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ABSTRACT

Kinesin Eg5 plays an essential role in the early stages of mitosis, and it is
an interesting drug target for the design of potent inhibitors. In this work,
combination of 2D-QSAR studies-and molecular docking, was performed
on a series of some drugs from Drugbank databases as Eg5 inhibitors. Six
drugs including Mimosine, Flubendazole, Perampanel, Asenapine,
Cloxacillin, and Zaleplon were predicted as potential candidates for Eg5
inhibitory orientation with binding energies lower than -19 kJ/mol. The
docking results showed four hydrogen bond interactions with Eg5
residues including Glul116, Gly117, Glu118 and Arg22. In consequence,
this study provided valuable information for the design and prediction of
new potent Eg5 inhibitors in the future.

TOM TAT

Kinesin Eg5 dong mot vai tro quan trong frong gzaz doan ddu clia qua
trinh nguyén phdn va la mét muc tiéu thii vi dé thiét ké cdc loai chat trc
ché. Trong nghién ciru ndy, s két hop gitia mé hinh nghién ciru 2D- QSAR
va docking phan tw da dwoc thuce hién trén cdc loai thuée tir co sé di liéu
ciia Drugbank nhir la cdc chat ire ché Eg5. Sau logi thuée bao gom
Mimosine, Flubendazole, Perampanel, Asenapine, Cloxacillin va
Zaleplon dwoc dy dodn la rat tiém nang cho dinh huéng irc ché Eg5 véi
nang lwong lién két thap hon -19 kJ/mol. Két qua docking cho thdy bon
tuong tac hydro voi cac amino acid Glul 16, Gly117, Glul 18 va Arg2?2 tai
khoang gdn két cia Eg5. Do do, két qua cia nghién ciru nay la nhimg
théng tin ¢é gid tri cho viéc thiét ké va di dodn cdc chat irc ché Eg5 tiem
nang moi trong twong lai.

1. GIOI THIEU

Kinesin Eg5 (hay con duoc biét dén 1a KSP hoic

di chuyén doc theo té bao chat va c6 thé chuyén dbi
nang lugng hoa hoc thanh nang lugng co hoc bang

KIF11) dugc mi hoa boi gen KIF11 ndm trén nhidm
sac thé s6 10. N6 dong vai trd quan trong trong sinh
Iy t& bao, bao gdm hinh thanh thoi phéan bao trong
cac té bao dang phan chia, phan nhanh theo truc va
cac chuyén dong cua té bao (Falnikar et al., 2011;
Venere et al., 2015). Eg5 1a mot dai phan tir c6 thé
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cach thuy phan ATP. Két qua cia cc nghién ciru
gan day cho thdy rang biéu hién Eg5 c6 lién quan
dén mot sb khéi u ac tinh, ching han nhu ung thu
biéu mé gan, ung thu phdi, ung thu tuyén tuy, ung
thu da day, ung thu dai truc trang va ung thu tuyén
tién liét (Jin et al., 2017; Liu et al., 2010). Su kich
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hoat biéu hién Eg5 gop phan lam khai phat bénh
bach cau té bao B (Hansen & Justice, 1999). Qua
cac nghién ctu, nhitng con chuét chuyén gen biéu
hién qua mirc Eg5 c6 xu huéng gy ra sy bat 6n dinh
bo gene va hinh thanh cac khoi u (Castillo et al.,
2007). Do do, kinesin Eg5 duoc xdc dinh la myc tiéu
tiém nang dé phat trién thudc moi trong hoa tri ung
thu (Blangy et al., 1995). Su tic ché chuc niang Eg5
dan dén qua trinh bét giit nguyén phan kéo dai, dan
dén chét té bao trong qué trinh nguyén phén. UC ché
Eg5 bang cach khir mién dich, tiém khang thé, can
thiép RNA va cac chat e ché phan tir nho (Castillo
etal., 2007). Monastrol la chit ¢rc ché Eg5 dau tién
duoc phat hién vao nam 1999, sau d6 dugc téng hop
va dugc st dung trong nghién ctru co ban va lam
sang (Mayer et al., 1999). Gan day, cac chat uc ché
Eg5 1a cac dan xuat quinazolinone (ispinesib),
thiadiazoles (filanesib, litronesib, K85830) va  S-
trityl-L-cysteine. Co ché dua trén sy uc ché hoat
dong ATP kinase cua Eg5 da dan dén viéc bat gitr
nguyén phan, ldm chdm qua trinh giai phéng ADP
tir vi tri xuc tic cia Eg5 dé gy chét té bao ung thu
bang con dwong apoptotic. Diéu nay da cho thiy
hiéu qua dang khich 1é trong viéc diéu tri cac bénh
ung thu ( Luo et al., 2012; Chen et al., 2017). Mot
s6 cong trinh nghién ctru da dugc cong b trudce day
cho thay tinh hiéu qua cao khi trinh bay thiét ké
thudc voi sy hd tro ciia may tinh dé tim ra céc loai
chat wc ché Eg5 nham kham pha cac méi quan hé
céu trac-hoat dong (SAR) (DeBonis et al., 2008;
Roecker et al., 2007). Nam 2009, cau trac phirc hop
ciia Eg5 va chat uc ché chong phan bao manh S-
trityl-L-cysteine  dad dugc bao cdo (Kaan et al.,
2009). Day la diéu kién thuan lgi cho cac nghién ciru
dua trén cac k¥ thuat mo phong hoa tin va tinh toan.
Chinh vi nhiing ly do trén, dinh hudng ctia nghién
ctru 1a cung cép cac két qua mé phong gén két cua
cac hop chat dugc sang loc tir co so dir liéu
Drugbank tai vi tri khoang gin két cua S-trityl-L-
cysteine trén protein Eg5. Muc ti€u cua nghién cttu
la cung cap thong tin co ban Vé su tuong tac gilra
cac loai thude thong dung vei kinesin Eg5, nham
phat trién cac chat irc ché Eg5 tiém nang c6 sin trén
thi truong dé diéu tri ung thur.

2. PHUONG PHAP NGHIEN CUU

2.1. Chuin bi phéi tir va protein

Tap hop 45 phdi tir dugc sang loc bang md hinh
2D-QSAR duéi dang tép SDF duoc t6i uu hod nang
lugng bang ham ban thuc nghiém (PM6) su dung
phan mém Gaussian.

Chu trac ba chiéu cia protein kinesin Eg5 (ID:
2WOGQG) dugc tai vé tir ngan hang co s¢ dir liéu
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protein RCSB. Cac phdi tir nho, phdi tir dong két
tinh va cac phan tir nuéc duoc loai bo trude khi tién
hanh qua trinh docking cac hop chét. Riéng cac phan
tir nuwéc tir HOH2297 dén HOH2303 dugc gir lai.
Cau tric protein dugc tdi thiéu hod nang luong lai
bang Swiss PdbViewer.

2.2. Docking phan tir

Qua trinh docking duoc thyuc hién bang FLeX
Vi sy hd tro ciia cong cu LeadIT 2.1.8. Khoang gan
két dwoc chuan b véi khong gian 6,5 A bao gom 28
amino acid va 12 phan tr nuéc bao quanh phéi tir
ddng két tinh.

3. KET QUA VA THAO LUAN

Trong nghién ctru nay, kha nang lién két cua 45
hop chét tir co s¢ dit ligu Drugbank vao trung tam
hoat dong cua kinesin Eg5 dwoc tién hanh mé
phong. Muc tiéu xac dinh cac hop chat nhim vao
Eg5 sé& dinh hudng cho céc thir nghiém vé khang ung
thu trong tuong lai. Bén muoi lam hop chat da dugc
sang loc thong qua m6 hinh 2D-QSAR tur 1661 hop
chat trén co so dit liéu DrugBank (Hinh 1).

Sang loc theo
quy luat 5 Lipinski

@RUGBANK

>( 831 hop chét |
1661 hop chét

ng dung mé hinh
2D-QSAR

Sang loc theo
théng s6 mé hinh

45 hop chat
ICsg < 0.5 UM

296 hop chét

Hinh 1. Sang lgc cic hop chét tir co s& dir ligu
Drugbank bang phwong phap 2D-QSAR

3.1. Panh gia mo hinh docking phéan tir

Dau tién, cdu triic ba chidu cua phdi tir dong két
tinh (S-trityl-L-cysteine) trong kinesin Eg5 (ID:
2WOG) dugc chuan bj va toi wu hoa nang lugng.

Phdi tir S-trityl-L-cysteine dwoc docking tro nguoc
lai vao kinesin Eg5. Pay la qua trinh cho phép
khing dinh két qua nghién ctru dinh hudng co dat do
tin cay cao hay khong. Khoang gin két duoc lua
chon bao gom cac amino acid Thr112, Phell3.
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Met115, Glul16, Gly117, Glul118, Arg119, Ser120,
Thrl26, Trp127, Glu128, Asp130, Leul32, Alal33,
Gly134, 11e136, Prol37, Leul60, 1le213, Leu214,
Glu215, Lys216, Gly217, Ala218, Ala219, Arg221,
Thr222, Phe239. Két qua re-docking sau d6 duoc
xem xét do léch binh phuwong trung binh gbc
(RMSD) voi phéi tir dong két tinh S-trityl-L-
cysteine ¢6 trong cdu truc ba chiéu kinesin Eg5 trén
ngén hang co s¢ dit liéu protein RCSB. Két qua thu
duoc gia tri RMSD 1a 0,6907 A. Mot mo hinh
docking dugc xem 1a tot va dat do tin cdy cao néu
¢6 gia tri RMSD nhoé hon 2 A so véi phoi tir thuc
nghiém. Hinh 2 cho thy sy trong dong giira phdi tir

Adenosine-5'-diphosphate

RMSD = 0,6907 A
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dong két tinh va phdi tir dwoc re-docking trong mo
hinh docking phan tir. Hop chat S-trityl-L-cysteine
1a mot chat Gc ché va lién két manh mé véi kinesin
Eg5 ¢ nguoi. S-trityl-L-cysteine da dugc ching
minh 13 c6 thé Gc ché hiéu qua cac hoat dong
ATPase cia Eg5 (ICso= 1 uM). Vi vy, trong nghién
clru nay, S-trityl-L-cysteine dugc st dung nhu mét
hop chat ddi chimg cho qua trinh sang loc cac hop
chat tiém ning. Cac hop chat cho kha nang lién két
manh hon S-trityl-L-cysteine dugc xem 1a mot ng
ctr vién cho viéc phat trién va thir nghiém in vitro va
in vivo cho muc tiéu thude diéu tri ung thu tac kich
vao kinesin Eg5.

Nang lvong = -18.7432 kJ/mol

Hinh 2. Phéi tir S-trityl-L-Cysteine tai trung tim hoat dong cia kinesin Eg5

Phéi ti dong két tinh trong Eg5 duwot thé hién bang mau xdm, phéi ti re-docking diroc thé hién bang mau luc

3.2. Docking phén tir

Bbn muoi lam hop chét tir mé hinh 2D-QSAR
da duoc thyc hién mo phong kha ning lién két véi
Eg5 tai khoang gin két bao gom 28 amino acid,
tuong ty nhu doi vai S-trityl-L-cysteine. Két qua cho
théy cac hop chat co nang lugng du doan tu -
23,1275 dén -2,6276 kd/mol (Bang 1). Trong d6, 6
hop chat cho thay lién két chat ché véi Eg5, manh
hon phéi tir di ching 1a S-trityl-L-cysteine bao gom
Mimosine, Flubendazole, Perampanel, Asenapine,
Cloxacillin va Zaleplon (ndng luong du doan < -19
kJ/mol). Cu thé, Mimosine duoc dy doan lién két dé
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dang véi kinesin Eg5 nhat voi ning lugng lién két
dugc dy doan 14 -23,1275 kd/mol, tiép theo sau lan
lugt 1a Perampanel (-20,4948 kJ/mol), Flubendazole
(-19,6963 kJ/mol), Asenapine (-19,6882 kJ/mol),
Zaleplon (-19,4959 kJ/mol) va Cloxacillin (-
19,0546 kJ/mol). Hinh 3 cho thdy ciu hinh lién két
khac nhau v6i cac amino acid cia 6 phdi tir tai
khoang gén két.

Mimosine nam su trong tai ky nudc, trong tac
truc tiép voi Argl19 (pi-alkyl) va twong tic qua
trung gian nudc véi Glul16. Dac biét, cac lién két
phbi tir trong phan Ky nudéc cuia tai lién két dugce coi
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1a rit quan trong ddi véi viéc xem xét lién két phdi
tt manh va tinh chon loc kinase. Diéu quan trong
can luu ¥ 1a Mimosine ¢é cac tuong tac hydro voi
cac amino acid Glul16, Gly117, Arg221 theo cach
tuong tu nhu S-trityl-L-cysteine. Chinh diéu nay
gitip dam bao sy 6n dinh vi tri cua phdi tir trong
khoang gan két. Glu118 duoc tuong tac ciing dang
cht ¥ vi Mimosine 1a phdi tir duy nhét trong nim
phdi tir con lai lién két hydro véi cac amino acid lién
tiép Glu116, Gly117 va Glul18 doc theo chudi xoin
a. Ngoai ra, cac twong tac khac véi Ala218 (alkyl)
va pi-alkyl véi Pro137 ciing da duoc quan sat thdy
v6i d dai nhé hon 5 A.

Perampanel véi ciu trac gdm cac vong thom ky
nudc twong ty nhu S-trityl-L-cysteine gitip cho phoi
tr d& dang tham gia hinh thanh cac tuong tac tai vi
tri ky nu6c. Diéu dic biét, Perampanel cho thiy
khong hinh thanh cac tuong tac hydro véi cac amino
acid nhu cac phdi tir con lai, chu yéu 1a cac twong
tac pi-alkyl (Prol37, Argll9, Alal33, Ala218,
Leu214), pi-cation (Glu216) va pi-anion (Arg221)
V6i cac amino acid. Argl19 ciing cho thdy hinh
thanh tuong tic véi phdi tir, gop phan lam ndi bat
tam quan trong ctia amino acid nay trong qua trinh
hinh thanh vi trf lién két trong protein Eg5.

Flubendazole cho thiy hinh thanh lién két hydro
véi Glu215 tai vi tri va nudc xung quanh miéng tai
ky nuéc. Di vong benzimidazole hinh thanh nén
tuong tac xép chong véi Leu2l4 va pi-akyl voi
Ala218. Phan con lai cua ciu trac tham gia twong
tac vdi cac amino acid ky nudc Ile136 va Glul16.

Asenapine ¢6 ciu tric bao gdm cac vong thom
ky nudce dac khit va sy c6 mat cua halogen. Vi vay,
chiing dé dang tham gia vao tuong tac véi cac amino
acid trong tai ky nude. Cac loai twong tac cha yéu 1a
pi-alkyl vai Ala218, Argl19, Prol37 va Alal33.
Ngoai ra, phdi tir con cho thy hinh thanh twong tac
hydro véi Gly117 véi do dai 2,07 A.

Zaleplon c6 hai tuong tac hydro vai Argll9,
Arg221 tai nhom acetamide va nitrile. Di vong
pyrazolo[1,5-a]pyrimidine ky nudc nén dinh hudng
trong ti ky nude va tham gia tuong tac voi Ala218,
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Leu214, Prol37. Loai twong tac pi-anion con dugc
nhin thay véi Glul16 va tuong tic xép chong pi-pi
véi Tyr211.

Cloxacillin 13 mot chat khang sinh dugc phé
duyét sir dung dé diéu tri nhiém tring véi cu trac
dac trung cua Penicillin chira vong beta-lactam va
thiazolidine. Sy hién dién cua cac nhom thé cong
kénh tai vi tri amide 1am cho Cloxacillin khong lap
day dugc tai ky nude. Cac nhom thé nay tham gia
twong tic hydro véi hai phéan tr nuéc HOH2306 va
HOH2308. Vi véy, ddy c6 thé 1a nguyén nhan lam
cho hop chit kho tiép can dwoc véi khoang gén két
Ky nuéc nam sau bén trong. Tai ky nudc Cloxacillin
ciing cho thiy hinh thanh cac tuong tac hydro véi
Gly117 va Arg221 tuong ty nhu cac phdi tir khac.

Tom lai, trong nghién ciru nay, 6 hop chét dugc
sang loc ra cho thdy kha ning lién két manh mg tai
vi tri hoat dong trén thu thé Eg5, goi ¥ 14 chét tc ché
tiém ning Eg5 trong viéc tri liéu ung thu c6 lién
quan dén thu thé nay. Céac két qua cia nghién ciru
cling cho thay su tuong ddng vdi cac dic diém trong
cac nghién ctru trude day da dugc bao céo. Cu thé,
nam 2007, Jiang va cong su da nghién cuu Sy twong
tac gitra 15 chat ic ché Eg5 va thy thé bang cach
docking nhiing chét wrc ché nay vao cac vi tri lién két
trén thu thé. Phan tich cdu hinh lién két cho thiy vi
tri lién két cua cac chat irc ché Eg5 vao hai tui, trong
d6 sy dinh hudng tai vi tri caa S-trityl-L-cysteine
dugce xem 1a can thiét nhat cho hoat dong trc ché
(Jiang et al., 2007). Gan day, cac dan xuét cia
dihydropyrazole va dihydropyrrole duogc st dung
lam chét uc ché Eg5 bang cach docking tit ca cac
chat trc ché vao Eg5 dé dat dugc dinh hudng tét nhat
& vi tri lién két tai thy thé tuong tu nhu S-trityl-L-
cysteine (Luo et al., 2012). Do do, trong nghién ciru
nay, cac thong tin di cung cap dugc xem 1a tién dé
cho céac dinh hudng thir nghiém trén cac mo hinh
thuc nghiém in vitro va in vivo trong cong cudc
kham pha cac hop chét diéu tri ung thu tir cac thude
¢6 san dé bao ché trén thi truong. Ngoai ra, nghién
clru ndy c6 thé duoc st dung nhu mét huéng dan dé
giai thich tot hon twong tac protein-phdi tir va ciing
c6 thé hd trg trong viéc thiét ké va phat trién cac chat
trc ché Eg5 manh hon.
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Bang 1. Ning lwong duw dodn ciia cac phdi tir tai khoang gan két trén thu thé Eg5

Ning lwong lién két

STT Hop chat (ka/mol) Twong tic hydrogen
1 Flubendazole (DB08974) -19.6963 Glu215
2 Fluocortolone (DB08971) -10.9663 Glul16, Glul118, Arg119
3 Perampanel (DB08883) -20.4948 -
4 Besifloxacin (DB06771) -14.9001 Glul16
5 Asenapine (DB06216) -19.6882 Gly117
6 Mepenzolate (DB04843) -13.6011 Glul1e, Argl119
7 Tazobactam (DB01606) -14.8268 Argl19, Arg221, HOH2307
8 Ketazolam (DB01587) -12.8412 Hoh2307
9 Fludiazepam (DB01567) -13.8144 Arg221
10 Flunitrazepam (DB01544) -17.0757 Argl19, Arg221
11 Acenocoumarol (DB01418) -17.6242 Glul1e6, Argl19
12 Magnesium salicylate (DB01397) -14.1148 Leu214, Arg221
13 Fosphenytoin (DB01320) -14.9624 Gly117, Arg221, HOH2307
14 Dantrolene (DB01219) -7.0082 Glul16
15 Cloxacillin (DB01147) -19.0546 Gly117, Arg221, HOH2307
L Glulle, Gly117, Glul18, Arg221,
16 Mimosine (DB01055) -23.1275 HOH2307
17 Gatifloxacin (DB01044) -15.1166 Argl19, Arg221
18 Topotecan (DB01030) -4,1253 Thr222, Glul66, Gly134
19 Lomefloxacin (DB00978) -17.8735 Glul1e, Argl19,
20 Zaleplon (DB00962) -19.4959 Argl119, Arg221
21 Methylprednisolone (DB00959) -10.5022 Glull6, Tyr211, Leu214
22 Norgestimate (DB00957) -2.6276 Trpl27
23 Loteprednol (DB00873) -8.8442 Gly117, Arg119, Arg221
24 Prednisolone (DB00860) -8.7199 Glu215, Leu214, Arg221
25 Clocortolone (DB00838) -5.9496 Gly117, Arg119
26 Halazepam (DB00801) -9.5881 -
27 Clidinium (DB00771) -12.4509 Glul16
28 Mometasone (DB00764) -5.6019 Arg221
Homatropine methylbromide
29 (DB00725) -8.9188 Glul16
30 Oxacillin (DB00713) -17.9486 Gly117, Arg221, HOH2307
31 Warfarin (DB00682) -16.9356 Glul1e, Arg119
32 Clorazepic acid (DB00628) -16.9579 Gly117, Arg221
33 Sulindac (DB00605) -6.4894 Argl119
34 Ulobetasol (DB00596) -6.6361 Glul16, HOH2307
35 Succimer (DB00566) -7.8461 Gly117, Leu214, Arg221
36 Desoximetasone (DB00547) -9.9287 Gly117, Arg119
37 Dicloxacillin (DB00485) -17.2961 Argl19, Arg221, HOH2307
38 Clobazam (DB00349) -11.2406 Arg221, HOH2307
39 Nitisinone (DB00348) -16.2549 Arg221, HOH2307
40 Fluorometholone (DB00324) -6.9992 -
41 Dicoumarol (DB00266) -13.3367 Gly117, HOH2307
42 Idoxuridine (DB00249) -13.021 Glul16, Glu118, Leu214
43 Alclometasone (DB00240) -9.0925 Gly117, HOH2307
44 Moxifloxacin (DB00218) -14.8978 Glu215, Arg221
45 Trospium (DB00209) -10.5146 Glul16
PC  S-rityl-L-cysteine -18.7432 Glulle, = Glyll7,  Arg22l,

HOH2307

—: Khong phat hién co6 tuwong tac hydro
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Hinh 3. CAu hinh lién két ciia cac hop chat nham muc tiéu vao trung tam hoat déng caa kinesin Eg5

4. KET LUAN hydro va tuong tac ky nuéc dong mot vai tro quan
trong trong viéc lién két cia chat uc ché véi Egs.
Bai nghién ciru da cung cép nhitng thong tin c6 gia
tri cho thiét ké va du doan cac chat trc ché Eg5 manh
trong tuong lai.

Trong nghién ctru nay, mo hinh phan tir gin két
phdi tir-thy thé da duge thyc hién dé kham pha dic
diém céu trac va co ché lién két cua cac loai thude
tir co s& dir liéu Drugbank nhu chat trc ché Eg5. Két
qua cho thidy 6 loai thudc bao gdm Mimosine, LOI CAM TA
Flubendazole, Perampanel, Asenapine, Cloxacillin
va Zaleplon 1a cac thudc cho kha ning trc ché manh
m¢é kinesin EgS. Hon nira, cac két qua thu duoc tir
viéc ghép ndi phan tir dd x4c nhan rang lién két
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