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Table 2 The binding affinity of GIP and GLP-1 to receptors

K/GIPR K /GLP-IR Absolute Norm.
Compound p ; 1 .
/nmol-L /nmol-L ratio of K s factor
4 (GIP) 0.175 >175 >1 000 4.53
5 (GLP-1) >100 0.793 <0.008

TR —FhE R .

32 TF{ GIP.GLP-1 ML &I ThREE 1 T
HEK293 41l ffd % 43 1| 5 % 75 GIPR . GLP-1R Al Jif = I
Wi % %4 (GCGR), PEAN AN [RVR B F GIP.GLP-1 #1152
WA Th RE M, A2 W E S 40 I 2R B R IR EF
(cCAMP) 4 i &, 3 LA GIP. GLP-1 7= 4= [ e K & oy 3
T, BeAb A A 2 B i, AR Mk R TE 5 I 20 2%
WE BC, N RIEB N E,, (%). £3FIH T GIP
A GLP-133h i AN 524k, 15 3 40 7= 42 cAMP (1)
EC, ME,, (%) WM, NP 2R AR, ie7E
HEK293 2H Jitd % ¢ [ i % % GLP-2R, GLP-2 % 5 77 /&
cAMP [f] EC,, {6 1.71 nmol-L", J& [ AUA () 52 X 4 %6t
{71 7 75 GLP-2R 41 fitd 7= 4= cAMP 1 3% 1 # K T 100~
1 000 % (% GLP-2R ¥ i 584 Fi)

Table 3 The functional activity of GIP, GLP-1 and GCG for
cAMP production of HEK293 cell lines

hGIPR hGLP-1R

Compound EC,, E. . EC,, E_. EC, E_,
/nmol-L"! /%  /mmol-L" /% /nmol-L" /%

4 (GIP) 0.135 100 - - - -
5 (GLP-1) - - 0.176 102 - -

6 GCG - - - - 0.020 8 115

3.3 PN Z X ME0E GLUTag A8 A= 4 cAMP B9 1)
g NN E —FFRTE GLUTag 41, Ho4n i -
SR IL GIP 24K, (H A GLP-1 %4k . # GLUTag

Table 1 The typical human peptide hormone related to modulation of sugar, lipid, and energy metabolism

Ligand Production Pathway

Effect Composition

4 (GIP) Intestine
5 (GLP-1) Intestine

Increase of insulin secretion
Increase of insulin secretion

6 (GCG)  Pancreas a cell Stimulate liver to liberate glucose
GLP-2 Pancreas a cell Promote intestinal epithelial cell proliferation
Insulin Pancreas ff cell ~Activate a series of kinases

Reduce blood sugar and lose body weight 42-peptide

Reduce blood sugar and lose body weight 37-peptide and activated
form as 31-peptide

Elevate blood sugar 29-peptide

32-peptide

Increase glucose utilization and glycogen  51-peptide

Potential cancer risk

synthesis
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Figure 1 The composition comparison of GLP and GLP-1. The red color indicates the same amino acid at the sequence
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Table 4 The structures of prepared 39-peptides with altered amino acid residues and conjugated aliphatic acids at Lys20

DEEEDEOEENEDBOERDEARARVAWOOECEEEOOCAEEES N,
7
Compound X, X, Lys20-lipophilic side chain X,
Ph
HsC_ CHy
HaC_CHs 5 O M
8 HK/E & NX(E“% W%\O b O &N
o H § 0o COzH H o)
HsC_ CHy HsC. CHs Naphth_1
0 D AR gﬁfh /\/O\/\N ’ Y@WOH A
ho H oo COHO O N
§ o H Ph
HsC. CHs HsC. CHs o NMOH
T . sN
H g H o o) CO,HO ¢ H o
o Naphth.1
HsC_ CHy HaC_ CHs H
1 NXW/ZZ SA{NX(% gw\o/\/o\/\NMNMOH §§N
"o "o 5 H COHO O N T
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12 AP N gﬁ/ho/\/owu%mw EN /Q/%
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H
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HsC. CHs HaC. CHs ' Ph
14 Y&Nx/%; Y&NX(% 5%0/\/0\/\ 2 £ /QW}Z
L) Ho 0 CO,HO N o}
H3;C_ CHs H3;C_~ CHs Naphth-1
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Table 5 The binding affinity of compounds to GIPR and GLP-1R

Table 6 The agonist function of compounds on GIPR and GLP-

K, K, Absolute Molar IR and off-targeting on GCGR
Compound hGIPR hGLP-1R ratio of ratio of hGIPR hGLP-1R hGCGR
/mmol'L"  /nmol-L"  GLP-1R/GIPR GLP-1R/GIPR Compound ~ EC_, EC,, BC,
4 0.175 >175 >1 000 - /mmol-L" /%  /nmol'L" /%  /nmol-L” 1%
5 (-NH,) >100 0.793 <0.008 - 4 0.135 100 - - - -
8 34.4 232 6.7 1.48 5 - - 0.176 102
9 63.9 344 5.4 1.19 6 - - - - 0.028 115
10 26.7 427 16 1.53 8 11.0 979 712 852  >1000 Not detect
11 40.7 714 17.5 3.86 9 17.5 94.7 757 98.2 >1000 Not detect
12 17.8 158 8.9 1.96 10 31.5 106 339 96.2 >1000 Not detect
13 440 365 83 1.83 11 3.76 102 66.9 100 >1000 Not detect
14 46.1 352 7.6 1.68 12 8.76 105 70.9 105 >1000 Not detect
15 67.5 307 45 0.99 13 4.40 106 28.4 104 >1 000 Not detect
14 8.07 106 355 97.2  >1000 Not detect
15 21.1 108 57.9 88.4 >1000 Not detect

GIP 2RI DRE . 3R 75 H AL &Y sk, K+
GIP i 7 fi, s th iR 2 L &4 8.

PIROIETE . IR RUBR S 40 e e 1AL & 8 A1 10 (1

55 WEVEFSREDWLBRBENENE KR EC,)-
JRIE 22— R A AL BT B Al b 1 B 5 40 e, 5 AN TR IR 5.6 WEMWAHRKDFEMR BT 10
HI 32 AR IR 0%, — & I T8) f5 22085256, BL 30 nmol-L™ A WL RB S F R, R —RES 0.2 mg-kg! 1)

GLP-1 NFHPEXTFEY), e R - P R R R &, [FA
ST R EPIREEE UK BEC,,. £8HIH THE

W, e EES B BIMES T3 9. 8RR, 1k
EY8 MR E KT A&, T HIKER = (CL)
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Table 7 The agonist potency of compounds against GLUTag cells

Compound EC,/ nmol-L"
4 (GIP) 11.62
8 1494
9 2917
10 1610
1 2186
14 2 746

Table 8 The activity of compounds for promoting insulin secre-

tion from mouse and rat islets

Compound Mouse/EC, /nmol-L" Rat/EC, /nmol-L"
8 47.2 15.5
9 30.0 Not test
10 58.9 349
11 3.5 Not test
13 51.4 Not test
14 11.3 Not test

Table 9 The mean pharmacokinetic parameters following subcu-

taneous dose of 0.2 mg-kg "' to cynomolous monkeys

Mean T, Mean T, Mean CL
Compound /h /h /mL-h" kg
8 55 8 0.73
9 43 24 1.2
10 34 8 1.3
13 23 4 2.8
14 32 6 1.5
15 23 10 4.7

WA, 32— 0 e YR FH BE F = 83% (Bokvist BK,
Coskun T, Cummins RC, et al. GIP and GLP-1 co-agonist
compounds. US 9474780 B2. 2016-10-25).
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JP, Davies MJ, Rosenstock J, et al. Tirzepatide versus
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N Engl J Med, 2021. https://doi. org/10.1056/NEJMoa
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Tirzepatide

7 Big
PRV v B AR 250 2 T B HME S T, M —

3 T TR B S5 7 A S A 2 300 e g R M S R0 g, e i ko
AR R EEAE Gz i), TEAE BB e 7R
A UCECYE, 76820 205007, 52 R 5 R0 A F 5 R 1) &
1K BN FEAE WP RO, BRI T R T X AN AR 2
EHFEAR, AR T RAEFE—TLRES —HIA
RN (P s = T o A FH T SR B 1R /N 23 - 29 A2 d
b AL A 6 R ) D R R J LA () o A, IR B R A T A
SZARI EAR; 02 BRERSI I 259, & 52 2 1R B 7E 11 )7
F) SR G RN BT AR S I SRS B R, Rl
RE RS SR I 4 GIP AT GLP-1 ) Fe 41 40 B [R) i 38 &
T B BT gaWr Y FE AR C A B A A R AR A
TR AR RN G IR, DA Ak 3 g PR K A 5 3
SINKEEM AR VERR I R BE AR & 5 2% 1 B I 45
AR I RE B AU, IR NN & B LB RIS R R
Jr B DL R 22 KR M 1 25 o AR A ol — AR R 2 1%
FEIRARZY, Yot b EARA — 5 1 BR BE A A S, (E 00
FRAE FH AR i Q8T 6 A, S 35 PRI T 2 IR 249 R %t
GLP-1 SZ AR I 5o —BE bR, £7 E W E A R RO AN 57 &
BRI, BRI 7E I PR 5 O AT 2590 Sk 0t 3k 1) B R B8 ¥R T
W R RIS .



