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Nghién ctiu sang loc do cac flavonoid c6 kha nang
Uic ché protein diéu hoa qua trinh dudng phan

va apoptosis cla tp53 trong con dudng tang sinh
té bao ung thu

Nguyén Tan Khanh*, Nguyén Nguyén Thi Diéu Linh®, Nguyén Thi Bdo Ngoc®,
Hoang Thi Lan Huong?, Nguyén Thi Huynh Van®

Tom tit:

Protein diéu hoa qua trinh dudong phan va apoptosis cua TP53 trong con duong tdng sinh t€ bao
ung thu (Tp53-Inducible Glycolysis and Apoptosis Regulator - TIGAR) da dugc chtmg minh
tdng biéu hién trong cac dong t& bao ung thu. Do d6, viéc tim kiém cac hgp chat tic ché protein
TIGAR duoc xem 1a mot huéng tiép can ddy tiém ning trong viéc phat trién cac phuong phap
diéu trj ung thu moéi. Trong nghién ctru nay, ching t6i tng dung phuong phép sang loc do dé
tim kiém céc flavonoid c6 kha nang gdn két vao vi tri xdc tac ctia TIGAR. Két qua cho thay c6
124 flavonoid c6 ai luc lién két véi TIGAR manh hon hop chat so sanh. Trong d6, ba hgp chat
c6 &i lyc lién két manh nhat la kaempferol-3-O-rutinoside, ligustroflavone va obacunone. Dang
chi ¥, hop chat ¢6 4i luc lién két manh nhat v6i TIGAR la kaempferol-3-O-rutinoside bang sur
hinh thanh sau lién két hydro v6i cadc amino acid Thr230, Arg203, Tyr92, Asn17, GIn23, Glu89,
cung v6i hai tuong tac hydrophobic tai cdc amino acid Leu100 va Lys20. Thém vao do, phuong
phép mo phong dong luc hoc phan ti cing duoc st dung dé danh gia tinh bén viing ctia phic
hop protein va hop chat trong khoang thoi gian 5 ns.

Tir khoa: TIGAR, flavonoid, Kaempferol-3-O-rutinoside, sang loc do, mo phong chuyén dong phan tir
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Virtual Screening Flavonoids to Discover Potential
Inhibitors of Protein Tp53-Inducible Glycolysis
and Apoptosis Regulator (TIGAR)

Nguyen Tan Khanh®, Nguyen Nguyen Thi Dieu Linh®, Nguyen Thi Bao Ngoc®,
Hoang Thi Lan Huong¢, Nguyen Thi Huynh Van®

Abstract:

Protein tp53-inducible glycolysis and apoptosis regulator (TIGAR) has been shown to be over-
expressed in cancer cell lines. Therefore, discovering molecules that inhibit the TIGAR protein
has been considered as a promising approach in the development of cancer treatments. In this
study, we applied a virtual screening method to find out flavonoids that are able to bind to
the catalytic site of TIGAR. The results show that 124 flavonoids had stronger binding affinity
for TIGAR than the reference compound. Among them, three candidates possessing strongest
binding affinities are kaempferol-3-O-rutinoside, ligustroflavone and obacunone. Notably,
the kaempferol-3-O-rutinoside showed strongest binding affinity to TIGAR, which formed six
hydrogen bonds with the amino acids Thr230, Arg203, Tyr92, Asn17, GIn23, Glu89 and two
hydrophobic interactions at amino acids Leul00 and Lys20. In addition, molecular dynamics
simulation was used to evaluate the stability of protein and kaempferol-3-O-rutinoside com-
plex over a period of 5 ns.

Key words: TIGAR, flavonoid, Kaempferol-3-O-rutinoside, virtual screening, molecular dynamics
simulation
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bit van dé

Ung thu 1a moét trong nhiing nguyén nhan géy ra t& vong hang dau trén thé gidi.
Na&m 2020, c6 khoang 19,3 triéu ca ung thu duge chan dodn méi trén toan cau (Han Sung,
2021). Theo Vién Ung thu Quéc gia Hoa Ky (NCI), ung thu la bénh xay ra do bién déi bat
thudng trén céc gen diéu hoa hoat dong cua té bao, dic biét la trong qua trinh t€ bao phan
chia va phat trién. Két qua 1a t& bao 16n 1én va phan chia khong kiém soat, dan dén su hinh
thanh cac khéi u. Nhiing bién d6i trong gen diéu hoa dan dén ung thu c6 thé do nhiing bat
thuong trong qua trinh phan chia t& bao, ton thuong DNA du6i cac tadc dong tir moi truong
hay do di truyén (Institute, 2021). Dén nay, nhiéu nghién ctru da dugc tién hanh nhdm tim
kiém, dinh danh cfing nhu tim hiéu vai tro cta cac gen lién quan dén su phat trién khoi u.
Protein diéu hoa qua trinh duong phéan va apoptosis cia TP53 trong con duong ting sinh
té€ bao ung thu (TP53-inducible glycolysis and apoptosis regulator - TIGAR) 1a gen diéu
hoa qua trinh dudng phén va chét theo chuong trinh ctia TP53. Thong qua lam gidm nong
d06 cta chat kich hoat qua trinh duong phan 1a fructose-2,6-bisphosphate, TIGAR lam giam
nong do cac goc oxy hoa hoat tinh trong t€ bao (ROS), bao vé té bao khdi qua trinh chét theo
chuong trinh do ROS (ROS-associated apoptosis) (H. Li, 2009; K. Bensaad , 2006). Nghién
ctru cda Jia-Ming Xie va cong sy ndm 2014 cho thay, su ting biéu hién cta TIGAR lam ting
kha ndng song sot ctia khoi u. Nguoc lai, giam su boc 10 protein nay dua dén két qua la ting
quaé trinh chét theo chuong trinh va ty hudy, cling nhu ting mtic &6 nhay cdm hoéa hoc cua
t& bao ung thu (J. M. Xiel, 2014). Nhiéu nghién ctru khac cling dua ra bang ching cho thay
c6 su gia tang 1o rét protein TIGAR trong bénh canh ung thu (J. Geng, 2018) (C. Wanka,
2012; K. Y. Won, 2012). Nhu vay, c6 thé thdy, viéc tim kiém va nghién ctru cac hop chat c6
kha nang tic ché& hogc lam giam su boc 10 protein TIGAR sé la mot huéng di day trién vong
trong phat trién cac hoat chat c6 kha ning tc ché sy phat trién cda t€ bao ung thu.

Flavonoid la cac chat chuyén héa thit cdp cé cau tric polyphenol dugce téng hop trong
nhiéu loai thuc vat. Chtung la mot trong nhiing nhén t6 chinh gép phan cdu thanh nén mau
sic, huong vi cting nhu cac hoat tinh duoc 1y ctia cay (S. M. Nabavi, 2020; A. Scarano, 2018).
Cho dén nay, c6 hon 6000 flavonoid da dugc phat hién ¢ da dang céc loai, cac chi trong gioi
thuc vat (A. Scarano, 2018). Trong do, trai cay va rau ct dugc xem nhu la nguén cung cap
chinh cac hgp chat nay. Cu thé, cac loai trai cdy ctia Xt 6n doi nhu qua mong, mén, anh dao
hay tao chira mot lugng dodi dao céc flavonoid. Trong khi d6, ¢ cac loai rau ct, ham luong
flavonoid dugc tim thay trong dau rang ngua, qua olive, hanh tay, rau chan vit va hanh
tim 1a 16n nhat (C. R. Garcia, 2019; D. M. Kopustinskiene, 2020). Ngoai ra, mot lugng l6n
cac flavonoid cting hién dién trong céc loai ngti cdc (Ritva R. C. Valencia, 2010) va cac san
pham ché bién, [én men tir thyc vat nhu tra, ca phé, rugu doé hay cac ché phdm tir qua ca
cao (C. R. Garcia, 2019; D. M. Kopustinskiene, 2020). Trong thuc vat, flavonoid khong chi
dong vai tro 1a tdc nhan chong oxy hda, ma con la yéu t6 bao vé cay trudc cac dicu kién bat
loi cia moi truong nhu bte xa cuc tim (S. M. Nabavi, 2020). V6i tiém ndng to 16n trong bao
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vé stc khoe con nguoi, ddc biét la trong diéu tri cac bénh cdp va man tinh, nhiéu nghién
cGtu ca in vitro 1an in vivo da duoc tién hanh dé danh gia hoat tinh cta cac flavonoid. Mot s6
nghién ctru da dugc cong bé cho thdy, cac flavonoid phan lap tir thuc vat thé hién nhiéu tac
dung duoc ly khac nhau d6i voéi stic khoe con nguoi nhu khéng viém, diéu hoa hoat dong
cta hé mién dich (D. M. Kopustinskiene, 2020), gian mach va dic biét 1a kha ning dé khang
sur phét trién ctia t& bao ung thu (S. M. Nabavi, 2020; D. M. Kopustinskiene, 2020).

Nghién ctu va phat trién thuc méi 1a qua trinh day thach thic va ton kém. Cac bao
cdo cho thdy, qua trinh nghién ctu va dua thudc moi ra thi truong thuong kéo dai khoang
8 - 12 nam v&i chi phi 1én dén hang ti USD (S. Basith, 2017; S. P. Leelananda, 2016). Trudc
vién canh d6, cac phuong phap nghién cttu in silico v6i su hd tro ctia may tinh va tri tué
nhan tao (Al) ngay cang dugc tng dung rong rai nham rat ngdn thoi gian, gidm chi phi
trong nghién cttu va phat trién thudc maoi (S. Brogi , 2020; X. Lin, 2020). Trong d6, mo
phong va sang loc 4o (Virtual Screening) dugc nhdn dinh 1a mét trong nhiing phuong phap
dem lai hiéu qua t6i vu véi thoi gian va chi phi thdp so v6i thuc nghiém truyén thong.
Day la qu4 trinh st dung cac phan mém va thuat toan dé tim kiém cac phan t tiém nang
thong qua danh gia kha nang va dic tinh gin két ctia phan tir v6i dich tac dung ctia thude.
Phuong phédp nay cho phép sang loc phén tt phit hop tir thu vién bao gom hang chuc ngan
hop chét, giup du doan va lga chon cac chdt khdi nguodn tiém ndng cho giai doan nghién
cau tiép theo, qua d6 gidm chi phi va thoi gian thuc nghiém sang loc (Forli, 2016; Shoichet,
2004; F. Stanzione, 2021). Mt s6 thanh tyu cta sang loc o trong phét trién thudc méi c6
thé ké dén nhu ché pham Aggrastat, mot s6 hop chat dang trong qua trinh thtr nghiém lam
sang nhu Naluzotan (PRX-00023), Vidofludimus (5C12267) (Clark, 2008). Bén canh d6, xu
thé thoi dai 1a wa chudng cac sdn pham tir tu nhién, céc loai thude phat trién tir dugce lieu
ngay cang khing dinh vai trd trong bdo vé stc khde con ngudi béi hiéu qua va do an toan
cao. Nhu vy, c6 thé thay, viéc tmg dung sang loc 40 ndi riéng va cac phuong phéap nghién
ctu in silico néi chung dé tim kiém va nghién cttu héa hoc cting nhu duogc luc hoc ctia céc
hop chat phan lap tir thuc vat 1a mot huéng di ddy trién vong trong phat trién thudc méi.
Vi tiém nang d6, nghién ctru nay duoc thuc hién nh3m tim kiém cac flavonoid tir ty nhién
c6 khd ning gdn két véi protein TIGAR bang mo phong va sang loc 4o, tir d6 dit nén méng
cho nhimg nghién ctru tiép theo trén con duong phét trién thudc diéu tri ung thu méi.

Dai tugng va phuong phap nghién cttu
Chudn bi cdu triic protein

Cau trac tinh thé ctia protein TIGAR duoc tai tir Thu vién cau tric dit liéu tin sinh
(www.rcsb.org) v6i PDB ID: 3DCY. Do phan gidi caa tinh thé protein 1a 1,75 . Cau trac

protein sau khi dugc tai vé ¢ dinh dang pdb. Cau trac tinh thé chtta vi tri xdc tac cta
protein dugc xay dung bang phuong phap X-ray véi do dai la 261 amino axit bat dau tir
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Asn4 dén Asn264. Cac phan tir nuéc va cac hop chat trong tinh thé duoc loai bé bang phan
mém Discovery Studio 2020. Sau d6, tién hanh gin thém cac phan ta hydro phan cuc bang
phan mém Autodock tool phién ban 1.5.6 (O. Trott, 2010). Cudi cuing, c4u tric cta protein
duoc luu dudi dang pdbqt dé chuan bi cho qua trinh sang loc.

~ . Py - 2z .
Chudn bi cdu triic cdc flavonoid

Thu vién cdu trdc cac flavonoid phé bién duoc tai tir website cta Selleck Chemicals
LLC (Huston, TX, USA, www.selleckchem.com). Pau tién, cac hop chat duoc luu gitt &
dinh dang SMILES. Céc hop chat bi 16i vé mit cau trac hay chaa cac thong tin khong day
du dugc loai bo ra khdi tap dit liéu. Sau d6, cac hop chat dap tmg nguyén tic Lipinski vé
céc tiéu chi 1am thudc dugce lua chon cho qua trinh sang loc. Dit liéu cudi cing gom 187
flavonoid duge chuyén vé dinh dang 3D va luu & dang pdbpt dé st dung cho qua trinh
sang loc bang phan mém Open Babel 3.1.1 (N. O’Boyle, 2011)

Qud trinh sang loc do

Quaé trinh sang loc bang cach gdn cac hop chat tu nhién vao protein TIGAR st dung
phan mém AutoDock Vina 1.1.2. C4u trtc va vi tri xtc tac cta protein TIGAR duge mo ta
¢ (Hinh 1). Tham s6 cta vi tri xdc tac g6m c6 center_x = 22,9; center_y = 28,5; center_z =
—13,5; size_x = 22,5; size_y = 22,5; size_z = 22,5. Cac tham s6 khac dugc thiét 1ap mic dinh
theo phan mém AutoDock Vina 1.1.2. Két qua cta qua trinh sang loc duoc béo cao dudi
don vi kcal/mol (ndng luong lién két). Cac hop chat dugc xép hang theo thi tu ndng luong
ttr manh dén yéu. Két qua tuong tac gitta cac hop chét va protein TIGAR dugc mod phong
bang phan mém ning Studio Visualizer 2020.

PR/ R
'\ twongtic

Hinh 1. Vi tri tuong tac cta hgp chat va protein
Moé phéng dong liec hoc phin tir

Quaé trinh dong luc hoc phén tu gitta cac hop chat va TIGAR dugec mo6 phong bﬁng
phan mém GROMACS 2020.4 (Lindahl, 2020). Phtc hgp protein va hgp chat duge chuan
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bi tai website CHARMM-GUI (www.charmm-gui.org) (S. Jo, 2008). Hé théng phtc hop
protein va hop chat dugc ap dung truong luc CHARMMS36. Chuyén dong va ning luong
dugc ghi lai méi 10 ps trong qua trinh md phong. Hé protein va hop chat dugc trung hoa
bdi NaCl 0,15 M. Quaé trinh mo6 phong duoc dién ra tai nhiét do 300 K va ap suét 1 atm. Sau
do, thoi gian mo phong dugc thiét ké'1a 5 ns.

Két qua va thao luan

Flavonoid 1a chat chéng oxy héa c6 kha nang ngan chin sy phét trién ctia té bao ung
thu. Nhiéu nghién ctu da chiing minh cong dung tuyét voi cda flavonoid trong diéu tri
ung thur v va ung thu da day (D. M. Kopustinskiene, 2020). Nhdm tim kiém céc flavonoid
c6 ngudn goc tir te nhién dé phat trién cac phuong phap hd tro diéu tri ung thu, ching toi
tién hanh mo6 phdng tuong tac phan tt gitra cac flavonoid véi protein TIGAR, mot protein
chiu trach nhiém diéu hoa qua trinh chét theo chuong trinh cua té bao. Vi tri tuong tac cua
protein TIGAR 1a mot ranh hep va dai ndm trén bé mit protein. Do dé, viéc thiét ké cac
phan ti c6 cau tric nhd dé dang gan két vao vi tri tuong tac duge xem la mot gidi phap
hop ly. Trong nghién ctu nay, Gemcitabine, mot loai thudc diéu tri ung thu duoc st dung
trong lam sang, dugc lya chon lam chét so sanh trong qua trinh sang loc céc chat ¢6 kha
nang gan két véi vi tri xtic tac ctia TIGAR. Két qua mod phong cho thay, nang luong lien két
gitta gemcitabine va TIGAR & -7,4 kcal /mol. So v6i gemcitabine, c6 124 flavonoid c6 i luc
lién két manh hon. Trong d6, ba flavonoid c6 ai luc lién két manh nh4t 1a kaempferol-3-O-
rutinoside, ligustroflavone va obacunone véi nang luong lién kétlan luot 1a -10,6 kcal /mol,
-10,4 kcal/mol va -10,3 kcal/mol (Bang 1).

Bang 1. Ning lugng lién két cua ba flavonoid ¢6 ai luc manh nhat voi TIGAR

. Naing lugng lién : > Lién két
TT Tén h ha ) . Lién két H
S en hop chat két (kcal/mol) ién ket Hydro Hydrophobic
Kaempferol-3-O- Thr230, Arg203, Tyr92,
1 -10, Leul00, Lys2
rutinoside 06 Asnl7, GIn23, Glu89 eul00, Lys20
Glu89, Tyr92, Arg203,
2 Ligustroflavone -10,4 Argl0, Asn232, Ser204, | Proll5, Leul25
Ser228
3 Obacunone -10,3 Argl0, Val229

K&t qua mo phong cho thdy, obacunone tao hailién két hydro véi cac amino acid Arg10
va Val229 tai vi tri xtc tac cua TIGAR (Hinh 2A). Trong khi d¢, ligustroflavone hinh thanh
bay lién két hydro véi TIGAR tai cdc amino acid Glu89, Tyr92, Arg203, Argl0, Asn232,
Ser204 va Ser228 cuing v6i hai tuong tac hydrophobic tai amino acid Pro115 va Leul25
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(Hinh 2B). Bang chu y, hop chat c6 &i lyc lién két manh nhat voi TIGAR la kaempferol-
3-O-rutinoside hinh thanh sau lién két hydro v6i cac amino acid Thr230, Arg203, Tyr92,
Asnl17, GIn23, Glu89 ctuing véi hai tuong tac hydrophobic tai cac amino acid 1a Leu100 va
Lys20 (Hinh 3).

Hinh 3. Tuong tac gitta kaempferol-3-O-rutinoside va TIGAR
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Vé mit cdu tric, c6 thé thdy goc duong dinh kém voi khung flavonoid cta hai hop
chat ligustroflavone va kaempferol-3-O-rutinoside do6ng vai tro quan trong trong viéc hinh
thanh cac lién két hydro véi cac amino acid cua TIGAR. Ngoai ra, su linh hoat vé mit
khong gian ctia cac gdc duong cling tao diéu kién cho phan tir gdn vao vi tri tuong téc cta
TIGAR, 1a mot ranh hep nam trén bé mét protein.

Dé danh gia do bén vimg ctia phiic hgp protein va hop chét, ching tdi lua chon phtic
hop ¢6 ai luc manh nhat 1a kaempferol-3-O-rutinoside va TIGAR dé tién hanh mo phong
chuyén dong trong khodng thoi gian 5 ns. C6 thé thay ring, trong khodng thoi gian mo
phdng, gia tri RMSD cta protein, hop chat va phtic hop déu dao dong khong dang ké,
trong khoang 0,1 nm (Hinh 4A). Diéu nay cho thay sy bén ving cua phtc hgp kaempferol-
3-O-rutinoside va TIGAR trong thoi gian mo phong. Thém vao do, gia tri RMSF cling
dao dong khong dang ké, trong khoang tir 0,05 dén 0,15 nm. Trong qua trinh mo6 phong,
kaempferol-3-O-rutinoside lu6n hinh thanh tir 4 dén 10 lién két hydro v6i cac amino acid
cua protein TIGAR. Diéu nay giai thich cho tinh bén viing ctia phic hop xuyén suét thoi
gian mo6 phong.

RMSD (nm)

0003060912151821242730333639424548
Time (ns)

Protein sssss #ligand = == Complex

RMS fluctuation Hydrogen Bonds
B T T T T T T T T T T C

— Hydrogen boods
025— -

02— -

Eoas

ol

0.08

Residue Time (ps)

Hinh 4. M6 phéng chuyén dong ctia kaempferol-3-O-rutinoside va TIGAR
trong khodng thoi gian 5 ns: (A) RMSD; (B) RMSF va (C) Sé lién két Hydro
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TIGAR la mét protein déng vai tro quan trong trong qua trinh duong phan va can
bang oxy hoa-khtr. Nhiéu bang ching chi ra sy tang biéu hién ctiia TIGAR trong céc t& bao
ung thu (J. Geng, 2018). Mic du1 vay, viéc tim kiém cac hop chat tic ché biéu hién ctia protein
van chua dugc chud y nhiéu. Hua Li va cdng sy da cong bo nghién ctru vé cau trac va vi tri
tuong tac cua TIGAR vao ndm 2009, diéu nay dit nén tang cho viéc tim kiém cac hgp chat
tic ché gan két truc tiép vao protein nay (Hua Li, 2009). Gan day, Jagadeesha Poyya va cong
su cting da cong bo cac hop chét co kha ndng tc ché TIGAR dua vao phuong phép sang loc
ao (J. Poyya, 2021). Thém vao d6, nhém nghién ctru chung t6i cting da dua ra hai hop chat
c6 tiém nang gan két vao protein trong nghién ctu trude day (Tran Thi Thuy Linh, 2022).
Méc dit cAn nhiéu thi nghiém khac dé danh gia tuong tac gitta kaempferol-3-O-rutinoside
va TIGAR, két qua ctia nghién ctru nay dugce cho la bang chimg thuyét phuc dé phat trién
céc thi nghiém xa hon vé hoéa sinh hoc.

Flavonoid xuat hién nhiéu va chiém ham lugng cao trong da dang céc loai thuc vat.
Viéc nghién ctru va phat hién cac tdc dung méi cta flavonoid da khang dinh tiém nang to
16n cho viéc phét trién cac phuong phap diéu tri méi c6 ngudn goc tir ty nhién. Thyc té,
nhiéu bénh nhan khong chi mic mét va con d6i mit véi nhiéu bénh Iy khac nhau. Viéc
st dung nhiéu loai thudc dong thoi khong chi tao nén ganh ndng vé chi phi ma con boc
16 nhiéu nhugc diém vé thoi gian st dung va gay ra cac tuong tac thuéc khong mong
muon cho nguoi bénh. Do d6, viéc tim kiém céc hoat tinh mai tir cac flavonoid da c6 tac
dung trong viéc diéu tri mo ra hy vong cho viéc thiét ké mot loai thude ddc hiéu cho céc
nhém bénh nhan mic nhiéu bénh Iy khac nhau. Kaempferol-3-O-rutinoside hay con c6
tén goi khéc la nicotiflorin, 1a moét hop chat duoc phan lap tir cay che Véng (Jasminum
subtriplinerve Blume). Nhiéu nghién ctu cho thay kaempferol-3-O-rutinoside c¢6 tac dung
giam duong mau thong qua tic ché€ hoat dong ctia enzyme a-glucosidase (S. Habtemariam,
2011), bén canh d6 no6 cting c6 tdc dung khing khuén, khang nam (A. Periperakis, 2022).
Ngoai ra, kaempferol-3-O-rutinoside con boc 16 kha nang khang viém va bdo vé tim mach
trong cac thr nghiém trén chuét (F. Hua, 2021). Thém vao d6, nhiéu nghién ctu cting chi ra
tac dung tic ché sy phét trién trén cdc dong tébao ung thu khdc nhau ciia kaempferol-3-O-
rutinoside (D. Kashyap , 2017). Nghién cttru ctia chting t6i dua ra du doén vé co ché méi cia
kaempferol-3-O-rutinoside trong viéc tic ché su phét trién ctia ung thu thong qua gén két
voi TIGAR. Két qua nay ddt nén tang cho cac nghién ctu tiép theo trén thyc nghiém ciing
nhu dua ra mot khudn mau cho viéc hoa téng hop nhim phat trién céc loai thuoe diéu tri
ung thu méi dua vao con duong te ché TIGAR.

Két luan

Trong nghién ctu nay, ching toi tmg dung phuong phép sang loc do dé tim kiém céac
flavonoid c6 kha nang gan két vao vi tri xtic tac ctia TIGAR. Qua m6 phdng va sang loc 4o,
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124 flavonoid cho thay i luc lién két vi TIGAR manh hon hop chét so sanh 1a gemcitabine.
Trong do, ba hop chét c6 ai luc lién két manh nhat la kaempferol-3-O-rutinoside, ligustro-
flavone va obacunone. Pang chu y, hop chat c6 &i lyc lién két manh nhét voi TIGAR la
kaempferol-3-O-rutinoside, hgp chit nay hinh thanh sau lién két hydro véi cac amino acid
Thr230, Arg203, Tyr92, Asnl7, GIn23, Glu89 cung v6i hai tuong tdc hydrophobic tai cac
amino acid Leul00 va Lys20. Phtic hop kaempferol-3-O-rutinoside va TIGAR dugc danh
gia do bén viing va cho thay tinh 6n dinh trong khoang thoi gian md phéng 5 ns. Két qua
nay ddt nén tang cho cac nghién ctu ti€p theo trén thyc nghiém, cing nhu dua ra mot
khudn mau cho nghién ctu héa téng hgp nhadm phat trién cac loai thude diéu tri ung thu
moi dya vao con dudong tc ché TIGAR.
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