Sang loc in silico cac cau tric phan tir nho
irc che hoat tinh interleukin-17A
trong di€u tri cac bénh ty mién

Nguyén Lé Anh Tuin'?, Hoang Viét Nham?2, Mai Thanh T4n'

Bui Thi Hoang Linh', V6 Nguyén Quynh Huong!, Nguyén Ngoc Lé?
Thai Khic Minh', Trin Thanh Pao', Lé Minh Tri'4*

'Khoa Duoc, Pai hoc Y Duoc Thanh phé Ho6 Chi Minh

’Khoa Duoc, Truong Pai hoc Lac\HoA‘ng
3Truong Pai hoc Nam Can Tho

‘Khoa Y, Pai hoc Quoc gia Thanh phé Ho Chi Minh

Summary

The development of IL-17A inhibitors is a new method in the treatment of autoimmune diseases.
In this study, in silico models for screening small molecular structures capable of inhibiting IL-17A
activity are developed to design new medicines for autoimmune diseases.

The study built four 3D-pharmacophore models and performed docking process on IL-17A and its
receptor. Virtual screening from 22.951.220 substances were conducted based on the developed in
silico models. A total of 1.565 compounds matched the 3D-Pharmacophore models, with 1.550
ligands successfully docked, and 5 compounds molecular dynamically simulated and initially
showing a high potential for inhibiting IL-17A activity.

Keywords: IL-17A, in silico, virtual screening, 3D-Pharmacophore, docking, molecular dynamics

simulations.

Dat van dé

Bénh tw mién la bénh do sy hinh thanh cac
khang thé tw mién khang lai cac thanh phan mé
co quan, gay tén thwong cac co quan theo
nhiéu co' ché khac nhau. Hién nay bénh ty mién
kha phd bién. Theo théng ké cla Hiép hdi Bénh
tw mién Hoa Ky, dén thang 7/2018 c6 hon 50
triéu nguoi My méc bénh ty mién [, Cytokin
déng vai trd then chét trong sinh bénh hoc cla
cac bénh tw mién @, Interleukin-17A (IL-17A) la
mot cytokin da chirc nang cé vai trd trong diéu
hoa mién dich. Hién nay, cac céng trinh nghién
ctru vé phan tlr nhé &c ché hoat tinh cla IL-17A
trén thé gi¢i chua nhiéu va hién chua co thube
phan t& nhd nao trc ché twong tac IL-17A va thu
thé clha IL-17A 1a IL-17RA. Vi vay, viéc nghién
ctru dé tim kiém phan t& nhd c6 kha nang &c ché
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protein nay la can thiét, mé& ra co hoi diéu tri
nhirtng bénh viém va bénh tw mién v&i mét co
ché méi. Tuy nhién, phat trién thubc maoi la mot
qua trinh 1au dai va tbn kém. Viéc thtr nghiém
hoat tinh in vitro clia co s& di¥ liéu I&n cac hop
chat trén IL-17A/IL-17RA doi hdi kinh phi I&n va
thoi gian dai. Vi vay, viéc xay dwng md hinh in
silico d& sang loc cac ciu truc phan t& nhd coé
kha ndng (rc ché hoat tinh IL-17A, dwa trén
twong tac IL-17A/IL-17RA 1a can thiét, t»r d6
dinh huéng cho viéc thiét ké va tbng hop cac
thubc diéu tri nhirtng bénh viém va bénh ty mién
thé hé méi trong twong lai.

Phwong phap nghién ctru

Qua trinh sang loc in silico cac cu tric phan
t nhé trc ché hoat tinh interleukin-17A dwoc
thwe hién theo trinh ty cac bwéc: Xay dwng mo
hinh 3D-pharmacophore; Xay dwng moé hinh mdé
td phan t&r docking, sang loc ao trén co sé& dir
liéu va cubi cung la mé phéng déng lwc hoc
phan ttr. Do sy twong tac gitva IL-17A va thu thé
IL-17RA xay ra chd yéu tai vung ii va vung iii
nén mé hinh 3D-pharmacophore dwgc xay dwng
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dwa trén twong tac gilba cac acid amin
quan trong cla IL-17A va IL-17RA tai hai vung
nay Bl s® dung phan mém MOE 2015.10
(Molecular Operating Environment) do Chemical
Computing Group phat trién 8. C4u truc 3D cua
IL-17A va thu thé IL-17RA dwoc cung cép trén
Protein Data Bank (PDB) vé&i ma PDB: 4HSA.
Co s& dir liéu dwoc tai vé tr ngan hang thuéc
va cac thu vién hop chét & dinh dang *.sdf sé
dwoc tao cac ciu dang tlr cAu tric bang phan
mém MOE 2015.10. Céu tric protein v&i méa
PDP: 4HSA dwoc slr dung cho md hinh
docking. Xéa tat c& nwéc trong ciu trdc protein
bang céng cu Sequence Editor cia MOE
2015.10. Sau d6, st dung cong cu QuickPrep
dé stra chira clu tric protein, proton héa 3D.
Céc phan t&r ligand dwoc 14y tir két qua sang loc
qua cac mé hinh 3D-pharmacophore va téi thiéu
héa nang lwong 1an 1, sau dé dwoc tién hanh
dong lwc hoc phan t&r va toi thiéu hoa nang
lwgng moét 1an niva trong Sybyl-X 2.0 dé thu
dwoc cac cau tric cé nang lwong téi thidu toan
phan chuan bj cho docking. Céng cu FlexX trong
phan mém LeadIT 2.0.2 “ duwoc st dung dé
thwe hién phwong phép docking cho két qua
gdm cac ciu dang gan két va diém sb twong
&ng (ndng lwong gan két). Két qua nay sé duoc
phan tich v&i sy hd tro cla c¢dng cu Ligand
Interactions ctia phan mém MOE 2015.10 [ gé
danh gia kha nang gén két cta céac ligand. Cac
hop chét s&r dung trong qua trinh sang loc &o sé
dwoc cung cép tir thw vién bao gébm ChemDiv
Fragments Library, Drug Bank Database,
Maybridge PPI Library, Maybridge Fragments
Collection, Maybridge Screening Collection,
Maybridge Screening Fragments Collection,
Traditional Chinese Medicine Database va Thu
vién Zinc. Quy trinh sang loc do dugec tién hanh
theo cac buéc nhw hinh 1.

Céu dang gén két cia mot sd chat co kha
nang gan két tét (thdng qua diém sb docking)
v&i IL-17A hoac IL-17RA tai cac acid amin quan
trong dwoc chay mé phéong dong hoc (Molecular
Dynamics Simulation) dé chirng minh kha n&ng
gan két clia hop chét véi IL-17A hodc IL-17RA.
Két qua moé phdng dong lwc hoc phan tlr duwoc
danh gia théng qua cac théng s6 RMSD (can
bac hai d§ 1&ch trung binh binh phwong), RMSF
(can bac hai d6 dao ddng trung binh binh
phwong) cda protein va ligand.

| Cac thurvién hop chét

Tao cau dang

\ | M0 hinh 3D-Pharmacophore Ij

Dong luc hoe phéanti | Toi thiéuhéa ning lugng  /

Mo hinh m6 ta phan tir docking

l Mo phong dong luc hoc phan tir | /

| CAC “HIT” |

Hinh 1. Quy trinh sang loc o

Két qua va ban luan

M6 hinh 3D-pharmacophore

Nghién clru xady dwng dwgc 4 md hinh
3D-pharmacophore bao gém:

P1: M6 hinh cho chéat gan két IL-17A tai ving
i. Chon loc dwoc sau diém dé xay dwng mod
hinh 3D-pharmacophore bén diém. Trong d9,
hai diém bat budc dai dién cho nhém nhan lién
két hydro va nhém tich dién am.

P2: M hinh cho chat gén két IL-17A tai ving
i. m6é hinh 3D-pharmacophore 3 diém. Trong
do, 2 diém dai dién cho nhom tich dién am, 1
diém dai dién cho nhém cho lién két hydro.

P3: Md hinh cho chét gan két IL-17RA tai
viing ii: md hinh 3D-pharmacophore bén diém;
trong d6, hai diém béat budc dai dién cho nhém
cho lién két hydro va nhém tich dién dwong dai
dién cho nhom cho lién két nhom tich dién.

P4: M6 hinh cho chat gén két IL-17RA tai
viing iii: mé hinh 3D-pharmacophore 3 diém.
Trong do, 2 diém dai dién cho nhém tich dién
dwong, 1 diém dai dién cho nhom nhan lién két
hydro.
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P3

P4

Hinh 2. Cac mé hinh 3D-pharmacophore

Mo hinh m6 ta phan tir docking

Nghién clru xay dwng 4 mé hinh moé ta phan
tlr docking:

D1: M6 hinh mé ta phan t& docking trén
IL-17A tai vung ii, cac acid amin quan trong dé
tao khoang gan két la Asn32, Serd40, Asp42,
Arg55, Val65, Trp67. Ban kinh can mé& dé bao
phd toan bd cac acid amin nay 1a 11,5 A. Mé
hinh D1 ¢6 khoang gan két twong dbi sau, ngoai
ra c6 2 acid amin quan trong khac & chudi A la
GIn94 va Glu95 nam trong khoang.

D2: M6 hinh mé td phan t& docking trén
IL-17A tai vung iii, cac acid amin dwgc chon dé
tao khoang gén két la Arg46 (chudi B), Tyr85
(chudi A), His86 (chudi A). Ban kinh cAn mé& dé
bao phl toan bd cac acid amin nay la 8 A. M6
hinh D2 c6 khoang gén két noéng, v&i bé mat

gd ghé, uén lwon véi mat do dién tich am cao
(mau do).

D3: M6 hinh mé td phan t& docking trén
IL-17RA tai vung ii, cdc acid amin quan trong
dwoc chon dé tao khoang gén két 1a Asn91,
Glu92, Arg93, GIn124, Glu125, Glu127. Ban
kinh cAn m& dé bao phi toan bo cac acid amin
nay la 8.5 A. Mé hinh D3 c6 bé mat gb ghé hon
so v&i cac moé hinh khac.

D4: M6 hinh mé ta phan t& docking trén
IL-17RA tai vung iii, cac acid amin quan trong
dwoc chon dé tao khoang gan két 1a Glu216,
Asp262, Arg265. Ban kinh cAn m& dé bao phu
toan bd cac acid amin nay la 8.5 A. Mé hinh D4
c6 bé mat gé ghé, Arg265 nam gitva Glu216 va
Asp262.
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D3 D4

Hinh 3. Cac m6 hinh mé ta phén t& docking

Sang loc ao trén co’ s& dir liéu Tién hanh sang loc co s& di liéu 22.951.220

chét tlr cac thw vién. Két qua thu dwoc 1.565

Két qua sang loc qua mé hinh 3D- chatthda man cac mé hinh 3D-pharmacophore
pharmacophore dwoc trinh bay trong bang 1.

Bang 1. Két qué sang loc qua mé hinh 3D-pharmacophore

Thuw vién hop chét

Mo hinh CF DB MB TCM ZINC Tong
P1 0 1 0 68 68 137
P2 0 4 0 7 862 873
P3 0 0 0 31 33 64
P4 0 9 1 53 428 491

Téng 1.565

Két qua sang loc qua mé hinh mé ta phan thu duoc tébng cong 1.550 chét théa man cac
twr docking md hinh mé ta phan t& docking, 15 chét dock

Nghién ctu tién hanh docking 1.565 chat khong thanh cong. Két qua cu thé dwoc trinh
thda man cac mo hinh 3D-pharmacophore bay & bang 2.

Bang 2. Két qua docking

Thw vién hop chat

Mé hinh Két qua docking BB MB ToM ZING Téng
D1 Dock thanh céng 1 0 65 67 133
Khéng dock dwoc 0 0 3 1 4
D2 Dock thanh céng 3 0 6 861 870
Khdéng dock dwoc 1 0 1 1 3
D3 Dock thanh céng 0 0 29 33 62
Khdéng dock dwoc 0 0 2 0 2
D4 Dock thanh céng 7 1 52 425 485
Khdéng dock dwoc 2 0 1 3 6
Téng Dock thanh céng 1.550
Khong dock duwoc 15
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Hau hét cac chat déu cé diém sb docking
am, trong d6 cé mot sé chat co diém sb
docking rat am (< -30 kJ/mol) cho thay kha
nang gan két rat tét véi IL-17A, IL-17RA. Bén
canh diém sé docking am, xét vé sw twong tac
v&i cac acid amin quan trong, tat ca cac chat
docking thanh cong déu twong tac véi it nhat
1 acid amin quan trong, trong d6 c6 mét sb
chéat twong tac véi toan bd cac acid amin quan
trong.

Trén tdng s6 1550 chat dock thanh cong,
nghién ctu tién hanh phan tich twong tac cla
cac chat cé diém sb docking < -20 kJ/mol. M&
hinh D1 thu dwoc 10 chat tiém nang cé kha
nadng gan két tét trén vung ii cha IL-17A:
TCM7478, ZINC04343609, TCM1218,
ZINC19340741, ZINC36357505,
ZINC31494289, TCM4734, ZINC13031939,
ZINC72461250, TCM7479. M6 hinh D2 thu
dwoc 10 chét tiém nang cé kha nang gan két
tét trén vung iii cda IL-17A: ZINC33809499,
ZINC33809498, ZINC20527383,
ZINC27520020, ZINC16399737,
ZINC08771672, ZINC08872811,
ZINC40658475, ZINC40658170,
ZINC72107484. Md hinh D4 thu dwoc 10 chét
tiém nang c6 kha nang gan két tét trén vung iii
cla IL-17RA: ZINC67351070, ZINC72370085,
ZINC59447528, ZINC14277261,
ZINC43190946, ZINC40658448,
ZINC09948933, ZINC40658702,
ZINC93994063, DB0007. O m6 hinh D3, do c6
bé mat gb ghé hon nén kha nidng twong tac
khé khan hon, diém sé docking cao hon so
véi cac moé hinh khac. Nghién ctu tién hanh
phan tich twong tac cla cac chéat cé diém sb
docking < -10 kJ/mol thu dwgc 10 chét tiém
nang cé kha ning gan két tét trén ving ii cta
IL-17RA:  ZINC83310861, ZINC58315733,
TCM688, TCM691, ZINC38655083,
ZINC38655077, ZINC09926440, TCM®645,
TCM632, TCM4653.

M6 phéng dong lwc hoc phan tor

Dé danh gia chinh xac hon kha nang gén
két, cac chéat tiém nang (dwoc lwa chon dua
trén diém sb docking tét va sw twong tac voi
cac acid amin quan trong) dwoc tién hanh moé
phéng déng Iwc hoc phan tl trong thoi gian 10
ns. Cac chat dwgc chon bao gom:
ZINC04343609, ZINC31494289, ZINC33809499,
ZINC08872811, ZINC67351070.

Mé6 phong déng hoc
IL-17A/ZINC04343609

ZINC04343609 gén két tét tai vung ii cla
IL-17A, diém sb docking -31,7268 kJ/mol va
twong tac véi 4 acid amin quan trong la Val65,
Trp67, GIn94, Glu95. Gia tri RMSD cua ligand
dao dong trong khodng 0,06-0,18 nm trong
qua trinh mé phdng cho thay ligand gan két én
dinh trong tui gan két. Gia tri RMSD cua
protein dao dong tdng dan t» 0,12 nm dén
0,33 nm trong 10 ns, can th&i gian mé phdng
lau hon dé xac dinh sy 6n dinh cta protein.
Gia tri RMSF cac nguyén t& cula ligand
twong dbi 6n dinh, it linh dong, trong khodng
0,027-0,14 nm.

Mé phong déng hoc
IL-17A/ZINC31494289

ZINC31494289 gén két t6t tai vung ii cla
IL-17A vé&i diém sb docking -25,6257 kJ/mol
va twong tdc v&i 5 acid amin quan trong la
Arg55, Val65, Trp67, GIn94, GIlu95. Gia tri
RMSD cua ligand tang dan tv 0,13 nm dén
0,28 nm trong khoang 2 ns dau, sau dé 6n
dinh trong khodng 0,25 nm trong th&i gian
cudi cla qua trinh md phéng. Gia tri RMSD
cla protein dao dong tdng dan tr 0,11 nm
dén 0,35 nm trong 5 ns dau, sau d6 4n dinh &
2,5 nm trong thoi gian cudi cha qua trinh
moé phéng, can thoi gian mé phdng lau hon
dé xac dinh sy 6n dinh clGa protein. Gia trj
RMSF cac nguyén tlr cla ligand cho thay
twong dbi 6n dinh, it linh déng, ngoai triv cac
nguyén t&r O & cac vj tri 31, 32, 33. RMSF
khoang 0,025 - 0,25 nm.

Mé6 phong déng hoc
IL-17A/ZINC33809499

ZINC33809499 & mdt trong sb cac chét
gan két tot tai vung iii cta IL-17A v6&i diém sb
docking -31,1670 va twong tac véi 3 acid amin
quan trong la Arg46, Asn88, lle127. Gia tri
RMSD cula ligand dao déng trong khodng
0,13-0,25 nm va 6n dinh trong khodng 0,2 nm
trong thoi gian cudi ctiia quéa trinh mé phéng.
Gia tri RMSD cua protein dao dong tang dan
tr 0,1 nm dén 0,4 nm cho thay protein chua
6n dinh trong qua trinh mé phéng, can thoi
gian md phdng lau hon dé& xac dinh sy 6n dinh
clia protein. Gia tri RMSF cho th4y cac nguyén
tlr cda ligand twong déi &n dinh, it linh dong,
RMSF trong khoang 0,025 - 0,14 nm.

phirc  hop

phirc  hop

phirc  hop
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Mé phong déng hoc
IL-17A/ZINC08872811

ZINC08872811 |a mdt trong sb cac chét
gan két tét tai vung iii cta IL-17A v6&i diém sb
docking -27,9693 va twong tac véi 4 acid amin
quan trong la Arg46, Tyr85, His86, Asn88. Gia
tri RMSD cua ligand dao dong trong khoang
0,07-0,26 nm, 6n dinh trong khodng 2 nm
trong thoi gian cubi ctia qua trinh mé phang.
Gia tri RMSD cua protein dao déng tdng dan
tr 0,13 nm dén 0,34 nm trong khoang 5 ns
dau, sau d6 6n dinh trong khodng 0,25 nm &
thdi gian cudi ctia qua trinh mé phdng. Gia tri
RMSF cac nguyén t& cla ligand dwgc minh
hoa trong cho thdy cac nguyén t& cda ligand
twong doi on dinh, it linh déng, ngoai trw
nguyén tr O & vi tri 9, RMSF khoang 0,04-
0,25 nm.

M6 phoéng déng hoc
IL-17RA/ZINC67351070

ZINC67351070 |a modt trong sb cac chét
gan két tét tai vung iii cia thu thé IL-17RA v&i
diém sb docking -32,3735 va twong tac voi 2
acid amin quan trong la Asp262, Arg265. Gia
tri RMSD cua ligand én dinh, nhé hon 0,2 nm.
Gia tri RMSD cua protein dao dong tidng dan
tr 0,15 nm dén 0,6 nm trong khoang 2 ns dau,
sau do giam xubng trong khodng 0,3 nm &
thi gian cudi cla qua trinh mé phdng. Gia tri
RMSF cac nguyén tl& cua ligand khoéang
0,025-0,15 nm cho thdy cac nguyén tlr cla
ligand én dinh, it linh dong.

phirc  hop

phtrc  hop

Két luan

Twong tac IL-17A/IL-17RA [a muc tiéu téc
déng tiém nang cho viéc thiét ké thubc diéu tri
cac bénh viém va ty mién. T twong tac cha
cac acid amin quan trong trong céu trdc tinh
thé protein cia IL-17A/IL-177RA (ma PDB:
4HSA), nghién cru da xay dwng dwgc 4 md
hinh 3D-pharmacophore gébm 2 mé hinh cho
chat gén két IL-17A (P1 va P2), 2 mé hinh cho
chat gan két IL-17RA (P3 va P4). Tiép theo, 4
moé hinh moé té phan tlr docking cling da duwoc
xay dwng gém mé hinh D1, D2 cho chét

gan két IL-17A va m6 hinh D3, D4 cho chét
gan két IL-17RA. Nghién cru nay ciing da tién
hanh sang loc qua co s& di¥ liéu tlr cac thw
vién khac nhau véi tdng cong 22.951.220
chat. Sang loc cac chat qua cac mé hinh 3D-
pharmacophore, két qua thu dwgc 1.010 chéat
tiém nang gan két IL-17A, 555 chat tiém néng
gan két IL-17RA. Tiép tuc sang loc cac chét
da théa man moé hinh 3D-pharmacophore qua
cac md hinh md ta phan t& docking, két qua
thu dwoc 1.003 chét dock thanh cong Ién IL-
17A, 547 chét dock thanh céng lén IL-17RA.
Phan tich twong tac gitra cac chat da dock
thanh cbng v&i cac acid amin quan trong trong
twong tac cha IL-17A/IL-17RA, két qua thu
dwoc 40 chat dwoc danh gia 1a nhivng chét
tiém nang. Trong sb cac chat ndi trén, 5 chéat
da dwoc moé phdng dong lwc hoc phan tir gébm
ZINC04343609, ZINC31494289,
ZINC33809499, ZINC08872811,
ZINC67351070, két qud RMSD va RMSF cho
thay céc ligand twong dbi 6n dinh trong tui gén
két. Gia tri RMSD va RMSF cua cac ligand
nhw ZINC04343609, ZINC33809499,
ZINC67351070 cho thay ligand gén két twong
déi 6n dinh trong tui gan két va cac nguyén tr
cda ligand 6n dinh, it linh dong. Diéu nay cho
thay cac chat nay cé tiém n&ng I&n trong viéc
tc ché hoat tinh cda Interleukin 17A.

Nghién ctru nay duwoc tai tro béi Dai hoc
Quéc gia TP. H6 Chi Minh trong dé tai ma sé
C2018-44-01 (Lé Minh Tri).
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