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Abstract: Anti-influenza-A drugs targeting viral neuraminidase have been in use for two decades.
In this study, the quantitative structure-activity relationships (QSAR) of oseltamivir derivatives as
influenza neuraminidase (IN) inhibitors have been explored using the Monte Carlo method based
on the target function involving the index of the ideality of correlation. Three best-obtained models
showed appropriate performance with R? values of training and test sets ranging from 0.71 to 0.86,
respectively. Based on the structural information extracted from the models, new inhibitors were
designed and predicted for IN activities. Finally, protein docking was applied to confirm their target
binding ability.
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Nghién ctru xay dung mo hinh li€n quan cau truc - tac dung
du doan hoat tinh rc ché neuraminidase hudng di€u tri cam A

Ly Cong Thanh™
Truwong Dai hoc Dwoc Ha Noi, 13-15 Lé Thanh Téng, Ha Noi, Viét Nam

Nhén ngay 07 thang 7 ndm 2022
Chinh stra ngay 25 thang 7 nam 2022; Chap nhan dang ngay 10 thang 3 nam 2023

Tém tit: Thude chdng virus cam A HIN1 huéng tre ché neuraminidase da dugc nghién ciru va g
dung trong hai thap ky qua. Trong nghién ctru nay, mo hinh lién quan dinh luong giita cdu tric va
hoat tinh (QSAR) cia cic dan xuit oseltamivir hudng (rc ché neuraminidase (IN) cuia virus cam A
dd dugc phat trién st dung phuong phap Monte Carlo dya trén ham muyc tiéu xac dinh boi hé )
tuong quan ly tuong. Két qua thu duoc ba m6 hinh t6t nhat v6i hé sé tuong quan R? xac dinh cho
tap huin luyén va tap kiém tra lan luot nam trong khoang tir 0,71 dén 0,86. Dya trén thong tin cu
tric trich xut tir cac mo hinh, mot sé dan xudt oseltamivir méi duoge thiét ké va du doan hoat tinh
{rc ché neuraminidase. Cudi cting, mé phong protein docking da duoc ap dung dé xac nhan kha ning

gan két vi muc tiéu phan tir ciia chling.

Tir khéa: Anti-influenza A; neuramidase inhibitor; drug design; QSAR; docking.

1. Mé& dau

Bénh cim A 1a bénh nhiém virus cép tinh
duong hd hip phd bién nhat hién nay voi dic
diém dé& lay lan, nhiéu bién chung va c6 nguy co
tro thanh dai dich khi xuat hién céc bién chang
nguy hiém [1]. Virus cim A thudoc ho
orthomyxoviridae, s¢ hiru bo gen RNA gdm tam
soi don ma hoa 11 protein khac nhau va khong
c6 gen ma hoa enzym sira chita RNA, tao diéu
kign thuan loi cho su xuat hién cac dot bién diém
dé hinh thanh bién ching méi. Virus caim A duoc
phan loai dua trén khang nguyén bé mit ngung
két hdng cau H (Hemagglutin) va trung hoa N
(Neuraminidase) [1]. C6 15 loai khang nguyén H
va 9 loai khang nguyén N, khi to hop véi nhau
tao nén hang tram ching maoi. Khoang hon 130
chung cum A da duoc phét hién, trong d6 phai
ké dén dich HIN1 va H5N1 trong 2 thap ky qua,
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lam chét hang chyc triéu gia cam va la nguyén
nhan tir vong cta hon 10.000 ngudi tai 160 qudc
gia [2]. Nudc ta thuoc nhom cac nuéc bi anh
huéng nang né bai hang loat cac dot dich cim A
nhu HIN1, H5N1 va H7N9 trong nhiing nam
qua. Hién nay da c6 nhiéu tién bo trong phong
ngua virus cum A véi sy ra doi caa cac loai
vac-xin mai. Viéc sir dung thudc khang virus
don doc hoic két hop trén co sé Oseltamivir
(Tamiflu) dugc xem la kha hiéu qua trong phong
va diéu tri virus cim A [3]. Tuy nhién téc do san
sinh bién ching méi, van dé& khang thuéc va
nhitng bién chang cua nd van la mot thach thic
I6m, doi hoi khoa hoc can ting tc hon nira trong
qua trinh phat trién céc liéu phap diéu tri méi gia
ré va hiéu qua hon.

Mot trong cac phuong phap mdi, duge Gng
dung phd bién trong nghién ciru sang loc, tim
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kiém thuéc méi hién nay 1a cac mé hinh tuong
quan dinh luong gitra cdu tric va hoat tinh
(Quantitative Structure—Activity Relationship,
QSAR). Nhiéu md hinh QSAR di dugc cong bd
va ap dung thanh cong trong thiét ké chét trc ché
neuraminidase hudng diéu tri cam A HIN1, nhu
mo hinh cua Mercader va Pomilio cho flavonoid
[4], m6 hinh cta Yaeghoobi va cdng su cho ciu
trac carbocyclic va chalcon [5], hay md hinh
3D-QSAR ctia Lai va cong sy trong thiét ké dan
xuat ctia curcumin [6]. Tir cac phan tich néu trén,
nghién ctru nay duoc tién hanh nham phat trién
mot s6 md hinh QSAR va tmg dung trong thiét
ké dan chit cta oseltamivir c¢6 tac dung trc ché
HAN1 influenza neuraminidase (IN). Dua trén
mod phong Monte Carlo (MCS), anh huéng cia
cac nhom céu tric 1én hoat tinh duge xac dinh.
Cubi cung, mo phong docking phan tir duoc ap
dung nham khang dinh lai kha ning gan két cia
cac chét t6t nhat voi dich phan tir IN.

2. Nguyén li¢u va phwong phap nghién ctru
2.1. Nguyén liéu

Co so dir liéu (CSDL): hoat tinh trc ché
neuraminidase cua virus caim A HIN1 (ICso,
nM) va cdu trac hoéa hoc cia 73 dan xuét cua
oseltamivir dugc thu thdp tor cac cong trinh da

NHR
) 2

(3-9)
pIC5y=6.41-7.19nM

(1) Oseltamivir
plC50=6.94nM

NHR,

o
(42-58)
pIC50=5.46-7.0nM

(2) Oseltamivir carboxylate
plC50=7.79nM
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dugc cong bd [7-9]. Logarit hoa gia tri IC50 dé
thu duoc bién dép tmg 1a pIC50 = log(ICso). Cau
truc khung cta cac chat ndy va khoang gié tri ciia
pIC50 duge biéu dién trong Hinh 1.

Phan mém tinh toan: phin mém tinh toan
tham s6 phan tr va xdy dung mé hinh QSAR
CoralSea2019 [10]. Phan mém md phong
docking: Molegro Virtual Docker 2013.6.0.0.

2.2. Phwong phap nghién ciru

2.2.1. Tinh todn cac tham s6 phan tir dic
trung cho cau triic (TSPT)

Tham sd phan tir lai hoa gitta SMILES va 3
sub-graph (HSG, HFG va GAO) dugc tinh toan
sir dung phan mém CoralSea2019 (descriptor of
correlation weight, DCW). Cong thtrc tinh tham
sd DCW c¢6 dang: DCW(T", N") = SMILESpCwW(T",
N") + C#hDCW(T", N), trong d6, T" 1a s6 manh
chu triic (1< T'<3) va N" 1a s6 vong (epoch) ciia
MCS (1<N’<25) [10]. Téng hop thu dugc hon
200 tham sd phan tur. Qua trinh chon bién duogc
thue hién st dung thuét giai di truyén, chia lam
3 cum chay song song. 3 mé hinh tét nhat dugc
chon va két qua dy doén 14 trung binh cong cta
3 md hinh nay. Dir liéu sau khi tinh toan TSPT
dugc chia ngau nhién thanh tap huin luyén (54
chat dung dé xay dung mo6 hinh QSAR) va tap
kiém tra (19 chat diung dé danh gia kha ning du
doan ctia mo6 hinh).

NH O
(18-41)
pIC50=6.24-6.84nM

(10-17)
pIC5p=5.91-6.69nM

NHR,

(59-61)
pIC5p=6.27-7.0nM

O

(62-73)
pIC50=6.15-6.63nM

Hinh 1. Cau tric khung va hoat tinh cta cac dan xuat cua oseltamivir.
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2.2.2. Phdt trién cdc mé hinh OSAR

M6 hinh QSAR c¢6 dang: plIC50 = Co +
C1xDWC(T*, N*). M6 hinh QSAR dugc xay
dung dua trén 2 ham dich (TF) tich hop trong
phan mém Coral, c¢6 cong thirc sau: TF1 = Ratry
+ Rpran - | Raren - Reran | XC VA TR, = TRy + e,
trong d6 Ratrn VA Rerry 14 hé s6 tuong quan cho
tap huan luyén, C 1a hang s6 empirical. llc 1a chi
sO 1y tuong cho twong quan, c6 cong thic: llc =
rCALx[min(‘MAECAL,"MAECAL)/max('MAECAL,
*MAEcaL)], v6i rcac 12 hé s6 tuong quan giira gia
tri du doan (Calcy) va gia tri thuc (Obsy) cta hoat
tinh sinh hoc trong tip huan luyén. Tinh sai s6
tuyét d6i trung binh MAE (Mean Absolute Error)
nhu sau: MAEca. = -(I/N)ZNy=1|4y| 4y va

*MAEca = -(1/N)Z" =1 | 4y| 4y, v6i N va*N la
sO cac gia tri Ay < 0 va Ay > 0 tuong (mg, va Ay =
Obsy - Calcy. Banh gia m6 hinh QSAR théng qua
3 phuong phap: i) k-fold cross validation (R%);
ii) du doan trén tap kiém tra (QZes); VA iii) du
doan trén day gia tu nhién (data randomization)
va x4o tron (Y-scrambling). Cac tham sé thong
ké tiéu chuin dugc sir dung dé danh gia mo hinh
bao gébm: hé sd xac dinh (RZ%y, Qes), sai sb
chuan udc tinh (s), sai s6 tuyét d6i trung binh
(MAE), hé sb Fischer (F), sai sd root-mean-
square (RMSE) va mot s6 thong sé khac. Mién
ung dung (applicability domain) cuia md hinh
QSAR dugc x4c dinh theo hudng dan cua
OECD, duya trén ham Defectak tich hop trong
CoralSea2019 [11].

2.2.3. Thiét ké mét s6 dan chdat méi cia
oseltamivir dwa trén mo hinh QSAR

Thong qua s6 1an chay ti vu hoa Monte
Carlo, cac TSPT ctia phan mém Coral duoc phan
lam 3 16p: i) Cac TSPT c6 hé sd twong quan
(CW) > 0 c6 anh huong tich cyc 1én hoat tinh: ii)
Nguoc lai, cac TSPT ¢6 CW < 0 ¢ anh hudng
ti€u cuc 1€n hoat tinh; va iii) C6 CW nhan ca gia
tri > va < 0 1a cac TSPT voi anh hudng chua rd
lén hoat tinh. Dya trén phan loai nay, ciu triic
cac chét t6t nhét trong tap huin luyén s& duoc
thay d6i va du doan tac dung nham tim kiém ting
vién méi, c6 thé co hoat tinh tt hon.

2.2.4. Pdnh gid kha néng gdn két véi dich
ciia cdc chat méi thiét ké bang mé phong protein
docking

Céu triic tinh thé nhiéu xa tia X cua phirc hop
N1 neuraminidase va oseltamivir carboxylat
(PDB ID: 4B7R) duogc thu thap tir ngan hang dit
liéu protein [12]. Chudi A dugc chon cho nghién
ctru, cac bude chuan bi protein bao gém: thém
hydro phan cyc, loai nudc, ge"m truong luc, kiém
tra trang thai ion hoa. Cau tir dong két tinh sau
d6 dugc tach ra va dock lai vao trung tam hoat
dong cua protein. Sau khi mé phong dugc trang
thai gin két nhu ban dau cia oseltamivir
carboxylat (v&i do léch RMSD < 1,00 A), cac
chit méi thiét ké duoc dock vao neuraminidase.
Phan mém Molegro Virtual Docker (MVD
2013.6.0.0 [Win32]) dugc sir dung dé dock céac
chat méi thiét ké vao trung tim hoat dong cia
dich. Cac tham sé cai dit bao gom: sb vong lap
1a 1500 v&i 20 quan thé tim kiém c6 kich thudc
14 50 cho mdi 1an chay. Ham tinh diém MolDock
Score va t6i wu hoa Rerank Score dugc ap dung
tudn ty dé du doan ning luong gin két
(-kcal/mol) giita cau tir voi dich.

3. Két qua va ban ludn
3.1. Két qua xdy dung md hinh QSAR

M6 hinh QSAR dy doan hoat tinh (¢ ché
enzym HIN1 influenza neuraminidase (IN)
dugc xdy dung tir cac ham TFi. Ciu trac coa 3
mo hinh tot nhét cing cac thong sb théng ké
dugc biéu dién nhu Bang 1.

pIC50 = 0,69(+0,07) +0,07(+0,00) x DCW (1,7)
(M1)
pIC50=3,43(+0,08) + 0,04(+0,00) x DCW (1,5)
(M2)
plC50=3,32(+0,11) + 0,07(+0,00) x DCW (1,6)
(M3)

Do chinh x4c cua 3 md hinh phan &nh qua
cac thong s6 théng ké nhu trong Bang 1. C6 thé
thy, cac mo hinh co chit lugng kha tuong dong
v6i d6 chinh xéc tt trong qua trinh huin luyén.
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Tuong tng v6i hé s6 xac dinh R? va Q?, thu ty
cac mo hinh nhu sau: M1 > M3 > M2. Bén canh
d6, theo tham s6 Delta K (0,1), mo hinh ¢6 twong
quan tbt giita cac TSPT va hoat tinh v&i sai s6 du
doan nho (s = 0,31-0,70 va MAE = 0,23-0,45).
Két qua danh gia bang phuong phap
Y-randomization (khi hoan ddi bién Y, R? giam
dot ngdi vé 0,03-0,06) va Y-scrambling (R%y-scr =
0,76-0,85 cao twong duong R¥raining VA Q?est) cho
thdy mé hinh 6n dinh va tuong quan tim duoc
hoan toan khong phai 1a ngau nhién. Tir d6, c6
thé nhan dinh 3 mo6 hinh M1-3 d3 dam bao yéu
cAu vé d6 6n dinh, chinh xac va co thé ung dung
trong du doan ciing nhu thiét ké hoat chat mai [11].

Do 3 m6 hinh M1, M2 va M3 la cac md hinh
hop v&i 5-7 bién, trong d6 co su trung lip vé
TSPT. Cac tham sb c6 tan sd xudt hién cao hon
dugc phan tich twong quan ciu trac-tic dung.
Nhan xét vé cac TSPT dugc lya chon c6 thé thay
ching 1a cac tham sd SM'LES‘DCW(T N [9]. Cac
dac dlem cAu trac dang chu y bao gom sO lugng
nguyén t oxy (-OCO-, -O-) va lién két d6i (tham
s0 +++0---B2==), lién két nito véi oxy
(HN=CO-, -NO-, >NCO-) +++N---O== , SU hién
dién cua di vong (1...., C..@....) va sO luong
trung tam 1ap thé (BONDlOlOOO) c0 tuong quan
duong v6i pICso. Két qua nay c6 nhiéu diém
tuong ddng véi nghién ctru ciia Yaeghoobi va
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cong su khi ching minh cic nhom thé co xu
hudng cho lién két hydro (NH, NH2, OH) c6 tac
dong tich cyc 1én tac dung uc ché enzym HIN1
neuraminidase [5]. Mercader va Pomilio ciing
nhan manh sy hién dién coa di vong véi mach
nhanh c6 nhiéu lién két d6i lién hop ciing giup
co chat dé dang gin két véi trung tim hoat dong
cua dich [4].

3.2. Thiét ké hop chat méi

Dua trén cac dic diém céu trGc rit ra tir cac
TSPT dugc chon, 10 dan xuidt méi cua
oseltamivir dugc thiét ké dua trén mot sé chat cé
hoat tinh tét trong CSDL (Hinh 2). So sanh voi
gia tri pIC50 cua hop chat géc, hoat tinh du doan
cho céc chat méi déu tét hon dang ké. Qua du
doan, nhom thé HN=CO- va h¢ di vong chta cdu
triic —OCO hoic —OCN- ¢6 thé c6 dong gbp quan
trong giup tang hoat tinh. M6t s hop chét cd cai
thién rd rét nhu 11a, 12a, 46a, 69a va 71a co su
két hop gitta 2 nhém cau tric néu trén. Vi du nhu
chat 69a, viéc ap dung hé di vong két hop ca
nhém céu trac NHCO va OCN gitip ting hoat
tinh >80% so vé&i chat géc 69 (pIC50 thuc
nghiém = 6.15). Ngoai ra, cac chat khac cé mic
thay d6i thap hon khi chi 4p dung 1 nhom thé
(Hinh 2).
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Hinh 2. D6 thi biéu dién twong quan gitra gia trj IC50 thyc té va du doan cta 3 mo hinh.

Bang 1. Cac thong sb phan 4nh chat luong cia mé hinh M1, M2 va M3

M0 hinh Riraining Q?est s MAE F Y- randomization Y-scrambling
M1 0,869 0,854 0,547 0,454 167 0,030 0,854
M2 0,779 0,742 0,706 0,230 85 0,031 0,764
M3 0,828 0,804 0,313 0,247 121 0,069 0,793
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Hinh 3. Cau trac va cai thién vé hoat tinh cua cac chat méi thiét ké so vdi cac chat goc.

3.3. Mo phong protein Docking di dodn kha
nang gan ket

Céc dan chat moi duoc thiét ké sau d6 duoc
tién hanh dock vao trung tdm hoat dong cua
enzym HIN1 neuraminidase (PDB ID: 4B7R)
nham xac dinh kha ning gin két cua ching véi
dich phén tir nay. Budc dau tién trong danh gia
mo hinh protein docking 13 dock lai co chit dong
tinh thé (oseltamivir carboxylat (OC)) vao dich.
Két qua cua qua trinh nay thu dugc cau trac dock
lai cia OC gan nhu chong 14n hoan toan trén co
chat dong tinh thé (do 1éch RMSD = 0,05A) va
cac tuong tac quan trong voi neuraminidase nhu
tuong tac hydro voi Arg371, Tyr347 va Arg292
dugc bao toan. Budc tiép theo 1a dock cac chit
méi vao vi tri gan két twong ty oseltamivir. Dya
trén két qua docking co thé thiy 4 chat 11a, 12a,
46a va 71a c6 kha ning gin két chit hon véi dich
so v6i OC. Cac chéat nay khong chi c6 ning

luong gin két t6t hon voi dich so voi OC ma con
c6 kha ning tao dugc nhidu tuong tic véi cac
amino acid dich hon OC. Tét ca 4 chat déu tao
dugc 5 lién két hydro véi Argl52, Arg371,
Arg292 va Tyr374 tuong tu OC. Ngoai ra ching
con c6 kha nang tao tuong tac pi-pi stacking voi
Trpl78 va pi-alkyl stacking vo&i AsplSl,
Glu277, Asn294 va Ser246. Bang 2 md ta két
qua docking cuia 4 chit nay so v6i OC. Dya trén
cic két qua du doan boi mo hinh QSAR va
protein docking, cac dan xuét 11a, 12a, 46a va
71a c6 su cai tién vé hoat tinh so v6i chit gbc
dung dé thiét ké, chung ciing thé hién kha ning
gin dich tot hon so véi oseltamivir carboxylate.

4. Két luan va kién nghi

Trong nghién ctru nay, 3 m6 hinh QSAR du
doan hoat tinh wc ché HIN1 influenza
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neuraminidase da dugc xay dung thanh cong.
Anh hudng cia cac yéu t cau tric 1én hoat tinh
sinh hoc di dwoc phan tich dua trén cac tham sd
SMILESDCW(T", N°) tich hop trong phin mém
Coralsea. Nghién ctru ciing di thiét duoc mot sd
dan xuit méi cua oseltamivir va dy doan hoat
tinh cua chung sir dung cac mé hinh QSAR da

xdy dung. Cac chat méi thiét ké, dic biét 1a 11a,
12a, 46a va 71a duogc du doan véi hoat tinh cai
thién hon rd rét so voi cac chat gbe. Dua trén mo
phong protein docking, cac chat nay ciing cho
thdy kha ning gin két t6t hon v&i dich
neuraminidase so vdi oseltamivir carboxylat.

Bang 2. Diém docking ctia cic dan xuat ctia oseltamivir

Nang luong Nang luong lién | Diém docking
Hop chét lién két hydro | két van der waals (MolDock) Tuong tac vdi cac amino acid
kCal/mol
Argl52, Arg371, Arg292, Tyr347,
1lla -18,75 -97,28 -162,60 Glul19, Trpl78, Glu227, Asn294,
Ser246
) ) ) Argl52, Arg371, Arg292, Tyr347,
12a 13,70 95,74 141,66 Trp178, Glu227
) ) ) Argl52, Arg371, Tyr347, Arg292,
46a 16,55 75,88 140,80 GIu277, Trpl78
) ) ) Argl52, Arg371, Tyr347, Arg292,
71a 5,64 110,33 147,18 Glu227, Trpl7s,
Oseltamivir ) i i Argl52, Arg371, Arg292, Tyr347,
carboxylate 12,39 102,72 124,35 Glul19, Glu227

Oseltamivir
carboxylate
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Hinh 4. C4u trac va cai thién vé hoat tinh cua chat 11a so véi cac chat dbi chung.
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