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Sang loc chat chu van thu thé apelin dwa trén dé twong dong
phan tir va tdi wu hda hiéu nang théng qua ky thuat
voting-stacking

T6 Van ThinhY, Nguyén Song Nhu Ngoc?, Nguyén Van Phudc Chung?, Vil H3i Dangt, Truong Ngoc Tuyén?,
Nguyén Qui Hién*"

1Trwong Durgr, Bai hoc Y Durge Thanh phd H6 Chi Miinh, Thanh phé HS Chi Minh, Viét Nam

Tom tat

Pat van dé: Apelin, mot peptid mang hoat tinh sinh hoc, 1 phéi t& ndi sinh cta thu thé Apelin (AP)) lién két protein G (APLNR) tim thay chd
y&u & hé than kinh trung wong va cdc md ngoai bién. Chitc ndng va tac dung didu tri cdc bénh man tinh khong 1y nhiém ctia AP) d3 duoc
cong bé rat nhiéu trong hai thap ky vira qua. Nghién ciru danh giad kha nidng (rng dung clia d6 tuwong déng phan tir trong sang loc o cac chat
chdi van thu thé APJ.

Muc tiéu: Sang loc cac chat chd van thy thé Apelin bang cach tng dung dd tuwong dong phan tir dya trén cic dau van tay phan tir, dong thoi
t6i wu hda hiéu ndng sang loc théng qua cac phuong phap hoc tap két hop Voting va Stacking.

Pai twong va phuwong phap nghién ctru: Ba chat tham chiéu cé hoat tinh chli van thu thé Apelin manh (CMF-019, AMG-986, BMS-986224)
duworc dung dé danh gid kha ning nhan dién chat cé hoat tinh dua trén d6 twong déng phan tr thdng qua tinh toan 12 loai ddu van tay va hé
s twong dong Tanimoto. Phuong phap hoc tap két hop Voting va Stacking ciling dwoc ap dung nham ci thién hiéu ning téng thé. Kha ning
sang loc chat chi van thu thé Apelin dua trén d6 tuong déng dugc danh gia dua trén céac chi s6 AUC, EF, GH va F1.

Két qua: Phuong phap dua trén dé twong déng phan tlr cho thay hiéu ndng sang loc cao; viéc tich hgp phuong phap hoc tap két hop cai
thién hiéu ndng sang loc huwéng chii van thu thé Apelin, véi két qua danh gid ngoai AUC = 0,997; GH= 0,924 ; F1= 0,875

Tir khéa: Apelin/APJ; bénh man tinh khong 1ay nhiém; sang loc do; do twong dong phan tl; Voting; Stacking

Abstract

MOLECULAR SIMILARITY FOR SCREENING APELIN AGONISTS: EVALUATION AND
PERFORMANCE OPTIMIZATION WITH VOTING-STACKING TECHNIQUES

To Van Thinh, Nguyen Song Nhu Ngoc, Nguyen Van Phuoc Chung, Vu Hai Dang, Truong Ngoc Tuyen, Nguyen Qui Hien

Background: Apelin, a bioactive peptide, is the endogenous ligand of the G protein-coupled receptor AP (APLNR) found mostly in the central
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nervous system (CNS) and other peripheral tissues. Studies on biological effects and therapeutic values towards chronic non-communicable
diseases have been widely published throughout the last two decades. This study aims to compute and evaluate the applicability of

Molecular Similarity for performing virtual screening (VS) of APJ agonists.

Obijective: To screen Apelin receptor agonists by applying molecular similarity based on molecular fingerprints, while optimizing screening

performance through ensemble learning methods, including Voting and Stacking.

Methods: Three standard reference compounds with strong Apelin agonist activity (CMF-019, AMG-986, BMS-986224) were used to
evaluate similarity-based ability to identify active compounds by computing 12 types of fingerprints and the Tanimoto coefficient. The
ensemble learning methods including Voting and Stacking were also applied to improve the overall performance. The similarity-based

screening performance for Apelin receptor agonists was evaluated using the AUC, EF, GH, and F1 metrics.

Results: The molecular similarity approach delivers strong screening performance; incorporating ensemble learning methods further

enhances this capability, yielding external validation metrics of AUC = 0.997, GH = 0.924, and F1 = 0.875.

Keywords: Apelin/APJ; chronic non-communicable diseases; virtual screening; molecular similarity; Voting; Stacking

1. DAT VAN BE

Su phat trién nhanh chong ciia x hoi cling v6i nhimg bién
d6i 16n vé méi truong sdng va khi hau da khién cac bénh man
tinh khong 1y nhim ngay cang khéi phat som va phé bién
trén toan cau [1]. Thoi gian qua, c6 rat nhiéu nhom thude méi
ra doi v6i muc tiéu didu tri hay cai thién suc khoe, chét lugng
song cho nguoi bénh, tuy nhién, tinh trang khong dap tmg
thudc xuét hién ngdy cang nhiéu dat ra yéu cau phat trién cac
huéng diéu tri méi nhdm dam bao cho qua trinh diéu tri dat
hiéu qua, dong thoi giam thiéu t6i da nguy co cac bién chimg.
Nho céc ki thudt thiét ké thude co sy trg gitp ciia mdy tinh
(Computer-Aided Drug Design - CADD) ma cac nha khoa
hoc di giam déng ké duogc thoi gian va chi phi dé dua thube
mdi ra thi truong. Trong do, qua trinh sang loc ao (Virtual
Screening - VS) la mét trong nhiing phuong phap CADD thuc
hién & cac budc dau trong qua trinh kham pha thude dé chon
Iya dugc cac hop chat co tiém ning twong tac véi dich tac
dong [2]. Bi véi sang loc 4o dya trén phdi tir, d6 tuong dong
phén tir thuong dugc tinh toan dya trén diu van tay phan tir va
so sanh bang hé s6 Tanimoto, cho phép xép hang nhanh cac
hop chét tiém nang trong nhimg co s& dit liéu 16n [3]. Vi mdi
loai ddu vén tay phan anh cac khia canh khac nhau ctia ciu
triic nén cac chién lugc hoc tap két hop co thé dugc phdi hop
dé khai théc tinh b sung giita cic dau van tay khac nhau. Cac
k¥ thuat nhu Voting ¢6 thé thuc hién hop nhét diém va xép
hang tir nhiéu phép tim kiém tuong dong dé ting do 6n dinh
va hiéu nang, trong khi Stacking dung mo hinh meta hoc tur
dAu ra ciia nhidu md hinh nén dé tang kha nang khai quat [4,5].

12 | https://www.duoc.tapchiyhoctphcm.vn

Apelin, mét peptid c6 hoat tinh sinh hoc, 1a phéi tor nd1
sinh ctia thy thé APJ thudc nhom thy thé két hop protein G,
duoc biéu hién rong rai cac md ngoai vi va trong hé théng
than kinh trung wong. Hé théng Apelin/APJ giit vai trd didu
hoa nhiéu chire ning sinh 1y va la dich diéu tri tiém ning ctia
c4c bénh man tinh khong lay nhiém [6-8]. Apelin ting cuong
co bop co tim, giam xo hda va dugc xem nhu mét diu 4n
sinh hoc tiém ning; dong thoi cai thién sir dung glucose, ting
nhay insulin va tham gia diéu hoa bénh dai thao dudng;
ngoai ra con bao vé té bao than kinh trong cac bénh thoai hoa
nhu Alzheimer, Parkinson va Huntington [9-13]. Tu thuc
tién do, nghién ciru nay tap trung xay dung phuong phap
twong dong phan tir img dung trong sang loc 40 nham tim

kiém c4c chét tiém nang huéng dong van APJ.

APJ 14 mét dich sinh hoc quan trong lién quan dén nhiéu
bénh Iy phirc tap, nhung cac nghién ciru thiét ké thude nhim
myc ti€u nay van con han ché. Nghién ctru ciia Suvankar
Banerjee (2022) da ting dung QSAR (Quantitative Structure-
Activity Relationship - Twong quan céu trac - tac dung) va
docking dé x4c dinh cac nhom thé quan trong (dién hinh nhur
nhom 4-chlorobenzyl, 4-bromobenzyl va 2-methoxy) va cac
acid amin chu chdt tham gia twong tac voi APJ [14]. Trén co
so ndy, Tran va cong su (2024) phat trién mo hinh
pharmacophore 3D két hop phan cum Butina va hoc tap két
hop (ensemble learning), qua d6 mo rong khong gian dir li¢u,
t6i ru hoa cau tric mé hinh va dat hiéu suat sang loc cao [15].
Nhimg két qua nay ciing ¢ vai trd ngay cang 16 nét clia cac
phuong phép tinh toan trong nghién ctru va thiét ké thudce
nhim trang dich APJ.

https:/doi.org/10.32895/hcjm.p.2026.02.02
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WO02017096130A1, WO2018071622A1, US9156796B2)
thu duoc tap hoat tinh bao gdm 6944 chat thoa man dong thoi
3 tiéu chi: dich tac dong la thu thé APJ & ngudi, c6 hoat tinh
chu van voi APJ, va co ECsp < 100 nM. Nghién ctru sir dung
ba chat chu van thu thé Apelin phan tir nho 14 CMF-019,
AMG-986 (AZELAPRAG) va BMS-986224 1am chat tham
chiéu voi gia tri ECso lan luot 1a 0,18 nM, 0,23 nM va

2. POl TUONG VA PHUONG PHAP
NGHIEN CUU

2.1. Dditwong nghién ciru
Nghién ctru duoc tién hanh trén co s dit liéu tong hop duogc

tr cac bai bado khoa hoc va cac bang sang ché

(WO2016187308A1, WO02018093576A1,
WO02019169193A1, WO2019036024A1, WO2016176476A1,  0:020M) [16-18] (Hinh 1.
CMF-019 AMG-986 BMS-986224
AR
/ Cl
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EC50 = 0,18 nM EC50 = 0,23 nM EC50 = 0,02 nM

Hinh 1. Ba chat tham chiéu xay dung phwong phap phan loai dya trén dé twong dong

2.2. Phuwong phap nghién ctru

2.2.1. Tai nguyén nghién cuu

Nghién ctru in silico dugc tién hanh tai B6 moén Hoa Hiru
co, Truong Duoc, Pai hoc Y Dugc Thanh phé Hb Chi Minh
trén may tinh str dung hé diéu hanh Linux 22.04, CPU AMD
Ryzen 9 3900X, 12 nhan, tde do xur Iy 3,79 Hz, by nho trong
512 GB, RAM 96,0 GB véi card d6 hoa AMD Radeon RX
6900 XT. Ngon ngir lap trinh Python duoc sir dung dé tinh
toan va xtr Iy két qua.

2.2.2. Chudn bj dir liéu

Tap hoat tinh sau d6 trai qua cac budc: (1) chudn héa
SMILES thanh Canonical SMILES, (2) bién d6i ECs) thanh
pECso va (3) loai bo cac chét tring lap. Pé dam béo tinh
gibéng thudc, quy tic 5 Lipinski (RO5) duoc ap dung dé sang
loc c4c tac nhan diéu tri bang duong ubng va chon cau triic
dap tmg it nhat ba quy tic (vi pham mot quy tic). Tap hoat
tinh dugc dua vao DeepCoy dé tao sinh cac “mdi nhi” véi
ty 18 1:50, tir d6 két hop cung dit liéu gdc tao thanh mét tap
danh gia hoan chinh.

2.2.3. Tinh todn va ddnh gid khé néng tng dung cia dé

twong déng phén to
Tinh todn dé twong déng phén ti

Qué trinh xtr Iy dit liéu, tinh toan ddu vén tay do twong
ddng phan tir dwoc minh hoa ¢ Hinh 2.

https://doi.org/10.32895/hcjm.p.2026.02.02

Nghién ciru tién hanh xay dung bo dit liéu hé sd twong
d6ng Tanimoto ctia 36 cap d4u van tay - chat tham chiéu,
tuong tmg v6i 12 loai déu vén tay va 3 chat tham chiéu
CMF-019, AMG-986, BMS-986224. Pau tién, nghién
ctru thyc hién tinh toan 12 dau vén tay phan tir bao gdm
MACCS, AVALON, MAP4, RDKS5, RDK6, RDK7,
ECFP2, ECFP4, ECFP6, FCFP2, FCFP4 va FCFP6 cua
ba chét tham chiéu va toan bo tap danh gia. Sau d6, nghom
nghién ctru tiép tuc tinh toan hé sb trong ddng Tanimoto

gitra chat tham chiéu va di liéu tap danh gia.
Bdnh gid hiéu ndng phén logi

Tap danh gia dugc sir dung dé danh gia hidu ning phan
biét cac chét hoat tinh va mdi nhir thong qua déu vén tay
va phuong phap tuvong dong. Hai thong s6 chinh dugc sir
dung 1a hé s6 lam giau tai 1% (EF1%) [19] va dién tich
duéi duong cong ROC (AUC-ROC) [20]. Trong do,
EF1% phan anh muc d nhan dién sém cac chét hoat tinh
trong 1% s6 chat c6 thir hang cao nhat ciia két qua sang
loc. Kha ning phan biét duoc xem la dat yéu cau khi dong
thoi thoa man AUC-ROC > 0,7 va EF1% > 1 [19,20].
Ngoai ra, nghién ciru con sitr dung thém diém s
Giiner-Henry (GH) va F1-Score nham danh gia toan
dién hiéu ning phan loai, véi ngudng chép nhan lan
luot 1a GH > 0,5 va F1 > 0,5 [21,22].

https://www.duoc.tapchiyhoctphcm.vn | 13
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Il. PHAN LOAI DUA TREN

PO TUONG DONG I1i. PANH GIA VA TOI UU

I. CHUAN BI DU LIEU

/il Panh gia hieu nang
= co sO

7~ Tinh toan dauvan

Z\S  tay phan tir

Tap hoat
tinh

~ ChEMBL

A 3 chat tham chiéu

m Tinh toan he so e
Tanimoto T ==

QO

Toi uu hoa

Ky thuat
Voting

Ky thuat
Stacking

Toi vu hiéu nang
phan loai

Hinh 2. Quy trinh dénh gia kha ning sang loc chat chu van thu thé Apelin dva trén dé twong dong

2.2.4. Téi wu héa qud trinh trng dung dé tuong déng phén tir

Nghién ctru x4c dinh cdp chét tham chiéu-diu van tay t6i
uu (cap d6i chimg nén) bang cach chon t6 hop mang lai gia
tri AUC-ROC cao nhét va vuot troi co y nghia théng ké so
v6i cac Iua chon con lai. P& dam bao tinh khach quan, tap
danh gia dugc chia 80:20 thanh danh gia ndi va danh gia
ngoai. Panh gia ndi duoc bién thé thanh danh gia chéo 10
14n lap lai 3 1an (10 x 3), sau d6 két qua duogc so sanh bang
kiém dinh Wilcoxon. Danh gia ngoai d6i chiéu hiéu ning
gitra cgp d6i chimg nén va két qua sau khi t6i wu hoa.

Hai k¥ thuat t6i wu héa dugc 4p dung 1a hai phuong phap
hoc tép két hop Voting va Stacking. Ky thuat Voting liy y
tudng tu phuong phap CHA (Common Hits Approach) va
thuét toan Ensemble, vi ban chat ciia phuong phap 13 t6 hop
su ¢ mat mot hay nhiéu bit ciia mot loai ddu van tay nhat
dinh trén ba chit tham chiéu (v6i trong s6 ciia ba chit nay 1a
nhu nhau). Pau vao k§ thuat nay yéu cau mot bo diu vén tay
“phil hop” nhit v6i ca ba chat tham chiéu, x4c dinh théng
qua két qua AUC-ROC trung binh. Qué trinh tmg dung
Voting vao tdi uu hoa trai qua ba budc bao gdm viée lya chon
va tinh toan du vén tay cho ba cht tham chiéu tir d6 suy ra
CHA ctia timg bit. Tiép theo, nghién ctru tién hanh tinh toan
hé sb twong ddng gitra CHA va tap danh gia, va cudi ciing
danh gia kha nang phan loai thong qua danh gia chéo trén tap
danh gia noi.

Ky thuét Stacking t6i wu hoa qua trinh timg dung do twong
ddng phan tir bao gdm ba budc chinh. Trude hét, mot bo dir
liéu m&i duge xdy dung dua trén déu ra ciia cac phuong phap
tinh do tuong ddng sdn co; trong trudong hop Optimal

14 | https://www.duoc.tapchiyhoctphcm.vn

Stacking, thuét toan Random Forest [20,21] dwoc 4p dung dé
thyc hién qué trinh lya chon dic trung. Tiép theo, meta-
model dugc huin luyén trén bo dit liéu méi nay nham hoc
cach két hop thong tin tir cac mé hinh co so. Cudi cing, hiéu
qua clia qué trinh tdi wu hoa dugc danh gi thong qua danh
gia chéo trén tap danh gi ndi va két qua dugce so sanh bang
kiém dinh Wilcoxon.

3. KET QUA

3.1. Tinh toén, danh gia va Iwa chon cip déi chirng nén
Nghién ctru thu duoc 36 bo dir liéu d6 tuong déng phéan
tir giita tap dénh gia va cac chat tham chiéu. Nghién ciru
tién hanh d4nh gia chéo va thuc hién kiém dinh Wilcoxon
dé xac dinh d4u van tay “phu hop” nhit cho timg chat

tham chiéu.

Sau qua trinh danh gia chéo ndi 10 1an lap lai 3 14n, gia
tri dién tich dudi duong cong AUC-ROC cao nhit khac
biét c6 ¥ nghia thong ké ¢ timg bd dir liéu lan luot la:
RDK7 (CMF-019) véi AUC-ROC = 0,690 = 0,036;
RDK5 (AMG-986) voi AUC-ROC = 0,914 + 0,015;
RDKS5 (BMS_986224) véi AUC-ROC = 0,897 + 0,013.
Khi so sanh 3 bo dir liéu twong tng v&i dau vén tay t6t
nhét, két qua cho thay bo dir liéu AMG-986 cho gia tri AUC-
ROC cao nhit c6 y nghia théng ké (p < 0,05) so v&i 2 b dit
lidu con lai (Hinh 3). T6 hop ddu van tay RDKS trén b
dir liu AMG-986 dugc chon lam cép déi chung nén véi
AUC-ROC = 0,914 + 0,015; EF1%=50,070 = 0,215 ;
GH= 0,803 + 0,01 ; F1= 0,347 £ 0,056.

https:/doi.org/10.32895/hcjm.p.2026.02.02



Tap chi Y hoc Thanh phé Ho6 Chi Minh - Dwoc hoc * Tap 29 * S6 2 * 2026

D4u van tay “phu hop” dél véi 3 chit tham chiéu -
Kiém dinh Wilcoxon
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CMF 019 k7 AMG_986.rdk5  BMS 986224 rdk5

Hinh 3. Biéu d6 hop va rau mo ta 3 bo di liéu bing phuong phap déanh gia chéo sir dung kiém dinh Wilcoxon dé so sanh dua trén dai lwong AUC-ROC

Tiép d6, nghién ctru tién hanh t6i wu hoa qua trinh tmg dung

3.2. T6iwu hod véi phuwong phap Voting

Gié tri AUC-ROC trung binh cua 12 bo du van tay dbi
voi ba chat tham chiéu. Két qua cho thay diu van tay RDK7
1a ddu vén tay “phi hop” nhét véi ca ba bo dit liéu chat tham
chiéu véi hé sb twong dong Tanimoto (AUC-ROC = 0,785).

AUC Voting — Kiém dinh Wilcoxon
psie-5

1.00 : : psie5
psies5
psie5
0.95

o % ==
20.90 r

o O 23 I
QO

0.80

AMG_986_RDKS tanimoto_cha1 tanimoto_cha2

tanimoto_cha3

d6 twong dong phan tir bang k¥ thut Voting. Mic du phuong
phap CHA?2 dat gia tri du doan tong thé cao nhat va c6 diém
AUC-ROC trung binh vuot trdi so v6i cip ddi chimg nén
(AMG-986_RDKS5), nhung khi xét dén hai chi sb F1 va GH
thi CHA2 van cho két qué thap hon (Hinh 4).

GH Voting — Kiém dinh Wilcoxon
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F1 Voting — Kiém dinh Wilcoxon
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Hinh 4. Biéu d6 hdp va riu mé ta phuong phap Voting trén 3 dai lwgng AUC-ROC, GH, F1
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3.3. Téi wu hoa vé&i phwong phap Stacking

Nghién ctru tmg dung phuong phép Stacking nhim tdi uu
hoa kha ning phén loai dua trén bo dit liéu chat tham chiéu
AMG-986. Két qua cho thiy muc do cai thién 13 rét so voi
cip ddi chimg nén: diém AUC-ROC trung binh ting tir
0,914 + 0,015 Ién 0,996 =+ 0,004, diém GH tir 0,803 £ 0,010
1én 0,915 + 0,022 va diém F1 tr 0,347 + 0,056 lén
0,864 + 0,034 (Bang 1). Cac két qua nay cho két qua c6 ¥
nghia thong ké véi phép kiém Wilcoxon (p < 0,05).

Bang 1. Két qua phwong phap Stacking trén bd dir liéu AMG-986.

Nghién ciru sir dung thuat todan Random Forest dé lya
chon cic “d4u van tay quan trong”. Random Forest da
chon 7 ddu van tay voi mac d6 quan trong giam dan lan
lugt 1a ECFP6, RDKS, Avalon, RDK7, MACCs, RDK6
va ECFP4 dé t6i wu hoa. Két qua cho thdy AUC-ROC,
GH va diém F1 cuta viéc chon loc dic trung lam giam
(c6 y nghia thong ké) hiéu nang phan loai dya trén do
twong dong phan tir so véi khi chua chon loc dic trung
(Bang 1). C6 thé dua ra két luan rang viéc dung chon
loc dic trung khong hiéu qua va co6 thé dan dén lam

giam hi€u nang phan loai.

3.4. DPanh gia ngoai

Pé chimg minh cho tinh tong quat hoa, danh gia ngoai
dugc thyc hién o giai doan cubi cung dé danh gia kha nang
phén loai bang d6 trong dong phéan tir mot cach khach quan
nhét. Két qua da chimg minh phuong phép Stacking khong
nhiing gitp cai thién két qua c6 y nghia thong ké trong danh

gia chéo, ma con cai thién hi¢u nang trong danh gia ngoai
(Hinh 5).

Phuong phap Phuong phap |Phuong phap chon| p-value
Dailugng Stacking loc d3c trung bang
Random Forest
Panh gid | AUC-ROC | 0,996 + 0,004 0,992 + 0,005 p<0,05
chéo noi
GH 0,915 £ 0,022 0,877 £0,031
F1 0,864 + 0,034 0,825+ 0,036
Panh gia | AUC-ROC 0,997 0,994
ngoai
GH 0,924 0,887
F1 0,875 0,834
1.0
0.8
i
(2 0.6
L
()
o
< 04
0.2

0.085
AMG_986_rdk5

Ensemble-CHA2 AMG_986_stacking

—e— AUC
—e— GH
—e— F1

AMG_986_optimal

Hinh 5. So sanh dai lwg'ng AUC-ROC, GH, F1 giita 4 gia tri danh gia hiéu nang trén tap danh gia ngoai

4. BAN LUAN

Két qua danh gia cho thay hiéu nang phan loai str dung bo
déu van tay cua RDKit vugt trdi hon so voi cac déu van tay
khéc & ca ba chat tham chiéu. Khi quan sat ba két qua tot
nhét tuong tmg véi timg chat tham chiéu, to hop giita chat
tham chiéu AMG-986 véi ddu vén tay 1a RDKS5 dat hiéu
nang tot hon c6 y nghia thong ké va dugc chon lam cip chat
ddi chiéu nén. Nham danh gi4 hiéu qua qua trinh t5i uru hoa,
nghién ctru tién hanh so sanh cac két qua sau tdi vu (thu duge

tir cac meta-model) voi cap chét dbi chiéu nén. Két qua cho
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thay k¥ thuat Voting lam giam hiéu ning, trong khi d6 ky
thuat Stacking cho thay kha ning cai thién kha ning phan
loai 16 rét. Surkét hop giita do twong dong phan tir va ky thuat
Stacking khong chi thé hién hiéu nang t6t & tap danh gia noi

ma con trén tap danh gia ngoai.

Su thanh cong cua phuong phép Stacking cang dugc cing
cb khi so sanh véi nghién ctru cta Tran va cong su (2024)
[15]. Su twong ddong vé& hiéu qua t6i wu cua phuong phap
Stacking trong hai hudng tiép can khac biét - mot bén dwa
trén dac trung hoéa hoc 2D va mot bén dua trén chu trac
3D - d chimg minh cho tinh 6n dinh va kha ning tong quat
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hoa ciia ky thuat Stacking. Do d6, viéc tong hop da chiéu
thong tin théng qua mo hinh meta 1a chia khoa dé nang cao
hiéu nang khi so sanh véi cac phuong phap don 1€, gitip nhan
dién cac chét chi van tiém ning trong tap dit liéu phic tap.
Diéu nay giup kha ning ng dung ctia do twong dong phan
tir trong phén biét giira cac chat ¢ hoat tinh va cac moi nhir
¢6 cAu trac tuong ty tro' nén t6t hon, khéc phuc dugc nhiing
diém yéu cb hiru ciia timg cdp chat tham chiéu - dau van tay

riéng 18.
5. KET LUAN

Nghién ctru da dénh gia dugc kha nang phan biét chat chi
van thu thé Apelin dua trén d6 trong ddng phén tir va t6i uu
hoa bang phuong phap hoc tap két hop Voting va Stacking.
Két qua da chi ra réng viéc lya chon chit tham chiéu
AMG-986 va loai dau van tay RDKit c6 anh huong quyét
dinh dén hiéu nang phan loai. Pdng thoi, nghién ctru con cho
thay ky thuat Stacking gitp t6i uu hoa hiéu ning phan loai
t6t hon khi so véi cac phuong phap riéng 1.

Trén co s& nhimg két qua dat duoc, dé hoan thién va phat
trién nghién ctru trong tuong lai, ching t6i s& tich hop du
van tay mang thong tin c4u triic 3D ctia cac hop chét vao tinh
toan do twong ddng. Trong d6, phuong phap nay s& dugc xy
dyung dua trén bo dit liéu v6i chat tham chiéu 1a AMG-986
bang k¥ thuat stacking va thuc hién danh gid, so sanh véi
phuong phép hién tai. Dong thoi, mé hinh docking phan tir
trén thu thé APJ s& dugc tién hanh song song véi phuong
phap tinh toan d6 tuong dong. Cac phuong phap va mé hinh
sau khi hoan thién s& dugc img dung trong sang loc 40 nhim
tim kiém céc chét chu van tiém nang trén thy thé Apelin; cac
cAu tric ¢o trién vong cao s€ dugc lya chon dé tién hanh téng
hop va danh gia hoat tinh sinh hoc trong cac budc tiép theo.
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