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TOm tat

Céc bién thé SARS-CoV-2 méi lam gia tang tinh trang lay nhiém, dong thoi lam giam
hiéu qua cua vaccine va thudc diéu tri. Qua Solanum torvum duoc ching minh cé tiém
ning khang virus. Sang loc 40 nham tim kiém céc hop chat khang SARS-CoV-2 tir qua
S. torvum 1a con duong hiéu qua gidp tiét kiém thoi gian va chi phi. 91 chit da duoc
cong bd c6 trong qua S. torvum dugc tién hanh docking trén protease chinh MP© (6LU7).
5 chit c6 diém sb docking tot nhat la quercetin, torvanol A, rutin, acid clorogenic va
acid 4-O-caffeoyl quinic. M& phong dong luc hoc phén tr (MD) trong
50 ns cho thiy quercetin va acid clorogenic c¢d kha ning gin két t5t vao MP™ (DGping |2
—18,02 va —16,51 kcal/mol, trong mg). Panh gia ADMET cho thiy hai chat nay it doc
tinh va thich hop dung dudng ubng. M6 hinh docking phan tir va md phong MD da xiy
dung c6 kha ning sang loc tét cac chat e ché MP™, pht hop véi c&c nghién ciru trudce
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1 it van dé

Tir khi bt ddu xuat hién tai Vit Han, Trung Qudc vao
cudi nam 2019, dén nay dich bénh COVID do virus
SARS-CoV-2 da gay ra hon 766 triéu ca nhiém va 6,9
triéu truong hop tir vong trén toan thé gisi [1]. Mic du
da c6 mot s6 vaccine, thude khang virus va khang thé
don dong dugc Cuc quan Ii Thyuc pham va Duoc pham
Mi phé duyét sir dung trong phong ngira va diéu tri
COVID. Nhung su xuét hién cia céc bién thé SARS-
CoV-2 di lam gia tang tinh trang lay nhiém, thay doi
tinh chat ctia bénh, tranh né dap wng mién dich do tiém
chang va lam giam higu qua cua thude [2]. Vi vay, viéc
tim kiém hop chat khang virus SARS-CoV-2 rat can
duoc quan tam.

Thiét ké thubc véi su hd tro cua may tinh (Computer
aided drug design - CADD) Ia mét phuong phap gitp
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rdt ngan thoi gian va giam chi phi cua qué trinh tim
kiém thudc mai [3]. CADD duoc tng dung thanh cong
trong mot s6 nghién ciru khdm pha chat we ché protein
chinh (MP©) cia SAR-CoV-2 tir cac hop chat tur tu
nhién duoc tién hanh docking va MD & 20 ns 4 hop chat
chinh trong cay Xuyén tam lién trén ba dich tac dong la
MP papain-like protease PLP°, va RNA polymerase
phu thugc RNA (RdRp) ciia SARS-CoV-2. Két qua
nghién cau cho thay neoandrographolid la hop chat
tiém nang trong diéu tri COVID-19 [4]. Nghién ciu
sang loc cac hop chét cd trong cac loai gia vi cia An
Do nham tim kiém cac chat wc ché MP© cua SARS-
CoV-2. Cac hop chit dugc thu thap tir co sé dit lidu
Pubchem va ZINC, tién hanh docking trén dich tac
dong MP va nhiing chét tét nhat dwoc mé phong dong
luc hoc phan tr (MD) & 50 ns. Két qua tim thiy
carnosol, arjunglucosid-1 va rosmanol la nhitng hop
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chat tiém nang c6 tac dung tc ché virus SARS-CoV-2
[5]. Trong nghién ciru khac, tién hanh sang loc in silico
trén cac hop chat cé trong cdy Onosma bracteata Wall
nham tim kiém céc chat tc ché SARS-CoV-2. Két qua
docking va MD trong 20 ns, cho thay, pulmonariosid C
c6 & lyc gan két tot trén ba dich tac dong RdRp, MP©
va glycoprotein gai hon so véi cac thudc khang virus
hién co [6].

Dé theo kip sy xuat hién cac bién thé SARS-CoV-2,
CADD la cong cu hiéu qua duoc dung dé sang loc va
du doan hoat tinh caa cac hop chat tir co sé dit liéu san
cé trén cac dich tac déng cuaa virus. Co sé dir liéu nay
c6 thé 1a nhitng thudc da duoc FDA phé duyét trude do
v6i d6 an toan va tac dung phu da biét hodc cac hop
chét phan 1ap tir dugc liéu.

Ca dai hoa tring Solanum torvum (S. torvum) la loai
thuc vat moc hoang, phan bé nhiéu ¢ cac khu vuc tinh
Tay Ninh, Viét Nam dugc chiing minh c6 tac dung
khéang virus, chéng ung thu, loi tiéu, chng viém, chéng
cim, ..., dwoc st dung nhiéu trong dan gian va y hoc
co truyén [7].

Trén co s& danh gia tinh hinh nghién ctru trong va ngoai
nuéc, nhém tac gia thiy duoc tiém ning khang virus

cta cac chit da dugc tim thay tir qua S. torvum ciing
nhu wu diém cia CADD, dac biét Ia tinh hiéu qua va
tiét kiém thoi gian, chi phi nghién ciu. Mot nghién ctu
khac vao nam 2021 di tién hanh in silico du doan hoat
tinh caa 12 chat trong S. torvum trén protein chinh 6LU7
cia SARS-CoV-2 ciia nhung két qua con han ché vé co
so dit liéu va chua nghién ctru sau vé su 6n dinh ciia cac
hop chat tiém nang trén MP™ [8].

Vi vay, dé tai dugc thuc hién voi muc tiéu xay dung co
so dit liéu, docking, md phong dong luc hoc phén tir va
danh gia kha nang gan két ciia cac chat co trong qua S.
torvum vao dich tac dong MP° — enzym protease dong
vai tro guan trong trong qué trinh nhén 1én ctia SARS-
CoV-2. Bén canh d6, cac thong s6 duge dong hoc va
doc tinh cuia cac hop chét Gc ché tiém ning ciing duoc
tién hanh di doan bang tri tué nhan tao.

2 Péi tugng va phuong phéap nghién ciu

2.1 Béi tuong

2.1.1 Co s dir liéu cac chat co trong qua S. torvum

91 chat khac nhau duoc phan 1ap tir qua S. torvum thu
thap tir 14 bai béo thuoc cac tap chi khoa hoc uy tin
(Bang 1).

Bang 1 Co so dir liéu cac chat phan lap tir qua cua S. Torvum

STT Tén bai bao* Nhom cau tric S6 lwong chat
1 | ABB_2022 194 529 Nhiéu nhém dan xuat thu dugc tir GC-MS 10
2 | CINM_2011_9 30 Saponin va flavonoid 9
3 DPL_2010_2 403 Steroid glycosid 6
4 FIT 2014 93 209 Steroid glycosid 5
5 | IJPHRD_2020 11 1365 | Dan xuat acid quinic 6
6 | JPP_2015 4 160 Saponin va dau béo 3
7 | JST_2021 4 19 Saponin 3
8 | MC_2009_5_139 Polyphenol 4
9 NPR_2016_30_1682 Sesquiterpen 9
10 | PC_2002_59_459 Flavonoid va steroid glycosid 4
11 | PHY_2013 95 315 Steroid glycosid 15
12 | PCL_2016_17_126 Sesquiterpen 8
13 | PO_2021 16 12 Terpenoid 4
14 | RS_2020 1 1 Vitamin va steroid glycosid 5

Téng s6 chat 91

*Tén viéet tat cua tap chi_nam céng bo_tdp trang dau tién cua bai bao

2.1.2 Cu truc dich tac dong MP™ caa SAR-COV-2

CAu trdc nhidu xa tia X cua tinh thé MP° SARS-CoV-2
(6LU7) str dung trong nghién ctru dugc thu thap tir ngan
hang Protein Data Bank [9] Protein 6LU7 dugc phéan
lap tir chiing hoang dai, c6 d6 phan giai 2,16 A, phdi tir
ddng két tinh 12 N3. N3 12 mét chét ic ché MP™ trén
nhiéu chuing virus corona bao gdm ca virus MERS-

CoV va SARS-CoV [10]. Ngoai ra N3 con cho thiy
hoat tinh khang virus manh trén virus gay bénh phéi
truyén nhiém [11]. N3 tic ché SARS-CoV-2 vai gia tri
hoat tinh &c ché 1Cso 1 125 puM. Nirmatrelvir, mot
thudc khang virus duoc FDA chap thuan trong sir dung
diéu tri SARS-CoV-2, (rc ché MP™ cua virus véi gié tri
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hiang sé wc ché Ki = 3,11 nM [12]. N3 va nirmatrelvir
duoc str dung lam chirng duong trong nghién ciru.

2.2 Phuong phap nghién ciu

2.2.1 Docking

Chudn b protein: quickprep 1a mot bo cong cu cua
MOE 2015.10 [13] dé kham pha cac tuong tac cia
protein va phdi tir. Sau do, luu protein vira dugc chuan
bi duai dang file *.pdb.

Xac dinh khoang gan két: vi tri gan két duoc xac dinh
bang LeadIT 2.0.2, dwa vao pham vi ban kinh 6,5 A tir
vi tri cua phéi tir dong két tinh [14].

Chudn bi phdi ti: cau tric caa cac hop chat, phdi ti
ddng két tinh duoc vé bang phan mém Chemdraw
12.0.2 va luu duéi dang *.cdx. Sau d6 cac hop chat
duoc chuyén tir dang *.cdx thanh *.mol2 bang phan
mém Openbabel. Cac hop chit dugc tdi thiéu hda 2 1an
bang phan mém Sylbyl 2.0.

Docking: qué trinh docking dwoc thuc hién bang phan
mém LeadIT 2.0.2 [14] bang cong cu Docking =
Define Flex X Docking, cac thdng s lya chon cho qué
trinh docking bao gom: xuat 10 tur thé gan két tét nhat
cho mdi chat, s budc lap téi da 1a 1.000 va sb 1an phan
manh 1& 200, c&c thong sé con lai c6 gia tri mic dinh.
Phan tich két qua: diém sb docking (kJ/mol) dugc danh
gid dua trén cac lién két tao thanh gitra phdi tir va
protein bao gom lién két ion, lién két hydro, lién két
van der Waals, lién két n- 7,... Két qua docking duoc
phan tich bang cac cong cu PLIF, Surface and Maps,
Ligand Interaction tich hop trong MOE.2015.10 cho
biét ai luc gin két cua phdi tir voi protein va tuong tac
gitra phdi tir véi cac acid amin xung quanh. Hinh anh
phan tich tuong tac dugc trich bang phan mém Pymol.
2.2.2 M6 phong dong luc hoc phéan tir

Céc chét tiém niang duoc tién hanh lya chon dé md
phong dong luc hoc phéan ti (molecular dynamics —
MD) bing GROMACS 2020.6 [15]. Protein dugc tao
cau tric lién két véi tir truong CHARMM-27 [16].
Cau dang docking tot nhat ciia phdi tir dwgc luu & dang
*.mol2. Céu truc lién két cua phdi tir dugc tao bang
cdng cu SwissParam online [17], sau d6 tao file cau
trdc lién két phic hop protein va phéi ta. Phicc hop
dugc dat vao mot hop mo phong 12 mat vai ban kinh
10 A so véi protein. Hé thong duge lam day dung moi
nuée (TIP3P model) va trung hoa dién bang ion Na*
va CI~ (ndng do mudi 1a 0,15 M). Hé théng duoc tdi
thiéu hoa nang lwong trong 100 ps (pico gidy) véi luc
t6i da 1a 10 kJ/mol. H¢ théng duoc can bang dang
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nhiét ding tich trong 100 ps dén nhiét d6 300 K, sau
d6 duoc can bang diang nhiét ding ap trong 100 ps dén
&p suat 1 bar. Cudi cung, viéc md phong MD dugc
thuc hién bang thuat toan Verlet & nhiét d¢6 300 K va
&p suat 1 bar. Thuat toan LINCS duoc sir dung dé han
ché cac lién két hydro [18]. Bén canh d6, cic tuong
tac khong lién két bi cat ngin ¢ 12 A va sir dung
phuong phap Mesh Ewald dé tinh toan céc tuong tac
tinh dién tim xa. Cac quy dao MD dugc luu sau mdi
0,01 ns (nano giay).

Sau khi hoan thanh qua trinh MD, di li¢u tu cac quy
dao duoc sir dung dé tinh toan céac gia tri RMSD (do
léch binh phuwong trung binh goc), RMSF (bién dong
binh phuong trung binh gdc), Ry (ban kinh quay) va
SASA (dién tich bé mat cd thé tiép can dung méi) bang
céc lénh ¢6 sdn cia GROMACS dé danh gia tinh 6n
dinh ciia phurc chat va anh hudng cia phéi tir 18n protein
khi lién két.

Dic biét, ti 1& hinh thanh lién két hydro ciing dugc phan
tich bang phan mém VMD dé xac dinh kha ning tuong
tac cuia cac phdi tir véi cac acid amin chinh. Mot lién
két hydro duoc xac dinh theo tiéu chi hinh hoc don
gian: khoang céch giira nguyén tir hydro cho va chat
nhan dudi 3.5 A va goc D-H-*A 16n hon 120°.

Tinh todn ndng lwong lién két tw do: cong cu
gmx_MMPBSA [19] duoc dung dé tinh toan dua trén
quy dao caa GROMACS véi truong lvc CHARMM-
27. COng cu nay cho phép tinh toan nang luong ty do
bang cach sir dung MM/GBSA. Hing sb dién mdi cua
chat tan, nhiét d6 va nong do mubi duoc dat lan luot la
1,0; 298 K va 0,15 M [20].

2.2.3 Phan tich dugc dong hoc ADMET

Cong cu ADMETIab 2.0 [21] dugc dung dé du doan
va danh gia cac hop chét tiém niang dya trén quy tic
Lipinski, Pfizer, PAINS (Pan Assay Interference
Compounds). Ngoai ra, céng cu nay con co thé du
doan cac tinh chat Ii hoa, canh béo vé kha ning hip
thu, phan b, chuyén hoa, thai trir va doc tinh cua céc
hop chat [22].

3 Két qua va thao luan

3.1 Xac dinh khoang gan két

Khoang gén két dugc xac dinh bang phan mém LeadIT

2.0.2 chira cac acid amin caa MP™® nam trong ban kinh
6,5 A tir vi tri ciia phdi tir dong két tinh N3 (Hinh 1).
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Hinh 1 Khoang gén két ciia MP° 6LU7

3.2 Docking

N3 va nirmatrelvir dugc docking vao khoang gan két
v6i diém sb docking lan luot 1a —28,84 kJ/mol va
—26,28 kJ/mol

Diém s6 docking cua 91 chat phan 1ap tir qua S. torvum
dao dong tir —27,27 (CINM_2011 9 30 rutin) dén
—0,34 kd/mol (JPP_2015 4 160 B). Nam hop chat c6
diém sb docking tét nhat vao khoang gan két duoc trinh
bay trong Bang 2.

Bang 2 Nim hop chit c6 diém sé docking tét nhat vao
khoang gan két

Piém sbé

Tén chit Céu tric docking
(kJ/mal)

Rutin =27,27
Quercetin —-24,58
Torvanol A —-22,04

OH
HO
[e]
Acid HO” "0 -20,37
clorogenic OH A 7
J\/\@OH
OH
OH
Acid 40- g 0
caffeoyl Ho 0 OH —-23,24
quinic o OH

Phan tich két qua docking cua 5 hop chat tét nhat va
chung duong N3, nirmatrelvir trén protein 6LU7 thay
rang ca 5 hop chat déu cé cung vi tri gin két véi ca hai
ching duong (Hinh 2). Giéng véi N3 va nirmatrelvir,
ca 5 hop chat déu tao lién két hydro véi Ser 144, Glu
166 va Gln 189; twong tac bé mat vai Asn 142 va Gln
189. Bén canh do, 5 hop chat con tao lién két hydro véi
cac acid amin nhu Asn 142, va Met 165. Ngoai ra,
torvanol A con tao tuong tac aren voi His 41 tuong tu
nhu N3 va nirmatrelvir.

Két qua sang loc a0 bang mé hinh docking phan tir da
tim ra 5 hop chat c6 kha ning ¢ ché MP© tiém ning
nhét 1a torvanol A, quercetin, acid clorogenic, acid 40-
caffeoyl quinic va rutin. Trong do, torvanol A 1la mot
chat dic trung trong qua S. torvum c¢6 ham luong 10
Mg/g [23], ngoai hoat tinh khang virus herpes simplex
1 (ICs0 = 9,6 pg/ml), torvanol A con dugc chirng minh
¢ hoat tinh chéng tram cam va lo au [24]. Trong
nghién ctru docking cua tac gia Vaithilingam va cong
su nam 2021 [8], va nghién ctru docking cua Alesawy
va cong su nam 2021 [25], torvanol A ciing 1a mot chat
rc ché MP tiém ning. Cac hop chét quercetin, acid
clorogenic va rutin di c6 nhiing cong bd lién quan dén
kha niang wc ché MP™ bing céc thtr nghiém in vitro, vi
du nhu, hop chat quercetin cho thiy tiém ning ¢ ché
MP cua SARS-CoV-2 (Ki =7 uM) [26], rutin va acid
clorogenic cho thiy hoat tinh trc ché virus SARS-CoV-
2 V&i gia tri 1Cso 1an luot 13 31 pg/ml va 360 pg/mL
[27]. Acid 40-caffeoyl quinic va cac dan chat cua acid
caffeic quinic ciing cho thdy tiém ning wc ché virus
bing cac phwong phap sang loc a0 docking va mo
phong dong luc hoc phén tir 20 ns [28].
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Hinh 2 Tuong tac giira phdi tir va cc acid amin cua protein MP™

3.3 M6 phong dong luc hoc phéan tir

Dé danh gia chi tiét hon vé kha ning gin két vao Mpro
cia 5 hop chat tiém ning, nghién ctu tién hanh mo
phong dong luc hoc phan tir trong 50 ns cuaa bay phuc
hop gém N3-MP™ nirmatrelvir-MP™®  rutin-MP™,
quercetin-MP™, torvanol A-MP™, acid clorogenic-MP™,
acid 4-O caffeoyl quinic-MP™, va trang thai protein don
I¢ (apoprotein). Két qua qua trinh md phong dong luc
hoc phan tir dugc danh gia dua trén cac yéu té nhu do
on dinh cua phdi tr (RMSDpnéi i), 46 6n dinh cua
protein (RMSD Chrackbone), d0 linh dong cua cac amino
acid (RMSF), ban kinh chuyén dong xoay cua cac acid
amin (Ry), dién tich bé mat c6 thé tiép can dung moi
(SASA), ning luong lién két tr do (MM/GBSA AGhind)
va s6 luong lién két hydro.

Nhin chung, ngoai trir rutin, cac phdi tir con lai c6 gia
tri RMSDghsi « twong d6i thap < 2 A (Hinh 3A). Phiic
hop acid clorogenic-MP™, rutin-MP™, acid 4-O-caffeoyl

o ~
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quinic-MP™ va chirng duong nirmatrelvir-MP™ c6 gid tri
RMSD Chackbone trung binh nhé va it dao dong hon so
Vi apoprotein. Gia tri RMSD Chpackbone Cia phitc hop
quercetin-MP™, torvanol A-MP™ va ching duong N3-
MP dao dong cha yéu trong 35 ns dau tién va dan on
dinh vao khoang 15 ns cubi caa mé phong (Hinh 3B).
Céc acid amin trong phirc hop da s6 déu ¢ mirc do dao
dong 6n dinh va gidng vai trang thai apoprotein, ngoai
trir phare phac hop torvanol A-MP™ ¢6 gia tri RMSF hoi
I6n hon so vai cac phirc hop con lai (Hinh 3C). D6 thi
SASA (Hinh 3D) cho thay cac phtic hop tuong dbi 6n
dinh so vai trang thai apoprotein, gia tri SASA trung
binh tir (168,32-170,15) nm? va dao dong trong khoang
(164-176) nm?. Gi4 tri Ry cua apoprotein xap xi véi 5
phtic hop protein — phdi tir (Hinh 3E). Két qua chi ra
rang, ngoai trir torvanol A-MP® cac phuac hop con lai
déu 6n dinh trong 50 ns ciia qua trinh md phong MD.
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Hinh 3 (A) D6 thi biéu dién gia tri RMSDpnéi i, (B) RMSD Chackbone, (C) RMSF, (D) SASA, (E) Rg, (F) S6 lugng lién két
hydro va (G) ning luong lién két tw do MM/GBSA AGring durgc tinh toan dya vao quy dao ciia qua trinh mé phong MD 50 ns

S6 lugng lién két hydro théng ké tir quy dao ciia qua trinh
mo phong MD va gia tri AGping Cua cac phtc hop duogc
trinh bay trong Bang 3 va Hinh 3F, Hinh G c6 thé duoc
sir dung dé so sénh kha nang lién két ciia cac phéi tir.

Nhin chung, ca nim hop chét déu c6 gia tri AGping trung
binh cao hon so vai phac hop chirmg duong N3-MP™ va
nirmatrelvir-MP®.  Torvanol A-MP® va acid 4-O-
caffeoyl quinic-MP™ Ia hai hop chat c6 s6 luong lién két
hydro trung binh thap nhét va gia tri AGying kém nhat.
Diéu nay cho thay hai hop chat nay c6 &i luc lién két
khéng t6t véi MP Phirc hop rutin-MP ¢c6 sy thay doi
vé sb lugng lién két hydro kha r6 rét. O 10 ns dau tién
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—— Rutin-MPr°

Quercetin-Mrm
TorvanolA-Mpro

Acid clorogenic-Mpm

Acid 40-caffeoyl quinic-Mrr
N3-Mmpro

Nirmatrelvir-mpro
Apoprotein

phtc hop hinh thanh nhiéu lién két hydro va c6 ning
luong lién két ty do rat thap, nhung & giai doan sau cia
qua trinh md phong, s6 luong lién két hydro va kha
ning gan két ciia hop chat vao protein ngay cang giam.
Hai phuc hop acid clorogenic-MP™ va quercetin-MP™
c6 s6 lugng lién két hydro trung binh cao nhat (12,99
+ 5,21 va 15,38 £ 5,60) twong dwong véi phac hop
chimg duong nirmatrelvir-MP™, Acid clorogenic-MP™
VA quercetin-MP™® c6 gid trj AGpina tot Nhat (—18,02 +
2,46 va—16,51 + 5,43 kcal/mol). Hai hop chét cho thiy
kha nang gan két cao va 6n dinh trong subt thoi gian
mo phong.
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Bang 3 S6 lugng lién két hydro va nang lugng lién két tw do MM/GBSA trung binh caa phirc

hop trong mé phong MD 50ns

Phiic hop Sé lwong lién két hydro AGb(";C:I;‘:\%:)"”h
Rutin-MPre 9,75+ 5,88 -14,73 + 8,15
Quercetin-MPr 12,99 +5,21 -18,02 + 2,46
Torvanol A-MP™ 2,11+1,73 —10,98 + 3,65
Acid clorogenic-MP™ 15,38 + 5,60 -16,51 + 5,43
Acid 40-caffeoyl quinic-MP™ 6,12 +£5,91 -7,15+ 7,85
N3-Mpro 24,91 +£5,92 —63,43 + 5,22
Nirmatrelvir-Mpr 15,33 + 6,27 —26,53 + 5,13

3.4 Du doan dic tinh dugc dong hoc va doc tinh
ADMET

Viéc xac dinh cac dac tinh duge dong hoc va doc tinh
ctia cac chat dong vai tro rat quan trong trong qua trinh
kham pha thudc. Nhiing chat ¢é hoat tinh t6t nhung kha
nang hap thu, phan b, chuyén hoa, thai trir kém va co
ddc tinh cao ciing khong dwoc chap thuan dé dua ra thi
truong. Mot hop chét Ii tuong duoc dung lam thude phai
dugc hap thu vao hé théng tuan hoan va thai trir ra khoi
co thé ma khong 1am anh huong va gay doc cho co thé.

b, i | “N v N
i i

LogP nRig LogP

LogS fChar Logs

LogD nHet LogD

MaxRing nHA

nRing

nRot TPSA

N

]
Acid clorogenic

MW

LogP nRig LogP

Logs fChar Logs

LogD nHet LogD

MaxRing NHA

nRing

TPSA nRot TPSA

Quercetin

MW

~

#
Acid 40-caffeoyl quinic

MW

nRot

Nam hop chét tiém ning duoc tién hanh danh gia cac dic
tinh duoc dong hoc va doc tinh bang phan mém
ADMETlab 2.0. Biéu d6 radar m6 ta cac dac tinh Ii hoa
ctia hop chat & Hinh 4 cho thiy quercetin va torvanol A
c6 tinh chat i héa nam trong giéi han cho phép. Bén
canh do, rutin duoc dy doan 1a hop chét duy nhat khéng
dap ung dinh luat Lipinski danh cho cac thudc thich hop
sir dung duong udng. Vé kha niang gay doc, hai dan chat
cua acid quinic la acid clorogenic va acid 4-O-caffeoyl
quinic khdng gay cac tac dung bat loi trén nguoi.

‘ A Y
"‘7“\’

L}
~

Torvanol A

MW

nRig LogP nRig

fChar LogS fChar

nHet  Logd nHet

MaxRing nHA MaxRing

nRing nRing

TPSA nRot

Gidi han trén
Gidi han dudi
\ Tinh chét cla hgp chét
b MW: Phén tir lugng
nRig : S6 lién két khong quay dugc
nRig fChar: Dién tich hinh thirc
nHet: S6 dj nguyén t&r
fChar nRing : S6 vong thom
MaxRing: S& nguyén tir trong vong thom |&n nhat
it nRot: S8 lién két quay
TPSA: Dién tich bé mat Topo
nHD: S8 lién két cho hydro
MaxRing nHA: S8 lién két nhan hydro
LogS: Hé sd than nuéc
nRing LogP: Hé s& ky nudrc

nRot LogD: Hé s6 ky nudc & pH =7,4

Hinh 4 Dic tinh Ii hda cua cac chat tc ché MPPtiém ning tir qua S. torvum
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4 Két luan va kién nghi

So véi két qua in silico du doan hoat tinh cua céc chat
trong qua S. torvum cua tac gia Vaithilingam va cong
su cdng b vao nim 2021 [8], nghién ciru di c6 sy mo
rong vé co sé dir lidu va phan tich sau hon vé kha niang
gan két cua cac hop chit trén protein 6LU7 cua SARS-
CoV-2 bang phuong phap docking va mé phong MD
50 ns. 91 chét ¢ trong qua S. torvum thudc cac nhém
hop chat saponin, flavonoid, steroid glycosid, dan xuat
acid quinic, dau béo, polyphenol, sesquiterpen,
terpenoid, va vitamin déu duoc docking thanh cong,
trong d6 5 hop chat duoc du doan co hoat tinh tét nhat
la quercetin, rutin, torvanol A, acid clorogenic, va acid
4-O-caffeoyl quinic. Nam hop chét déu tao cac lién két
hydro, twong tac bé mit va tuong tac aren véi cac acid
amin chinh trong khoang gan két caa protein 6LU7
tuong tu vai chirng duong N3 va nirmatrelvir, tr d6 cho
thiy ca 5 hop chat c6 tiém ning wc ché virus SARS-
CoV-2. Két qua MD cho thay phac hop quercetin va
acid clorogenic véi MP ¢6 i luc gan két tot (—18,02 +
2,46 va —16,51 + 5,43) kcal/mol, sé luong lién két
hydro cao (12,99 + 5,21 va 15,38 + 5,60) va 6n dinh
trong sudt qua trinh mé phong. Két qua nay ciing phu
hop véi cac nghién ciru trude d6 vé tiém nang Gc ché
SAR-CoV-2 cua quercetin [26,29-31] va acid
clorogenic [27,32-33]. Nghién ctru dugc dong hoc cho

Tai liéu tham khao

thdy ca hai chat déu dap tng Luat Lipinski, Pfizer va
GSK danh cho cac thudc sir dung duong udng.

Két qua nghién ciu cho thidy mé hinh docking phan tir
va md phong MD di xay dung c6 kha ning sang loc tot
cac chat irc ché MP™, phi hop véi cac nghién ciru trude
day va co thé ung dung trong sang loc cac hop chat ty
nhién. Tuy nhién, nghién ciu van chua tim ra chét cd
tac dung trc ché MP™ t6t hon so véi chimg duong 1a N3
va nirmatrelvir. Vi vay, dé tai kién nghi sir dung mo
hinh in silico da xay dung dé tién hanh sang loc o trén
quy md 16n céc hop chat ty nhién tir nguon duoc lidu
phong phu ctaa Viét Nam. Bén canh d6, nhiing dugc
ligu giau quercetin nhu dau tam-Morus alba, che-
Camellia sinensis, hanh hoa-Allium fistulosum, rau ma-
Centella asiatica, chum ngay-Moringa oleifera, bach
qua-Ginkgo biloba,... [34]; giau acid clorogenic nhu ca
phé-Coffea spp., khoai tay-Solanum tuberosum, ca
chua-Solanum  lycopersicum, ca tim-Solanum
melongena, ché, actis-Cynara scolymus, ... [35]; va cac
dan xuat flavonol, acid caffeic quinic khac ciing can
dugc quan tam nghién ctu thir nghiém hoat tinh Gc ché
SAR-CoV-2 dé tim ra nhiitng céu trdc cd hoat tinh tc
ché MP™ higu qua hon.
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In silico screening of potential SARS-CoV-2 MP™ inhibitors from the fruits of Solanum torvum
Sw. Solanaceae

Thien-Vy Phant, Vu-Thuy-Vy Nguyen?, Bich-Ngoc-Giau Lu?
Faculty of Pharmacy, Nguyen Tat Thanh University

2Science and Technology Department, Nguyen Tat Thanh University
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Abstract The emergency of novel SARS-CoV-2 variants may cause the incresing of infection rates and vaccine
resistance. Some previous studies have suggested that Solanum torvum fruit may have antiviral activity. Therefore,
the application of computer-aided drug design to discover the potential SARS-CoV-2 antiviral compounds is a
cost-effective and time-saving strategy. The database included 91 substances found in S. torvum fruit collected
from 14 scientific articles, which were docked into the main protease MP® of SARS-CoV-2 wild-type strain. 5
substances with the best docking results were quercetin, torvanol A, rutin, chlorogenic acid and 4-O-caffeoyl quinic
acid. The MD analysis indicated that the complex of quercetin - MP™ and chlorogenic acid - MP™ were stable and
had good binding ability (AGping Of (—18,02 + 2,46 and —16,51 £ 5,43) kcal/mol, respectively) during 50 ns
simulation. The ADMET prediction showed that both substances were less toxic and suitable for oral
administration. The results of this research demonstrate that the molecular docking model and MD simulation have
a good ability to screen MP™ potential inhibitors. This is consistent with previous studies and suggests that these
methods can be applied in the screening of natural compounds.

Keywords SARS-CoV-2, docking, MD, ADMET, virtual screening, S. torvum
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