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Tém tit - Cac cdy thudc chi Ché Camellia tir 1au da dugc chung
minh c6 kha ning chéng stress oxy hoa théng qua su dap tit cic
gbc tu do. Nghién ciru nay sir dung phuong phap sang loc &o in
silico tich hop thuat toan hoc may dé dw doan kha ning chéng oxy
hoa théng qua viée ting cuong biéu hién Nrf2 cta 5 loai thudc chi
ché Camellia bao g6m Camellia sinensis, Camellia
quephongensis, Camellia oleifera, Camellia amplexicaulis va
Camellia japonica. M6 hinh hoc may phén loai hop chét dugc
xdy dyng dua trén bdn thudt toan hoc may bao gdm Support
vector machines (SVM), Random forests (RF), Extreme gradient
boosting (XGBoost) va Multilayer Perceptron (MLP). Tu mo
hinh phan loai c6 hiéu sut t&i vu, nghién ciru di xac dinh dugc
33 hop cht tiém ning. Cac hop chit duoc phan loai c6 kha ning
kich hoat Nrf2 dugc docking phan tir trén v6i thy thé Keap1-Nrf2
(PDB ID: 2FLU). Két qua cho thy, c6 bén hop chét véi sé diém
docking t6t nhét 12 camellianoside (-10,4 kcal/mol), theaflavin-3-
gallate (-9,9 kcal/mol), theaflavin-3'-gallate (-9,8 kcal/mol) va
camelliaside B (-9,7 kcal/mol).

Tir khéa - M6 hinh hoc may; trc ché phirc hop Keap1-Nrf2; chi
Camellia; docking phan tir; in silico.

1. Pat vin dé

Stress oxy hoa Ia tinh trang mit can bang gitra cac gc
tu do va chat kiém soat biéu hién chéng oxy hda do nguyén
nhan noi sinh nhu cing thang than kinh, viém nhiém va
nguyén nhan ngoai sinh nhu ché d6 an udng, van dong qué
muc, tia buc xa, 6 nhiém moi treong [1]. Trong diéu kién
binh thuong, cac chat oxy héa la san pham phu cua cac hoat
dong séng cua co thé, c6 mot sb vai tro sinh Iy nhu xtc tac
enzyme, kich hoat con dudng truyén tin hiéu té bao, van
chuyén dién tir nén duoc duy tri & mot mic d6 6n dinh
trong co thé [2]. Song, tinh trang stress oxy héa man tinh
c6 thé gay ton thuong dén cac té bao va md xung quanh,
kich hoat phan (g viém lam thic day tién trinh 140 hda va
nhiéu bénh 1y nguy hiém nhu tim mach, thoai héa than
kinh, rdi loan chuyén hoa, ung thu [1].
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Nuclear factor erythroid-2 p45-related factor 2 (Nrf2) la
yéu té phién ma quan trong diéu hoa hoat dong cac gen bao
vé té bao chdng lai stress oxy héa. O diéu kién binh thuong,
trong co thé con nguoi, mat do Nrf2 tw do thuong ¢ mirc
thap Vi ching bi gir boi protein Keapl (Kelch-like ECH-
associated protein 1) va bi ubiquitin héa béi phirc hop E3
ubiquitin ligase (Cul3 - bel) Keapl la mot proteln nhay
cam vai stress oxy hda [3], gom 624 acid amin va bon mién
chirc nang riéng biét: mién BTB (Broad complex—
Tramtrack—Bric-a-brac), vung can thiép (IVR - Intervening
Region), mién lap glycine kép (DGR - Double Glycine
Repeats), va mién C-terminal [4]. Mién BTB dam nhiém vai
trd lién két voi Cullin3/E3 ligase, thic ddy qué trinh phan
hiy Nrf2 trong didu kién khong c6 stress oxy héa. Mién
DGR c6 céu trac p-propeller sau canh, cho phép Keapl lién
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két v6i mién Neh2 cua Nrf2 dé diéu hoa hoat dong cua né.
Ving IVR, nam giita BTB va DGR, gilp Keap1 di chuyén
khoi nhan va hoat dong chu yéu trong té bao chat. Bac biét,
mién IVR va BTB chua céc gdc cysteine nhay cam, nhu
Cys151, Cys273, va Cys288, c6 thé phan tng véi cac tac
nhan oxy hda gay stress, dan dén thay ddi cau tric va chic
nang ciia Keapl, tir d6 1am giam lién két vai Nrf2, giai phong
Nrf2 vao nhan va kich hoat cac gene bao vé té bao [5, 6]. Khi
c6 nhiéu gdc chira oxy ¢ hoat tinh (Reactive oxygen species
—ROS), amino acid cystein caa Keapl s& bi bién d6i dan tgi
su phan tach cua phac hop Keapl-Nrf2. Nrf2 sau d6 di vao
nhan té bao, di hop véi cac protein SMAF va tao ra phuc hop
phién ma c6 kha ning lién két véi ARE (Antioxidant
response element), 1am biéu hién cac gen chéng oxy héa do
ARE kiém soét gitp chdng lai ROS tan cong té bao [7].

Hién nay, cac nghién ctu da xac dinh dugc hai co ché
chinh gitip tang biéu hién Nrf2 bao gém (1) phan img 4i dién
tir Vi cystein & Keapl dé bit hoat Keapl [8, 9] va
(2) ngén chan sy hinh thanh phirc hop giita Keap1-Nrf2 bang
cach bét chudc cau trdc mién lién két Neh2 véi Kelch [10].
Chat kich hoat Nrf2 thanh cong nhat cho dén nay la este acid
fumaric, dimethyl fumarate (DMF) cia BG-12 dugc FDA
c6ng nhan vao nam 2013 trong diéu tri bénh da xo ctng tai
phat-thuyén giam (Relapsing-Remitting Multiple Sclerosis)
[11]. Bén canh d9, sulforaphane (SFN), mét isothiocyanate
tim thay doi dao trong ho Thap tu (Cruciferae), duoc ching
minh c6 tiém nang trong viéc tang biéu hién cua Nrf2 duoc
sir dung trong diéu tri bénh dai thao duong tuyp 2 [12]. Co
ché chdng oxy héa caa DMF va SFN déu dua trén viéc 1am
bién ddi nhidu vang lién két khac nhau cua Keapl, cu thé 1a
phan tng ai dién tic cia DMF va SFN véi Cys151 ¢ vung
BTB ciia Keapl lam ting biéu hién Nrf2 [13, 14]. Khi
Cys151 bi bién ddi, kha ning tao thanh phiic hop Cul3/Rbx1
véi Keapl s& giam xuéng, dan toi viéc Keapl van lién két
v6i Nrf2 va Nrf2 mai tong hop sé& tu do trong méi trudng noi
bao do khéng con bi ubiquitin hda va thuc hién hoat dong
phién ma [15]. Tuy nhién, cAc chat wrc ché tuong tac protein-
protein gitra Keap1-Nrf2 cd tinh chon loc cao hon cac chét
4i dién tir vi dya trén viéc bt chude mo tip ETGE cua Nrf2
c6 cau trac phién gap B dic trung gan vao mién Kelch cua
Keapl thong qua cac twong tac ky nude va tinh dién [12].
Céc chét tic ché twong tac Keap1-Nrf2 hién nay dang duoc
nghién cuu la LH601A, RA839, tetrahydroisoquinolin,
thiopyrimidin, naphthalen, carbazon [16, 17].

Chi Che (Camellia) 1a mét thirc uéng dan dé, phd bién &
Viét Nam va di duoc ching minh ¢ nhiéu tac dung vé duoc
Iy nhu chdng oxy héa, khang viém, ngin ngira ung thu; trong
sb do, tac dung duoc 1y dugc quan tim hon ca kha nang
chéng oxy héa [18, 19]. Nhiéu nghién ciru truc diy di cho
thdy, kha nang dap tit goc tw do H,O, vad DPPH (2,2-
diphenyl-1-picrylhydrazyl) dang ké ciia nhiéu cay thuoc loai
Camellia sinensis. Dong thoi, cac nghién ciru ciing chi ra cac
loai Camellia sinensis, Camellia oleifera va Camellia
japonica chira céc polyphenol cé kha ning dap tat goc tu do
nhu epicatechin (EC), epigallocatechin (EGC), epicatechin-
3-gallate (ECG) va epigallocatechin-3-gallate (EGCG) [20].

Tuy nhién, van c6 rat it cac nghién ctru di sau vao tim hiéu
kha nang khang oxy hoa théng qua su tc ché phac hop
Keap1-Nrf2 ciia cc chét cd trong chi Che. Phuong phép sang

loc 40 in silico véi uu thé tién loi, tiét kiém va kha ning xir ly
va du doan s6 luong hop chat v cling 16n dang cang tré nén
phd bién nhung & Viét Nam phuong phap in silico van it dugc
str dung. Vi vay, nghién ctu tap trung st dung phuong phéap
in silico dé khao sat kha nang khang stress oxy hoa théng qua
s Gc ché phic hop Keap1-Nrf2 cua 5 loai thudc chi ché
Camellia bao gom C. sinensis (Tra xanh), C. oleifera (Hoa
S6), C. quephongensis (Tra hoa vang Qué Phong), C.
amplexicaulis (Hai duong Viét Nam) va C. japonica (Tra mi).

2. Nguyén li¢u
2.1. Cac co sé die ligu: PubChem, ChEMBL, PDB
Trong nghién ctru nay, 3 co s6 dir ligu mién phi dugc
st dung dé thu thap cdc dix liéu can thiét bao gom
PubChem, ChEMBL va Protein Data Bank (PDB).
PubChem (https://pubchem.ncbi.nlm.nih.gov) 1a co so
dix liéu héa hoc mé duoc xdy dung béi NLM (National
Library of Medicine), mét vién nghién cau truc thuéc NIH
(U.S. National Institutes of Health). Nghién ctu sir dung
co so dir liéu PubChem deé trich xuat dinh dang canonical
SMILES cua cac hgp chat trong chi ché Camellia.

ChEMBL (https://www.ebi.ac.uk/chembl/) la co so di
liéu vé cac phan tir c6 hoat tinh sinh hoc duoc duy tri boi
EBI (European Bioinformatics Institute). Nghién ctu sir
dung co so dir liégu ChEMBL dé thu thap céc hop chat da
duogc chung minh ¢6 kha ning tc ché phirc hop Keap1-Nrf2.

Trong nghién ciru nay, co s& dir liéu Protein Data Bank
(https://www.rcsb.org/) duge sir dung nhim thu thap cdu
triic 3D cua phirc hgp protein Keap1-Nrf2 (PDB ID: 2FLU)
dé st dung trong md hinh docking phan tir.

2.2. Google colaboratory

Google colaboratory la phan mém cho phép thuc thi
Python trén nén tang dém may. Nghién clru dé s dung
phan mém dé xay dung cac md hinh hoc may bang ngon
ngitr Python va trich xuat cac két qua dix liéu.

2.3. AutoDock Vina

Dé xay dung m6 hinh docking phan ti, nhdm nghién cau
str dung phan mém AutoDock Vina dugc phat trién boi vien
nghién ciu Scripps (My). Phan mém AutoDock Vina ¢6 uu the
la str dung phuong phép t0i uu hda Gradient trong tinh todn va
du dodn vi tri lién ket cua phoi tir voi thu the, gilp toi wu hoa
toc d6 tinh toan va tang do chinh xac cia cac du doan [21].
2.4. BIOVIA

Nghién cau sir dung phan mém BIOVIA Discovery
Studio Visualizer (phién ban 21.1.0) ¢ md phong 2D va
3D ket qua docking phan tir va cac lién ket caa phoi tir vei
thu thé trong mo6 hinh docking.

2.5. Swiss ADME

Nghién ctru da st dung phan mém SwissADME
(http://www.swissadme.ch/index.php) dé dénh gia tiem
ning duoc ly caa cac hgp chat thuoc chi ché Camellia [22].

3. Phwong phap nghién ciru
3.1. Chudn bj di# liéu d@é sang loc do

Phic  hop  Keapl-Nrf2 cua nguoi  (ID:
CHEMBL3038498) duogc st dung la thu thé gan két nham
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khao sat cac hop chét c6 tiém ning tic ché phirc hop Keap1-
Nrf2. Nghién ctru nay sir dung thu vién hop chat ChEMBL
dé thu thap dit liéu vé cac hop chat ¢ kha nang wc ché phirc
hop Keapl-Nrf2 bang cach s dung tir khoa “inhibit
Keap1-Nrf2” hodc “inhibit Keapl”. Dic tinh va cau tric
hoa hoc cua cac hop chat s& dugc dung lam di liéu dau
vao; gia tri ICso cua hop chat dugc sir dung dé phan loai
hop chit thanh “c6 hoat tinh” ddi voi hop chat c6 gié tri
ICso nho hon gi4 tri ngudng va “khong co hoat tinh” dbi
véi hop chat ¢ gia tri ICso 16n hon hodc bang gia tri
ngudng. Nghién ctu st dung bdn phuong phap dé phan
loai hop chat tuong tng dya trén hai gia tri ICso ngudng l1a
10 uM va 5 uM két hop vai phuong phap tao hop chat
khéng c6 hoat tinh “decoy” bang cong cu DUDEZ.
3.1.1. Co so dir lidu c&c hop chdt trong chi ché Camellia
Dua trén cac nghién ciru trudc day vé cac hop chét co
trong 5 loai thudc chi ché Camellia, nhém tién hanh tong
hop dir liéu tir c&c bai bao khoa hoc, co s¢ dir liéu véi cac
tr khoéa nhu “Chemical constitute”, ‘“Chemical
composition” va da xay dung co so dir liéu gom 399 hop
chat dé sang loc 40 véi cac muc: lodi cay, nhom hop chat,
tén hop chét va dinh dang canonical SMILES duoc truy
XUat tir co s dit liéu PubChem.

3.1.2. Phuong phdp md héa cau tric héa hoc

Nghién ctu st dung 4 phuong phap ma hoa cau tric
héa hoc khac nhau bao gém: dau van tay Morgan 2,
Morgan 3 [23], MACCS [24] va RDKit [25].

3.1.3. Tdp diz liéu huan luyén va kiém tra

DO i timg tap dit liéu huan luyén, 80% s6 hop chat s&
duoc st dung dae huan luyén md hinh va 20% s6 hop chat s¢
duoc str dung dé danh gia mo hinh hoc may. Cac cong thic
hoa hoc cua hqp chat duoc biéu dién ba‘mg‘dinh dang SMILES,
va dugc chuyén thanh vecto nhi phan bang cac céng cu ma
héa gom MACCS, Morgan 2, Morgan 3 va Rdk5.

3.1.4. Phurong phdp tao hop chat khdng cd hoat tinh “decoy”

Nghién cau tién hanh st dung cong cu DUDEZ
(https://tldr.docking.org/) dé tao hqp chat khong c6 hoat
tinh “decoy” cho ca 2 tap dix liéu huan luyén dé tao ra thém
2 tap dir liéu ung vai 2 gid tri ngudng 1Csp twong g la
10 uM va 5 uM.

3.2. Xay deng md hinh hgc may du dodn cdc chit irc ché
phic hgop Keapl-Nrf2
3.2.1. M6 hinh thugt toan si dung trong sang loc do

D& xay dyng mo hinh hoc méy, bon thuat toan phan loai
khac nhau bao gom Support Vector Machines (SVM),
Random Forests (RF), Extreme Gradient Boosting
(XGBoost) va Multilayer Perceptron (MLP) da duogc su
dung. Céc siéu tham so cua thuat toan str dung cho 4 lan
chay vai 4 tap dir liéu huan luyén la twong ty nhau:

- M0 hinh SVM: Ham kernel duoc cai dat la linear hpéc
rbf va tham s6 gamma dugc cai dat la scale. Tham s6 C
duoce cai dat la 2 téi 10 va tham so degree 1a 2 t6i 5.

- M0 hinh RF: Gia tri max_depth duoc cai dat 1a 10, 20,
30; min_samples_leaf 14 1, 2 va min_samples_split 14 2, 3.
Gia tri n_estimators dugc cai dit la 50, 100, 200, 400 va
tham s6 max_features Ia sqrt hoic log2.

- M6 hinh XGBoost: Gia tri max_depth duoc cai dit la
2,3, 5, 8,10, 15. Tham s6 booster la gbtree hozc gblinear.
Gia tri learning_rate la 0,05; 0,1; 0,15; 0,20. Gia tri
min_child_weight la 1, 2, 3, 4. Gia tri n_estimators la 100,
200, 300, 500, 900, 1100.

- M@ hinh MLP: Tham s6 hidden_layer_sizes bao gom
céc cap s6 (16; 8), (32; 16), (64; 32), (128; 64). Tham sb
activation duoc cai dat la relu hodc tanh va solver la adam
hodc sgd. Tham s learning_rate dugc cai dat 1a constant
hoic adaptive. Gia tri batch_size duoc cai ditla 32, 64, 128
va gia tri alpha la 0,001; 0,01; 0,1.

3.2.2. Céc thong so danh gid hiéu suat md hinh

Hiéu suat cia mo hinh dugc danh gia bang cac thong sb:
D¢ chinh xdc (accuracy), d6 nhay (sensitivity), d6 dac hi¢u
(specificity), dién tich duéi duong cong biéu dién dic diém
hoat dong cua thuat toan (Area Under the Curve - Receiver
Operating Characteristic - AUC - ROC) [26, 27]. Cac thong
s6 dugc tinh dua trén bbn gia tri 1a sb hop chat c6 hoat tinh
that (true positive - TP), sé hop chit c6 hoat tinh gia (false
positive - FP), hop chat khdng c6 hoat tinh that (true negative
- TN), s6 hop chat khéng cé hoat tinh gia (false negative -
FN). Cac thdng s6 duogc tinh toan nhu sau:

- P9 chinh xc = — 8 ___

TP+FP+FN+TN
- D6 nhay (ty 1¢ hop chét c6 hoat tinh that (true positive

rate — TPR)) = TPT:'FN

- Do dac hiéu =

TN+FP
- Ty 18 hop chét khong c6 hoat tinh that (false positive
FP
rate — FPR) =

TN+FP
- AUC= [ TPR (x).FPR (x) = 2 [, (1 — x?).(1 — x)dx

3.2.3. T6i uu héa thugt toan

Phuong phép tim kiém luéi (gridsearch) va xac thuc
chéo nam 1an (5-fold cross validation) duoc sir dung dé
diéu chinh siéu tham sb cho cac md hinh hoc may. Siéu
tham s6 ti wu nhit cho ting thuat toan s& duoc xac dinh
thong qua phuong phap grid search, thuét todn tdi uu nhét
ciia mot phuong phap chuan bi dit liéu s& dugc xac dinh
dua trén gié tri do chinh xac (accuracy), dién tich dudi
dudng cong (AUC), do dac hiéu (specificity). Bén thuat
toan toi wu nhit tng véi bén phuong phap chuan bi di ligu
s& dugc so sanh va chon ra mo hinh dy doan tét nhét.

3.3. Phdn tich twong tic va khd ning gin két ciia cac chat
dwot du dodn cé tiem néng kich hoat biéu hign Nrf2 trén
protein muc tiéu Keapl si dung md hinh docking phan ti

Nhém tién hanh docking phan tir véi 33 hop chét dugc
sang loc vai thy thé 1a phirc hop Keapl1-Nrf2 (PDB ID:
2FLU). Nghién ciru sir dung phan mém Autodock Vina dé
mo phong va tinh toan kha ning lién két ciia phdi tir va thu
thé. Vi tri docking duoc chon 14 viing tuong tac giita Nrf2
va Keapl tai toa do: x = 8,11; y = 16,25; z = 9,34 vdi kich
thuéc: x = 26,65; y = 36,52; z = 43,72. Piém sb docking
dugc sir dung dé danh gia kha nang lién két.
3.4. Pdnh gid diém s ADME

ADME I3 c4c chi s6 ding dé danh gia tiém ning dugc
ly cia mot hop chat, bao gom Absorption - do hap thy,
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Distribution - sy phan b trong co thé, Metabolism - su
chuyén hoa va Excretion - sy thai trir. Nghién ciu da tién
hanh danh gia diém s6 ADME cua 4 hop chét c6 kha ning
lien két véi phic hop Keapl-Nrf2 tét nhat bang cong cu
SwissADME (http://www.swissadme.ch/index.php).

4. Két qua nghién ciru

4.1. Két qud sang lgc hgp chat tir co' sé di ligu ChREMBL
va ddnh gid higu sudat mo hinh hgc may

4.1.1. Két qud sang loc hop chat tir co so dir liégu ChEMBL

D4i v6i ngudng gia tri 1Cso = 10 uM, c6 379 hop chat
dugc phén loai 1a “cé hoat tinh” (active) va 268 hqp chat
duoc phan loai 1a “khong c6 hoat tinh” (inactive). Doi v6i
ngudng gid tri ICso =5 uM, c6 338 hop chat dugc phan loai
1a “Co hoat tinh” va 309 hop chat dugc phan loai la “Khong
¢6 hoat tinh” (Hinh 1). Trong ca 2 truong hop, ) hop chat
“Khéng c6 hoat tinh” déu 1a nhom it hon va déu chiém
>40% tong sé hop chag cho thay ca 2 tap di liéu it bj mat
can bang va phu hop dé huan luyén thuat toan.

Khi sir dung cong cu DUDEZ dé tao hop chét khong ¢6
hoat tinh “decoy”, ket qua doi véi 1Cso ngudng 1a 10 pM,
379 chét c6 hoat tinh - 379 chat khdng cé hoat tinh, trong
khi doi voi 1Cso ngudng = 5 pM, st dung decoy: 338 chat
c6 hoat tinh - 338 chat khéng c6 hoat tinh.

400
300
200

100

10 pM
Dco hoat tinh  Bkhong co6 hoat tinh

5 pM

Hinh 2. Phén logi cdc hoat chdt ¢é hoat tinh va khong co
hoat tinh véi ngudng ICso= 10 pM va ICso = 5 pM
4.1.2. Hiéu suat mo hinh hoc may

MGi tap dir liéu huan luyén ing véi timg phuong phap
chuan bi dir liéu s& dugc dung dé xay dung mot md hinh phan
loai hop chat. Bé xay dung mé hinh, bon thuét toan phan loai
khac nhau dd duogc sir dung bao gdm SVM, RF, XGBoost va
MLP. Gia tri do chinh x4ac, AUC, va do dac hiéu dugc chon
lam céc gia tri dé xac dinh hiéu suat caa md hinh hoc may.
Siéu tham sé t6i wu ciia cac thuat todn tmg véi 4 phuong phap
mé hda, str dung 4 tap dit liéu huan luyén duoc thé hién & Phu
lyc. Thuat toan, siéu tham s6 cua thuat toan va phuong phép
mé hoa cau tric t6i wu cua cac mé hinh tng véi timg phuong
phép chuan bi bo dir liéu huan luyén va céc gia tri danh gia
higu sut ciia mo hinh dugc thé hién ¢ Bang 1.

Nghién Clru xdc dinh md hinh hoc méy SVM, phuong
phap ma hda ciu tric Morgan 3 va phuong phép chuén bj
bo dir liéu huan luyén véi gia tri 1Cso = 10 uM két hop ecoy
1& md hinh hoc may téi wu nhat véi do chinh xac cao nhat
14 0,8487 va AUC cao nhét 10,9203 (Bang 1).

Nghién ciru dong thoi tinh toan chi sé twong ddng
Tanimoto gitra 647 hop chat dugc sir dung trong xay dung
mo hinh hoc may va 399 hop chit trong bo dit liéu thir
nghiém dugc ma héa biang phuong phap Morgan 3. Két qua
chi sé Tanimoto gitra tap dit liéu hudn luyén va tap dix ligu
thir nghiém déu nho hon 0,3 [28]. Didu nay cho thay, tap

dir liu huan luyén dii da dang va c6 thé sir dung dé huan
luyén thuat toan. Tur cac két qua trén, nghién ctu sir dung
moé hinh SVM, két hop phuong phap ma hoa cau trdc
Morgan 3 va phuong phap chuan bi bo dit liéu huan luyén
Véi gid tri ngudng 1Csp = 10 uM [am m6 hinh phén loai cac
hop chét ¢ kha nang tic ché phiic hop Keapl-Nrf2.

Bdng 1. M6 hinh hoc may va hiéu sudt mé hinh hoc may

1ICs0 =10 pM ICs0 =5 uM
Khéng Cé Khéng Cé
decoy decoy decoy decoy
Thuittodn SVM  SVM  SVM RF
Phuo}lg ,phép Morgan3 Morgan3 Morgan3 Morgan2
mé hda

C:3 C:2 C:3
degree: 2 degree: 2degree: 2
gamma: gamma: gamma:

max_depth: 30
max_features: sqrt

Siéu tham sb min_samples_leaf: 2

scale scale scale . .
kernel: kernel: kernel: ~Min_samples_split: 2
rof rof rof n_estimators: 50
Do chinh x4c 0,8385 0,8487 0,8077 0,8309
AUC 0,8878 0,9203 0,8526 0,9137
D06 nhay 0,8974 10,8718 0,8657 0,8235
Do dac hieu 0,7500 0,8243 0,7460 0,8353

Receiver Operating Characteristic

1.0+

o
©
1

e
-
1

e
IS
1

True Positive Rate

IC50 = 10 UM — Khéng decoy: 0.8878
IC50 = 10 uM — C6 decoy: 0.9203
IC50 = 5 uM — Khéng decoy: 0.8526
IC50 = 5 UM — C6 decoy: 0.9137

o
N
1

0.0

0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate
Hinh 3. D6 thi biéu dién dwong cong ROC (Receiver Operating
Characteristic) va gia tri dién tich duoi duong cong
(Area under curve)

4.2. Két qud dw dodn hep chdt tiém ning sk dung md
hinh hoc may téi wu

Str dung tap di liéu huan luyén, thuat toan va phuong
phép ma héa téi wu nhit (ICso = 10 puM, c6 decoy-SVM-
Morgan 3), nghién ciru tién hanh phan loai cac hop chat tu
nhién trong 5 cay thudc chi Cheé Camellia. Cong thirc phan
tr cua 399 hop chat thuoc 5 loai Camellia duoc viét dudi
dinh dang SMILES va chuyén thanh chudi vecto nhj phan
bang phuong phap Morgan 3 dé thuat toan phan loai.
Nghién ctru xac dinh c6 33 trong 399 hop chit duoc phan
loai 1a ¢6 tiém ning e ché phirc hop Keap1-Nrf2. Trong
cac loai, 2 loai dugc xac dinh 1a ¢ nhidu hop chat tiém
nang nhét 1 C. japonica véi 13 hop chét va C. sinesis Vi
11 hop chét (Bang 2).

Nghién ctru sau d6 tién hanh docking phén tir d6i voi
33 hop chat tiém nang trén véi protein dich 1a phac hop
Keap1-Nrf2 (PDB ID: 2FLU) st dung phan mém Autodock
Vina. Két qua cho thay trong 33 hop chit, 4 hop chét c6 i
lyc lién két vai thy thé Keapl cao nhét dia vao diém sb
docking lan luot 1a camellianoside (-10,4 kcal/mol),
theaflavin-3-gallate (-9,9 kcal/mol), theaflavin-3'-gallate
(-9,8 kcal/mol), camelliaside B (-9,7 kcal/mol).
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Bing 2. Diém 56 docking ciia hop chdt tiém ndng tir két qud
sang loc s dung mo hinh hoc may SVM-Morgan 3

Viéc bat chuge cang gidng tu thé cua Nrf2 khi hinh thanh
phuc hop Keapl-Nrf2 dugc cho 1a gia taing kha nang lién

Hop chat Piém s6 docking Cay két cua cac hop chat véi thy thé Keapl.
C. quephongensis &
Rutin -9,3 C. oleifera A @ i w S
R . i)
C. sinensis e, o @ R

Camelliaside B 9,7 C. oleifera B [\Q‘“f{ LY T e o
Camelliaside A -8,3 C. oleifera B orr A e i f,(‘ "“‘w bl
Camellianoside -10,4 C. japonica it 1 f}_ , ;) 7, {‘“
Camelliatannin A -9,3 C. japonica B wl TN g ;)u
Camelliatannin C -9,2 C. japonica ) m“ FUE T Y PN bty
Camelliatannin H NC* C. japonica " an P
Camelliatannin D NC* C. japonica 5 &
Camelliatannin F -9,6 C. japonica o
Camelliatannin G -9 C. japonica o 2
Chakasaponins | -7.3 C. sinensis %
Chakasaponins IIl -1,7 C. sinensis r
Floratheasaponins A -76 C. sinensis B
Floratheasaponins B 1,7 C. sinensis ﬁ:ﬁﬁ& e
Floratheasaponins C -7 C. sinensis D
Floratheasaponins D -7,7 C. sinensis A
Floratheasaponins E -6,6 C. sinensis ) o
Floratheasaponins E _7’3 C. Sinensis | T\romg-r:i:: bat lgi Tuwrong tac m - cation I Twong tic m xép chong
Camelliasaponins A2 _7’4 C. japonica Lién ket hydro Tuong téc hydro — carbon Tuong tac 7 - alkyl
Camelliasaponins C1 -7,6 C. japonica Hinh 4. M6 phong 2D tuong tdc cdc acid amin ciia protein
Theasaponin E1 7.9 C. japonica Keapl va camellianoside (A), theaflavin-3-gallate (B),
Yuchasaponin A 7.8 C. oleifera theaflavin-3'-gallate (C) va camelliaside B (D)
Yuchasaponin B -7,7 C. oleifera , . L Lo

- - Bdng 3. Logi twong tdac va vi tri amino acid cua Keapl tuong
Sasanquasaponin -8,3 C. oleifera tdc véi bén hop chét c6 diém sé docki hé
Camelliasaponin B2 -7,7 C. oleifera ac vot bon Rop chat co diem 50 doching cao nha
Theaflavin-S‘-gaIIate -9,8 C. s?nens?s Hop chét Loai twong téc Vi tri amin(,) acid
Theaflavin-3-gallate -9,9 C. sinensis : : twong tac
Camelliins A NC* C. japonica Tuong tac bat Vald65
Camelliins B NC* C. japonica loi*
Camellioside D -8 C. japonica Val512, Ala510, Gly603,
Oleanolic  acid-3-O-p-D- 85 C. oleifera Camellianoside  Lién két hydro  Ala556, Arg380, Ser555,
glucopyranoside ' ) Arg415, Asn414, Leu365
Camelliquercetiside C -8,8 C. amplexicaulis mT-cation Arg415
Camellioside A -8,7 C. amplexicaulis m-alkyl Ala556

*NC: Khéng tinh toan duge do phan tir 6 nhiéu hon 100 nguyén tir
khac hydrogen

4.3. Piém s6 docking va danh gid khd néing gan két ciia
cac chdt dwoc du dodn

M6 phong 2D cac twong tac ¢ Hinh 3 cho that tat ca
twong tac cua bén hop chét véi cac amino acid cua Keapl
1a lién két hydro, twong tac m-cation, = xép chong va
n-alkyl. Cac nhém hydroxyl cia cac phdi tir dong vai tro 1a
chat cho hydro cho nhém amin trén Val465, Leu365,
Tyr572, His436, Asn4l4, Ser43l, Arg380, Arg483,
Ser508, Ser555 va lle416. B6n hop chat trén co diém chung
1a déu co6 tuong tac vai Arg380, Arg415, Ser555 vai vai tro
chii yéu la chat cho electron. Mot s6 vi tri tuong tic moi
xuét hién lan dau 1a véi cac amino acid Val512, Ala 510,
Val465, Gly603, His436, Arg483, Gly643, Gly462, chu
yéu 13 lién két hydro. Cac vi tri gin két Tyr334, Ser363,
Leu365, Asn382, Tyr525, Ala556, Asn4l4, lle4l6,
GIn530, Ser508, Ser555, Argd15, Tyr572 tuong déng Al
céc nghién ciu khac khi thuc hién docking hop chét trén
thu thé 1a phirc hop Keap1-Nrf2 [29,30]. Hon nita, mét s6
nghién ciru trude da chi ra rang Tyr334, Ser363, Arg380,
Asn382, Arg415, Arg483 va Ser508 la cac amino acid cua
Keap1 lién két voi mién Neh2 cia Nrf2, dong vai tro quan
trong trong viéc hinh thanh phac hop Keapl-Nrf2 [29,30].

Tuong tic bét loi Asn414, Ser431

Asn382, Arg380, Asn414,

Theaflavin-3- Lién két hydro  Serd31, His436, Ser555,
GIn530, Tyr572
gallate 7-cation Arg15, Arg3s0
7 xép chdng Tyr572
m-alkyl Arg415, Ala556
Tuong tac bét loi Arg483, Arg380
Theaflavin-3'- Lien két hydro Ser363, Arg415, Ser508,
gallate Ser555, Asn414, Ser431
m-cation Arg380, Arg415

Tuong tac bét loi Ser555

Tyr334, Gly364, 11e416,

L Lién két hydro ~ Gly462, Arg415, Ser363,
Camelliaside B Arg380
m-cation Arg380

7 xép chdng  Tyr572, Tyr525, Tyr334

*Tuong tac bt loi biéu thi cac twong tdc ddy/hit bét loi giita thy
thé va phoi tit, ¢6 thé gdy anh hudng dén do ben giita phitrc hop
cua phoi tir va thu thé trong cdc nghién ciu docking [31].
4.4. Piém sé ADME - dw dodn khd néing hdp thu cac hep
chat ciia co thé con nguwoi

Nghién ciru da tién hanh danh gia diém s6 ADME cua bon
hop chat c6 kha nang lién két voi Keapl tot nhat bang cong
cu SwissADME  (http://www.swissadme.ch/index.php).
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Két qua SwissADME cho thy ca bbn hop chat déu thoa mén
duoc gia tri Log P < 5, cho thy kha ning hoa tan trong dich
bao va xuyén qua mang té bao. Ngoai ra, gia tri do tan trong
nudc ciia hop chét (Log S) dugc tinh toan theo 2 phuong phap
Ia ESOL va Ali. Theo SwissADME, két qua Log S s& dugc
phén loai nhu sau: Khong tan (Log S < -10), tan kém
(-10 < Log S < -6), tan & muc vira phai (-6 < Log S < -4), tan
trong nudc (-4 < Log S < -2), tan t6t trong nudc (-2 < Log S <
0) va tan rét tot trong nuéc (0 < Log S). Trong ca hai phuong
phép tinh, camellianoside va camelliaside B déu dwoc xac
dinh 1a & muc “tan trong nudc”. Hai hop chét theaflavin-3-
gallate va theaflavin-3-gallate déu cho thay két qua hau hét &
muc “tan kém” (Bang 4).

Bing 4. Mot s6 tinh chdt Iy hod ciia bon hop chat tiém nang dua

trén diem so ADME

~ .. Sblugng ..  Tinhwa D} tan trong
. Phan‘ 'tu nhom So,lugng mé nuée
Hop chat khoi ~_nhém cho

@mu) "M hydro Lggp L99S  ogp

hydro 97 (EsoL) %9
Camellianoside 742,63 20 12 -2,48 -297  -4,52
Theaflavin-3-gallate  716,6 16 11 1,35 -5,49 -7,38
Theaflavin-3'-gallate 704,63 15 10 2,03 -6,7 -9,18
Camelliaside B 726,63 19 11 -2,34 -2,5 -3,47

Bdng 5. Mot sé" tinh chdt vé dg gio;n,g tht;éc ciia bén hop chit
tiem nang dua trén diém so ADME

s 5 8 S
2 =
2 £ § I538 £ 883s¢gs
] & § degs o a2 €
2 e 2 SELE Q >E>E o8
© % % Q.EU.E & OEg oog 4
(O] m o Oy
Caré‘:g'as' Low No No No No No No No -1248
Theaflavin-
3'-gallate Low No No No No Yes No No -7,81
(TF2B)
Theaflavin-
3-gallate Low No No No No Yes No No -940
(TF2A)
Can;ﬁ;!ano Low No Yes No No No No No -12,15

5. Thao luan

Nghién clru d4 thanh cong xay dung mo hinh hoc may
c6 kha niang sang loc va du doan cac hop chat trong chi Ché
(Camellia) c6 tiém ning kich hoat biéu hién Nrf2 thong qua
trc ché phirc hop Keap1-Nrf2. Két qua thu duoc 33 chit
duoc xéac dinh 1a “cé hoat tinh”, vai md hinh tét nhét 1a
SVM va phuong phap ma hoa Morgan 3, st dung decoy va
ngudng phan loai ICso = 10 pM. Nghién ctru dong thoi da
mo phong tuong tac va kha nang lién két bing phuong phap
docking phén tir dé chi ra bon hop chét c6 tiém ning hon
ca véi nang lugng lién két thap nhat lan luot Ia
camellianoside (-10,4 kcal/mol) c6 trong cay C. japonica,
theaflavin-3-gallate (-9,9 kcal/mol) va theaflavin-3'-gallate
(-9,8 kcal/mol) trong cdy C. sinensis, va camellianoside
(-9,7 kcal/mol) trong cay C. oleifera. Két qua docking phan
tir cua bon hop chat tiém nang nhit cho thay nhiéu vi tri
twong tac giita amino acid cua protein Keapl va phéi tur da
dugc ghi nhan trong cac nghién curu trude nhu Tyr334,
Ser363, Arg380, Arg4l5, Ser555 1a cac amino acid dugc
xac dinh 1a dong vai trd quan trong trong viéc hinh thanh

phuc hop Keapl — Nrf2. Bong thoi, két qua ciing ghi nhan
mot vai vi tri amino acid méi nhu Val512, Ala 510, Val465.

Bdn hop chét tiém nang c6 diém chung 1a déu hinh thanh
lién két voi Ar9380, Arg415 va Ser555. Cac vi tri nay cling
da dugc bao cao trong cac nghién ctru trude d6 13 vi tri lién
két ciia Keapl tao phtic hop Keap1-Nrf2 (PDB ID: 2FLU)
[29, 30]. Cu thé, cac bao cao trudc day da chi ra rang mién
Neh2 cia Nrf2 lien két voi Keapl & cac vi tri amino acid
Tyr334, Ser363, Arg380, Asn382, Arg415, Arg483, Ser508,
Ser535 va Ser602 [30]. Thong thudng, 2 phan tr Keapl sé
dime héa véi nhau théng qua Cul3 va mdi Keap1 s& lién két
véi 2 mb-tip DLG va ETGE cia Nrf2. DLG c¢6 dang latch
(tam dich: ban 18) nén s& dé bi dat lién két vai mién Kelch khi
¢6 tac nhan 4i dién tr (K = 0,1 x 10" M%) [32]. Poi véi
ETGE c6 cau tric phlen B ddc trung dang hinge (tam dich:
chdt) nén ching sé ¢6 4i luc lién két voi Keapl cao hon (Ka
=20 x 10" M) [33]. Vi thé theo ly thuyét cac hop chit bat
chudce ving ETGE cua Nrf2 s& ¢6 hiéu qua kich hoat co ché
chdng oxy hda noi sinh t6t hon [32, 34]. Hai hop chat thuoc
ho theaflavin trong nghién ciru nay cho thay sy tao thanh lién
két v6i 6 trén 8 vi tri amino acid dic trung cua mién Neh2,
diéu nay 1a phti hop véi nghién ctu caa Xiaodan Han va cong
su [35] da chi ra rang, theaflavin c6 kha nang kich hoat con
duong tin hiéu Nrf2. Tuy nhién, nhiing vi tri lién két véi
Keap1 cua 2 hop chat camellianoside va camelliaside B trong
nghién ciru ndy khéng ¢ nhiéu su tuong dong véi véi cac vi
tri amino acid lién két cua mién Neh2. Tuy nhién, can luu
rang, mot s6 nghién ciru trude day ghi nhan hop chét c6 hoat
tinh trén in vitro nhung khong cho thdy sy bat chuéc vj tri
lién két cua Nrf2 trén Keap1 trong mé hinh in silico qua ghi
nhan céc cac hop chit tuy khong bét chudc cac vi tri amino
acid lién két ciia Nrf2 trén Keap1 nhung van c6 kha niang diéu
hoa chirc niang phién ma Nrf2 [36]. M6 hinh khac cua
Tianzhu Guan va cong su d chi ra rang cac chit co diém sé
docking thap nhat déu khong bat chudc vi tri lién két cua
Nrf2, nhung két qua ghi nhan trén thi nghiém véi té bao
HEK?293T da chuyén plasmid cua pARE-Luc va pRL-SV40
cho thiy céc hop chat do lai c¢6 kha ning kich hoat biéu hién
Nrf2 kha tt (kich hoat dugc 50-60% & cac nong do 10, 20,
va 40 uM) [37].

BN hop chét nghién cau sang loc dugc thude 2 nhom
chat 1a flavonoid va theaflavin véi camellianoside va
camelliaside B thuoc nhém flavonoid, theaflavin-3-gallate
va theaflavin-3'-gallate thuoc nhom theaflavin. Cac nghién
ctru trude day cho thy cac chét cé hoat tinh chéng oxy qua
con dudng tin hiéu ciia Nrf2 da phan thuéc nhém terpenoid,
flavonoid, saponin va chalcon [38-41]. Trén chi Che
(Camellia), mot s6 nghién ctru vé hop chat tiém nang tc ché
phic hop Keapl-Nrf2 ghi nhan tiém ning cua nhom hop
chit Catechin trong loai Camellia sinensis [42], nhom
Triterpenoids trong loai Camellia oleifera [41], va nhom
triterpenoid saponins trong loai Camellia japonica [43].
Tiép ndi cac nghién ctru da thyc hién, nhém nghién ciu da
ghi nhan tiém nang chdng oxy hoa ciia loai Camellia sinensis
nhung véi nhém hop chat méi 1a theaflavin; dong thoi ciing
ghi nhan 2 hop chat flavonoid mai thuoc loai Camellia
oleifera  (camelliaside B) va Camellia japonica
(camellianoside). Ngoai ra, ca 4 hop chat tiém ning ciing
duoc ghi nhan ¢ céu tric carbon carbonyl o, bét bdo hoa
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tuong dong vai cac hop chat dugc ghi nhan 1a c6 kha ning
trc ché phic hop Keapl — Nrf2 nhu dimethyl fumarate
(thanh phan thudc Tecfidera diéu tri da xo cung) [44], va
omaveloxolon (thanh phan thuéc Skyclarys diéu tri
Friedreich’s ataxia) [45]. Cau trdc cua bon hop chat ciing
phu hop Vvéi két qua nghién ciru trude day ciia Melford
Chuka Egbujor va cong su ghi nhan vé kha nang phan ung
t6t cua cac hop chat co cau tric carbon carbonyl o,p bat bio
hoa véi amino acid cystein cua Keapl, gilp ac ché phtc hop
Keapl — Nrf2 [46]. Bén canh do, Két qua danh gia diém so
ADME cua bbn hop chit déu thoéa man duoc gia tri
Log P < 5, cho thay kha ning hoa tan trong dich bao va
xuyén qua mang té bao. Ngoai ra, gié tri d¢ tan trong nudc
cua hop chét (Log S) dugc tinh toan theo 2 phuong phap 1a
ESOL va Ali. Theo SwissADME, két qua Log S s& duoc
phén loai nhu sau: Khéng tan (Log S < -10), tan kém
(-10 < Log S < -6), tan & mirc vira phai (-6 < Log S < -4), tan
trong nudc (-4 < Log S < -2), tan tot trong nuéc (-2 < Log S
< 0) va tan rat tt trong nudc (0 < Log S). Trong ca hai
phuong phap tinh, camellianoside va camelliaside B déu
duoc xac dinh 12 & mirc “tan trong nudc”. Hai hop chat
theaflavin-3-gallate va theaflavin-3'-gallate déu cho thiy két
qua hau hét & mirc “tan kém”. Céc chat nay déu c6 kha ning
hép thu qua duong tiéu héa thap, khong co khd nang di qua
hang rao mau ndo va tinh thim qua da khong qua cao. Hau
hét cac chat déu khong la chat nén P-gp ngoai trir
camellianoside, nghia 1a n6 c6 kha nang bi van chuyén ra
ngoai té bao boi P-glycoprotein, 1am giam hiéu qua cua
thuéc. Theaflavin-3'-gallate (TF2B) ¢6 gi tri K, cao hon hin
céc chat khéc, cho thay kha nang thim thau qua da tot nhung
lai c6 thé bi chuyén hoa boi CYP2C19 1am giam tac dung
ddi véi co thé; con theaflavin-3-gallate (TF2A) c¢6 nguy co
bi chuyén hda boi CYP2C9. Céc chat nay c6 thé dwoc xem
xét cho cac tng dung ngoai da hoac khi khéng can hap thu
qua dudng tiéu hoa hay tac dong 1&n hé than kinh trung wong.

Con duong tin hiéu Nrf2 1a mot co ché tiém nang giap
tang kha nang bao vé té bao khoi stress oxy hda va cac tac
nhan i dién tr cua co thé, nhung chi khi Nrf2 dugc kich
hoat tam thoi [8]. Mot s6 nghién ctu trude day da ghi nhan
ham luong Nrf2 cao & té bao ung thu khi Nrf2 b hoat hoa
qua mirc binh thudng. Co ché ndy xay ra khi Keapl hoic
Nrf2 xay ra dot bién thé soma, 1am cho Keapl khéng thé
bat gitt Nrf2 va Nrf2 ¢6 kha ning khang ubiquitin hoa tét
hon [47]. Mot nghién ctru vao nam 2017 da chi ra rang
nhitng hop chat c¢6 kha nang trc ché phuc hop Keap1-Nrf2,
dic biét 12 nhiam vao cac mién lién két véi Nrf2 cua Keapl
c6 kha nang it gay dot bién hon vi co ché gay bién doi cau
tric cysteine cua Keapl van con nhiéu lo ngai la c6 tiém
nang gdy tac dung phu suy giam glutathione hoac oxy hoa-
khir cac thanh phan khéc trong té bao [48].

Nhom nghién ctru da sir dung hoc may dé thuc hién sang
loc mot lugng 16n cac chat tr nhién thay cho quy trinh trich
xuét va phéan 1ap cht; docking phén tir trén phirc hop Keapl-
Nrf2 dé dy doén kha nang lién két va diém s6 ADME dé dy
doén cac tinh chat vat Iy thay cho quy trinh nudi cdy té bao
va thi nghiém khéo sat biéu hién cua Nrf2 trén té bao.

6. Két luan
Nghién ctru d& chirng minh Chi ché (Camellia) la

ngudn dugc liéu tiém ning trong viéc tim kiém cac hop
chat tc ché phirc hop Keapl-Nrf2 dya trén sang loc in
silico voi camellianoside c6 trong cdy C. japonica,
theaflavin-3-gallate va theaflavin-3'-gallate trong cay
C. sinensis va camellianoside (-9,7 kcal/mol) trong cay
C. oleifera. Trong thoi gian t6i, nghién ctru tién hanh phan
1ap bon hop chét tiém ning trén, tién hanh danh gia kha
nang tang biéu hién Nrf2 trén in vitro. Ngoai ra, viéc mo
rong nghién ctru thém céc téc dung duoc 1y cua chi Che
Camellia gitip nang tam gié tri cua cdy che Viét Nam, gbp
phan ngin ngira mot s6 van dé strc khoe trong cong dong
do stress oxy hoa gay ra nhu 130 hoa, tim mach, ung thur.
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Siéu tham s6 t6i wu ciia cac thuat todn wng véi 4 phuong phap

PHU LUC

mé héa, sir dung 4 tap dir ligu huin luyén

PL-1. Két qud siéu tham s6 16i wu ciia cdc thudt todn vmg voi 4 phirong

phap ma hoa, sw dung tap dir liéu huan luyén co gia tri ICsy

nguong = 10uM va khong sir dung decoy

PL-2. Két qua siéu tham s6 161 wu cia cdc thudt todn ig v6i 4 phuong
phap ma hoa, s dung tdp dir liéu huan luyén co gia tri ICsy

nguong = SuM va khong sir dung decoy

Phuong phap

Phw." 2 Phap Thuit toan Hyperparameter Gia tri
mé héa
activation relu
alpha 0.01
MACCS Multilayer Perceptron batch_size 32
fingerprints (MLP) hidden_layer_sizes 64, 32
learning_rate constant
solver adam
max_depth 10
max_features sqrt
Random Forest (RF) min_samples_leaf 1
min_samples_split 3
n_estimators 50
C 7
Support Vector degree 2
Machine (SVM) gamma scale
kernel rbf
booster gbtree
Extreme Gradient L:z;nlgg;;{r? te g'15
Boosting (XGBoost) min child_weight 2
n_estimators 300
activation tanh
alpha 0.001
Morgan 2 Multilayer Perceptron batch_size 128
fingerprints (MLP) hidden_layer_sizes 16,8
learning_rate constant
solver sgd
max_depth 30
max_features log2
Random Forest (RF) min_samples_leaf 2
min_samples_split 2
n_estimators 50
C 5
Support Vector degree 2
Machine (SVM) gamma scale
kernel rbf
booster gbtree
Extreme Gradient learning_rate 0.1
Boosting (XGBoost) m@x_de_pth . 1o
min_child_weight 3
n_estimators 100
activation tanh
alpha 0.001
Morgan 3 Multilayer Perceptron batch_size 128
fingerprints (MLP) hidden_layer_sizes 16,8
learning_rate constant
solver sgd
max_depth 20
max_features log2
Random Forest (RF) min_samples_leaf 1
min_samples_split 2
n_estimators 400
C 3
Support Vector degree 2
Machine (SVM) gamma scale
kernel rbf
booster gbtree
Extreme Gradient Li:;mggatrﬁ te (5).15
Boosting (XGBoost) min_child_weight 3
n_estimators 100
activation relu
alpha 0.001
RDK5 Multilayer Perceptron batch_size 128
fingerprints (MLP) hidden_layer_sizes 64, 32
learning_rate constant
solver sgd
max_depth 30
max_features sqrt
Random Forest (RF) min_samples_leaf 1
min_samples_split 3
n_estimators 50
Cc 3
Support Vector degree 2
Machine (SVM) gamma scale
kernel rbf
booster gbtree
Extreme Gradient learning_rate 0.15
Boosting (XGBoost) max_depth 2
min_child_weight 1
n_estimators 100

ma hoa Thuit toan Hyperparameter Gia tri
MACCS Multilayer Perceptron activation tanh
fingerprints (MLP) alpha 0.1
batch_size 32
hidden_layer_sizes 16,8
learning_rate constant
solver adam
Random Forest (RF) max_depth 30
max_features sqrt
min_samples_leaf 1
min_samples_split 3
n_estimators 400
Support Vector C 10
Machine (SVM) degree 2
gamma scale
kernel rbf
Extreme Gradient booster gbtree
Boosting (XGBoost) learning_rate 0.1
max_depth 15
min_child_weight 1
n_estimators 100
Morgan 2 Multilayer Perceptron activation tanh
fingerprints (MLP) alpha 0.001
batch_size 64
hidden_layer_sizes 16,8
learning_rate constant
solver sgd
Random Forest (RF) max_depth 20
max_features sgrt
min_samples_leaf 1
min_samples_split 3
n_estimators 100
Support Vector C 3
Machine (SVM) degree 2
gamma scale
kernel rbf
Extreme Gradient booster gbtree
Boosting (XGBoost) learning_rate 0.2
max_depth 5
min_child_weight 3
n_estimators 100
Morgan 3 Multilayer Perceptron activation tanh
fingerprints (MLP) alpha 0.001
batch_size 128
hidden_layer_sizes 16,8
learning_rate constant
solver sgd
Random Forest (RF) max_depth 20
max_features log2
min_samples_leaf 1
min_samples_split 3
n_estimators 100
Support Vector C 3
Machine (SVM) degree 2
gamma scale
kernel rbf
Extreme Gradient booster gbtree
Boosting (XGBoost) learning_rate 0.2
max_depth 5
min_child_weight 3
n_estimators 100
RDK5 Multilayer Perceptron activation relu
fingerprints (MLP) alpha 0.1
batch_size 128
hidden_layer_sizes 128, 64
learning_rate constant
solver sgd
Random Forest (RF) max_depth 20
max_features sqrt
min_samples_leaf 1
min_samples_split 3
n_estimators 50
Support Vector C 2
Machine (SVM) degree 2
gamma scale
kernel rbf
Extreme Gradient booster gbtree
Boosting (XGBoost) learning_rate 0.2
max_depth 5
min_child_weight 3
n_estimators 200
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PL-3. Két qud siéu tham s6 i wu ciia cdc thudt toan iing véi 4 phwong
phdp ma hoa, sir dung tap dir liéu huan luyén cé gia tri ICso
nguong = 10uM va co sir dung decoy

PL-4. Két qua siéu tham s6 161 wu cia cdc thudt todn ing v6i 4 phwong
phap ma hoa, s dung tdp dir liéu huan luyén co gia tri ICsy
nguong = SuM va co su dung decoy

Ph?g%g:ap Thuit tosn Hyperparameter Gi tri thmﬁ gah p ma Thujt toén Hyperparameter Gid tri
MACCS Multilayer Perceptron activation relu MACCS Multilayer Perceptron activation relu
fingerprints (MLP) alpha 0.1 fingerprints (MLP) alpha 0.001

batch_size 32 batch_size 32
hidden_layer_sizes 16,8 hidden_layer_sizes 128, 64
learning_rate constant learning_rate constant
solver adam solver sgd
Random Forest (RF) max_depth 20 Random Forest (RF) max_depth 20
max_features sqrt max_features sqrt
min_samples_leaf 2 min_samples_leaf 2
min_gamples_split 2 m|n_§amp|es_sp||t 2
n_estimators 400 n_estimators 100
Support Vector [§ 5 Support Vector C 7
Machine (SVM) degree 2 Machine (SVM) degree 2
gamma scale gamma scale
kernel rbf _ kernel rbf
Extreme Gradient booster gbtree Extreme Gradient booster gbtree
Boosting (XGBoost) learning_rate 0.1 Boosting (XGBoost) learning_rate 0.05
max_depth 3 max_depth 5
min_?hild_weight 2 mln_f:hlld_welght 4
n_estimators 500 ; n_estimators 300
Morgan 2 Multilayer Perceptron activation relu Morgan 2 Multilayer Perceptron activation relu
fingerprints (MLP) alpha 0.001 fingerprints (MLP) g":hﬁ ) gfl
batch_size 128 atch_size
hidden_layer sizes 64, 32 r'dde_"—layer—s'zes 16,8
learning_rate constant earning_rate constant
solver sgd solver sgd
Random Forest (RF) max_depth 20 Random Forest (RF) max_?eptth 30t
max_features log2 max_teatures sar
min__samples_leaf 1 o m!n_samples_leaf 2
min_samples_split 3 m'nfsamtplesfs')m éo
n_estimators 400 5 Voot |<1:7e5|ma ors 2
Support Vector C 2 upport vector
Machine (SVM) degree 2 Machine (SVM) d:ﬁ]rrenea zcale
gamma scale Eemel rbf
kernel rof Ext Gradient boostt bt
Extreme Gradient booster gbtree xtreme (radien ooster gotree
Boosting (XGBoost) learning_rate 0.1 Boosting (XGBoost) L:Z;mgg&r; te 2'05
max_depth 3 o .
o= . min_child_weight 4
min_child_weight 1 1 estimators 9 200
n_estimators 100 - —
Morgan 3 Multilayer Perceptron activation relu ?iﬂnogg::)nriits wll_t;,l; yer Perceptron :ft:;"on (r)ellu
fingerprints (MLP) alpha 0.001 ba‘ich size 6;1
b{atch_sue . 128 hiddeﬁilayerisizes 64, 32
hldde_n_layer_sues 64, 32 learning_rate constant
learning_rate constant solver sgd
solver sgd Random Forest (RF) max_depth 30
Random Forest (RF) max_depth 30 max_features sqrt
mgix_featulres leaf I20g2 min__samples_leaf 2
m!n_samp es_| ea_ min_samples_split 2
min_samples_split 2 n_estimators 100
n_estimators 400
S v C 2 Support Vector C 2
upport Vector Machine (SVM) degree 2
Machine (SVM) degree 2 gamma scale
Eam”;a sngile kernel rbf
- ere d Extreme Gradient booster gbtree
Extreme Gradient booster gbtree Boosting (XGBoost) learning_rate 0.05
Boosting (XGBoost) learning_rate 0.1 max de;;th 5
max_depth 15 min_child_weight 4
min_child_weight 2 n_estimators 200
. n_gstlmators 100 RDKS5 fingerprints Multilayer Perceptron activation relu
 RDK5 Multilayer Perceptron  activation relu 1024 bits (MLP) alpha 0.001
fingerprints (MLP) alpha 0.1 batch size 128
1024 bits batch_size 128 hidden_layer_sizes 16, 8
hidden_layer_sizes 16,8 learning_rate constant
learning_rate constant solver sgd
solver sgd Random Forest (RF) max_depth 10
Random Forest (RF) max_depth 10 max_features log2
max_features log2 min_samples._leaf 1
m!n_samples_lea_f 1 min_samples_split 3
min_samples_split 3 n_estimators 400
n_estimators 400 Support Vector c 2
Support Vector C 4 Machine (SVM) degree 2
Machine (SVM) degree 2 gamma scale
gamma scale kernel rbf
i kernel rbf Extreme Gradient booster ghtree
Extreme Gradient booster gbtree Boosting (XGBoost) learning_rate 0.1
Boosting (XGBoost) learning_rate 0.1 max_depth 3
m:ch_de.pth ] 3 min_child_weight 4
min_child_weight 3 n_estimators 100
n_estimators 100




