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ABSTRACT Objective: M1 muscarinic acetylcholine receptors (M1R) play important roles in learning and memory. Based on the
active pocket obtained from the docking of M1R allosteric agonists and MIR, we screened out the selective allosteric M1R agonists.
Methods: Virtual screening was established via computer-aided drug design based on the allosteric site in MIR crystal structure. The se-
lective interaction modes between the compounds and M1R were comprehensively analyzed and used for virtual screening of the com-
pound candidates from several compound libraries. The in vitro activity of compounds was studied using human recombinant muscarinic
acetylcholine receptor cell lines. Results: AJ-292 and AG-205-6 showed significant agonizing effects on CHO-MI1 cells, but they showed
no influence on CHO-M3 and CHO-MS cells among the 184 compounds obtained by virtual screening. Conclusions: Based on the com-
bination of virtual screening, structural analysis and specific activity analysis, two compounds were screened out, which show high selec-
tive activities on CHO-M1 cells. This work lays the foundation for the design and development of novel M1R allosteric agonists.
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Fig.1 The molecular docking of M1 receptor selective allosteric modulators with M1 receptor
Note: A is the molecular docking of Brucine with M1 receptor; B is the molecular docking of TBPB-36t with M1 receptor; C is the molecular docking of
VU0364572 with M1 receptor; D is the molecular docking of VU0448350 with M1 receptor.
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Table 1 Information of 66 compounds from SPECS data bank

Compound Catalogue ID Compound Catalogue ID Compound Catalogue ID
1 AJ-292/40763253 23 AF-399/15601055 45 AQ-360/41714907
2 AF-399/33326060 24 AG-690/40097480 46 AK-968/12974601
3 AK-778/43465041 25 AK-778/40789066 47 AK-968/41925665
4 AG-205/06704019 26 AK-968/40386780 48 AlI-204/31693057
5 AG-205/37081129 27 AK-968/41025974 49 AG-205/37066033
6 AG-205/33676060 28 AK-968/41025927 50 Al-204/42879125
7 AG-690/09706059 29 AK-968/41025945 51 A0O-840/42717800
8 AK-968/40307025 30 AK-968/41025937 52 A0O-365/42033361
9 AK-968/40335341 31 AN-329/43041398 53 AO-365/15162225
10 AK-968/12097034 32 AK-968/41025942 54 AN-465/43384159
11 AG-205/37223052 33 AK-968/41026032 55 AK-778/40958945
12 AM-879/14774006 34 AI-204/43372073 56 AQ-390/42869093
13 AF-399/37285008 35 AO-476/43380220 57 AN-465/43421669
14 AG-205/05218021 36 AP-685/41280827 58 AT-051/43422505
15 AK-918/11940297 37 AK-968/13030082 59 AP-853/11651327
16 AK-918/11909092 38 AH-487/40937041 60 AG-343/00734036
17 AK-968/15252341 39 AP-845/41115565 61 AE-641/00604005
18 AE-641/30153032 40 AO-081/41227472 62 AE-641/30108023
19 AE-848/12530546 41 AJ-292/41695010 63 AE-562/12222305
20 AK-918/12221472 42 AN-465/43013400 64 AE-562/12222308
21 AH-487/15020164 43 AP-124/43383757 65 AJ-333/36117059
22 AK-968/13035148 44 AE-848/06135020 66 AT-051/33504052

Note: Catalogue ID is from SPECS data bank which can be checked online at http://www.specs.net.
AJ-292/40763253 is named AJ-292 and AG-205/33676060 is named AG-205-6 in this article.
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Table 2 Information of 118 compounds from Chemdiv data bank

Compound Catalogue ID Compound Catalogue ID Compound Catalogue ID
1 0091-0213 41 C547-0814 81 G366-0281
2 0177-0101 42 C547-0817 82 G366-1173
3 0987-0077 43 C547-0932 83 G585-1555
4 2556-0878 44 C612-0469 84 G585-1585
5 3343-2994 45 C700-0305 85 G585-1671
6 3807-0597 46 C700-0307 86 G819-0088
7 3894-0021 47 C700-0325 87 G819-0220
8 6262-0153 48 C700-0448 88 G819-0237
9 8010-3026 49 C700-0973 89 G819-0249
10 8012-7258 50 C741-0419 90 G819-0254
11 8012-9270 51 C741-0461 91 H025-0024
12 8018-5306 52 C741-0557 92 K279-0707
13 A0070475 53 C800-0671 93 K284-2945
14 A0070541 54 D216-0701 94 K781-1425
15 A0070582 55 D305-1699 95 K783-4437
16 A0070605 56 D330-2427 96 K786-0419
17 A0070619 57 D330-2428 97 K786-0730
18 A0070622 58 D330-2460 98 K788-9318
19 A0070957 59 D427-0096 99 K788-9617

20 A0070962 60 E008-0109 100 K844-1393
21 C137-0234 61 E155-0001 101 K935-0026
22 C259-1044 62 E155-0100 102 K935-0042
23 C259-1186 63 E155-0286 103 L057-0652
24 C259-1242 64 E155-0717 104 1220-0645
25 C260-1306 65 E155-0729 105 1L423-1342
26 C260-1307 66 E230-1222 106 L575-0283
27 C260-1438 67 E475-1176 107 L575-0311
28 C260-1585 68 E542-1376 108 L575-0330
29 C276-0948 69 E542-2508 109 L575-0420
30 C300-0212 70 E647-0303 110 L575-0583
31 C466-0024 71 E690-0493 111 L575-0598
32 C466-0152 72 E867-1117 112 L702-0183
33 C466-0288 73 F234-0288 113 M286-1909
34 C466-0300 74 F234-0437 114 M506-0343
35 C466-0316 75 F646-0624 115 M743-0205
36 C466-0327 76 F680-0513 116 V004-2136
37 C466-0382 77 F725-0045 117 V006-3741
38 C493-0651 78 F725-0666 118 V029-4816
39 C547-0585 79 F779-0854

40 C547-0813 80 F926-0992

Note: Catalogue ID is from Chemdiv data bank which can be checked online at http://www.chemdiv.com.
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Fig.2 AJ-292-induced Ca* responses in different muscarinic receptor CHO cells
Note: A represents AJ-292-induced Ca* responses in CHO-M1 cells; B represents AJ-292-induced Ca* responses in CHO-M3 cells;
C represents AJ-292-induced Ca* responses in CHO-M4 cells; D represents AJ-292-induced Ca* responses in CHO-MS5 cells.
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Fig.3 AG-205-6-induced Ca* responses in different muscarinic receptor CHO cells
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Note: A represents AG-205-6-induced Ca* responses in CHO-M1 cells; B represents AG-205-6-induced Ca* responses in CHO-M3 cells;

C represents AG-205-6-induced Ca* responses in CHO-M4 cells; D represents AG-205-6-induced Ca* responses in CHO-MS5 cells.
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Fig.4 The molecular docking of two compounds with M1 receptor

Note: A is the structure of compound AJ-292; B is the structure of compound AG-205-6; C is the molecular docking of AJ-292 with M1 receptor;

D is the molecular docking of AG-205-6 with M1 receptor.
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