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Tém tat

Nghién ctru nham sang loc cac hop chat khung xanthone c6 kha niang trc ché protein  Nhén
mortalin — mot protein cé vai trd quan trong trong sy tang sinh khong kiém soat cia ¢ Pugc duyét
bao ung thu . Co s& dit lidu gdm 3 000 hop chat c6 ngudn gdc khung xanthone duge  Cong bo
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dugc sang loc 40 thong qua k¥ thuat mé phong ldp ghép phan tir véi dich sinh hoc muc
tiéu. Két qua, bdn hop chat tiém ndng vdi ky hi¢u 488, 481, 1226, 1866 thé hién 4i luc Ty 1hoa

lién két cao véi mortalin, trong d6, hop chat 1226 dap ung bd quy tic Lipinski va co

mortalin, p53, in silico,

twong tac phén tir tot v6i protein muc tidu. Céc sd liéu thu duge cho thdy cac hop chat docking phéan tu, xanthone,
nay c6 thé dong vai tro 1a hoat chat tiém nang phu hgp cho nhirng bude nghién clru  hoat chat thién nhién, ung thur
thue nghiém ti€p theo d€ phat trién thanh thudc duong uong trong dicu tri bénh.
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1. Pit vin dé

Hién nay, ung thu 13 mét trong nhitng van dé duoc quan
tAm toan cau va la ganh ning trong linh vuc strc khoe con
nguodi. Theo bao cdo nam 2020 clia co quan nghién clru
ung thu quéc t& (IARC), hang nim c6 khoang 19,3 tri¢u
ngudi duoc chan doan mac méi va 10 triéu ca tir vong bai
céc loai ung thu khac nhau trén toan thé gidi [1]. Dy kién
dén nam 2040, s truong hop duge chan doan ung thu s&
1én dén 28,4 tridu nguoi va sd ngudi tir vong udce tinh 1a
16,3 tri€u nguoi (taing 40 % so voi nam 2020) [2].
Mortalin 1a mét protein chaperone quan trong thudc ho
Hsp70. Protein nay c6 chirc ning thiét yéu trong viéc duy
tri tinh 6n dinh cua protein, van chuyén protein va ho tro
su ting sinh cua té bao. Mortalin dugc phan bd chi yéu
trong ty thé, tham gia vao qua trinh van chuyén protein
tién chét va duy tri chiic ning ty thé. Tuy nhién, & cac té
bao ung thu, mortalin thudng ¢ sy biéu hién qua mirc va
dugc tim thay voi ndng d6 cao trong té bao chét, diéu nay
dugc chimg minh 13 ¢ lién quan truc tiép dén sy phat
trién va tinh khang thudc cta khdi u 4c tinh. Mot trong
nhitng vai trd quan trong nhit ciia mortalin trong su phat
trién cua bénh ung thu 1a kha ning bat hoat protein p53
[3]. Mortalin lién két va giit p53 trong té bao chét, ngan
can protein nay di chuyén vao nhan dé kich hoat qu4 trinh
apoptosis. Do do6, trc ché hoat tinh ctia mortalin da trd
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thanh mét dich sinh hoc phan tir tiém ning cho viéc thiét
ké va phat trién cac hoat chat diéu tri ung thu thé hé mai
nhim phuc hoi chirc ning p53 va gdy ra qua trinh
apoptosis ¢ t& bao ung thu [4].

Xanthone (9H-xanthene-9-one) c4u thanh mot nhom hop
chat di vong chira nguyén tir oxy, dugc dinh danh bédi mdt
hé thong vong dic trung (y-pyrone) ngung tu véi hai vong
benzen. Trong ty nhién, cic phan tir nay xuét hién dudi
dang céc chat chuyén hoa thir cip, dugc tong hop boi
nhiéu nguén sinh vat da dang nhu thyc vit, dia vy, nam va
céc chung vi khuan. Trong nhitng nam gan day, da c6 su
gia ting dang ké sy quan tim cua cac nha khoa hoc d6i
v6i cac hop chat khung xanthone dya trén phd hoat tinh
sinh hoc da dang cta ching. Pa c6 nhiéu nghién ciru
ching minh hoat tinh chdng ung thu manh cia cac hop
chat xanthone théng qua cc con duong sinh hoc phan tir
khac nhau . Tuy nhién, cho dén nay chua c6 cong bd nao
tim hiéu vé kha ning tc ché chon loc protein mortalin
cuia cac hop chét khung xanthone, do d6 day 1a mot chu
dé can duogc nghién ctru 1am sang to.

Gan day, thiét ké thudc hd tro bang may tinh (CADD —
Computer aided drug design) da duogc st dung rong rai dé
giam ca chi phi va thoi gian phat trién mot liéu phap méi
[5]. Trong CADD, chi s nhiét dong luc hoc AG (twong
g véi nang lugng tu do lién két giira protein va phi tir)
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c6 thé dugc tinh toan théng qua cac mo phong nguyén ti.
Chi s6 nay dugc lién két v6i dit liéu thyc nghiém thong
qua cong thitc AGuina = RTIn(K;), trong d6 R 14 hing sb
khi 1y twong, T 1a nhiét d6 tuyét ddi, va K; 1a hing s tc
ché. Thong thuong, gia tri thyc nghiém ICso duoc gia dinh
1a trong duong véi K; dé dic trung cho ning luong tu do
lién két thyc nghiém AGex, [6]. Do chi s6 nay tiét 16 higu
qua ctia chat trc ché, viéc xac dinh gia tri AG mot cach
chinh x4c va nhanh chong 13 rat quan trong trong viéc
sang loc du doan cac chét trc ché tiém niang cho mot muc
tidu protein cu thé.

Nghién ciru nay ap dung phuong phap sang loc o dé xéc
dinh céac chit wc ché protein mortalin tiém ning tir co s&
dr liéu cac hop chét khung xanthone, du doan cac tinh
chat giéng thudc, hip thu, phan phdi, chuyén hoa bai tiét
va doc tinh (ADMET - Absorption, Distribution,
Metabolism, Excretion and Toxicity) dé sang loc ra cac
chit e ché méi c6 thé duge st dung nhu cac hoat chét
tiém niang dé phat trién thude diéu tri lién quan dén bénh
ung thu. Cac két qua thu duogc s& dong gop dit liéu khoa
hoc quan trong nham dinh hudng cho cac nghién ciru tinh
toan va thue nghiém tiép theo dé phat trién liéu phap diéu
tri ung thu mai.

2. Pbi twong va phwong phap nghién ciu

2.1. Chuan bi céu tric protein

Cau tric tinh thé khong gian ba chiéu ctia protein mortalin
(PDB ID: 3N8E) duoc thu thap ttr ngan hang co s¢ di
liéu Protein (PDB). Phin mém AutoDock Tools
(MGLTools) duoc sir dung dé chuin bj céu tric protein
cho mo6 phong [7]. Cac phan tir nuée duge loai bo dé
protein tro thanh dich tdc dung tu do. Protein sau do6 dugc
bd sung cic nguyén tir hydro phan cuc, tham sb solvat
héa va tinh lai nang lugng Kollman [8]. Thong tin toa do
ctia cac nguyén tir trong protein duogc trich xuat dudi dinh
dang PDBQT va duoc dung dé chay AutoGrid va
AutoDock.

2.3. X4y dung céu triic phdi tir

Céu truc cua co s dir liéu gdm 3 000 hop chit khung
xanthone duoc thu thap tir cac cong bd da co. Cau triic hai
chiéu va ba chiéu cta cac hop chat dugc xdy dung bing
phan mém Marvin va Pymol 2.2.2 [9]. Cac hop chit dugc
cuc tiéu hoa nang lwong bang phan mém Gabedit 2.5.0 va
webserver Chemicalize [10, 11]. Trong nghién ctru nay,
st dung hop chat withanone 1am chat chuin do da duoc
chimg minh trong cong b trudc d6 co kha ning trc ché
churc nang hoat dong ctia protein mortalin [12].

2.3. M phéng lip ghép phan tir
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Hop ludi duge xay dung dé bao gdbm cac amino axit cau
thanh vung hoat ddng protein co6 kich thude 50 x 50 x 50
A (x x y x z) véi khoang cach diém Iuéi 14 0,375 A. Toa
d6 tam hop ludi duge xac dinh voi thong $6 —7,109 x —
35,196 x —2,684 A (x x y x z). AutoDock 4.2.6 duoc sir
dung dé tinh toan ai lyc lién két giira phdi tir va protein.
Céc tham s cua thuat toan di truyén Lamarckian (LGA)
dugc thiét 1ap voi 100 1an mo phong cho mdi phéi tir. Cac
thong sb di kém cho chay mé phong hiéu ning cao duoc
thiét 1ap bao gdm: population size 300; maximum number
of energy evaluations 50 000 000; maximum number of
top individuals 1; mutation rate 0,02; crossover rate 0,8;
root-mean-square cluster tolerance 2,0 A. C4u hinh lién
két co diém nang lugng tu do lién két thap nhat va chon
loc tir cum (cluster) 16n nhit, dwoc tinh 13 cAu hinh dai
dién dé phan tich tiép theo.

3. Két qua va thao luin

Nghién ctru nay str dung Autodock phién ban 4.2.6, mot
cong cu mi ngudn mé md phong docking phan tir co ti 18
chinh xac dat téi 78 % [13], dé sang loc du doan hop chét
tiém nang trc ché protein mortalin dya trén céc tiéu chi
diém 4i lyc lién két va cdu hinh lién két. Biéu d6 phan bd
nang lugng tu do lién két duge biéu dién tai Hinh 1. C6
thé thiy gia tri 4i lyc lién két dao dong tir —1,74 dén —
11,52 kcal/mol véi giad tri trung binh dat —6,60 £ 0,48
kcal/mol, sai sb duoc tinh toan 1a d6 1éch chuén.
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Hinh 1. Biéu d6 phan b6 ning lugng tu do lién két ciia
cac hop chat khung xanthone véi protein mortalin dir
doan boi Autodock 4.2.6
Theo thuat toan cua AutoDock4, gia tri nang lugng tu do
lién két cang 4m co nghia ai luc lién két giira phdi tir va
protein dich thu thé cang 16n. Két qua md phong cho thiy,
chat chuan withanone c6 diém ning luong lién két véi
mortalin 1a —10,40 kcal/mol, do d6 co thé coi day 1a gia
tri chun dé so sanh, céac hop chit co diém nang luong ty
do lién két gan bang hodc thap hon gia tri ndy c6 thé duoc
gia thuyét 1a 4i lyc lién két cao véi protein mortalin. Dit
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liéu docking ctia 4 hop chit c6 ai luc lién két véi protein
mortalin cao hon withanone dugc trinh bay trong Bang 1.
St dung cac phan mém Pymol va Discovery Studio
Vizualizer dé phan tich két qua mé phong, biéu dién do
dai lién két hydro giita phdi tir va protein [11, 14, 15].
Bang 1. Két qua m6 phong docking phan tir ctia 4 hop
chat tiém ning véi protein mortalin

Amino Amino acid
Dock acid tham .
X . tham gia tao
Hop chat  score gia tao ,
* tuong tac ky
(kcal/mol) twong tac f
nuwéc
Hydro
Leu450,
Dock488  —11,52 Arg513 Val453,
Gly514
Arg513, Thr449,
Dock481  —10,95 Glu580, Leu450,
Asn583 Gly587
Val515,
Dock1226 -10,87 Arg513 Asn583,
Gly587
Arg513, Val453,
Dock1866 —10,57 Asn583 Met584
withanone -10,40 Arg513 Gly587

Hinh anh tuong tac khong gian hai chiéu va ba chiéu cua
cac hop chit 488, 481, 1226 va 1866 dugc trinh bay trong
Hinh 2. Két qua cho thay, ca 4 hop chat déu thé hién ai
luc lién két manh véi mortalin va tiém nang urc ché hoat

LEU
B:450,

Dock 488

dong cua protein nay thong qua cac tuong tac tao thanh
tryc tiép voi nhitng amino axit quan trong céu thanh nén
ving hoat dong cua protein. Phan tich cdu hinh lién két
ctia hop chit 488 voi protein mortalin, quan sat thdy hop
chat hinh thanh 1 lién két hydro véi axit amin Arg513,
bén canh d6 c6 cac tuong tac yéu voi Leud50, Valds3,
Gly514 gop phan lam bén virng thém lién két giita phoi
tir v6i protein dich. Hop chat 481 lién két v6i mortalin
qua mot tap hop cac lién két yéu tai amino axit Thr449,
Leu450, Gly587, bén canh d6, lién két hydro dugc quan
sat hinh thanh giira hop chat v6i Arg513, Glu580, Asn583
trong ving hoat dong cta protein nghién ctru. Hop chat
1226 tao mot lién két hydro véi amino axit Arg513 va
tuong tac véi protein dugc bd trg boi cac lién két ky nude
voi Val515, Asn583, Gly587. Cudi cung, mortalin dugc
quan sat hinh thanh 2 lién két hydro voi hop chéat 1866
thong qua amino axit Arg513, Asn583 kém theo do 1a
lién két khong phan cuc v6i Val453, Met584. Pang cha
¥, nhitng amino axit hinh thanh lién két véi cac hop chat
nay c6 sy trong dong cao so v6i chat chuin withanone,
ndi bat 1a lién két hydro v6i Arg513. Pay 1a axit amin
dugc mé ta 1a "chét khoa" giita cac ving "nap va khe" (lid
and cleft regions) cua mortalin, tir d6 dong vai trd quan
trong trong chirc ndng chaperone cla protein nay, do do,
viéc hinh thanh tuwong tac s€ ¢ hi¢u qua cao trong viéc
bat hoat chirc ning hoat dong ctia protein. Tir cac dir lidu
trén, c¢6 thé nhan dinh céc hop chét trén c6 tiém nang cao
trong viéc wrc ché protein nghién ciru.

ARG-513 \

=3
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Dock 1866

withanone
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Interactions

Van der Waals [ pi-sigma
- Unfavorable Bump [:] Pi-Pi T-shaped
l; Salt Bridge [:] Alkyl
[_, Carbon Hydrogen Bond [ ] Pi-Alkyl
% :::J:Zi [:] Conventional Hydrogen Bond

Hinh 2. Lién két giita hop chét tiém nang va protein mortalin duoc du doan bdi phan mém AutoDock 4.2.6
Bang 2. Chi s6 ADMET va du doan doc tinh ctia cic chat e ché tiém ning

Hop chit MW | HBD | HBA | LogP 1(\:[1:3 jmopy | 1P (mg/kg) | Toxicity prediction® E/IS‘
Dock 488 620 6 10 1,83 | 175,86 1050 4 71,11
Dock481 652 5 12 0,64 | 176,73 1190 4 71,30
Dock 1226 691 0 2 8,08 | 222,03 500 4 83,90
Dock1866 652 5 12 0,64 | 176,73 832 4 71,30
withanone 470 |2 6 2,75 | 127,53 7 2 92,20

Céc chi sb dugc Iy va doc tinh cua hai phan tir e ché tiém
ning di duoc danh gia thuc nghiém 4o (in silico). Cu thé,
quy tic 5 tiéu chi cta Lipinski dwoc st dung 1am mang
loc dé danh gia kha ning hap thu, webserver
Molinspiration va cong cu ProTox-II dugc dung dé du
doan cac dac tinh ADMET (hép thu, phan bo, chuyén hoa,
bai tiét va doc tinh), 1am co sé cho cac phan tich sau hon
(Bang 2). Két qua thu duoc chi ra ring, trong sé bén hop
chat tiém ning, hop chit 1226 dugc xic dinh s¢ hitu
nhirng dic tinh thuan loi cho viéc phat trién thude duong
ubng, véi it hon hai lan vi pham céc chi tiéu ctia quy tic
Lipinski. Cac thong sb duoc dong hoc va dir liéu doc tinh
du doan két hop véi két qua mé phong docking phan tir
da dong gop thong tin hitu ich cho viée danh gia cac hop
chat tiém ning c6 kha nang trc ché protein mortalin va cac
dic tinh gidng thudc dé tién hanh nhitng nghién ciru tiép
theo cho phat trién thudc. Vé do an toan, cac hop chat nay
duogc xép vao nhom doc tinh thap (hang 4), an toan hon
dang ké so voi chit chuan withanone (hang 2). Bén canh
d6, cac thong ké da chi ra nhitng hop chat c6 sinh kha
dung dudng udng t6t s& co it hon 12 lién két cho (HBD)
va nhan (HBA). Trong nghién ctru ndy, theo két qua phan
tich, hop chat 1226 dugc quan sat thiy c6 it hon 12 lién
két HBD va HBA, dap ting cac tiéu chi va duoc gia thuyét
phtt hop cho phat trién thubc dudng udng. Ngoai ra, trong

® Dy doan ddc tinh: 1 => 6 (Pdc tinh cao dén khong doc)

nghién ctu ADMET, mét trong nhitng thach thitc quan
trong nhat d6i véi thude duong udng 1a su di chuyén cua
n6 qua hang rao biéu mé rudt, diéu nay quyét dinh toc do
va muc d6 hip thu thudc cta ngudi va cudi ciing anh
hudng dén sinh kha dung cta thudc. Theo phén tich gia
tri HIA, cac hop chét déu c6 gia tri cao, dang chu ¥ hop
chat 1226 c6 gia tri HIA du doan dat 83,90 %, diéu nay
cho thay né c6 kha nang hap thu cao trong duong rudt ctia
ngudi. DOi v6i cac hop chat con lai (488, 481, 1866),
nghién ctru d& xuit xem xét phat trién theo cac dang bao
ché hodc dudng dua thude khac phi hop hon.

4. Két luin

Trong nghién ctru nay, k¥ thuat mé phong docking phan
tir va phan tich tuong tac phan tir dd dugc ap dung thanh
cong trong viéc xac dinh cac chét rc ché d6i véi protein
mortalin. Bon hop chét véi ky hiéu 488, 481, 1226 va
1866 thé hién 4i luc cao véi protein muc tiéu. Trong do,
hop chit 1226 dugc danh gia cao nhd dap Gmg bod quy tic
Lipinski, cho thdy trién vong phat trién thanh thudc dung
duong udng trong twong lai. Viée sir dung céc cong cu
tinh toan nay khong chi gitp tdi wu hoa chi phi san xuét
ma con 1am sang t6 co ché twong tac phan tir. Cac thir
nghiém in vitro va in vivo can dugc tién hanh trong nhirng
giai doan nghién ctru tiép theo dé kiém ching hiéu qua
diéu tri thuc té ciia nhirng hoat chat nay.
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Loi cam on: Nghién ctru nay duoc tai tro thyc hi€n boi hoc béng dao tao thac si, tién si trong nudce cua Quy Péi
Bo Khoa hoc va cong nghé, mi sé dé tai: PTDL.CN- méi  sang tao  Vingroup (VINIF), mi s
64/22. L& Thi Thuy Huong duoc tai trg bdi Chuong trinh VINIF.2023.TS.045.
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Abstract

This study aims to screen xanthone-based compounds for their inhibitory potential against mortalin, a protein that plays
a crucial role in the uncontrolled proliferation of cancer cells. A database of 3000 xanthone derivatives was subjected to
virtual screening using molecular docking simulations against the biological target. The results identified four promising
candidates (coded 488, 481, 1226, and 1866) exhibiting high binding affinity for mortalin. Notably, compound 1226
satisfies Lipinski's Rule of Five and demonstrates favorable molecular interactions with the target protein. These findings
suggest that these compounds could serve as potential leads for further experimental studies in the development of oral
drugs for cancer treatment.
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