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SANG LOC CAC PHAN TU NHO
CO KHA NANG GAN KET TREN INTERLEUKIN-5
Vo Duy Nhan?’

Toém tit: Interleukin 5 (IL-5) la dich tac dong tiem nang cho viéc thiét ké thuoc diéu tri
cdc bénh dj vmg, lién quan dén eosinophil. Mudn cé hoat tinh sinh hoc, IL-5 truée hét can phdi
@dn lén thy thé. Hién nay, van chira c¢é thuoc phdn tir nhé nao trc ché twong tac IL-5 va IL-5
receptor (IL-5R) dwoc chdp thudn. Véi muc tiéu ikc ché twong tac IL-5 va IL-5R, nghién ciru
nay dwoc thyc hién dé tim kiém cdc chat phan tir nho co kha nang gcfn két Ién IL-5 hodic thu thé
ciia IL-5. Poi twong ciia nghién civu bao gom cdu triic 3D ciia IL-5, cdu triic 3D cia thy thé IL-
5 va twong tdc protein-protein ciia IL-5 va thy thé IL-5, véi PDB ID la 3VA2 ¢6 dé phan gidi
2,703 A tai ngdn hang dir liéu protein. Phwong phdp thiét ké thuéc dwa trén cdu triic muc tiéu
dwoe lya chon trong nghién citu. Co s6 dir liéu ding dé sang loc gom thw vién Drug bank,
Maybridge, Chemdiv, cic hop chdt phan ldp tir cdc bai thudc ¢ truyén Trung Hoa, ZINC12.
Qud trinh sang loc lan ot qua mé hinh 3D-pharmacophore, mé hinh mé ta phan tir docking
va mé phong déng hoc phdn tir. Nghién ciru nay da sang loc ra cdc chdt tiém ning cé khd ning
vk ché tiong tdc giita hai protein nay, qua dé irc ché hoat tinh IL-5. Sau khi sang loc co so dir liéu
voi 22.871.081 cdu triic qua cdc mé hinh in silico thi 513 chat théa mé hinh 3D-pharmacophore,
465 chdt théa mé hinh mé ta phéan tir docking. Tién hanh mé phong déng hoc phén tir cho 2
chat tiém néng tir két qud sang loc gom ZINC33932757, ZINC43527334. Cdc gid tri RMSD,
RMSF thu dwoc tir qud trinh nay déu kha quan, cho thdy kha nang gén két tot va én dinh vao
khoang gdn két ciia cdc chat tiém nang.

Tw khéa: docking, interleukin-5, interleukin-5 receptor, molecular dynamics simulation,
pharmacophore.

Summary: Interleukin 5 (IL-5) is a potential allergical drug target, involving eosinophil.
In order to be biologically active, IL-5 must first attach to IL-5 receptor. Currently, no small
molecule drug that inhibits IL-5 / IL-5R interaction has been approved. With the aim to
intervent the IL-5/IL-5R interactions, this study was conducted to figure out small molecules
that binding to IL-5 or IL-5 receptor. The 3D structure of IL-5, the 3D structure of the IL-5
receptor and the protein-protein interaction of IL-5 and the IL-5 receptor are involved with a
PDB ID of 3VA2 with resolution 2,703 A at Protein Data Bank with Structure-based design
appoaches. Molecular databases namely Drug bank, Maybridge, Chemdiv, Traditional Chinese
Medicine, ZINCI12 libraries are used for virtual screening. 3D-pharmacophore models,
docking models and molecular dynamics simulation are performed on virtual screening
process. A database of approximately 22 million compounds was screened using in silico model
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(513 compounds were satisfied with the 3D-pharmacophore models and 465 compounds were
satisfied with the docking models). By analyzing the interactive capability of successfully
docked compounds with important amino acids, 2 potential ligands were selected for further
analysis via molecular dynamics simulation were ZINC33932757, ZINC43527334. The RMSD,
RMSF values are showed good and stable binding ability. This study screened out potential
substances that could inhibit interactions between IL-5 and IL-5 receptor and resulted in
inhibiting IL-5 activity.

Key words: docking, interleukin-5, interleukin-5 receptor, molecular dynamics
simulation, pharmacophore.

Pit van dé

Hen phé quan dugc xem 14 cin bénh c6 tin sudt méc bénh cao trén thé gidi. Interleukin-5
(IL-5) 1a yéu t6 dic hiéu nhét gop phan vao su trudng thanh ciia eosinophil - thanh phan ndi bat
ctia hen phé quan di ing ning [5], [4]. Mot s6 nghién ciru dd chimg minh mdi twong quan gitra
su hoat hoa té bao lympho T, ting ndng d6 IL-5 huyét thanh va dich phé quan véi muc do
nghiém trong cta hen phé quan. Uc ché IL-5 ¢6 thé 1am giam hen phé quan va cac bénh viém
di img khac ma khong tiém an tic dung phu trc ché mién dich nhu steroid. Dy la mot phuong
phép diéu tri tiém nang. Hién nay, van chua c6 thude phéan tir nho nao te ché twong tac IL-5/IL-5R.
Vi vay, viéc xay dung mo hinh in silico dé sang loc cac ciu truc phan tir nho cd kha nang uc
ché hoat tinh IL-5 dua trén tuong tac IL-5/IL-5R 1a can thiét, tr d6 dinh huong cho viéc thiét
ké, tong hop cac thudc diéu tri di tmg duong hd hap thé hé méi trong tuong lai.

Phwong phap nghién ciru

Céu trac cac phan tir dung dé sang loc duoc thu thap tir cac thu vién bao gdm Ngan hang
thudc (Drug bank database) [6], thu vién manh cu trac Maybridge [8], thu vién manh cau trac
Chemdiv [7], thu vién cac hop cht phan 1ap tir thudc ¢ truyén Trung hoa (Traditional chinese
medicine database) [1], thu vién ZINC12 [2]. Xay dung m6 hinh pharmacophore bing phan
mém MOE 2015.10 theo phuong phép dwra vao ciu tric muyc tiéu tac dong (structure base), sang
loc bang phin mém MOE 2015.10 va ZINCPharmer. Qué trinh docking duoc thuc hién bing
phan mém FlexX cho két qua gdm céc ciu dang gan két va diém s6 twong tng (nang luong gin
két). Két qua nay s& duoc phén tich trong MOE 2015.10 dé danh gia kha niang gin két cua cac
ligand. Nghién ctru s& lira chon cac ligand c6 diém sé docking 4m va tao dugc nhiéu tuong tac
v6i nhiéu acid amin quan trong dé tién hanh mo phong dong luc hoc phén tir bang phin mém
GROMACS [3].

Két qué va ban luan

Cac m6 hinh pharmacophore

Tir cdu trac 3D cua protein IL-5 chira cdu tric tinh thé IL-5 gan két véi thy thé IL-5R
(PDB ID 13 3VA2), xdy dung cic m6 hinh 3D-pharmacophore theo hudng tim chat gan két IL-
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5 dwa vao cu trac thu thé IL-5R. IL-5 gan két v&i IL-5R tai 3 vi tri, tuy nhién tai vi tri 3 it dong
gop vao nang luong lién két nén xay dung mo hinh pharmacophore tai vi tri 1 va 2.

Cidc mé hinh 3D-pharmacophore cho chit gin két IL-5

Thue hién truy van Pharmacophore thu duoc mé hinh 3D-pharmacophore cho chét gin
két IL-5 tai vi tri 1 (m6 hinh S1) ¢6 6 diém pharmacophore: Thr79 (F1: Don), Arg80 (F2: Don),
Ser84 (F3: Don), Glu78 (F4: Acc, F5: Don), Asp75 (F6: Ani) va mé hinh chét gan két IL-5 tai
vi tri 2 (md hinh S2) ¢6 4 diém pharmacophore: Arg208 (F1: Acc, F2: Don, F3: Hyd), Lys206
(F4: Cat).

Mo hinh S1, S2 va su giéng hang cua chung Ién IL-5 dugc minh hoa ¢ Hinh 1.

’ L
758 NN 1306

b N : 'FB:HV.d
PRty ~
b. M6 hinh S2
Hinh 1: M6 hinh S1, S2 va su giong hang 1én IL-5

Cac m6 hinh mo ta phan tir docking

Céu tric protein cua IL-5 sau khi da chuén bi béng cong cu MOE 2015.10 dugc tai vao
phﬁn mém LeadIT 2.3.2. Tai mdi vi tri 1 va 2 ctia IL-3, cac acid amin quan trong dugc chon
(bang cong cu Project Tree) dé tao khoang gin két va mé rong ban kinh bao phu toan bo cac
acid amin. Két qua thu dugc mo hinh D-S1, D-S2 nhu minh hoa ¢ Hinh 3.
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Hinh 2. M6 hinh mé ta phan t&r docking D-S1 (1), D-S2 (2)
C6 thé thdy khoang gin két trong mé hinh D-S2 c6 d6 sau hon so v6i mé hinh D-S1.
Sang loc 40

Quy trinh sang loc 4o duoc tom tit nhu Hinh 3.

Chuan bi co so dir liéu

A\ 4
Xac dinh cu trac (phtic hop protein-protein)

A\ 4
Xac dinh cac acid amin quan trong (trung tAm dé thiét ké chat trc ché)

A\ 4
Mo hinh Pharmacophore duwa vao cac acid amin quan trong trén thu thé cia IL-5

Chét thoa man mo hinh
\ 4

Docking vao khoang gan két trén IL-5

- biém s6 Docking tot
- Gan vdi cac acid amin quan trong

A 4

Mob phong dong hoc phan tir

Hinh 3. So db tom tit quy trinh sang loc 40
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Tién hanh sang loc trén co s& dir liéu gdm 22.871.081 céu triic theo quy trinh & Hinh 3.
Qua cic mo hinh pharmacophore sang loc con 513 chat gin két véi IL-5 (251 chit gan vi tri 1;
262 chét gan vi tri 2). Sau do, tién hanh sang loc qua cic mo hinh docking. Két qua thu dugc con
lai 465 chat. Trong do, 208 chét gén két vi tri 1 cua IL-5, 257 chét gén két vi tri 2 cua IL-5.

Nghién ctru tién hanh phan tich va chon ra 2 chat dai dién c6 két qua docking tot va tuong
tac voi cac acid amin quan trong, d6 1a ZINC33932757, ZINC43527334 dé tiép tuc giai doan
mo phong dong hoc phan tir. Piém sé docking va cac acid amin quan trong c6 tuong tac voi
cac chat nay duoc trinh bay & Bang 1.

Biang 1. Piém s6 docking va cac acid amin quan trong twong tac
v6i 2 chit dai dign mo hinh D-S1 va D-S2

biém so docking -

STT Tén hop ch At Niing lugng gfm Két Acid amin quan trgong cua IL-5 twong

tac (Cau dang gin két)

(kJ/mol)
1 ZINC33932757 -19,61 Glul07, Glul08, Argl09, Argl10
2 ZINC43527334 -28,56 Lys58B, Thr128A, Glul29A

Tu Bang 1 cho théy, ca 2 chét dai dién déu tao duoc tuong tac vdi cac acid amin quan
trong trong khoang gin két va c6 két qua docking tot, thé hién tiém nang gin két tot v6i IL-5

Mo phong dong hoc phan tir

Mo phong dong hoc phan tir (Molecular Dynamics Simulation) hay goi tit 1a MDS 1a
su mo phdng vi¢c tuong tac cia cac nguyén tur hay phan tir dya trén cac dinh luat vat 1y trén mo
hinh may tinh. Cac tinh toan doi hoi mé ta chuyén dong co hoc lugng tir va phan Gmg hoa hoc
ctia hé phén tir 16n rat phic tap va viéc mo phong rat ning né, ton nhiéu thoi gian va tai nguyén
may tinh. Vi vdy, nghién ctru tip trung vao viéc mé phong dong hoc phéan tir cho 2 chat dai
dién, do la ZINC33932757, ZINC43527334.

Tién hanh khao sat mo6 phong dong hoc phan tir v6i thoi gian 10 ns. Thong tin vé cdu
tric hoa hoc, gia tri RMSD cua ligand va protein; gia tri RMSF céc nguyén tir cta ligand trong
phtrc hop ctia 2 chét trén dugc trinh bay & Hinh 5, Hinh 6.

) N—
N NH
\__/ _ Cong thirc phan tir: CoHosN 104
H,N ) Phén tir lwgng: M= 483,493
NS 8

=0

\O/ —
a. CAu triic héa hoc ZINC33932757, diém s6 docking -19,61kJ/mol
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d. RMSF cac nguyén tir cia ligand

Hinh 2. Gia tri RMSD cua protein va ligand; gia tri RMSF cac nguyén tur cta ligand ZINC33932757
trong phurc hop
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Cong thirc phan ti: CooH37NS
Phan tir lwgng: M= 515.731

a. Céu tric héa hoc ZINC43527334, diém s6 docking -28,56 kJ/mol
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d. RMSF cac nguyén tir cia ligand

Hinh 3. Gia tri RMSD* ciia protein va ligand; gia tri RMSF** cac nguyén tur ctia ligand
ZINC43527334 trong phtrc hop

* Gia tri RMSD (can bac hai do 1éch trung binh binh phuong) dugc s dung dé danh gia
su thay ddi ciia cac nguyén tir ¢6 trong cau tric cua protein va ligand trong mot khoang thoi
gian mo phong.

** Gia tri RMSF (can bac hai d6 dao dong trung binh binh phwong) dugc sir dung dé khao sat
su linh dong cua cac nguyén tir ndng cua ligand (khéc hydro) trong qué trinh mé phong dong hoc.

Tt Hinh 5, Hinh 6 c6 thé thay duoc, cac phtic hop protein-ligand ctia ca 2 chat khao
sat déu co gia tri RMSD cua protein va ligand c6 bién d6 dao dong < 0,2 nm trong qué trinh mé
phong, cho thiy protein 6n dinh khi tuong tac voi ligand ciing nhu ligand gan két 6n dinh trong
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khoang gin két. Gia tri RMSF cua cac nguyén tir cua ligand déu < 0,2 nm cho thay cic nguyén
tir trong cdu tric cua ca 4 ligand 6n dinh khi twong tac véi protein. Qué trinh mé phong dong
hoc cho két qua t6t vé cac gia tri RMSD, RMSF cho thay ZINC33932757, ZINC43527334 ¢
kha niang gan két t6t v6i IL-5.

Két luan

Sau khi sang loc co s& dit lidu qua cac mo hinh in silico thi 513 chat thoa mé hinh 3D-
pharmacophore (két qua thu duoc timg mo hinh S1, S2 1an luot 1a 251 chét, 262 chét). Trong
s6 d6, 465 chat thoa mo hinh mé ta phén tir docking, chiém 90,64 % (két qua cta timg mo hinh
D-S1, D-S2 lan luogt 1a 208 chit, 257 chit). Tién hanh mé phong dong hoc phan tir cho 2 chét
tiém nang tir két qua sang loc gdm ZINC33932757, ZINC43527334. Céc gia tri RMSD, RMSF
thu duoc tir qué trinh nay déu kha quan cho thay kha nang gin két tot va 6n dinh vao khoang
gan két cua cac chat tiém nang. Dé dat duoc nhimg bude tién 16n hon, ching t6i dé nghi thuc
hién tiép: (i) tiép tuc nghién ctru in silico cho tat ca chét tiém niang da sang loc duoc trong
nghién ctru nay; du doan tinh chét dugc dong hoc cua cac chét tiém nang dé tiép tuc tim kiém
cac chat méi co hoat tinh trc ché IL-5; (i) Thir hoat tinh in vitro dé xac dinh ICso ciia cac chét
da sang loc; phan tich su gin két cua cac chit nay véi protein trén thuc té bang cac phuong
phap nhu NMR hay X-Ray.
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