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CHAT UC CHE STAT3 POI VOI CAC DAN CHAT CUCURBITACIN E

APPLICATION OF MEDICINAL CHEMISTRY FILTRATION AND MOLECULAR
DOCKING IN SELECTING STAT3 INHIBITORS FROM
CUCURBITACIN E DERIVATIVES

SUMMARY

Cancer is one of the leading causes of death worldwide with nearly 10 million deaths recorded in
2020, according to the World Health Organization report. While targeting STAT3 (Signal
transducer and activator of transcription 3) has been known as a promising pathway for
controlling tumor growth, cucurbitacin is considered potential for anti-cancer therapy by
triggering apoptosis via selectively inhibiting the JAK/STAT path. The database of 1056 STAT3
inhibitors, which were based on cucurbitacin E scaffold, was screened through the pharmaco-
chemical filters, and then experienced molecular docking on STAT3 protein (PDB ID: 6NJS). The
Natural Product-likeness score (NPcore) resulted from ADMET filter ranged from 1.31 to 3.15;
alongside 85 potential substances were chosen to be screened through molecular docking model.
Eventually, 66 substances were proved to have adequate binding affinity toward STATS3.

Keywords: medicinal chemistry filtration, STAT3 inhibitors, STAT3 protein, ADMET filter,
docking, Cucurbitacin E.

PAT VAN PE

Hién nay, viéc tmg dung khoa hoc may tinh vao linh vuc thiét ké thudc ngay cang duoc ap dung
rong rai, gitip rit ngén thoi gian, tai nguyén va chi phi nghién ciru, dong thoi cai thién ty 18 thanh
cong trong linh vuc kham pha thuéc mai. Cac phuong phéap sang loc in silico da cho thay nhiéu
thanh tyu trong vi¢c du doan kha nang dap ung thudc, du doan doc tinh, hoat tinh khéng ung
thu,... Bén canh d6, mot hoat chat mudn duoc luu hanh rong rai trén thi truong Dugc ph'flm ngoai
viéc dap ting cac yéu cau vé duoc luc, kha nang chon loc dich tac dong thi cac yéu td duoc dong
hoc (bao gdm hédp thu, phan bd, chuyén hoa, thai trir, doc tinh — ADMET) ciing can dugc quan
tam. Chinh vi vdy, cac dic tinh “gidng thudc” (druglikeness) can duogc sang loc trude théng qua
b6 loc ADMET. Ngoai ra, phuong phdp mo phong gin két phan tir (molecular docking) ciing
dong mot vai tro quan trong trong cac phuong phap sang loc a0 nham dy doan ciu dang, lién két
va dinh hudng khong gian dé hinh thanh phirc hop gan két thu thé-phdi tir tbi wu.

Bén canh d6, diém két soat mién dich trong ung thu (I-O), dang tré thanh xu huéng nghién ctu
dugc thé gidi quan tdm do tAm quan trong trong viéc ting cuong hé thong mién dich cua co thé dé
chdng lai té bao ung thu []. Yéu t6 chuyén ddi va hoat hoa qua trinh phién ma (STAT) - diém hoi
tu ctia nhiéu con dudng tin hiéu gy ung thu, duoc xac dinh 1a trung tAm trong viéc diéu chinh
phan tmg mién dich chdng khéi u. Trong d6, STAT3 dugc kich hoat rong rai ¢ ca té bao ung thu
va khong ung thu trong hé sinh thai khéi u, dong vai trd quan trong trong viéc e ché su biéu hién
ctia cac chat diéu hoa mién dich hay thic dy san xudt cac yéu td (rc ché mién dich.* Do d6, nhim
muc tiéu vao con duong tin hi¢u STAT3 da ndi 1én nhu mot chién luge diéu tri déy hira hen cho
nhiéu loai ung thu. Vai tro ddi khang STAT3 dugc biét dén dau tién 13 & cucur I voi nghién ciru
cua Blaskovich va cong su [], qua d6 tao tién dé cho mot loat nghién cuu khac, da ching minh
cucur I 12 mot chét te ché JAK-STAT manh trong nhiéu loai ung thu & nguodi. Tur cac co s trén,
phéu loc hoa dugce va mé hinh mé phong gin két phan tir dugc tng dung dé sang loc cac tng ctr
vién tiém nang thé hién hoat tinh (rc ché STAT3 tir bd thu vién cic dan chit cucurbitacin.



POI TUQNG-PHUONG PHAP NGHIEN CUU

Péi twong nghién ciu

Tai nguyén tinh todn

Nghién ctru in silico dugc tién hanh trén may tinh v6i hé diéu hanh Linux 20.04, CPU AMD
Ryzen 9 3900X, 12 nhan, téc do xir Iy 1a 3,79 GHz, 500 GB bd nhé, 32,0 GB RAM tai B6 mén
Hoéa hitu co, Khoa Duogc, Pai Hoc Y Duoc Thanh phé HO Chi Minh. Ngon ngir 1ap trinh duoc su
dung 1a Python 2.7 va 3.7, dugc thyc thi béng giao dién JupyterLab.

Di ligu kiém tra hoi chiing

Bo dit liu gdm 142 chét trc ché STAT3 c6 cung phuong phap do hodc phuong phap do twong
ddng nhau dugc trich xuat tir Google Patents (US20130225621, US0172429, US8741932B2,
US8466290B2, US129675A1va US20130172340). Hoat tinh ciia cic cau tric nay c6 gia tri ICso
dao dong trong khoang tir 68 nM dén gin 1000 nM. Céc chit ndy sau d6 dwoc phan cum bing
thuat toan Butina dé chon ra tap cAu truc da dang nhat trong khong gian hoéa hoc (hé s6 Tanimoto
< 0,35). Két qua thu duoc 21 chit cing voi ligand ddng két tinh cia ciu tric muc tiéu STAT3
(PDB ID: 6NJS) 1a SD-36 dé tao thanh tip c6 hoat tinh, va tién hanh tao tap moi nhir (decoy)
bang thu vién hoc siu Deepcoy []. Tap decoy duoc tao thanh dua trén phuong phap property-
matched va st dung mé hinh DEKOIS (khong chwa phospho) dd dugc huin luyén sin dé tao
thanh céc decoy véi ty I¢ active:decoy la 1:50.

Dir liéu sang loc

Thu vién ndi bo gém 1056 chat duoc thiét ké dua trén khung cAu tric cua cucurbitacin E bﬁng
cach thay doi 4 thanh phan: nhom carbonyl & Ci1 (ddc tinh cua cucurbitacin E c6 thé do nhém
carbonyl ¢ Ci1); nhom hydroxyl & Cie¢ (mtrc d§ phan cuc cao hodc sy hién dién nhom ester trén
Cis gitp lam giam doc tinh té bao cua cucurbitacin E); nhém ceton & C22 va nhom ester & Cas
(nhom ceton & vi tri Caz va gdc acetoxy & Cas duge chimg minh c6 lién quan dén hiéu qua tac
dong cua cucurbitacin E). Céc bién ddi vé mat hoa hoc cac dan chat tuong déng duoc thé hién &
Hinh 1.

C-11: =0, CHj3;

C-16: -OH, =0, -OCH3, -OC,Hs, -OCsHs, -OCgH4-4-Cl, -OCsHs-3-Cl, -OC¢Hs-2-Cl;
C-22: =0, -OH, -NHCH(R)COCOOH (R: mach nhéanh cta 20 acid amin);

C-25: -OCOCHs, -OCOC2Hs, -OCOCgHs

Hinh 1. Chién lugc thiét ké dan chit tir cucurbitacin E
Protein STAT3
Protein STAT3 lién két voi ligand ddng két tinh (SD-36) duoc 1y tir ngan hang dit liéu Protein
Data Bank (https://www.rcsb.org) voi ma protein 1a 6NJS [], chup bang phwong phép nhiéu xa tia
X voi do phan giai 2,7 A. Ligand va protein trong phitc hgp sau d6 duoc tach riéng va luu & dinh



dang *.pdb, trong d6 protein tiép tuc dugc ti thiéu hoa ning lwong bang UCSF Chimera, sir dung
truong luc Amber véi tham sd conjugate gradient minimization dugc dé mic dinh 1a 0,001
Kj/mol, va xac dinh thong sé cho khoang gin két dua trén vi tri gin két cua ligand dong két tinh
(SD-36) trong khoang gén bang phan mém UCSF Chimera.

Phwong phap nghién ciru

Phéu loc Héa duwoc

Tinh toan thong s6 mé ta (LogP: hé s phan bd dau nudc, HBA: s lién két nhan hydro, HBD: sb
lién két cho hydro, MW: khéi lugng phan tir, TPSA: téng dién tich bé mat, Fsp3: s6 carbon lai
hoa sp’ / tong s6 carbon) bang thu vién hoa tin RDKit 2022.09.1 v Python 3.7.

Ap dung hai quy tic (quy tic Lipinski: u6c tinh kha nang hap thu duong udng, quy tic Pfizer:
mdi quan hé giita cac dic tinh héa 1y va doc tinh), bdn phép do dinh luong (Fsp3: d6 bio hoa
carbon, MCE-18 (Medicinal Chemistry Evolution 2018): cong thuc ti ¢ nhém chiic, Sascore
(Synthetic accessibility score): Piém danh gia kha ning tiép can tong hop, NPScore: Piém
gidng san pham tu nhién) va ba bo loc (B loc PAINS, BMS, Chelator: sang loc loai bo cac chat
c6 nguy co duong tinh gid). Riéng yéu cau vé MW cuia Lipinski, ngudng vi pham duoc diéu chinh
tir 500 g/mol 1én 600 g/mol dé phu hop véi co s dit liéu ciia nghién ciru.

Yéu cdu cac quy tic: Lipinski: Khong vuot qua 2 trong 4 yéu té sau: HBA >10, HBD >5, MW >
600, LogP > 5; Pfizer: Khong dong thoi thoa ca 2 yéu td: LogP >3 va TPSA < 75; Fsp 3: Fsp 3 >
0,42 1a phi hop; MCE-18: Diém s6 MCE-18 > 45, SAScore: SA score < 6; NP Score: Thuong
nam trong khoang tir —5 dén 5; PAINS, BMS, Chelator: Khong triung lip véi bat cir cau trac con
nao trong bd loc [].

M@é hinh gin két phén tiv (Molecular Docking)
- Chudn bi va protein va ligand:

Protein 6NJS sau khi tach ligand dugc mé bang MGLTools (Python 2.7) trén giao dién cua
Jupyterlab, sir dung cong cu prepare_receptor dé tién hanh thém hydro c6 thé c¢6 cia cau trac, bao
gdm ca hydro phan cuc (polar hydrogen) va hydro khong phan cuc (non-polar hydrogen) va dién
tich Gasteiger vao toan bd nguyén tir. Cau tric cudi ciing cia protein duge luu dudi dang *.pdbqt.

Ligand dong két tinh, 21 chat ¢ hoat tinh thu dugc sau qua trinh phan cum dir liéu cing 1100
decoy va 1056 chat trong thu vién sang loc, déu dugc xt 1y twong tu nhau bing MGLTools
(Python 2.7) trén giao dién cua Jupyterlab. Str dung cong cu prepare ligand dé thém dién tich
Gasteiger va dugc luu dudi dang *.pdbqt.

- Kiém tra hoi chirng:

Nghién ctru tién hanh thyc hién re-docking dé kiém tra ning lyc gan két (docking power) va kiém
tra hoi chirng dé kiém tra ning luc sang loc (screening power) trén ca ba phan mém khac nhau bao
gébm Smina, Qvina2 va Autodock Vina 1.2.3 (Vina), tir d6 phan tich va so sanh dé lua chon ra
phan mém phu hop nhat cho dich tac dong STAT3.

- Khoang gin két: kich thudc hop Gridbox (size x = 25 A, size y = 25 A, size z =25 A), toa
do (center x = 12,599, center y = 54,028, center z = 1,242), random seed dugc mac dinh la
42, exhaustiveness bang 150, num_modes bang 10.

- Re-docking: tién hanh gin két phan tir giita ligand dong két tinh (SD-36) va céu triic protein
STAT3 di duogce xir ly. Két qua re-docking dwoc danh gia dua trén sy so sanh dinh hudng cac
ciu dang cia ligand trong khoang gin két trudc va sau qua trinh docking (dugc thé hién qua



gia tri RMSD), 4i lyc gin két thong qua ning lugng gin két (kcal/mol) va sy pht hop vé mat
hoa hoc cua cac twong tac trong phic hop thu thé-phdi tir. Phan mém dugc cho 1a phu hop cho
viéc docking phan tir khi RMSD dudi 2 A (RMSD biéu thi khoang cach trung binh giita céc
nguyén tir trong ng trudc va sau qua trinh docking xép chong 1én nhau), déng thoi cac tuong
tac trong yéu trong khoang gin duoc tai tao day du.

- Kiém tra hoi chimg: tién hanh gin két phan tir 22 chit tap hoat tinh (bao gom ligand dong két
tinh) va 1100 decoy dugc tao thanh , tién hanh trich xudt diém s docking 4m nhit vao tép
* csv dé x4y dung duong cong ROC va tinh dién tich dudi dudong cong AUC-ROC; bén canh
d6 dai lugng G-mean ciing dugc su dung dé xéac dinh diém gay cua duong cong, tir do dinh
huéng chon duge ngudng diém docking phi hop nhat cho viée sang loc ao0. Trong do:

o Puong cong ROC minh hoa tryc quan vé su chinh xac va 18i duoc quan sat trong mé
hinh phan loai, véi truc Y 1a d6 chinh xac (ty 1¢ duong tinh that) va truc X la ty 1€
duong tinh gid. Dién tich dudi duong cong ROC (AUC-ROC) tinh todn hi€u ndng mo
hinh theo cic ngudng phéan loai khac nhau, chi s6 AUC cang cao thi md hinh cang
chinh xéc.

o G-mean la dai lugng do ludng sy can bang giita hiéu ning phan loai trén ca 16p da sd
va thiéu sd. G-mean thép 1a ddu hiéu cua hiéu nang kém trong viéc phan loai cac chét
c6 hoat tinh ngay ca khi cac trudng hop khong hoat tinh duge phan loai rat chinh xéc.
G-mean = /Do nhay x D¢ dic hiéu

- So sanh phan mém: dwa vao dién tich dudi duong cong AUC-ROC cua kiém tra hdi ching,
lwa chon dugc phan mém phii hop nhat cho qua trinh sang loc 4o.

Sang loc do

1056 chat twong ddng cucurbitacin E dugc sang loc 1an luot qua cac phéu loc hoa duoc va sau d6
duoc tién hanh gin két phan tr v6i phan mém docking phu hop nhit. Sau dé, tién hanh phan tich
tuong tac giita cac chat tiém ning va protein (thudng gip 1 lién két hydro; lién két pi-pi, carbon-
pi; lién két Van der Waals; tinh dién;...) dé dinh hudng tong hop hitu co.

KET QUA

M6 hinh gin két phén tir

Két qud Re-docking

Dé danh gia ning luc gin két va chimg minh tinh phu hop cua tit ca cic thong sé duge sir dung

trén ba phan mém (Vina, Qvina2 va Smina), ligand dong két tinh SD-36 duoc st dung lam chimg
duong cho qua trinh re-docking. Két qua nay dugc danh gia dua trén ba yéu td bao gom:

(1) Pinh hudng cac cdu dang cua ligand trong khoang gian két, cu thé 1a xem xét vi tri cla
ligand SD-36 sau khi dock c6 sai léch véi ligand dong két tinh. Tiéu chi ching t6 phan
mém docking c6 kha ning sang loc trén protein nay la RMSD < 2.

(2) Ai lyc gan két thong qua nang luong lién két

(3) Su phit hop vé mit hoa hoc clia cac twong tac ligand-protein

Vé mit dinh huéng céu dang va ai lyc gin két, ligand SD-36 sau qué trinh re-docking dwgc nim
gon trong khoang gan két dugc xac dinh tir trudc boi phan mém UCSF Chimera. Tir két qua re-
docking duoc trinh bay trong Bang 1, c6 thé nhan thdy RMSD & ca ba phin mém déu xap xi
nhau, gin bang 2A nén déu c6 thé tmg dung sang loc 4o. Ai luc gin két cta ca ba phin mém ciing
khac biét khong dang ké, diéu nay co thé giai thich 1a do ca ba phan mém docking déu sir dung
cung loai ham tinh diém 1a dya theo kinh nghiém.



Bang 1. Két qua re-docking ctia ba phan mém docking phan tir

Pai lwgng danh gia Vina Qvina2 Smina
RMSD (A) 1,98 2,06 2,05
Ai lye gin két (kcal/mol) 7,12 -7,20 7,14

V& mit twong tac hoa hoc, co su twong dong giita ligand dong két tinh ban dau va ligand duoc re-
docking trén cac acid amin Arg609, Ser611, Glu612, Ser613, Ser636 duogc tong hop cu thé trong
Bang 2 dudi diy. C6 thé thiy, phan mém docking da tai tao hau hét cic tuong tic quan trong

trong khoang SH2 ctia STAT3.

Bang 2. Cac tuong tac giita ligand dong két tinh SD-36 véi cac acid amin cua protein STAT3
trude va sau khi re-docking

Truoce Sau re-docking
re-docking
Qvina2 Smina Vina
Arg 609: H — Arg 609: H-acceptor  Arg 609: H-acceptor Arg 609: H -acceptor
acceptor va ionic va ionic va ionic
va ionic

Ser 611: H-acceptor
Glu 612: H-acceptor
Ser 613: H-acceptor
Ser 636: H-donor
Glu 638: H-donor
va H-acceptor

GlIn 644: H-acceptor

Ser 611: H-acceptor
Glu 612: H-acceptor
Ser 613: H-acceptor
Ser 636: H-donor

Glu 638: H-acceptor
Tyr 657: H-acceptor

Ser 611: H-acceptor
Glu 612: H-acceptor
Ser 613: H-acceptor
Ser 636: H-donor

Glu 638: H-acceptor

Ser 611: H-acceptor
Glu 612: H-acceptor
Ser 613: H-acceptor
Ser 636: H-donor
Glu 638: H-donor va
H-acceptor

Gln 644: H-acceptor

Tyr 657: H-acceptor

(Voi H-acceptor 1a nhan lién két hydro tir acid amin va H-donor la lién két hydro

cho acid amin, ionic 1a lién két ion).
Thong qua qua trinh re-docking, c6 thé thiy ca ba phan mém Vina, Qvina2 va Smina déu cho két
qua phu hop dé tién hanh gin két phan tur.



Hinh 2. A. Ligand d@)ng két‘ tinh ndm trong khoang gin két clia protein STAT3. B. Ligand trudc
va sau khi re-docking déu nam trong khoang gan két cua protein STAT3. C. Cau dang cua ligand
dong ket tinh SD-36 trude va sau khi re-docking. D. Tuong tac gilta ligand trude va sau khi re-
docking voi cac acid amin c6 trong khoang gan két cua protein STAT3 ctia Qvina2.

Két qua kiém tra hoi chirng

Qua trinh tao decoy bang thu vién Deepcoy di dua ra cac thong sé danh gia chit luong cua moi
nhtr bao gdm diém sé DOE dat 0,2508; trung binh va gia tri tdi da diém sé Doppleganger lan luot
dat 0,2659 va 0,3626. Trong d6 cac chi sb déu & murc phit hop (mirc d6 twong ddng giira chat co
hoat tinh va chit moi nhtr cao trong khong gian hoda ly). Cu thé, gia tri AUC-ROC tién vé 0,5 cho
thdy kha nang phan biét chat c6 hoat tinh va decoy rat kho khan. Gia tri AUC-ROC INN ¢ nghién
clru ndy nam & murc chip nhan duoc (0,7328).

Ca ba phan mém cho thay su khac biét vé su phan i luc gin két cia hai tap decoy va hoat tinh.
Diéu nay duoc 1y giai do hau hét cac chét c6 hoat tinh c6 thé tiép can duoc khoang gian két SH2
ciia STAT3, trong khi tap decoy lai c6 nhiéu cau trac nam ngoai khoang gin (Hinh 3). Céc hop
chat ndm ngoai khoang gin két duoc diéu chinh gia tri diém sé docking twong Gmg bang véi gia tri
cua hop chét co sb diém it Am nhét cua tung phén mém (-3,0; -3,0 va -3,1 kcal/mol dbi v6i Vina,
Qvina2 va Smina). Muyc dich ctia viéc ndy nhim giam t6i da sai sé cia mé hinh, dong thoi giup
cho b dir liéu diém s6 docking sau qua trinh chuan hoa bang MinMaxScaler khong bi mat can
bang.
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Hinh 3. Hinh anh minh hoa vi tri tép tap hoat tinh khao sé,t trong khoang gén két protein STAT3
(trai) va tap decoy (phai) trong khoang gan két protein STAT3
Tién hanh chuyén d6i diém s6 docking cua tit ca cac chat ¢ hoat tinh va decoy theo phuong phap
MinMaxScaler cua thu vién Scikit-learn véi khoang gié tri [0;1], tir d6 thiét lap dd thi ROC-AUC
dé danh gia hiéu ning cta kiém tra hdi chirng cic mé hinh docking.
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Hinh 4. Dudng cong ROC-AUC tir ba phan mém docking

Tir Hinh 4 c6 thé nhan thiy duong cong ROC & ca ba phan mém kha twong dong nhau, déu c6 xu
hudng 16i (nam trén dudng gidi han) khi ting TPR tir 0 1én 0,6 nhung lai ¢6 xu hudng 16m (ndm
dudi duong giéi han) khi tiép tuc ting 1én 1. Viéc dudng cong ROC nam dudi dudng gidi han,
cho thdy mo hinh phan biét rat kém giita chat hoat tinh va mdi nhir va khong thé tmg dung dugc.
Ngoai ra, c6 thé xac dinh duogc gia tri AUC tu biéu dd ROC kiém tra hoi chung lan luot 14 0,55;
0,56 va 0,58 cho ba phﬁn mém Qvina2, Vina va Smina. biém gdy cua dd thi ROC-AUC duge xéac
dinh dua trén diém G-mean cao nhit véi ty 1& duong tinh that (TPR) va duong tinh gia (FPR) da
xac dinh ngudng hoat tinh -5,875 kcal/mol cua Qvina2; -5,865 kcal/mol twong img Vina va -5,989
kcal/mol 13 két qua cia phan mém Smina. Nhin chung, gia tri AUC cua ca 3 phan mém kha thip,
nguyén nhan 14 do ty 1& dwong tinh gia tai diém gy twong ddi cao.

Smina 13 phan mém thu dugc gia tri AUC cao nhit voi ngudng hoat tinh 4m nhat, nén nghién ciru

quyét dinh Iya chon Smina dé thuc hién mo phong gin két phan tir danh cho qua trinh sang loc 4o
sau do.



Sang loc 4o

Phdn tich bg dir liéu sang loc

Thong sb mé ta tap dir liéu sang loc gdm 1056 chat duoc tinh toan bang thu vién RDKit va trinh
bay ¢ Bang 4. Cac chi sd khéc trong luat Lipinski nhu LogP, HBA va HBD déu c6 gia tri trung
binh gan vdi can trén cia phéu loc. Chi sé Fsp® c¢6 trung binh 13 0,62 cao hon can dudi 1a 0,42
chting t6 cac cu triic c6 nhiéu carbon no, ting kha ning xoay duoc trong khong gian dé ting kha
nang gan két véi protein. Chi s6 TPSA trung binh qua 16n so v6i can dudi 75, du doan hau hét cac
chét déu kho qua dugc phéu loc Pfizer.

Bang 3. Gia tri trung binh va d6 1éch chuin cua 6 thong sb m6 ta thuong dung

bai lugng MW LogP HBA HBD TPSA Fsp?
danh gia

MEAN % SD 768,38+80,49 6,00 £1,40  10,19+0,85 5,07+1,17  188,89+24,0 0,62+0,08

Sang loc qua phéu lpc Hod dwgc

Tép SDF gdm 1056 hop chét ¢ dinh dang *.mol duoc sang loc qua phéu loc hoa dugc, két qua
dugc thé hién & Bang 5.

Bang 4. Bang tong hop két qua danh gia dua trén yéu cau phéu loc hoa duoc

Quy tiic, phép do va bd loc Théa Khong théa
Lipinski 88 968
Pfizer 88 968
SA Score 1014 42
Fsp? 1056 0
MCE-18 1056 0
PAINS 1056 0
BMS 1008 48
Chelator 1056 0

Két qua, chi c6 85 chit qua duoc phéu loc hoa dugce, trong d6 co 88 chit dap ung yéu ciu
Lipinski, trir hai cht C221, C222 bi loai bé do vi pham bd loc BMS va chat P122 bi loai bo do
nguy co khé téng hop khi SAscore 16n hon 6.

Tép cdu tric tham gia sang loc 4o duoc xdy dung tir cucurbitacin E (chiét xuit tir ho
Cucurbitaceae) do do c6 gia tri NPscore tuong ddi cao, trai dai tir 1,31 dén 3,15.

Sang lpc do bang mé hinh gin két phén ti

Sau qua trinh sang loc 4o béng phéu loc héa duge, 85 chét tiém nang dugc tién hanh thyc hién qua
trinh mo phong gan két phan tir thong qua phan mém Smina véi cac thong sd twong ty qué trinh
re-docking thu duoc két qua nhu sau:



1. C6 17 chit nam ngoai khoang gin két, dong thoi 68 chat con lai déu nam gon trong
khoang gan két cua protein STAT3.

2. Ai lyc gan két (affinity binding) dao dong tir -7,5 kcal/mol dén -5,9 kcal/mol, qué trinh thu
duoc 66 chit c6 diém sd docking thoa man ngudng hoat tinh -6,0 kcal/mol.

Két qua cho thdy, viéc thém nhém ester vao vi tri Cis v6i muc dich ban dau giup lam giam doc
tinh ciia cac hop chat, nhung ddy lai 1a nhém 1am cho diém sé docking it 4m nhat, véi X231 c6
diém sd docking 1a -7,0 kcal/mol. Do do, cé thé du doan, viéc thém nhom ester vao Cig c6 thé lam
giam doc tinh nhung dong thoi ciing han ché kha niang gin két giita ligand véi protein STATS3.
Céc chat trong nhém nay chil yéu tuong tic v6i cac acid amin nhu Lys658 — tuong dong hai nhom
trén cung cac acid amin nhu Tyr640, GIn644, Asn647, Gln644, Met648 va 11e653 thong qua cac
tuong tac ky nude. Qua diém sé docking, nhan thay c ba chét tiém ning dén tir ba nhom ciu trac
1a G213, N223 va X231 (bang 5) véi két qua diém sé docking va cac loai twong tac trong khoang
gin két, duoc thé hién trong Béang 6.

Bang 5. Cu tric cia 3 chdt G213, N223, X231

STT Céu triic héa hoc ID Ai Ilye gin két Lién két
(kcal/mol) hydro

1 7.4 Lys658
2 75 Lys658

Met648,
2 7.0 Lys658

Két qua tuong tac cua G213, N223 va X231 dugc biéu dién nhu Hinh 5.
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Hinh 5. G213 nam gon trong khoang lién két va co tuong tac H-donor véi Lys658. N223 nam
gon trong khoang lién két va co tuong tac H-donor voi Lys658. X231 nam gon trong khoang lién
két va c6 tuong tdc H-donor véi Met 648 va H-acceptor vdi Lys 658

Tién hanh so sanh 3 chit tiém ning nay v6i SD-36 va cucurbitacin E va tom tit & Bang 6.

Bang 6. So sanh ba chét tiém ning nhét véi ligand dong két tinh SD-36 va cucurbitacin E

Nhom Piém s6 docking Twong tac voi acid amin
trung binh (kcal/mol)

G213 -7,4 Lys658

N223 -7,5 Lys658

X231 -7,0 Lys658, Met648
Cucurbitacin E -6,8 Ser636, GIn635

SD-36 -7,1 Arg609, Ser611, Glu612, Ser613,

Ser636, Glu638, Gln644

Ca 3 chat c6 diém s6 docking am nhat ciia 3 nhom cau tric déu cé ai luc vadi protein STAT3 tot
hon so véi cucurbitacin E. Tuy nhién, két qua thu dugc cé sy khiac nhau doi véi tuong tac cua



G213, N223, X231 v6i cac acid amin nim trong khoang hoat dong protein STAT3 so vdi
cucurbitacin E.

Bén canh viéc so sanh cucurbitacin E — chét dung dé thiét ké thu vién ndi bo, nghién clru cling
tién hanh danh gia cic chét tiém ning nhit & ba nhom cau trac so voi ligand dong két tinh cua
protein STAT3 (véi ID PDB 6NJS) 1a SD-36. Hai chat G213 va N223 c6 diém sb docking 4m hon
SD-36 cho thdy ching cé 4i luc cao hon ligand nay, trong khi X231 thi cho két qua diém sb
docking hoi cao hon so vdi SD-36.
BAN LUAN
Nghién ctru da danh gia, chon loc can than dua trén cac bude kiém tra dinh luong va str dung
nhiéu phan mém. Khac v6i sang loc ao truyén théng chi sit dung mot mo hinh, khong qua bat ki
bude tham dinh nao, do d6 c6 thé dan dén sai sot trong qua trinh sang loc. Nghién ctru chi trong
vao viéc lya chon cong cu docking hay cac quy tic sang loc hoa dugc. Viéc danh gia, tham dinh
mo hinh khong nhing lya chon dugc phan mém phil hop ma con giam thiéu téi da kha ning bo
sOt cac chét tiém nang.
Nghién ciru dd dat duoc mot sé két qua nhu sau:

- Xay dung phéu loc hoa duoc nham sang loc dac tinh “giéng thudc” cta hop chét.

- Xay dung mé hinh docking phan tr, tién hanh re-docking va thir nghiém héi ching

(retrospective control) ciing t6i wu hoa ngudng lua chon.

- Sang loc 40 cac chét tir thu vién ndi bo va chon ra cac chat wu tién cho viée tong hop.
KET LUAN
Thong qua viéc xdy dung mo hinh sang loc 40 gdm phéu loc hoéa duge va qué trinh gan két phan
tir, nghién ctru da sang loc thanh cong mot s6 chat tiém ning tc ché protein STAT3 tir chat gbc
cucurbitacin E. Qua qua trinh trén, xac dinh dugc 66 chét tiém nang co6 hoat tinh uc ché STATS3,
dic biét 1a 3 chat tiém ning nhat 13 G213, N223 va X231.
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