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Table 1 The composition and dosage of marketed GLP-1 receptor agonists

No. Drug Chemical composition Dosage Launched year
2 Exenatide Natural peptide with 39 amino acids from Heloderma suspectum Twice daily 2005
3 Liraglutide Arg*GLP-1 (7-37)-Lys*-y-Glu-C16 acid Once daily 2009
4 Albiglutide Two Gly8GLP-1 fused to human albumin Once weekly 2014
5 Dulaglutide Gly*Glu”Gly*-GLP-1 (7-37)-(Gly,Ser),-Ala fused to Ala*****Pro**-19G4-Fc Once weekly 2014
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Table 2 Structure, in vitro binding affinity and potency of typical compounds. HSA: Human serum albumin
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COOH COOH o

" IC, /nmol-L* Ratio Potency EC,,
Compd. X R L 0% HSA 2% HSA 296/0% Jpmol.L*
1 Lys None None 0.16 0.10 0.5 16.2
6 Arg None None 0.25 0.14 0.6 7.6
3 Arg C16 monoacid y-Glu” 0.11 4.78 43 8.5
7 Arg C18 monoacid y-Glu 0.60 1.95 3 11.7
8 Arg C20 monoacid y-Glu-20EG™ 0.16 0.97 6 3.7
9 Arg C16 diacid None 0.87 74.0 85 70.9
10 Arg C18 diacid None 2.83 295 104 238
11 Arg C18 diacid y-Glu-20EG 0.38 148 527 3.8
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Table 3 SAR of derivatives of Aib®, Arg*-GLP-1(7-37) with C16-C20 acids and diacids attached to different linkers
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COOH =} =]

HsC_ CHs
Aib=  HoN o
o
IC_/nmol-L™* Ratio Potency EC,,
Compd. R L 0% HSA 2% HSA 206/0% Jpmol-L*

6 - - 0.25 0.14 0.6 7.6
12 None None 0.17 0.08 0.5 6.2
13 C16 monoacid y-Glu 0.32 5.05 42 19.2
14 C16 monoacid 20EG” 0.12 0.75 2.3 111
15 C16 monoacid y-Glu-OEG™ 0.16 3.40 21 14.7
16 C16 monoacid y-Glu-20EG 0.19 3.78 20 2.7
17 C16 monoacid 7-Glu-30EG™ 0.03 0.22 8.0 43
18 C18 monoacid y-Glu-20EG 0.04 1.99 50 3.2
19 C20 monoacid 7-Glu-20EG 0.18 0.88 49 4.8
20 C12 diacid y-Glu-20EG 5.16 4.75 0.9 42.6
21 C14 diacid y-Glu-20EG 2.65 8.87 3.3 15.7
22 C16 diacid 20EG 3.25 12.8 3.9 166
23 C16 diacid 7-Glu-20EG 0.94 20.5 22 8.6
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diacid, y-Glu-20EG) #1149 (C20 diacid, y-Glu-20EG) [
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Table 4 Compounds of Aib®, Arg*-GLP-1 (7-37) with C18-C20 diacids attached to different linkers

o
* YGlu-dPEGE = "‘HH\IM HAH/O\/"‘-U"\._/ D"/‘a’"‘vo\/“a’“\vnwoﬂ\n}‘
CooH o

“abu= "y

Compd. L IC, /nmol-L* Ratio Potency ESSO
0% HSA 2% HSA 2%/0% Jpmol-L
24 None 1.86 27.0 14 269
25 7-Glu 0.21 112 541 9.9
26 7-Glu-OEG 0.17 79.9 477 48
27 Dy-Glu-20EG 0.13 30.0 230 7.1
28 7-Glu-20EG 0.38 357 940 6.2
29 7-Glu-30EG 0.71 6.17 8.6 27.7
30 y-Glu-dPEGS" 5.31 11.4 2.1 47.3
31 (y-Glu),-20EG 0.25 19.5 77 27.8
32 (y-Glu),-20EG 0.36 15.2 43 67.0
33 Abu-(y-Glu),-20EG 1.77 16.8 9.5 703
34 Abu-20EG™ 0.20 8.80 44 21.2
35 Abu-y-Glu-OEG 0.58 20.7 36 10.7
36 Benzyl-BAla-20EG™ 9.19 51.7 5.6 5990

Table 5 Compounds of GLP-1 (7-37) peptides attached with C18 diacids via y-Glu and OEG containing linkers and to 16, 22, 25, 26, 27,
36, 37 and 38 positions of the peptides

- I Acylation IC,/nmol-L* Ratio Potency EC,,
Compd. Residue modification position 0% HSA 2% HSA 206/0% Jpmol-L*

37 Arg® Arg* Lys® 20EG Lys® 0.11 14.5 127 7.0
38 y-Glu-20EG Lys” 0.06 5.39 98 4.6
39 -Glu-20EG Lys'® 0.50 25.5 51 9.9
40 Aib® Aib? Aib® Lys® OEG Lys®’ 0.77 19.3 25 409

41 -Glu-20EG Lys? 0.06 17.7 280 2.7
42 y-Glu-20EG Lys® 1.13 41.6 37 41.8
43 Aib® Ar*® Ar Lys* None Lys*® 0.52 23.0 45 159

44 Aib® Ar®® Ar* Lys® None Lys® 0.31 7.55 24 87.3
45 Aib® Ar¥® Ar* Lys® 20EG Lys® 0.11 3.99 36 13.2
46 Aib® Ar®® Ar* Lys® y-Glu-20EG Lys® 0.09 30.1 334 15
47 Aib® Ar* Lys® 20EG Lys® 0.27 6.73 25 67.5
48 20EG Lys® 0.1 6.5 64 26.0
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o, AR, 28 B KT 3MILL, 3M Ly N
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e TACE Y 28 B N AT PR A AR E 1, 12

TR, E 4 %E D& ik (semaglutide) (Lau J, Bloch P,
Schiffer L, et al. Discovery of the once-weekly glucagon-
like peptide-1 (GLP-1) analogue semaglutide. J Med
Chem, 2015, 58: 7370-7380).
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iR E IR LU, AR E S IR, 25 25340
FDKAN B A, 226 A H TR P A 45 2 A 1 24X
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Table 6
following administration of semaglutide (28, 2 nmol-kg™* i.v. or

Pharmacokinetic evaluation in Gottingen mini-pigs

2 nmol-kg™ s.c.) and liraglutide (3, 0.5 nmol-kg™ i.v. or 1.0 nmol-kg™

s.C.)
i.v. administration s.c. administration
Compd. R <
CL/L-h~-kg™ V,/L-kg t,/h T ./h MRT/h F/%
Liraglutide 0.0038 0.067 4 12.4 7 23.0 66
Semaglutide 0.001 6 0.1019 46.1 12 63.6 94

gt RARIR, F KO 5 R B8 KR A AR (V)
0.067 L-kg™ (67 mL-kg™), I e T 12 4% 1 1 i 14
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12.4h. TMZEDERKAIV, N 102 Lkg™ (0.102 mL-kg™), Lt
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OH 8 3058 A AH [R], 3% J2 B N S B R T 41 v B — 3K
1 4% % (Underwood CR, Garibay P, Knudsen LB, et al.
Crystal structure of glucagon-like peptide-1 in complex
with the extracellular domain of the glucagon-like pep-
tide-1 receptor. J Biol Chem, 2010, 285: 723-730)., Lys®
B 521 GIu™ 45 &, HZ% 45 & A SO I 1 5T kAN
Ko DLHT IR SE 56 45 538 W14 Lys™ A48 et HoAth 2 FE 1R
BRFE NS SR G B RS AN R, 3755 K FL I A I 3% 4
SRRREEXS T 32 AR 2 5 A W R 5, X 2 H A SR e
HEM I BEAZ ) & B AR . 1 R E D B G EHZ S
GLP-1 3244 ¥ i A1 45k 52 & W0 & A4 38 7 5 K 1, 45
fEW RN : @ GLP-1 (7-37) [ Lys™ &5 25 [ 52 R (1) 45
&, CARYER G5 A7 AE ;10 AL 5 il 2E B & IR Y Arg™
KHL T A G IR, RE Ky THSHELG,
A E MR . @ %58 K1 Gly™ 1 Arg® 43 7
SR B B4 E R Leu™ Al Trp™ (36 i A8 (14 1a).
@ Arg® (R EE I ] T 32 44 ¥ GIu® il 2 B & Ik Trp™
Z 1A) H) 2B Ak, A2 g /K A B AR R BC— A T
(Kl 1b).

Figure 1  Crystal structure of the semaglutide peptide backbone (gray) in complex with the GLP-1 receptor extracellular domain; a: The

structure of the C-terminus of the semaglutide peptide backbone. Hydrogen bond interactions are illustrated as dotted lines; b: Arg36 closes

the hydrophobic ligand-receptor interface by aligning with Trp31 and Glu68. A water molecule is coordinated by Glu27 and Arg34



