254k  Acta Pharmaceutica Sinica 2022, 57(10): 3011 -3018 - 3011 -

LUR SRIRIS it SUBE 9 2L S O Ui S5 (L S R FEFU I 8 A& 1A 53

FHE, mEE, Z 4, PEF, TEH, TEFE
(P B 22 R 22 e A R B A B 22 B, B2 25 AE 0 H R B T A, 65 100050)

WE: K E S I SE (inosine 5’-monophosphate dehydrogenase, IMPDH) 2 4k 245 40 44 Y AZ 88 M Sk & Bl
R HOD R OCEERT . ITAER, & COBUNPUR TR VPUR DU DU AR RS 2 R 1R T bR . LR B, IMPDH
st 700 T DA ik R i 0 P PN S 7 524 BT T JRORE S R (GMIP), A AR B 1 R AU R4, R TS PUR
BRAFE . AT FIRAE B R BRI 2 259, AW AT IMPDH 28 A 458, B 2> T 52 5 ROC HH 8 3547 K 1)
1%, M 70 0004~ TR /N> T e rh ik H 22 ANV LE (19 IMPDH #0141 71 o DA 035 bk Sy B 44 % BB 24, S ) Huh7 44 0
HA460 21 f B AL, %o 0 328 H SR 1) 22 4 B A Ak & 4 1 B0 6 IR 9% 55 HCoV-229E I HCoV-0C43 3 PE AT 40 1IE, AP b
P111.12.15.16 %} HCoV-229E TE#k A #0135k, AL-51 4.12.13.15 % HCoV-OC43 FE#k LA A [F) 2 S i 40 i 5 1k
A1 12 R0 15 S 9 Bl S B0 7 BE AR BT B 2 K B0 IS 2, 25305 R L AR 2, w] LALE Sh IMPDH #1526 S 46 &9

HATIRAHEFT .
SEBRIR: S NS Mt U R TR 20T R B v T Ok
FE 2S5 R67 ERFRIZAED: A X EHRE: 0513-4870(2022)10-3011-08

Virtual screening and activity study of antiviral compounds
targeting inosine 5’-monophosphate dehydrogenase
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Abstract: Inosine 5’-monophosphate dehydrogenase (IMPDH) is a key enzyme catalyzing the rate-limiting
step of de novo nucleotide synthesis in vivo. In recent years, it has become a therapeutic target for anti-virus, anti-
bacterial, anti-cancer, anti-parasitic and other diseases. IMPDH inhibitors have been shown to inhibit viral prolife-
ration in host cells by depleting guanosine 5’-monophosphate (GMP), the raw material required for viral replication
in host cells, with broad-spectrum antiviral properties. In order to find novel anti-coronavirus drugs, this study
screened 22 potential IMPDH inhibitors from 70 000 natural small molecule libraries based on IMPDH protein
structure using molecular docking and ROC calculation for virtual screening. With ribavirin as the positive control
drug, Huh7 cell and H460 cell models were used to verify the anti-coronavirus HCoV-229E and HCoV-OC43 activi-
ties of 22 selected target compounds. Among them, compounds 11, 12, 15 and 16 showed inhibitory activity against
coronavirus HCoV-229E. The compounds 4, 12, 13 and 15 showed inhibitory activities against coronavirus HCoV-
0OC43. 12 and 15 showed significant inhibitory activity against both two coronaviruses, and their efficacy was
similar to ribavirin at the same dose, which can be further studied as a lead compound for IMPDH inhibitors.
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Figure 1 De novo and remedial nucleotide synthesis pathways in vivo
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Figure 2 The contrast between the docked conformation of
inosine 5'-monophosphate dehydrogenase (IMPDH) inhibitor
molecule MOA and the crystal conformation, yellow is the crystal
conformation, gray is the docked conformation, RMSD = 0.443 9

(PDB ID: 1JR1)
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Figure 3 ROC curves and analysis in molecular docking
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Table 1 The 22 compounds with their scores of -CDOCKER_ENERGY and structures
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Figure 4 Typical binding mode of potential inhibitors with IMPDH protein (PDB code:1JR1) by molecular docking
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Table 2 The inhibitory effects of the samples against coronavirus HCoV-229E and HCoV-OC43. TC,,: Half maximal toxic concentration;

IC,: Half maximal inhibitory concentration; SI: Selectivity index. SI =

TC,/IC,;; RBV: Ribavirin

50’

No HCoV-229E HCoV-0C43
Cso/umol'L'1 ICSO/umol-L'l ST TCSO/p.mol~L'l ICSD/pmol-L'I SI

1 >200 46.22 >4.33 >200 46.22 >4.33

2 >200 >200 — >200 >200 —

3 4.28 >2.47 — 0.48 >0.27 —

4 22.22 >7.41 — 46.22 12.83 3.60

5 4.28 >2.47 — 10.68 >2.47 —

6 1.43 >0.82 — 1.43 >0.82 —

7 >200 >200 — >200 >66.67 —

8 0.48 >0.27 — 0.043 >0.025 —

9 155.21 >22.22 — 35.94 >7.41 —
10 >200 > 66.67 — 4.28 >2.47 —
11 46.22 7.41 6.27 200 > 66.67 —
12 57.74 7.7 7.49 46.22 22.22 2.08
13 138.67 > 66.67 — 115.43 46.22 2.50
14 >200 138.67 >1.44 >200 115.47 >1.73
15 115.47 38.49 3.0 96.15 15.41 6.24
16 12.83 5.14 2.50 4.28 >2.47 —
17 12.83 >7.41 — 5.14 >0.82 —
18 32.05 >7.41 — 3.99 >0.82 —
19 >200 >200 — >200 > 66.67 —
20 >200 >200 — >200 >200 —
21 5.14 >2.47 — 4.28 >2.47 —
22 >200 > 66.67 — >200 > 66.67 —

RBV 57.74 7.7 7.49 69.34 25.87 2.68

Table 3 The docking score of 6 potential inhibitors with IMPDH I and IMPDH II crystals

-CDOCKER_ENERGY

-CDOCKER_INTERACTION_ENERGY

Compd.
LRI TRFI LRI TRFI
4 50.003 8 37.0819 50.465 9 403407
1 46.841 8 39.661'5 61.4399 50.701 4
12 45.8129 322384 55.5432 42,9922
13 45.249 4 32.764 54.8812 35.646 5
15 423322 31.459 5 54.898 3 45.759 9
16 421778 31124 1 47.386 332162
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