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Abstract :

Novel coronavirus infection (COVID-19) caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has been a serious health problem worldwide. A number of clinical
trials have been currently underway to identify an effective treatment for COVID-19. For the
development of a new drug, it is essential to identify a lead compound as a drug candidate and to
evaluate its pharmacological properties, although the development requires enormous costs and
time. Therefore, in-silico drug discovery utilizing molecular simulation has been widely promoted
around the world to shorten the development period of new drugs.

The purpose of our study is to propose a novel natural product-derived inhibitor of the main
protease (Mpro) of SARS-CoV-2 using state-of-the-art molecular simulations based on protein-
ligand docking, classical molecular mechanics (MM), classical molecular dynamics (MD), and ab initio
fragment molecular orbital (FMO) calculations. We here investigated specific interactions between
Mpro and 51 natural product-derived compounds in the four plant species (Aloe vera, Night
jasmine, Molinga oleifera, and Justicia adhatoda). Based on the results simulated, we identified
which compounds bind strongly to Mpro to be potential lead compounds for Mpro inhibitors. Based
on the most promising compound, we proposed new derivatives and investigated their binding

properties to Mpro to propose novel potent inhibitors against Mpro. Furthermore, using classical
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MD simulations, we analyzed the structural changes of the complex of Mpro and the new derivative
to confirm the stability of the derivative at the binding pocket of Mpro.

Our molecular simulations elucidated that feralolide from Aloe vera binds most strongly to Mpro
among the 51 compounds. Therefore, we proposed new compounds with OH groups at several
positions of feralolide and analyzed their binding properties with Mpro, revealing that the
introduction of OH group strengthens the binding affinity between feralolide and Mpro.
Consequently, our proposed feralolide derivatives can be potent inhibitors against Mpro of SARS-

CoV-2 to be a potential therapeutic agent for COVID-19 [1 — 4].

1. LIS
1.1. HE 3077 1 JL X (SARS-CoV-2)

201912 U 7= BiE SUME IR B RE M6 B 7 1 w7 A JL X 2 (SARS-CoV-2) % 5K & 3 2 Fifl o o
T A L ZREGYRE (COVID-19) O B s &gk, RIS HA s RmEz 5| 2 e 2 L, 2
OFu AL AE. 3 F T4 L AFNIE T S AKMORNAY A LA THD, a. B. y. 0320 F
T AL ZDABIZ A E I, RIS, BTHE2 DTS, RE2 DI B ISR 5, SRk
L7zSARS-CoV-2i3 B Iaa > o 4 L 2 Th %, 2023F-BIfE. COVID-191Z%$9 2 455N 7 iR ek
ARET 3729012, 2L OEKRBEATONR TS, Thb OEAFIICH O TIE, F oA
) — FMLAMEYE L, ZOREEEEGHET 2 Z EARARTH S, ZORFREE & O HHIZED
2728, 1y Iab—yavEREE L4 Y2 ) JREEDPIELED 5T 5,

1.2. XA > 7AF77—EMpro)D4itt & EhiCxtd 2 BHEEDORERR

SARS-CoV-21H7 2% & V82 BOHMT, x4 Y777 —+ (Mpro) iZ, SARS-CoV-20D {5l
CHE A5 ECEBEARE AR LTS, 2 MproldBREMEL, K TuT4 Y
ZUIMIL, RNAKY x5 —¥, TFV YV AXZLT7—¥, TV FVRXI L7 —¥iEDBREN
A UINIBEERT D, X5, Mprok bk bDTaF 7 —X¥D7 3/ BES OGN 7280
MprolZ x4 2BHHEHNIZ. b b7 o s 7 —ICR3EHET. B P EVnEEZ 6h T 5,
# - T, MproldCOVID-19 Z ia¥ 4 2 7= O RIMEH O D s EE Al 2 Bl 5E 4 2 BRIC AL A iiiy &~
ISOBETH Y., MproDifth# T2 Z L12k D, SARS-CoV-20## A fHi- L. COVID-19D
EGAER AW A 5 Z BT & %,

BUEE TIZ, WL D OMFE A Mproti DI/ #2 T T\ %, Pendyala® (%, Mpro& U
RNAKIEERNAR Y * 7 — ¥ IS § 2 AR HEFEFAEZRE T 5 720, BERRRY & £ 04 B
BRICEENBAMEINSGD R VISVBIZF v F v L, B FY I ab—3 3 VICK DA
PEEFANz, ZORR. 74207 8) 0 VRTFEY, VT2V, XA ¥AL Y, FZAT
1 v LA, BAEOHI AL ZAHI(L AFLEIL, 2T 4 F L, abFEi) kD gl
J17aMproflFHAITH 5 Z Wk -7z, [ARKIZ, Dasbid, B FyFvy oy Iab—3v g vk
DWW, 35REHDILAI A MprolZ F v ¥ ¥ 2" L. MprolZ & U Ti@ D EN R & o KR(LAEW
ELTNF VAR Lz, 2, ARICEEFNIVIBIMMEHOD 2 KR 2/ LT T T T Y
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FHERTHBTTTIIEY VAL — M, Mproll i #5282, TRy Frvrvia
L=y g VIZEDRENnz, E512, Gurungb DT Iab—va itk Py rv A48T
MOWMEEX N2 TS5 ) VFIARIAFFI 2 bV THBEARY T 2)LE YDA, Mproll kit L TEw
WA ZH O Z LR E Nz, ERRDOS Ty Iab—Ya VichnWTd, & VS LDk
i & 7 LB ORESREZ . I E W TR 5728, R < . A 2L
PHERPSARETH 5. LA L. D2 O EEA. 2 Vs B LA MBOBRE) & 55§
52 &3 RENZD, SRIOWNFRTEE L & 5 Mpro& @b B OB FLE 2 ZETE .,
BONZMEAFMEICKRE AFELEC DN D 5. ZOHE. MprolZxhd 2 A3 &L %
WIE LSRN d 5, WA D TIE. ZO/RAEZE L, HHIGEH OIS, Mpro& LAY
DEAEROBTIRELE, BT@MICHSIL 75374 Y M THEEFEMO)EIZE D EE L, Mpro&
B ALEPIROREAREAE T L L TERE AR L. 2 ORER AT, MprolZ @ < fEA 0T
BEABBULEMARE L 72, 720 TR EOHBULEMD 5 B, MproliZ & 0 i< a4 L 721LEW.
ROz DItk s > Ao Uy 7 22(MD)EH R 2 170, ARNOIE T, Zhsoft
B LEE L TMprolZ#ith§ 5 7 E 5 h &l L7z,

1.3. RAILEMEN—R &L RIERRORK

KA, S & S LREROBTICEHEARE 2 R7-LTnw5, FlAiE, E) v F -4 1A
7 = 7 (M. oleifera) i3, 4 ¥ FAFEME T2 E) Y AHROWIITH O, ZOPEEN. Pl
e, BUBEE. PUSIEME. FIURYE. FFRSRECRGEME RIS Tnvd, ZhE TIZ, M. oleiferadD i
AN RE SN THD, ZOMEMI L < DIEHRNASEICHH S Tx 72, HlAF, b %
AET AN ZHIV), HiAL X274 L2, BEFRIANLZ, T 244 V3= T 4L 2R
(EBV). HEfEIANZ, Za—H 9 ANRIANZEE, ZL DAL ZOMHFNIRERH %
ZEMNREHIN TS, X512, 77V ##ETIE. M. oleiferaldHIVEIEE B ORRIZ & i &
hTna,

F72. 74 b -V v 23 V(N jasmine) (2. M7 V7 AKEME T3 F 2RO T, B
By sl CIA < WG XA, PUSIENE. PURTE. VUM, PURRILIE. IHREEREE2RH 5 2 eh
WEXhTb, 602, N jasminelZ &MV A L 2GS RE SN TEH D, BOHH%kT AL 2R
L) FHET AN 2K U CHE SHFEE 2R T2 AW 52128 5T %, N. jasmine®
LML BIE s ERR A LRI RICEEE LTHW S, Sk > TIARIR A S 0. REL <5
V7. RRIORRSEE LTI T 5,

INKRT VFHIBT MM ThH 257 0L XT (Aloe vera) B ¥ L LTHE SN TS, Aloe
verald, L7 7V H. 7Y TR, BEliRdE, ) TREE 5 E OB ML 2 IRISTA < A
U, PUIErE. Pumfbrt. PiEEME. B ORGP E ROFEE A GRS 5 7-0 I fbh TX
720 Aloe verad . FO0D T AN ZDOMHNZIRAH % L WG S Tnd, FlZIE, Hffi~rx
29 AN Z1OEAZHFEL /2D, HINIV 744 T4 VINLITUVHFI AL ZOEHE T 4L 2
Wt MRS 28 H 5 Z AR Ehiz, 612, T b)Y I THE S h7ze PARIHINTIY
ANV ZPREMININCEG L 727 7 2 & FHW /2 FBR T, Aloe veraft 512 X 0 BASEIR & i D (5
DWELEZEVIREE DD,
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% 7=, Justicia adhatoda & MEIEN BRI, 7 -2 2 — &2 F ZBHE T L b 3 hEW
HoHTH 5, ZoWWET 7 FFHIB L, X F I EORKPEE, FHOIRE R OREOIRERIC
I XN T&E 7, - T, Justicia adhatodald, —M¢HY S, &2, Wil ORI &2 G#F T 5
TOIHENE T -2V T 2 =XV AT LOHEELERETH S, ZOWWEI~ I F vy, &
3Ty =Y AL TEHMON, KITELS . AMEER W2 H 5, Justicia adhadoda®#ElE, Chavan
5DOWIZEIZ BT, invitro CHHIAIL N Z D A L 2125 2o AN ZEE T2 LR h
7zo

1.4. KMROBH EBE

AWFZETIE, SARS-CoV-2 OMprolZxf LT, KAMIHCROHBIHEFER 2 RET5 22 HI L
T5, £9. HEAMOBMY) — MMEAMEFET 272012, 2V N0E-VH VY PPy F U
WOy 1 (MM) . 88— BT 5 27 4 v b op i (FMO) GH &2 -l 2 @RE D 73 3 2 b —
v g VEFEIT L, Mpro& AT O (M. oleifera, Aloe vera, N. jasmine, J. adhatoda) IZ& 4
% S1FEHO RRAVIB ORI AEEH ZE L~ Tr L. & DL YA MprolZ5& < #5&
L. MprofHFHAIDO ) — FLEME DR 2WEMIZT 5, 612, R ALLY — FMLEWw
IZHDSWTHHILE 2R E L. 2 5 NhO(LEY & Mprolfl ORGSR Z @A L. KAYIHk O Hr
BOMprofHEH A 2 4254 %, AFZRORERIE, FFkK. SARS-CoV-2DMpro% iy & U 7= EIfER O
D OHRIHFERORGHI R LD EEZEN S,

2. BREESFIalL—2a FEOFM
2.1. Mproll#5& 9 21L& DER

AR TIE. £, M. oleifera® Bk 2 I EENBLEMZBEL T, ZhETOLEA, S
T2 EWNEL, SIHHEOLAEMEERL 72, 2ho 2 EHEE2 AT 2HE/MO2 ) —=v
\Z T s Lipinski’ s rule of five# T 7 4 L&) v L, 12MHDILEWNTHDIAAL, F7-,
Aloe veralZ & EN A LAMIZEI L Tid. Lipinski’ s rule of fiveZ& 7z ¢ 14O A & R L
720 512, N. jasminell & E N2 IEHDLEW. K. adhatoda IZ& £ 15 16FEHDOL AW % .
MprofHFEAID V) — FALEM OB & U TERH L 72,

2.2. Mpro &L L EMDEEFDYBEDBE L BEREL

9. LALO5SIEBE A OMEL., B FHS FHE R 7 1 2 F 4 Gaussian 09D
B3LYP/6-31G(d, p) & HWTHEZER CRolft U, s bksE O ff 79 /i 2 HE/6-31G(d) ik % H
W R ERE AR T ¥ ¥ v L (RESP) @M & - TR L7z, ZORESPERM X, £LAMOMM)
BB 5EAM/87 A —42 & L THRMT %, RESP @ik, Mpro& SALAWIOM O EMH HAEH
A IEMEICACR T 2 720 ICHETH D, Mpro & (LEMOEAROMMEE(LET T, K UMprolZ L
MERyFVrFT50 32 —Y 3 VIZRWRTH 3.

Mpro® . {k#§3& X, Protein Data Bank (PDB ID : 6LU7) 25 AF L. 2OV H ¥ FFEART »
FNDALEVIDOREE N 2 WD 572912, FvF 7707 A AutoDockx -V T, &LEW
ZMproll Ky ¥V L7z, ZOBE. FoF V7O A MEETE27) v FRy 2 2D¥ A4 X
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EALEMORILEED A ZIZEE L. 2568 D BEAIREE 2 fER L 72, 25 % R ORI 4 3
IO D 2 524 =1L, ThoDhmh o, 25 24 =12 5 EMEERA 20 EAi3
f{Dr 528 —-%RIRL, ThoDr 5 24 —OREMEIZL T, MMEXUFMOGHR 2T L,
FMOGHRTRO e BT XL F — 2 HT . Q8 A % e L 7z,

W=, Mpro (LAMDOEAKRDOREMEAG 572012, FuyF v v Iab—va VT2
WA, MMM E O CORPCiREb L 72, 20 EAKRER» 68 ALINIZEET % K51
EFEDICHEE L 72, MERELEIREICE. WHOMME UMDY 2 2LV —Y g v 7us I A4
AMBER12% il L7z, MMG&I5IZ3 0T, Mpro. A%, 1LA#IZiE. ZhZHhAMBER FF99-
SBLINJJ¥;. TIP3PET L, —f%i1Z AMBER 155 % #|0 ¥4 C 7z,

2.3. Mpro L LAMDEREEHICH T 2E—RET 57 4 > M FEESE

Mpro & SALEMI OB ORI HAEH &AE A BANEEZH S 20T 5720, H—HE FMO%4 H
W, Mpro & LAMDOBEAADE FIRELZ G L 72, FMOEIX., Zh TI2£ < 04k 112
H&Eh, #2030 ee R EMRBORBERMEA2 BREEICHES 2L IORL TS, KT,
Mpro & {LAMOMORERN) AW EAERIZH 5§ 5 WREMER & % 720, (LAMONEME 6 A INICfE
1ET 2K FAEBODIZERL 72, AR TIE, SLAEY & MprofflOREABAIMEZE Tl 5 72912,
BALB EMproDETHO T I/ BERFIE D 7 5 77 2 v EMBEAEH © % L ¥ — (IFIE) DA & % &5F
fliL 7=,

FMOGHHIZi1Z. FMOGIR 7 1 2" 5 4 ABINIT-MP ver.6.0 DMP2/6-31G(d)i% % F\ . Mpro® 4%
73R LAY, RUBRKRSTEEINETRNDOT I A P LTHID YT, 2T 5
v MUz kb, EEKEBICAIET 5 K0 TOREEZE L T, MproD& 7 3/ BRIRIEL (LA
MO EAEH # BT C & 5, ZOFMEREREZFIZ, Mprol2 K D AT 2L YE L,
Z A& X — ZITHBIRE A ER L. ZOIREDIF LT, FyF* v o0 MM, KUFMOGH
HWEFEITT S, o OFEAEE I, MprolZ & 0 i< #6442 BBl A 2 12K $ 5.

3. BtEBEREEE
3.1 Mpro & Moringa oleifera (& £ h 2{L &R DE S

Ny &7 a5 A AutoDockZE VY, Mpro® V) # ¥ FHSA K » MM, oleiferali& b
L2FEHOILETE Ny v 77U, EEROBRIRGE A MR L. MMIEEZE FOCORPCiRasfl L 72,
s UG I LT, FMOGHRIZ & D Total IFIEA SHFEICEH L. ED 2 7 24 —OEH i
RETHDPEMENIT LTz, EHIT, WEESHHEIZNT 5 Total IFIEDOfEZ LR L., £ DILA
P Mprolit & < A 22 % PHIL 7z, Table LIZ/RT L 512, MID 7 T 2 4 —6DfE I,
12f85H DAL O T Total IFIEA 2 K (—136.5 keal/mol) TH 0. Z DD TiE. M6,
M8, M10. M12®DTotal IFIEA IR E K572, fE->T. ZThbOLAEME. MproiZ & 0 i#
KBTI HREMER & 5.

512, MID EDERS 23 Mpro& ODMHAEAERHICEHETH 22052 E»IZ L, ZOLAPNZHES <
B LW MprofHEF DRE & ik A 72, Figure 1IZMI & Z OJEHPHIZAFAET 2 Mpro®D 7 3/ [RFR LR
DI HAEH %77 §, Figure 1lalZ/nd & 12, MID2DDEE%E D& SNHIME & iR IFH 1A%, MprodD
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Glul66 E@ R OMIS & SO FBEH A/ A L TWB Z AL M E 572, ZhEOMELERIZ.
M9 e K DTotal IFIEA H 4 % E&KIKNTH 5, & 512, Figure 1bA 5. Mpro® Asn142,
Gly143 X O'GIn1894 ., MIDAKEEEL (OH) L O H LR = Bk & KFEHEA AR L T\ B Z &5 h
%, fEoT, ZhEDHDOBEIFTIE. M9 & Mprofk O iiA 2 Mif 4 2 72 DICHETH %
LEZbN%, —J. MIDMOEHN L, Mprok DFERIZH L DAL ThAEnz), Zhb D
W AMOFE T TEMT 5 Z 212X D, MIDMprolZ W4 2 AHAMED D 5 Z & AT E % alhelk
B b,

Table 1. Lowest binding energy (BE: kcal/mol), number of poses, and Mpro residues involved in
H-bonds with each compound for the selected clusters obtained by AutoDock program. The
created 256 poses were classified into several clusters based on their structural similarity, and
each cluster was ranked in the order of BE between Mpro and each compound contained in
Moringa oleifera. We selected three clusters with the largest number of poses and evaluated
the total inter fragment interaction energy (IFIE: kcal/mol) between each compound and all
Mpro residues using the FMO method. These values are listed in the last column.

Compound Cluster BE Poses Residues involved in H-bonds IFIE
2 —5.18 141 Glul66 —41.4
Ml 3 -5.13 77 GIn189 —67.0
5 —4.82 33 Thr24, Thr26 —66.3
1 —4.65 52 Thr24, Thr26, Asn142, His163 —55.0
M2 2 —4.58 131 Thr26, Leul41, Gly143, Ser144, His164 —64.6
3 —4.56 42 Leuldl, Gly143, Ser144, Cys145, Glul66 -94.6
2 -3.95 31 Thr25, Thr26, Thr45, Ser144 -86.8
M3 7 -3.87 60 Thr26, Leul41, Gly143, Ser144, Glul166 -83.3
10 —3.61 37 Thr24, Thr26, Leul41, Asn142, Gly143 —58.7
1 —6.64 193 No H-bond -72.9
M4 2 —6.46 25 No H-bond =73.1
4 —5.74 18 Glul66 —83.9
1 -3.49 85 Glul66 -25.9
M5 2 —3.46 94 Leul41, Gly143, Ser144 =50.5
3 —-3.38 77 Glul66, GIn189 -19.5
1 -3.12 62 Leul41, Gly143, His163, Glul 66 —-112.0
M6 2 —2.81 41 Asn142, Glul66 -95.0
3 -2.76 69 Thr24, Thr26, Cys44, Thr45, Serd6 -57.4
1 —4.25 181 No H-bond —35.7
M7 2 —4.17 50 No H-bond -37.1
3 -3.99 25 No H-bond -30.6
2 —4.39 28 Glul66, His172 -105.1
M8 3 —4.11 22 Glul66 -94.7
10 —3.83 57 Thr26, Phe140, Gly143, Glul66 —66.5
1 —4.95 28 Thr26, GIn189 -108.2
M9 3 —4.78 24 His41, Asn142, His164, Glu166, GIn189 -92.3
6 —4.02 30 Gly143, Glul66, GIn189 -136.5
2 —4.58 67 Asnl142, His164, Glul66, GIn189 —-106.1
MI10 9 -3.85 25 Thr26, Gly143, GIn189 -77.3
14 -3.67 24 Thr26, Gly143, His164 —75.1
1 —4.33 36 His164, Glul66 -97.0
Mil 2 —4.28 40 Asnl42, His164, Glul66, GIn189 —63.7
5 —-3.81 40 Thr26, Gly143, GIn189 -72.5
1 —5.41 37 Gly143, Glu166, GIn189, Thr190 —111.0
MI12 2 =5.11 42 Asnl42, Glul66 -119.0
3 —4.87 29 Asnl142, Gly143, Glul66, GIn189 -107.1
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(b)

Figure 1. Interacting structures between compound M9 (ball-and-stick model) and selected important
Mpro residues (stick model) in the optimized structure of the Mpro+compound M9 complex for
cluster 6. (a) Compound M9 and Glul66, and (b) compound M9 and Asnl142, Gly143, Cys145,
and GIn189. Hydrogen bonding and electrostatic interactions are indicated by red and blue
lines, respectively.

3.2. Mpro & Aloe vera IC& Fh 21L& YRBI O AT

[FIRE D 15 CTMpro & Aloe veralZ & & 115 SALA I DRSS RHE & N L 724550, 14FEHOLE
Mo, Al4 L MproffldTotal IFIEA i K (—150.1 keal/mol) 1275 % Z & A3 & 21 % > 72,
A1473Mproll i< fEA T A HH A S 212§ 5728, Al4&Mpro® 7 3/ BRI O M F AR G %
N7z, Figure 21284 & 912, A140 ElO 2D OOHKE A, Mpro® Glul66 Dl & Glu166 &
Leul67 MO F & sV AKFRESE R T 5, & 512, BIOOHEAThr26 381 & KFREA L. O
T2 Asn 14218 & K BREAER T 2 Z 0020, Zho OMEA/EMIZ & D Al45 Mpro & 58 <
AT 2ZENME1ITE 72,
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Thr26 '

Figure 2. Interaction structure between A14 compound (ball-and-stick model) and selected important
Mpro residues (stick model). Hydrogen bonding interactions are indicated by red lines.

3.3. Mpro & Night jasmined % U3 Justicia adhatodall & £ h 2L &R DE SIS

[Fl#% D /53 CMpro & N. JasminelZ & & 415 OFHD LA OGS FFIE A AT L 7245, I T
#FON8AMprok ik & M MHHAEHT A ZENAL P IZh 572, LA L, ZOMAEMERIZ, N8
DIE#EATAMproD % < DfifE 7 I /ML iFEHAFEHTI/R»SEC 28D TH D, OB
R MEA Y & I EAEFIRRE % BT & o720, AL TIENSIREL YA SRR L 72,
%72, N. JasminelZ & N 5 D 8FEHDLAMI D Total IFIEDH 4 ZiE. 100 keal/mollk F T
0. BHEOMIKUALL L b L TRIEIZ/NX W22, N. JasminelZ& T 2 {LAMIE. Mproilid
ZHEEWBSIMHAMFEHALAWEEZ SN D,

& 512, J. AdhatodalZ & £ 5 16FEHOLAEMIZBIL T&. Mpro& OMHAMEHD X % fiffr L
7z, Total IFIEDAfEIE. 104 keal/molTdH 0. HiBOMI KU A4 & ik U TR/ & <
5% Z ENWPENITE ST, HE5 T, Mproll i< A L. £ ORERE % FHF T & 2 A #) 5 A O
M & LTid, MOKUALADEL T5 Z eh, FRRodtEIz kD He 2tk 57,

3.4. {EBWIMIH 3 WV IA14EEIC L - FHEERORE

¥, 51O AMDOH T, Mprok OTotal IFIEA 2% HIZ K WM % N — 2 IZHBLAD
HEE L. Mprol K 05 < AT 2 L AMOIRE % A7z, Figure LIZ/RT L 512, MID
OHME Mpro®D 7 X / WRFREE L OMAAFHIZH S L T\W%, £ 2T, MIDFHEDEAIZOHM: % &
ATBHZEIZED, Mprok DA ZHRD LD &F A 72, Table 21233 K S IZMID 7D L E I
OHAEZEA L, 7THHEOIREAMEIRE L. Mpro& OFAREA L 72, ZOHFE, MIdK
U'M9cid, fhDILAPNIZERTKE & Total IFIEZA L. Mprol & 0 i< #5494 5 alBetEn & %
ZENWEMITh 577, X 51T, MIdEMIcDTotal IFIED K = X132, MIL D & 24 keal/moll |
KEL. OHEAMIDAANTE, & B\ ide-MEIZEAT S Z LI2K D, M9 & Mproffl D51 JIMHFA AR
HAKIEIZHELENS ZERMENITE 572, ThE DIRFELEIE. MprolZ k3 2 F%h 7 b
AN D155,
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Table 2. The total inter fragment interaction energy (IFIE; kcal/mol) between each compound and all Mpro
residues evaluated using the FMO method. The proposed compounds are defined as compounds M9a
—M9Yg, based on the site to be replaced by a hydroxyl group. For example, in compound M9a, the
hydrogen atom at the a-site of compound M9 shown as follows is replaced by a hydroxyl group.

Compound Total IFIE
M9 —136.5
M9a —149.9
M9b -139.1
M9c —160.6
Mod -175.4
M9e —145.1
Mof —139.6
M9g —153.9

[ARIZ. Total IFIEDH A XA HRADALLIZH LT, Mprok Ot % X 51250 2 H T, Al4
DRI T A OHAIZEMR U, IFHD HAIREL S A HEZE L. Mpro& OFEEFEE % RHT L 72,
B E, & UMpro& D Total IFIE% Table 312789, Total IFIEIXER XM B IZ X > TRE
ZEAL Lz, F#IZA14b, Aldd. Al4iDTotal IFIED K ZE XiF, Al4 & L T10 keal/molld L
KEL, OHMEEAZEAT B Z & TMpro~DIER DL 55 Z ENHE Ik 572,

ZORKZEM S 2I2T 5729, A4 TUA14dEMpro& Wik 4 5% 7 3/ IRFRIEH O H AR %
iz L 7z, A1413Mpro®Glul66, Leul67. Asnld2, Leu27i%K: & i< SINMEAFM L. Z Db
R, A141IMprolZ i@ < #5A 3 5. Table 3IZ/RTAI4DADEIZOHE A2 E# 25 Z L2k D,
Glu166 & A14BIDIFIEIZ & 51230 keal/molKE K 1. ZDFER, Al4dE MproffidDTotal IFIE
M —171.1 keal/mol& 72 1) . A14 & HHEL T, 21 keal/mol k% < &% Z EDBHE NIk 572, fE>
T AR THRE L 2 9MHDOAI4IREN SO T, AlddDTotal IFIEARATH D, Alddid
MprolZ x4 3 2 A5h S HEANC LD/ E L EL 6N 5,
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Table 3. The total inter fragment interaction energy (IFIE; keal/mol) between each proposed compound and
all Mpro residues evaluated using the FMO method. The proposed compounds are defined as
compounds Al4a—A1l4i, based on the site to be replaced by a hydroxyl group. For example, in
compound Al4a, the hydrogen atom at the a-site of compound A14 is replaced by a hydroxyl group.

Compound Total IFIE
Al4 —150.1
Al4a —148.9
Al4b —168.7
Aldc —154.0
Aldd —-171.1
Alde —154.8
Al4f —159.9
Aldg —153.5
Al4h —154.5
Al4di —-160.9

4. £&O

Flaa A ZRYYED RN TH 5 SARS-CoV-27 A L ZANE T B H 4 7327 BMproll
x4 5 AR HEA A RAVHROLAM % X — 22 E T 2 BT, 4FEOMYI-EEh b
SIFEHORRLA & Mprol DAS AL . EFE S ¥ Iabv—Y a VICKD@iL7z, 2O
#E . Moringa oleiferall & % 11 5 1L & ¥ Niaziminin (M9). & UFAloe veralZ & N 21L&
Feralolide (A14)23Mproll 3 #5325 Z ERHE Ik 572, X512, T DILEYDMpro
NOFEE %D B 728, MIKUAL4HDOIZE 2AICOHEAEA L, FilLAWAIREL. Th
5 DALAY & Mprofl DS AV & AT L 72, #7212 L 2{bAaoh . M9D 7 = = )LERIC
OHME %3 A U 72{b &5 #IMId (Table 2)%%. Mpro® Glul66 K& U'Phe 1405k 5k & K FAEA & T L.
MprolZ K DR fEAT D Z LWL NI h 57z, F7o. Ald%EN— ZUTIRE L 29O LA O
Hi ¢, Table 31289 A14dDTotal IFIEAIRATH U, A14ITEA L 72OHKEEA Glul166 I8 & #i 7=
IZAKEFEAE L. Mprolc K DL AT 2 Z &0 0h > 7z, AR TIRE L = H B LEH D
HTid, MO9dKTA14dDTotal IFIENKE L. 26 DILAPIIMprollsi fA L. Z OB %
SR PHE T 2 HFEANC A DR 2 & fFTE 5,
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