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Experimental Study on Inhibitory Pharmacological Effects of Morusin on RNA Poly merase
of SARS - CoV -2 and Prediction of Activity of Related Analogs
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Abstract ; Objective To investigate the inhibitory pharmacological effects of Morusin on the function of the RNA polymerase of
SARS - CoV -2 ,and the target enzyme inhibitory activity of 5 kinds of traditional Chinese medicine ingredients similar to mul-
berry sinin was predicted. Methods Molecular docking technology was used to study the binding mode of Morusin to the active
site of the RNA polymerase of SARS — CoV —2. The inhibitory activity of Morusin on RNA polymerase was then tested using a
cell — based RNA polymerase catalytic system. Five small molecules with structural analogs of morocinin were selected from the
components of Morus traditional Chinese medicine,and their interaction patterns with amino acids at the active site of RNA poly-
merase were studied using molecular docking methods. Results Morusin can firmly occupy the NTPs channel of RNA polymerase
and block the entry of nucleotides, thereby inhibiting the nucleic acid replication function of RNA polymerase. Pharmacological
experiments at the cellular level confirmed that the inhibitory activity of Morusin on RNA polymerase was stronger than that of the
control drug remdesivir. At the same time,the 5 kinds of small molecules of the structural analogs of mulberry can also bind to
the active site of RNA polymerase and have enzyme inhibitory activity. Conclusion This study has found that Morusin has strong
inhibitory activity on RNA polymerase, the five analogs are also predicted to have strong RNA polymerase inhibitory activity,and
the results can provide a reference for the development of anti — SARS - CoV -2 drugs.

Keywords : SARS - CoV —2;RNA polymerase ; Morusin ;molecular dock ; pharmacological experiment ; analogs

E&WH: HREARFAELTH (81672041 ) ;b4 DA @2 57 & 1 S AHF G191 B (20231302,20241343)

YEE R RIGUR (1984 — ) , 2, WAL A FITEN Bl AR 2500, 4501, BFFE 7 o] - I R 24 32 K v 24538 PR B3 0 o

WREE  FETE (1983 - ) B WA RIEN, B AT 2500, BB 58 A= 500, BIFE 7 16 < 6 R 24 2 B 2530006 PR 43 i 6 o E-mail ; suyanlei0161 @
163. com,
(1969 - ), B AL N, WA o 5L, 5 A 00 B9 7 1] - BB 2 . E-mail : shancen@ imb. pume. edu. en,

67



44k F3M L
2026 %3 A

2 E W ¥ 7
CHINESE ARCHIVES OF TRADITIONAL CHINESE MEDICINE

Vol. 44 No.3
Mar. 2026

R R TR R B TR &, B A
FRIBLM P, HA VR PUAE DRGSR G,
HAMR P EHFRRZFZ S H ARG RNA R A 5
(RNA - dependent RNA polymerase , RdRp) BAH EAE A, # F4
FRHEHOR AT RNA A MG LIt R R AH
BB RNA BEA B IE 1 , 105 A 3208 b 25 g g >
FEEL 5 55 32 RAS AL /N FE 47 58 T4 F R R 30
R 3 P A U , ST 5 45 2R Sy RSB B RL  R #E 2 T R 4R
HEESF,

1 LIEES

L1 S RERARMEE Y (LB =98% ) W T LER
2L Y RECE R A 7, 293T 400 [ ATCC, DMEM &
Va5 TR 0l B 26 E Life Technologies 23w ; it 4 L ) 2
[ Gibeo 23] ; Vigofect % YL i W B B hi it ZE W HOR A
PR F] s CCK — 8 240 B 376 4 00 e 17 60 W B e 88 26 P BB i
A BN ] ; Gaussia 3G E i ( Glue) IKY) W 2 h( coelenter-
azine — h) Il F 25 & Promega /\ 7], Centro XS3 LB 963 [fEFRr{Y
I I 7815 Berthold A &] ; EnSpire 2300 2 Z AEREAR AL I [ 5[5
PerkinElmer /A #]

1.2 o Fxt#s5 M PDB R T 23R 15 5 85 R i 7
RNA R &) =4E25 4y (1D 7BV2) , A Mgtools 1.5. 6 b3
HEH IR AT A I AR M S PR AR B pdbat 3¢
451 )5 LA (center x = 92. 517, center y = 92. 906, center z =
101.245) Jy bt I EE— 60 x 60 x 60 [ £ F . i 1F Vina &
A pdbat XA 3z ] Pymol 1.7. 2. 1 BRAFFT IR A LAY pd-
bat SCPF, FFATIF TBV2 8 A 45, (- AF R &9 pdb U, IF
PEATAH AR b B 2

1.3 FI R 48 fe /KT 8 30 AL S R 2 RNA R A 812 10 R
R G E M URLER Y B A0 45 25 Ak 3. HEK293T 48 g
{#i ] pCoV - Gluc ,pCOVID19 - nsp12 . pCOVID19 — nsp7 ,pCOV-
ID 19 - nsp8 FALLA 1320 : 60 : 60 [y F A HEATRE Y ™) i T i1
YA Vigofect, $5 Y4 5 12 h, ¥4 240 i S5 47 B2 F0 T+ 96 FLAR
Hr(10* A4/ AL) LSRG LTS EREE PG 5 52 AN I B 5%
WHATRE LR BEINATL A, F 24 h J5 , #5 [] Gasussia 5L E
TE PRI 0 D7 A I 28 G 7R 45 SR 02 3 R S S5 1)
¥,

Gluc &I A2 : Gasussia %€ 6 3 Bl 1 14 45 ) #% B8 Tannous
PRALE TR . BRI R - h BERE T K 2
R PRI A 1. 022 mmol/L, A YK SE Wi, %5 L i A PBS
HRREE 16,7 uM,IFAEEIR T TREALIEE 30 min, #E47TKG
SIHTET 1] EANE B 96 FLAR AL RN 10 wL LI, I
PERE 60 pL 16.7 pM B 2 - h, %% )5 F Berthold Centro XS3
LB 963 {6 B 1 I & &AL 0.5 s 2 (%) = [1 -
(SR T4/ X FRZH P 391H) | x 100%

TSI E . CCK - 8 7] & (CCK -8 Cell Counting
Kit, Vazyme ) £ 0 40 i 36 P, BAR LS5 Ul 45, #
1 pLAERRIR AL A VR b % HEK293T 40 it h 15 & 24 h, 4%
JE I EFLHER I 10 pL CCk - 8 43, I 7E & 5% — Ak st
FFF 37 CHEE 30 ~90 min, ff Enspire 2300 Multiable 2%k
#ir (PekinElmer) JU &t 450 nm &b 0 W S AA , T 58 240 M35 P 2
JTREEFIE: 3 YR ST SR 50 1 P B
L4 ZFZENHE RNAREGBN»THEEH RHif—
HARZR O FE B I 25 A6 ) 5 G rh =A% T R
(Nucleoside triphosphates, NTPs ) 1 i& ) 25 & 15 0, N R 2
SRS R S A R RSN T AT R T T

68

X2 PR AT A 9 A T, SR R L 1. 20 SO e S 41
e 1R .

e s

ke e

A1 #ibammsit

2 LR

2.1 RpFHEERER LRI, FZrEREATHEAR
RdRp 1) NTPs 3838 1% M7 s 4k, I IR I 25 & 1 5 L 5
iE P NTPs 45 & Ab i) & & /% ( ILE548 . SER549 . LYS551
ARG553 \ARG555 \VAL557 .SER682 . THR687 %5) % 4= 4y Flal#H
HAER, WAHTUXNE 2A & 2B, ILES48 H 3L AR 7 5 5o
F 5 MRS AR T U Gl 2,227 A ARGSSS I
AR T HREE 2 AR TR AR, BN 3.068 A, 2074
BRI H FHBEN 8.1 keal/mol , F B & F K E 45 & T
NTPs 3 15 BEURS 1E 5 JE 49 1) a0E AT i 4% SOt 00 o1 4 o

2.2 fRAHESBAMNER BB pCOVIDIY - nspl2, pCO-
VIDI9 - nsp7 .pCOVID 19 — nsp8 %7 HRK293T 4l J55 7 i
AHNEE 1, 40 P AR AR 5 RNA B2 461 114 357 28 5 1R o
T nsp7/nsp8/nspl2 121&,%“77”” o Jiki pCoV - Gluc f) DNA &
SeritE TN DNA /K #i A9 RNA R BN B I FH—&E
HEVE BT RNA T JS 7E nsp7/nsp8/nspl2 4 3 AAE F T % 5t
sk vRNA, 1 P B nsp7/nsp8/nspl2 {4 R ik — 2575 5 i 1E
BEMETE RNA 75 32 20 i 9 A2 0T 1E 56 RNA 17 B9, i
Zifi Gluc HFRIEKTFTH R o 7€ Glue Y3235 R b 3 18 S bk
R RNA REGEHA R E] T WOKER” W4 35 7R F , e 1)
il RNA A REFA] il Glue (Y 2RIKWD ., L5 Kk IR 2 %
TEPGH X RNA AR R A M HE R, I 23— 17
K, BREORE ISR 1, 76 10 WM RET , RE R EID
iR o ST R o e S s 0 N e o YU A

2.3 RFFEANYEHREN > THELER SREW LG
W2 -6 BLHEIMM IR LS & F NTPs J@E 5 NTPs il jH
g1 ALA547 . ILE548 . SER549 . LYS551., ARG553 ., ARG555 .,
VALS557 \ASP618 . ASP623 . SER682 . THR687 4§ & Kt Wik 7= A i
K CH AR A BRI XIE 3 - B T kA2 -6
1E 5 RNA REFFLS A B B0 A B g/ 518 9.3.8. 3,



%44k B3 R xR E B O F Vol. 44 No.3
2026 %3 A CHINESE ARCHIVES OF TRADITIONAL CHINESE MEDICINE Mar. 2026

7.3.8.4.7.9 kcal/mol, fL&5W)2 -6 5 RNA BE 1§ 0] (45
AR GRERMAE ALEGW 235 WERRIBTRER,
PERFTHEXT RNA ARG IR TRER, BHEUR
FT I BRI RNA A B 570 76 4% , AT BB AE I IR IR
5T W R AR UR B R HE 2 AR

L1 SE AR X RARp I3 &% CCK -8 2 I 1A 0 45 2R

HH b B e BB TG BYE
Tk A W 1/ (pmol/L) - 50
W 11/ ((umol/L) 25 25
HerE I/ ( wmol/L) 10 10
RIS SE X RdRp WK 1 - 94.13 £0.12
2/ (%) W T 74.01 £3.54  93.88+0.08
Wzl 68.10+3.78  90.20 +1.49
AR A W T - 45.87 +0.10
Wil 77.25+0.76  57.87+1.04
WEETT 79.82+1.33  73.86£1.65
3 it

SEH WRAENT T A BB /N 731 rT A RNA S5 i i 2
B0 BT R R AR OR AT T A0 MK OF L 5 1
B E R FLA 0 R SRR 7 R S
S TN T 50500 R O 0 N 9 P 2 I ) AR EL A
JHNTIARBE R T T 3 28 (OB RIS 1L o AW g & B3
VR AT M A5 T RNA SRS T6 ML 100 A FE ) BE
WG PE, 7E 10 WM ¥k BE T 38 3 2% 110 #0600 i1 35 4 (90.20 +
1.49) % ,IEPEW] IR T I 0G 45 o A7 8L e IR s 75 A% iR S V) g
NSP14/NSP10 & &4 BAA BB X T i 23 [ AR 3 75 04 =5 S5 4%
TR AN PR A 790 400 35 1% 7 A S 24 B A
HORGI ARSI NSP14/NSP10 14 % , i A Ay I 75 Jis 74 74
F5 B P T R FLSL R ARG g , 1 R AN AL RSN
NSP14/NSP10 43 FYAZ H BR 2S00 i 37) 1) it 245 AL ], 00045 fr) 42
FREEATI ) T35 11 A T R -1 S B v 400 M 7K B9 08I B e R 2 24 P
TETEEIRT . RPEREGWEMY/ING T2 -5 TE50 T XHESL R
TR I B RS 5 AR T, P HoAT RE LA R T U
RUSERRI 1515 1 , 52 rP 2GR TE I PRAUBT R R 15 U6 7
HHAEEAEN . A R R ST Jn i 55 A A
AT 790 4 s S I R , ik 2 B AR AN AR ) R A o
MEAE TN, SR 3155 S UG S I B 2R AL 5 W 2k Dy ik
Tl A 5 S 1B Wi, T & T[] IR ) 3 25 R RNA 2R 5 i Y
SERACHUIR 75 (14 DUHE AT 50 B B Lo
SE 3k
(1] i, 2ot AR R, 45 RPEZWFL SR FUIR R TPC — 1 4R

ToRREM L] BRI SE S A 0A , 2023 ,36(3) :235 - 240.

(2] Bk KGR 2R AR AL PR AH HAR I i S S o -
HEBET RS RSZ R [ D] T AR . P R R, 2021

(31 XUff. Feap R AR O A S 58 S A2 B BRI AT (D] 7
FIE AL R KA 2021

(4] BRR,FF9E, B 7. R RO T 401 TR AR 0 1
W LI ] PR 224 (BE24 R0 ,2020,51(5) :650 ~657.

[5] CHO A R,PARK W Y,LEE H J,et al. Antitumor effect of morusin
via G1 arrest and antiglycolysis by AMPK activation in hepatocellular
cancer|[ J |. International Journal of Molecular Sciences, 2021, 22
(19) :10619.

[6] HAOK,DAI Q,WU J L,et al. Morusin enhances the antitumor activi-
ty of MAPK pathway inhibitors in BRAF — mutant melanoma by inhib-
iting the feedback activation of STAT3[ J]. European journal of canc-
er (Oxford, England : 1990),2022,165.58 —70.

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[17]

(18]

[25]

[26]

[27]

HAFEEZ A, KHAN Z, ARMAGHAN M, et al. Exploring the thera-
peutic and anti — tumor properties of morusin: a review of recent ad-
vances| J]. Front Mol Biosci,2023,10:1168298.
LIU W, JI'Y, WANG F, et al. Morusin shows potent antitumor ac-
tivity for melanoma through apoptosis induction and proliferation inhi-
bition[ J ]. BMC Cancer,2023,23(1) :602.
JIA'Y, HE W, ZHANG H, et al. Morusin ameliorates IL - 18 - in-
duced chondrocyte inflammation and osteoarthritis via NF — kB signal
pathway[ J]. Drug Des Devel Ther,2020,14:1227 - 1240.
YANG C, DENG X, WU L, et al. Morusin protected ruminal epi-
thelial cells against lipopolysaccharide — induced inflammation
through inhibiting EGFR - AKT/NF - kB signaling and improving
barrier functions[ J]. Int J Mol Sci,2022,23(22) .14428.
YILDIRIM K, BOZKURT S, BASIBUYUK H H, et al. Anti - tu-
berculosis activity of morusin; a promising flavonoid from white mul-
berry[ J]. Int J Tuberc Lung Dis,2024,28(1) :37 -41.
HET, X, EHF, 5 WS RTURBE W BA. 2.2 iRk
HIWFSELI]. shee PR 2557 1),2022,40(8) - 14 - 16,259.
EFIRE, IR, REH, 45, TR 2 AT B o BT R 2 T
PEBFFELI]. b B 224 01],2023 ,41 (1) : 18 - 20,261,
Aok, NS &, SRIEHR , 5. BT GC — MS Al HPLC YUl Y0 okF i
IRV | 5 e A0 B 28 2 [ ] 307 R AR, 2023, 50
(11) :186 — 190.
ZHAO J, GUO S S, YI D, et al. A cell — based assay to discover
inhibitors of SARS — CoV —2 RNA dependent RNA polymerase[ J].
Antiviral research, 2021, 190. 105078.
TANNOUS B A. Gaussia luciferase reporter assay for monitoring bi-
ological processes in culture and in vivo[ J]. Nat Protoc, 2009 ,4
(4):582 -591.
W L. SARS — CoV -2 NSP7 #1 NSP8 (5 it [ 1]. 4E
P)fE B2 ,2021,19(3) : 149 - 158.
SARMA H, JAMIR E, SASTRY G N. Protein — protein interaction
of RdRp with its co — factor NSP8 and NSP7 to decipher the inter-
face hotspot residues for drug targeting: A comparison between
SARS - CoV - 2 and SARS - CoV[J]. J Mol Struct, 2022,
1257:132602.
LA IRET, XME, F BT TR EARE AT 24k
S S HAE R RE RNA RSB 8] g 80T ], ik
HEE 25241 ,2021,39(4) 194 - 101,280 -285.
FRIEE XA B ER, A5 R R B T B e R bR 25 B R Y
WEFEL )], k22 1], 2023 ,41(7) :26 -28,269.
EZENE, Ak, BraE 21, 55 B AL G 0 1 BT R R B 3
HEBNIFELI]. hAerh R #T],2023,41(4) :13 - 16,262,
FRBREL, BRI, SRR, 45 583 3R 0k 280 e bR 2 = 2 P g
HIVEFIRBSEL )], thAe B 25241 ,2023,41 (10) 29 - 11,259,
RONA G, ZEKE A, MIWATANI - MINTER B, et al. The NSP14/
NSP10 RNA repair complex as a Pan — coronavirus therapeutic target
[J]. Cell Death & Differentiation, 2022, 29(2) ; 285 —292.
NAIDU S A G, MUSTAFA G, CLEMENS R A, et al. Plant — de-
rived natural non — nucleoside analog inhibitors ( NNAls) against
RNA - dependent RNA polymerase complex ( nsp7/nsp8/nspl2) of
SARS - CoV -2[J]. J Diet Suppl,2023,20(2) :254 —283.
HIROTSU Y, KOBAYASHI H, KAKIZAKI Y, et al. Multidrug —
resistant mutations to antiviral and antibody therapy in an immuno-
compromised patient infected with SARS - CoV — 2 []J]. Med,
2023,4(11) .813 —824.
SHANNON A, CANARD B. Kill or corrupt; Mechanisms of action
and drug — resistance of nucleotide analogues against SARS — CoV -
2[J]. Antiviral Res, 2023,210:10551.
DUAN Y, ZHOU H, LIU X, el al.
SARS - CoV - 2 resistance to nirmatrelvir[ J |. Nature,2023,622
(7982) :376 —382.

Molecular mechanisms of

69



a4 K F3M = fh K B P F Vol. 44 No.3
2026 %3 A CHINESE ARCHIVES OF TRADITIONAL CHINESE MEDICINE Mar. 2026
35 154
oskDn — D — v G w— 21 157 oy
£ = 5 *k
12100 W — $ g1 g 1
a8 a S n .
48KDa W — — . — —-— - & % [I> i
! X = 5 s
(o)
HDN - o e e cen s e B-actin Ie 8 14 H
g | (i i
ABCABDE ABCABDE ABCABDE
1202 —— — w—am— -2Clin
1.5 1.5
48kDa MR e M—— — —— . =
£ £ **
G 104 . 5 10 u -
4okD, S G G — (o lin QI- i mtp- . S O AF#A
2 6 " J BHFDAL
78D WD w— D w— — — | é 054 . o T g 051 - = CHFD‘I'U-JTE%HXWQ
e 1" 3 D HFD-HNETs 7R v 14
42kDa [ D G S - S e -2l &5 1 E HADH-NETSHFIGSK48441

A

A B Cc A B D E

BCABDE ABCABDE

TE: o+ GIEF X IR, P <0.05; + + HIEW X ML LA, P <0.01; A5 HFD L4, P <0.05; A A5 HFD 0%, P <0.01;#5
HEFD + ISR AL LLE, P <0. 05 ;##55 HED + ISR L L4, P <0. 015 + 55 HFD + NETSs )i 57) R A I 4 LU B, P < 0. 055 + + 5

HFD + NETs 1)l 7 45 (A 70 4 Lo %, P < 0. 01,

6 LRSI NETs 08605008 L5 5 4 /1 BUME I AR 400 Thx2 1 Gata3 \RORyt,Foxp3 . Bel -6 2 11 351 11

RFEFIXNFHEBRBE RNA RSB HI1E R B SCIEH 5 A48 X U iE T

HIS

A:439
% ‘
| Il
o N
d o
ARG
4:555

B fererile Soneronsr

FEl2A  FREERS RARp WG MEALA A LR

(IE3CH 67 -69 TT)

K2B  ZFR 5 RdRp &AL G RAR HAR



%44 5 H3 M b % f E ™ F T Vol. 44 No.3
2026 %3 A CHINESE ARCHIVES OF TRADITIONAL CHINESE MEDICINE Mar. 202 6

AsP623
ANO:SES / ASN691
Lvs:sas
VN ~
,’ \ TYR619
\/ PP
ARG-553 / ™~

ASP-760
SERGB2 ASP618

fHnesr
Hea SER.814
/’c?‘n ARG-836 % ):_,M
B3 AL 2 5 RdRp WAL CROAT AR B4 LA 3 5 RdRp AL A AR
§\ & J {\_)—
VAL-557 l ot

\ ALASSS
. A\ HIS-439 SER814
231 "‘)’\? \ R = ?‘{‘25\)/\/- >\/
/ THR-687

( ARG-553 \ LYs-551 ASP-760

FIS fert 4 5 RARp AL ATHIELAE/H 6 ALt¥s 5 RdRp W FERLA AL

ASPT61,

ASP623

/ ASN-691

\ TYR-619

O
\/\W - / .,

LYS-551

ASP-760
ASP618

ASP76;

LYs-798

SER814
ARG-836 GLU-811

7 AeEY 6 5 RdRp {FHEAL G HAR AR

HIS-439

X



