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SANG LOCVA KHAM PHA DAN CHAT PHLORIZIN
HUGNG DEN UC CHE SGLT2: KET HGP SANG LOC A0
VA TRI TUE NHAN TAO TAO SINH

SCREENING AND DISCOVERY OF PHLORIZIN DERIVATIVES AS SGLT2 INHIBITORS: AN INTEGRATION OF
VIRTUAL SCREENING AND GENERATIVE ARTIFICIAL INTELLIGENCE
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TOM TAT
Glucose dugc tai hap thu chti yéu tir dich loc cdu than vao mau thdng qua kénh dong van glucose-natri 2 (SGLT2) tai 6ng lugn gan. (o ché nay gidi thich tiém
nang ha dung huyét clia cac chat tic ché SGLT2 (SGLT2i), md ra mdt hudng tiép can trong diéu tri dai thdo dudng type 2. Cic dan chat chita khung phlorizin da
dugc ching minh ¢6 kha nang tic ché SGLT2. Trong nghién ctiu nay, 91 dan chat phlorizin dugc sang loc in silico bang phuong phap docking phan ti trén protein
SGLT2-MAP17 (7VSI). Két qué sang loc dd xac dinh dugc 5 hgp chét tiém nang dua trén nang lugng lién két cao nhat (ti-11,7 dén =11,8kcal.mol~") va vi tri
tuong tac giia ligand vdi protein. Tir d6, cdc md hinh dugc diing dé phan tich tinh chat vat Iy va dac tinh giong thudc cda 5 hoat chat nay. Cudi cing, mgt mo hinh
khuuéch tan tao sinh da duoc st dung d€ tao thém 529 hop chdt mdi dua trén khoang gan két clia protein SGLT2-MAP17, tim dugc 63 cht ¢6 nang lugng lién
két cao hon so vdi 5 chat tiém nang nhat ban dau (-11,9 dén -14,6kcal.mol™"). Nghién ctiu da thiét 1dp bd dit liéu cac hop chat tiém néng tic ché SGLT2, lam nén
tang dinh hudng cho qua trinh tdng hap va danh gid hoat tinh sinh hoc.

Tir khod: SGLT2; phlorizin; docking phdn tt; Al tao sinh; sang loc va khdm phd thudc.
ABSTRACT

Glucose is reabsorbed primarily from the glomerular filtrate into the bloodstream via the sodium-glucose cotransporter 2 (SGLT2) channel in the proximal
tubule. This mechanism explains the hypoglycemic potential of SGLT2 inhibitors (SGLT2i), marking a new therapeutic approach in the treatment of type 2
diabetes. Phlorizin-containing derivatives have been shown to inhibit SGLT2. In this study, 91 phlorizin derivatives were screened in silico using molecular docking
on the SGLT2-MAP17 protein (7VSI). The screening identified 5 potential compounds based on the highest affinity (-11.7 to -11.8kcal.mol™") and binding-site of
ligand-protein interactions. Several models were sequently employed to analyze physicochemical and drug-like properties of these 5 active substances. Finally,
a diffusion-based generative model was implemented to generate 529 novel compounds optimized for the SGLT2-MAP17’s binding site. Of these, 63 exhibited
predicted binding affinities that surpassed those of the five reference ligands (ranging from -11.9 to -14.6kcal mol ™). The study thus delivers a curated dataset
of prospective SGLT2 inhibitors that will navigate forthcoming synthetic efforts and biological activity assessments

Keywords: SGLT2; phlorizin; molecule docking; generative Al; screening and discovery drug.
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1. GIGI THIEU mau do tuyén tuy san xudt khéng du insulin — dai thao
Bénh ly dai thao dudng (BTD) la mot réi loan mantinh ~ dUong F)A’pe 1 (D'TD'T) hodc co thé klléng C,C? kh? néng‘; su
dudgc biéu hién bing tinh trang ting lugng glucose trong ~ dYng hiéu qua insulin dugc san xuat - dai thao duong
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type 2 (DTD-2), véi insulin la mot loai hormone diéu chinh
lugng dudng trong mau [1]. Khi tinh trang bénh tién trién
hodc khong nhan dugc diéu tri dung cach, lugng dudng
trong mau cao c6 thé dan dén tén thuong mét sé hé
théng co thé, tir d6 lam tang nguy co mu 10a, suy than,
dau tim, dot quy va cat cut chi dudi [2]. Theo IDF (Lién
doan Dai thao dudng thé gidi), s6 bénh nhan dai thao
dudng (d6 tudi tir 20 - 79) dugc chudn doan nam 2024 1a
589 triéu va sé tang trén 850 triéu dén nam 2050, trong
do ty 1é tang cao nhat dugc ghi nhan lan lugt tai Chau Phi,
Trung Doéng - Bac Phi va Daong Nam A vai ty |é tuong tng
142%, 92% va 73% [3]. Trong s6 cac dang ctia bénh ly BTD,
DTD-2 chiém hon 90%, hién dang la ganh nang bénh tat
thi tam trén toan cau va dugc du doan tang lén thu hai
nam 2050 [4, 5].

Hién nay, nguyén nhan tién phat ciia bénh BTD-2 van
chua dugc lam ré6 nhung mét s6 yéu t6 nguy co lam gia
tang ty 1é mac bénh da dugc ghi nhan nhu béo phi, lusi
van déng, tudi tac, cac bénh ly tim mach va chdng toc
(Nam A, Phi-Carribe va Tay Ban Nha) [6]. Trong d6, bénh
nhan béo phi, tinh trang khang insulin tang nhanh dan
dén qua trinh bat dung nap glucose, hé qua la néng do
glucose huyét tang va gay ra réi loan chic nang cla té
bao B tuy [7]. Phdc d6 diéu tri do WHO khuyén cdo nam
2018 dua trén su kiém soat nong dé glucose huyét [8].

First-line: sulfonylurea hogc metformin
*Kiém soat glucose huyét lic d6i < 7 mmol.L ™" (126 m.L7'L)

l

Second-line: insulin ngoai sinh
* D6i véi bénh nhan khong kiém soét glucose huyét hodc
méc téc dung phu véi first-line

J

Third-line: (e ché SGLT-2 hoéc trc ché DDP-4 hoac TDZ
*D6i v6i bénh nhén khong thé dung insulin theo duong tiém

Hinh 1. Phac d6 diéu tri dai thao duong type 2 theo WHO PEN 2018

Tuy nhién, trong khuyén céo ctia ADA (Hiép hoi Dai
thao dudng My) nam 2024, d6i véi cac bénh nhan co
bénh déng mac nhu tim mach, suy tim hay bénh than
man tinh, cac thuéc nhém SGLT-2i dugc st dung nhu
thudc dau tay (first-line) giup kiém soat glucose huyét tot
va giam cac bién chiing véi nhom bénh nhan nay [9]. Bén
canh d¢, viéc st dung SGLT-2i theo dudng udng dudi chi
dinh mot don vi liéu/ngay viia c6 sinh kha dung dudng
udng tét via thuan Igi cho cac bénh nhan khéng tu su
dung insulin bang dudng tiém [10].
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SGLT-2 la mét protein dong van chuyén natri-glucose
tai doan S1 clia 6ng lugn gan trén nephron cau than, c6
chtic ndng téi hap thu khoang 90% glucose trg lai vao
mau [11]. Phlorizin dugc biét dén la hoat chat dau tién co
khd nang (c ché SGLT-2 (SGLT-2i), mét glycosid cla
dihydrochalcon dugc phan lap tu vé cay tao [12]. Tuy
nhién, su kém chon loc 1én thu thé SGLT-2 (ICso = 35,6nM)
so vai thu thé SGLT-1 (ICso = 330nM) va su thdy phan cau
néi O-glycosid bai B-glucosidase tai ruét non tao thanh
hagp chat phloretin (mot hop chat tic ché hap thu glucose
chl déng cla té bao, ké ca té bao nao) dugc minh hoa &
hinh 22 da lam cho cac dan xuat nhom O-glycosid
phlorizin sém bi thay thé [13]. Vi vay, cac dan xuat C-aryl
glycoside hinh 2b cho thay kha nang chon loc trén SGLT-
2 va bén viing trong qua trinh chuyén héa khi st dung
theo dudng uéng [14-16].
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Hinh 2. a) phan (ing thly phan phlorin; b) Cac cau tric tuong dong

phlorizin

Dapagliflozin (Dapagliflozin Viatris®, vién udng
5/10mg, 2023 [17]) la hoat chat dau tién dugc phat hién
nhu la mét thudc diéu tri PTD theo co ché SGLT-2i, vdi su
thay thé nhom glycosyl bang nhém C-aryl va rdat ngéan
khoang cach gilta hai vong benzen lam tang tinh chon loc
[én thu thé SGLT2 thé hién & gia tri IC50 chi 1,1nM [18].
Tuong ty, canagliflozin (Invokana®, vién uéng 100/300
mg, 2013 [18]) vGi thay thé vong benzen bang di vong
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thiophen cling cho thdy kha nang utc ché SGLT-2, tuy
nhién, n6 c6 kha nang giam dang ké HbA1c (1,77 - 1,78%)
trong mau khi dung phoi hgp véi metformin [19, 20]. Cudi
cung, empagliflozin (Jardiance®, vién uéng 10/25 mg,
2014 [21]) cing dugc diéu chinh cdu truc so véi
dapagliflozin khi thay thé nhom ethyl trong nhém ether
bang mét nhanh tetrahydrofuranomethyl. Mac du,
empagliflozin c6 gia tri ICso thap hon pagliflozin nhung
hoat chat nay dé dang trong phéi hgp diéu tri vai
metformin, sulfonylurea va lam giam dang ké muc do
HbA1c trong mau (0,77 - 0,78%) [21-23].

Hién nay, cac phuong phdap sang loc va kham pha
thuéc du trén mady tinh va tri tué nhan tao da giup tiét
kiém dugc thai gian, chi phi nghién ctiu va su phat thai 6
nhiém. Docking phan t& la mot budc quan trong trong
sang loc do cac chat dua trén nguyén ly 6 khoa - chia
khoa. Cac ligand (phan ti thuéc) sé dugc mé phong gan
két vao mot dich tac déng (protein) va su tuong tac nay
dugc thé hién thong qua vi tri gan két (lién két véi amino
acid va théng sé khoang gan két) cling nhu thé hién qua
ai luc gén két. Bén canh phuong phap docking phan tu
truyén thong, gan day cac mo hinh khuéch tan tao sinh
(generative diffusion models) dang ndi l1én nhu mot
hudng ti€p can mdi cho thiét ké phan ti thudc trong
khéng gian 3D [24]. Tiéu biéu c6 thé ké dén TargetDiff va
Pocket2Mol nédi bat nhu hai mé hinh khuéch tan
SE(3)-equivariant c6 kha nang dong thai sinh toa d6 3D
va kiéu nguyén tlr clia phéi tr trong khoang gan két clia
protein dich [25, 26]. Co ché kh{ nhiéu phi tuan tu, bao
toan tinh d6i xtiing hinh hoc gitp cac mé hinh nay tao ra
cac hgp chat mai véi ai luc gan két vuot troi. Do dé, céc
mo6 hinh tao sinh khuéch tan cho phép mé rong nhanh
chong thu vién chat tic ché SGLT-2, dinh huéng téng hop
va rat ngan dang ké qua trinh kham pha thudc diéu tri dai
thao dudng type 2.
2.D0I TUONG VA PHUONG PHAP NGHIEN CUU
2.1. Déi tugng nghién ciu

Co'sé dirliéu dung trong nghién ciru

Tap hop gom 91 ligand da dugc téng hgp trong cac
nghién ctru [27-30], cac hoat chat nay c6 khung céu tric
tuong déng phlorizin nén c6 tiém nang SGLT-2i. Thong tin
méi chat dugc biéu dién théng qua cdu trac 2D (day da
théng tin 1ap thé) va danh phap IUPAC.

Phuong tién trong nghién ciru

Pé tai dugc thuc hién tai B& mon Héa hiu co, Khoa
Dudgc, Dai hoc Y dugc Thanh phé H6 Chi Minh, st dung
trang thiét bi va phan mém nhu liét ké & bang 1.
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Bang 1.Thdng s6 clia céc thiét bi va phdn mém nghién cliu

Trang thicthi/Phan . hinh, dac tinh thiét bi
mém
Mav tinh c& nhan DELL XPS 9320 (12th Gen Intel(R), Core(TM)
y i7-1260P (16 CPUs), 2.16H2)
Bo vi xtr Iy AMD Ryzen Threadripper 7970X (32
L nhan, 64 luong, xung nhip t6i da 5.3GHz, bo
My tinh PC nhé dém 128MB), b nh6 RAM 128GB, 2 card
@6 hoa NVIDIA RTX A6000 48GB GDDR6.
Phan mém Chem0ffice

22.0, Discovery Studio
Visualizer 2025,
MGLtools 1.5.7, PyMOL
(ban dung thir 30 ngay),
Dwimperl-5.14.2.1

Ma hinh tao sinh

Pocket2Mol https://github.com/pengxingang/Pocket2Mol

2.2, Phuong phéap nghién ctiu

Chudn bi protein va ligand

Protein  SGLT2-MAP17 dugc tdi tu RCSB
(https://www.rcsb.org/structure/7VSI) c6 ma la 7VSI (d6
phan giai 2.95A), tién hanh tach ligand déng két tinh
(empagliflozin) va protein, cac cau tric sau khi tach dugc
luu 6 dang *.pdbqt.

Cac ligand dugc trich tir cac cong b6, dugc tai lap cau
trdc 3D va ldy ma SMILES tur clfa s6 Chem-3D. Sau do, st
dung google collab dé chuyén ma SMILES thanh tép
* pdbqt, luu tai dudng dan: Multiple-ligands-docking

Xdc dinh théng s6 6 mang va thuc hién docking

Théng s6 6 mang (grid box) dugc xac dinh thong qua
xac dinh vung lién két cta ligand empagliflozin véi
protein SGLT2-MAP17 bang phan mém Autodock Tools
clia MGLtools 1.5.6. Kich thudc 6 mang la 20x30x26A3 vi
toa doé x = 39,418; y = 51,846; z = 45,489. D€ chudn héa
qua trinh docking, cac cdu dang cua ligand déng két tinh
sau tach dugc re-dock vao vung hoat déng ban dau cta
protein dé tinh toan gia tri d6 léch binh phuong trung
binh géc (RMSD) bdng PyMOL. Gi tri RMSD nhd hon 2A
la dang tin cay.

Thuc hién docking phan tir91 liagand da chuan bi lén
protein c6 ma 7VSI vai phan mém Autodock Tools [31].

Xac dinh ra 05 chat c6 &i luc gan két cao nhat. Tu do, su
dung phan mém PyMOL dé biéu dién khoan lién két cta
5 chat nay va empagliflozin [32], sau d6 dung phan mém
Discovery studio tim vi tri gan két va loai gan két [33] cia
05 chat nay vai protein dich.
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Xdcdinh théng sé héa ly va déc diém giéng thuéc ciia
05 chdt

Khao sat mot s6 dac trung héa ly theo quy tac Lipinski-
5 tai website:

https://scfbio-iitd.res.in/software/drugdesign/lipinski,jsp

Xac dinh cac dac diém gidng thudc tai website:
http://admetlab3.scbdd.com

Strdung tritué nhén tao tao sinh bé chdt tuong déng
V@i 05 chit 6 di luc cao nhdt

Dé tai st dung mé hinh khuéch tan tao sinh
Pocket2Mol [26] d€ tao cac chat tiém nang Uc ché SGLT-2
dua trén protein dich v&i ma 7VSl.

Trén co sG cua 5 ligand ¢6 nang lugng lién két cao
nhat, chidng t6i dung b khuéch tan tao sinh Pocket2Mo
dé thiét 1ap cac cdu tric tuong déng c6 chia khung
phlorizin nham tc ché SGLT-2.

3. KET QUA VA BAN LUAN
3.1. Két qua docking phan tu

Nang lugng tuong tac gilia ligand déng két tinh -
empagliflozin - vao protein 7VSI la -11,5kcal.mol™, gia tri
RMSD = 1,076A (nho hon 2 A) clia qué trinh re-docking
dugc biéu dién & hinh 3 cho thdy mé hinh docking nay
dang tin cay.

Két qua docking 91 ligand vao protein thu dugc 11
chat c6 nang lugng lién két cao hon so vai empagliflozin
(tr 11,6 dén 11,8 kcal.mol™"). Trong nghién ctiu nay, ching
to6i da chon 5 ligand Lig68, Lig75 (4G = —11,8 kcal.mol™)
va Lig26, Lig40, Lig65 (AG =—11,7kcal.mol~") dé€ so sanh vi
tri khoang gén két clia ching véi empagliflozin. Cac két
qua mdé phéng bang phan mém PyMOL cho thdy cac
ligand cuing vi tri khoang gén két véi ligand déng két tinh
trong protein 7VSI va trong pham vi lién két véi cac amino
acid cda khoang nhu hinh 4.

MatchAlign: score 5.000
ExecutiveAlign: 31 atoms aligned.
1.076 (31 to 31 atoms)

Executive: RMSD =

Hinh 3. Két qua re-docking ligand dong két tinh vdi protein
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Hinh 4. Vi tri khoang lién két clia 5 chét va empagliflozin trén protein

DE& lam rd hon vé méi lién quan gilfa cau trdc va hoat
tinh sinh hoc tic ché SGLT-2, 5 ligand c6 diém s docking
cao va c6 nhiing dac thu vé mat cau trac dugc lua chon
dé tiép tuc phan tich. Phan mém Discovery studio dugc
st dung dé biéu dién tuang tac hai chiéu gidra 5 ligand
trong khoang gan két, loai lién két va vi tri lién két vai cac
loai amino acid dugc biéu dién & hinh 5. Nang luong lién
két va mét s loai tuong tac chinh dugc trinh bay trong
bang 2.

Empagliflozin

Lig26
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Lig40 _ O

Lig65

Lig68
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Interactions

[: van der Waals D Pi-Sigma
D Conventional Hydrogen Bond :] Pi-Pi Stacked
|:] Carbon Hydrogen Bond D Pi-Pi T-shaped
[:l Halogen (Fluorine) :] Alkyl

- Unfavorable Donor-Donor :] Pi-Alkyl
I:l Pi-Cation

Hinh 5. M hinh tuong tac hai chiéu cta cac ligand va empliflozin vdi
protein 7VS|

Bang 2. Céc loai tuong tac gilta 5 ligand va empagliflozin véi protein 7VSI

Cacloai tuong tac chinh
Nang lugng——— -
Ligand lienkst Liénket L) _
(keal.mol-") hydroge n—¢ chong m—alkyl n—cation
n n-n
Gly79,
Lig26 -11,7 Glu99,  Val157 Tyr290 His80
Phe98
s
go 117 O Pheas3 Valis7, isce
Lys321, Val286 Glu99
Gln457 1290
Asn75 Leu84
' Phe9s, '
ligss 117  His80, Tryp290 Ph§453 Valos,  Hiss0
Trp291 Val157
Leu84
Asn75 '
. o Phe9s, Val95, .
Lig68 -11,8 TI-:w;S; Tryp290 Pheds3 Val157, His80
P Leu274
Leu84,
. His80, Phe98, Val95, .
Lig75 -11,8 Lys321 Tryp290 Pheds3 Val157, His80
Leu274
Asn75,
Empagli Phe9s, Phe98, Val9s, )
fon P sens, PP phesss rewza T
Lys321

Cac tuang tac gila 05 ligand vai 7VSI déu tuong tu
empagliflozin. Tuy nhién, su khac biét r6 nhat dén tu
tuong tac van der Waals (mét dang tuong tac ky nudc),
hinh 5 cho thay khi s6 lugng tuong tac van der Waals tang
lén théng qua su tang da phan nhanh (Lig26), thay déi
don vong thom bang mot vong ngung tu (Lig40) va tang
Ién 3 vong thom (Lig65, Lig68 va Lig75). Tat ca cac yéu té
nay da lam tang nang lugng lién két gita ligand va
protein. Trong s6 5 ligand nay, c6 4 ligand thuéc nhom C-
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aryl glycosid (Lig26, Lig65, Lig68, Lig75), trong khi dé
Lig40 la mot N-glycosid. Két qua nay cling dong thuan vai
nghién ctu ctia C.H. Yao va cong su, khi Lig40 bén vimng
hon trong chuyén héa (so véi O-glycosid), chon loc trén
SGLT-2 véi ECso = 161nM va thit nghiém in vivo cho thay
sinh kha dung dudng uéng tét va né cha yéu dugc thai
qua nudc tiéu [34]. Bén canh do, cac Lig65, Lig68 va Lig75
c6 xuat hién thém tuong tac halogen clta fluor véi
Asp454.Véi su xuat hién ciia nhom trifluoromethyl (Lig68
va Lig75) giup hinh thanh thém 2 tuong tac halogen va
alkyl, diéu nay lam tang dang ké nang lugng lién két so
véi cac ligand con lai.
3.2. Khao sat tinh chat héa ly va dac tinh giéng thuéc

Theo quy téc Lipinski-5 dugc dé xuat nam 2001, cac
chat c6 d6 hap thu kém khi khéi lugng phan ti (Molecular
weight - MW) 16n han 500Da, hé s6 logP 16n hon 5, 6 s6
lién két hydrogen ki€u cho 16n hon 5 va s6 lién két
hydrogen ki€u nhan 16n hon 10 [35]. Bang 3 mo6 ta cac
thong sé tinh chat hoaly ctia 5 ligand va empaglilozin dua
trén quy tac Lipinski-5.

Bang 3. Cac thong s tinh chdt hda Iy clia cdc ligand va empagliflozin theo
Lipinski-5

Ligand Khné'i Itfqng Lieje‘r?l kétH Lie‘in ké'tn H LogP
phantit(Da) kieucho  kiéunhan

Lig26 396.00 2 4 3.01
Lig40 441.50 3 4 4.15
Lig65 458.50 4 5 3.25
Lig68 508.50 4 5 413
Lig75 488.00 4 5 3.79
Empagliflozin 423.50 4 7 0.84

S6 liéu cho thay cac ligand déu c6 cac théng so tuan
thu theo quy tac Lipinski-5, ngoai trur trudng hgp cua
Lig68 c6 MW > 500Da. Cac Lig65, Lig68 va Lig75 déu c6 s6
lién két hydrogen kiéu cho bang va lién két hydrogen kiéu
nhan ctia 5 ligand it hon so vGi empagliflozin, diéu nay
phu hop véi két qua docking cla céc ligand véi protein.
Tuong ty, ca 5 ligand déu co gia tri logP cao hon so vGi
ligand déng két tinh. Diéu nay chi ra rang tinh than dau
cla chung la rat cao va co thé dan dén khé khan khi bao
ché thanh dugc chat, ching c6 thé lam gia tadng doc tinh
cla thudc vi ching dugc gitt lau trong 16p lipid kép cua
mang té bai va phan bé rong khip trong co thé [36]. M6
hinh dong hoc - déc tinh cta 5 ligand nham lam ré kha
nang giéng thudc (drug-likeness) dugc xac dinh bang
céng cu web ctia ADMET Lab3.0 [37]. Hinh 6 biéu dién 13
tinh chat hoa ly cia 5 hgp chat la dudng mau vang, tuong
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Ung véi ngudng trén (upper limits) la vung xanh ducng
va nguéng dudi (lower limits) la ving xanh 13 cay.
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Hinh 6. Radar dong hoc - ddc tinh cla empagliflozin va 5 chat cd nang
lugng lién két cao nhat

Radar cta cac ligand cho thdy tinh chat ctia ching déu
thudc vung téi uu giéng thubc va tuong tu empagliflozin.

Vol. 61 - No. 5B (May 2025)

Tuy nhién, cac ligand déu c6 dé tan, tong dién tich bé mat
phan cuc (log$ va TPSA) thap hon va dé than dau (logP)
cao han so véi empagliflozin. Diéu nay c6 thé lam gidm
khda nang hap thu va phan b6 cla ching so véi
empagliflozin. Trong s6 5 ligand, Lig68 va Lig75 déu cho
thay d6 than dau cao va dé hoa tan trong nudc cao hon
0 VGi cac chat con lai, diéu nay c6 thé lam tang sinh kha
dung theo dudng udng khi théa man dugc ca tinh tham
va tinh tan trong nudc. Trong qua trinh chuyén hoa,
enzyme CYP450 la mét day cac enzyme chiu trach nhiém
chuyén hoa xenobiotic [39]. Theo két qua thu dugc tu
ADMET, empagliflozin va Lig75 cho thay tuong tac yéu voi
CYP, cac chat con lai déu tuong tac manh véi CYP nén dé
bi chuyén héa. Bén canh dé, véi cing nang lugng lién két
(-11,7kcal.mol™), Lig26 c6 cac sé lién két quay (nRot) kha
thap, sé giup cau dang cta no6 én dinh khi chuyén hoa
trong co thé hon [38].
3.3.Bo dirliéu tao sinh tu tri tué nhan tao

B6 dirliéu thu dugc gobm 529 chat véi ma SMILES, dugc
dat tén chung id_#.txt. Sau d6, Google Collab dugc dung
dé chuyén SMILES thanh file *.pdbqt dé tiép tuc docking
phan ti va luu tai dudng dan: Alig docking

Tat ca 529 ligand dugc thuc hién docking Ién protein
7VSI véi thong s6 mang khong thay déi. Két qua cho thay
c6 63 ligand tao sinh c6 nang lugng lién két cao hon so
vGi 5 ligand ban dau, nang lugng clda ching trong
khoang tur -11,9 dén -14,6kcal.mol™" dugc phan bé nhu
hinh 7.

35

30
25
20
34
15
10
o mm [ 2 ]

[-14.6,-14.15] (-14.15,-13.7] (-13.7,-13.25] (-13.25, -12.8] (-12.8, -12.35] (-12.35, -11.9]

Hinh 7. Phén bo s lugng ligand theo ndng lugng lién két

Theo phan bg, cac ligand tao sinh cé nang lugng lién
két trong khoang (-11,9 dén -12.35kcal.mol™") chiém s6
lugng cao nhat véi 34 chat. Khi nang lugng lién két cang
tang, s6 lugng ligand thda man cang giam di ro rét. Nang
lugng lién két trong khoang -11,5 (néng lugng lién két ctia
empagliflozin) dén -12.5kcal.mol™" (nang lugng lién két mo
phéng) phu hgp véi qua trinh docking Ién protein 7VSI.

T két qua chia qua trinh docking, chon ngau nhién 6
ligand tao sinh trong sau vung phan bé cla hinh 7 dé
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thuc hién qua khao sat dac tinh giéng thubc ctia phan tu
tao sinh. Két qua dugc trinh bay & hinh 8.

U @ Uso - weuns woxrcs e .me S Uroe-ime D Cemocunt P 9%

Id_284 (AG=-13.0kcal..mol™") Id_289 (AG=—12.4kcal..mol™")

Vevetimr @ peeetir (0 Do e e -

Id_352 (AG=—-12.0keal..mol™")  I1d_357 (AG=—

- = -

13.8 keal. .mol™")

[

‘‘‘‘‘‘‘‘‘

Id_425 (AG=—13.5keal..mol™")  1d_466 (AG =—14.6 kcal..mol™")

Hinh 8. Radar tinh chét hda Iy clia cac ligand tao sinh

Cac chat dugc lay ngau nhién chua théa man dap tng
day du 6 tiéu chi dung lam thudc. Budng biéu dién tinh
chat clia cac ligand tao sinh déu vi pham vling t6i uu clia
dac tinh gi6bng thudc theo ADMET. Sy gia tang tinh than
dau va giam tinh than nudc chi gitip tang nang lugng lién
két Ién protein nhu & cac chat id_357, id_435 va id_466.
Diéu nay sé khéng phu hop cho nhiing thudc thudc
nhom SGLT-2i dung cho dudng uéng (tham tét va tan tét).
4. KET LUAN

Nghién ctu da sang loc dugc 11 chat ¢6 nang lugng
lien két lén protein ¢c6 ma 7VSlI cao hon so Vdi
empagliflozin, c6 kha nang tic ché SGLT-2.Théng qua qua
trinh docking da lam ré dugc méi lién quan gitia cau tric
va tac dung SGLT-2i. Ngoai ra, cac khao sat vé tinh chat
hoa ly va dac diém giéng thudc cho thay 5 ligand c6 diém
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s8 docking cao nhat co tiém nang phat trién thanh thudc
vaGi sinh kha dung dudng udng cao cung véi cac dit liéu
th{ hoat tinh sinh hoc chinh xac nhu in vitro va in vivo.

Nghién ctu da tao ra mot bo di liéu véi 63 chat tao
sinh c6 diém s6 docking hon 5 hoat chat ban dau théng
qua tri tué nhan tao tao sinh. Tuy nhién, cac chat nay van
chua thda man vé mét cau trac va dac tinh giéng thudc.
Vi vdy, mo hinh huan luyén can dugc tiép tuc tinh chinh
va phat trién dé cung cip nhling cau truc téi uu hon.
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