa-LysH&g 5 m
LysNH-DmtHo Vs PheNH-DmtHo w LysHa-LysH&g 6 m
LysNH-LysHa m/s PheNH-LysHa m DmtHo-DmtHp 'S
LysNH-PheNH m PheNH-PheHo m DmtHa-DmtMe s
AspNH-AspHB..4 m PheNH-NalHo w LysHez»-LysHS; » S
AspNH-AspHB. ¢ Vs CONH, 71-AspHa w LysHeso-LysHS, 1 s
AspNH-NalHps w PheArHg o-PheHBo44 VS LysHez o-LysHP1 o m
AspNH-NalHB3 6 m PheArHg o-PheHB,3; VS LysHes »-LysHyo 6 S
AspNH-AspHa. m PheArHg o-NalHB3 w LysHez»-LysHyog m
AspNH-NalHa S PheArHg o-LysHa w LysHe, g-LysHd, » 'S
LysNHe-LysHyo ¢ m PheArHg o-PheHa S LysHe; g-LYsHS; » Vs
LysNHe-LysHyq s m PheArHg o-NalHo w

%vs = 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-dg/H,0 (8:2)

Cross-peak intensity | Cross-peak intensity Cross-peak intensity
DmtOH-LysHb& w AspNH-AspHa m AspHa-NalHB3 1 w
DmtOH-DmtHo w AspNH-NalHao m AspHa-LysHegs, m
NalNH-PheHB m PheNH-LysHpB1o w PheHo-PheHp VS
NalNH-NalHpB, g 'S PheNH-PheHa w LysHa-LysHyg e w
NaINH-NalHB3 1 w PheNH-PheHo m LysHo-LysHyq o w
NalNH-PheHa 'S NalH;-PheHp w LysHa-LysHp1 o S
NalNH-NalHa S NalH;-NalHp, g S LysHa-LysH; 4 m
NalNH-PheArH w NalH3-NalHps 1 S LysHa-LysH; 5 w
NalNH-NalH; w NalHs-NalHao S LysHo-LysHP; 4 )
NalNH-NalH, Vs NalH;-PheHo w DmtHa-DmtMe S
LysNH-LysHyq6 VS PheArH-NalHB3 1 w DmtHo-DmtHp, m
LysNH-LysHyqq w CONH,-LysHd w DmtHo-DmtHB3 o m
LysNH-LysHB1 o S CONH,-AspHf, 3 S LysHes >-LysHyq 6 w
LysNH-LysHB1 4 m CONHy-AspHpB, 5 m LysHes»-LysHyqo w
LysNH-DmtMe CONH,-LysHes w LysHez o-LysHB1 o m
LysNH-DmtHo Vs CONH,-AspHa. s LysHezo-LysH8, s
LysNH-LysHo m PheArH, ¢-PheHa S LysHes »-LysH3; 3 S
LysNH-PheNH PheArH, ¢-AspHp, 3 m LysHez ,-AspHp.,.s w
LysNHe-LysHyq 6 w DmtArH-LysHyo 6 w LysHe; g-LysHS 1 S
LysNHe-LysHyqg w DmtArH-LysHB; o m LysHe, g-LysHS; 3 s
LysNHe-LysH8, ; Vs DmtArH-LysHS, ; m AspHB2s-LysHyos m
LysNHe-AspHp, 3 S DmtArH-LysHp; 4 w AspHP,.3-LysHyo w
LysNHe-AspHp, 5 ] NalHo-NalHB. ¢ S AspHP, 3-LysHS, 4 w
LysNHe-LysHe, g s NalHo-NalHB3 1 Vs LysHpB13-LysHyos W
LysNHe-LysHes m NalHo-AspHp, 3 w LysHp13-LysHyog s
AspNH-AspHpB, 3 m NalHa-PheHo w LysH3; s-LysHyos s
AspNH-AspHp, 5 S AspHa-AspHpB, 5 Vs LysHd, 1-LysHyo s m
AspNH-NalHB, g m AspHa-AspHB,.s m LysH®&; 1-LysHyo9 m
AspNH-NalHB3 m AspHa-NalHB, w LysHB1.0-LysHyo s m

%vs = very strong, s = strong, m = medium, w = weak; ° stereochemistry has been omitted
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standard TIP3P water molecules. Only amide and a-protons are shown.

Figure S10. Representative lowest energy structures of 2-5, calculated by ROESY -restrained MD in a 30x30x30 A box of
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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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pl
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.

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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