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ABSTRACT Objective: To evaluate the reasonability and reliability of M1 muscarinic acetylcholine receptor (mAChR) constructed
from different GPCR models. Methods: M1 mAChRs complexes were obtained by homology modeling from bovine rhodopsin, human
B 2-adrenergic receptors, human M2 and M3 mAChRs. The receptor-ligand interactions were obtained by docking, and were compared
with the crystal structure of M1 mAChR in static state. The variety of distances between ligand and crucial residues of M1 mAChR were
evaluated by molecular dynamic simulation to validate the optimum model of M1 mAChR in dynamic state. Results: M2 mAChR
possessed highest sequence similarities with M1 mAChR (67.9%). The mean of RMSDs between the M1 mAChR constructed by Inactive
M2 (M1R;ierpr) and other crystal structures was smallest (1.39 A). The allosteric sites (K392 and E397) of M1R,ienor Were closer to
the binding pockets, which were corresponded with the ligand binding conformation. Docking results showed that the distances between
bitopic allosteric agonist (VUO0184670) and allosteric sites (Y85 and Y381) of M1Rinactive-M2R were 4.8 A and 6.8 A respectively,
more reasonable than other M1 mAChR models. The distance between ligand and residue of Q177 was decreased from 7.4 A to 2.9 A
after dynamic simulation, indicating the rotation of VU0184670 towards Q177, which was corresponded to previously reported results.
Conclusions: Our results have proved that the M1 mAChR constructed by Inactive M2 mAChR  (MI1R,,ienor) €xhibited high structural
similarity with crystal structure of M1 mAChR and was reasonable and reliable in both static and dynamic states. Our study provides
important strategies for the development of M1 mAChR drugs, and also novel paradigms for the exploration of other GPCRs.
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Table 1 The RMSD values between the crystal structure and the M1 receptor models (Unit: A)

RhoR B -AR inactive M2R active M2R M3R Mean

i3-excluded MIRgir 0.91 2.86 3.03 3.04 291 2.55
MIRg Ar 2.76 0.47 1.11 1.79 1.27 1.48

MIR;eivesnr 2.89 1.12 0.24 1.69 1.03 1.39

MIR ivenor 2.85 1.74 1.71 0.31 1.56 1.63

MIRsr 2.71 1.22 0.95 1.52 0.54 1.39

Pocket MI1Rgpor 3.40 4.34 3.11 244 3.02 3.26
MIRB -AR 3.01 3.34 1.90 1.45 2.02 2.34

MIRcivernr 3.73 3.46 0.19 2.10 0.58 2.01

MIR ienr 3.25 3.51 2.03 0.28 1.99 221

MIRsx 3.85 3.52 0.56 2.07 0.35 2.07

iE :i3-excluded RTHERREE M7 BE R MERY 13 TRELRT, pocket RRXE AR S MR LR,

Note: i3-excluded: comparison with the highly flexible i3 loop excluded; pocket: comparison of the binding sites .
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Fig.1 The ramachandran plot of M1 mAChR models
Note: A: MIRpor; B: MIRgAr; C:M1Riveror; D MR ivenor; E: MIRyr
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2 FiRERAE M1 BRI A SRR _E A5 (Z-Score )93 76
Table 2 The dihedral angle score of amino acids of M1 mAChR models

Core zone Allowed zone Outlier
MIRgr 268 23 6
MIRg 271 15 3
MIReiveror 269 15 5
MIR e 264 10 1
MIRysr 274 10 2

F o BREZEASH(Score >0.02); FE_EASF(0.0005< Score<s 0.02); RE ZHEAHE %S % ( Score < 0.0005),
Note: Core zone: Score > 0.02; Allowed zone: 0.0005 < Score < 0.02; Outlier: Score < 0.0005.
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MI Ry B FEHR 1] 76 B 45 A HARSEIT AN X TR AR s
B T M1 BB Z AR 4h 3 24 (extracellular loop 3,03) B4 5]
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4%, $7R DL InactiveM2 SRR AR Y M IR SZ 4% 1) OC S 2 ik
R & AT SRS A%
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Fig.2 Binding sites(orange) and key residues(cyan) of M1 mAChR
FE 41 : M1 Rpor; 28 : MR g; 25 : MIRiN 0 v0m; B : MR wienor; 22 : M1 Ry
Note: red: MI1Rgyer; green: M1Rg xz; blue: MIRiNgerpr; Yellow: MIR iean; purple: MIRyr
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MIR gener S MIR e B8F1T, {505 Q181,Y179 i ¢ 7 24255
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B AR EA R 5 SCERAGE AR R, S5 2.1 oGk
FREL LU BASTR 34T X425 5, 5 I M1Rinactive-M2R 4T
JEBE BN 2 DASE— 25 B0 TIE [R] 5 AR 1 o b

& 3 M1 BEF ZFHEEL S VU0184670 HXTHeLE R
Fig.3 The docking results of M1 mAChR and VU0184670
£ : At MIRB-AR; B: MIR giercr; C: MIR ieapn; D: MIRy; 75 M1 BEHG S4B 2R 4544
M1 ERZ A S 5EENXERE; & Bk VU0184670
Note: A: MIRg az; B: MIRciverir; C: MIR gienpr; D: MIR s grey: skeleton structure of M1 mAChR

yellow: key residues of M1 mAChR involved in interaction; green: VU0184670
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K392 E397
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N/
- E401
)¢

D105

4 M1 BB SAE BRE 4 #95 M1Rinactive-M2R Lk Xt 45 5B
Fig.4 Structural comparison of the M1 mAChR and M1Rinactive-M2R
M BB SRR RS54 ; 5 : M1 Rinactive-M2R ; 18 : BEFE IR ; B - LR VU0184670
Note: green: crystal structure of M1 mAChR; cyan: M1Rinactive-M2R; orange: tiotropium; yellow: VU0184670

E397

E397
QL E401
Q77 \,\5401
5 Y85
Y381 Y404

C D
r_u:‘l‘g
Trpd00
Tyri 79 w

GlIn177

B 5 3 71 ZEIUET MIRweseror 35 ) BN N FREHUT MIRieren 21 ) SELHR VUO184670( 45 JHI X5 R R B AEMEER
Fig.5 The interactions of crystal structure of M1R;i.ror before dynamic simulation(blue), M1R;,qenor after dynamic simulation(red) docked with
VU0184670(green)
A, C: B A ZEEIURT MIRicieron; B, D1 BI N F T M1Riierer

Note: A, C: M1Reiveror before dynamic simulation , B, D: M1R e after dynamic simulation
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