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Dy doén kiéu lién két va ai luc
ctia chat trc ché non-nucleoside trén enzyme
phién ma nguoc HIV-1 bang phuong phap
docking phan tir

Nguyén Truong Tién, Bui Tho Thanh

Tém tit — Dai dich HIV/AIDS la mét trong nhirng
nguyén nhan nguy hiém nhét, giy ra hang triéu cai
chét mdi nim. Cho dén nay, thudc chéng HIV dugc
sir dung trong diéu tri cin bénh HIV/AIDs thuec sy to
ra chua hi¢u qué béi vi swr sao chép khang thude HIV
dién ra mgt cach nhanh chéng sau mdt thoi gian sir
dung. Trong cong trinh nay, cic chét irc ché phién
mi ngugc non-nucleoside méi (Non-nucleoside
reverse transcriptase inhibitors (NNRTIs)) duwgc
nghién ciru thong qua phwong phap docking phan ti.
Dir li¢u Diversity chira 1420 hop chit “giéng thudc”
tir Vién Ung the Qubc Gia My (National Cancer
Institute (NCI)) dwoc docking vao tam lién két cia
céu tric tinh thé phién ma ngwoe HIV-1 RT (1fk9)
bing goi phin mém Autodock 4.2.6. Céc tinh chit
dong hoc dwgc bao gdm su hip thu (absorption), sw
phian  bd  (distribution), sy chuyén hoa
(metabolization), sw dao thdi (elimination) va dgc
tinh (toxicity) (ADMET) duwgc du doan béi chwong
trinh PreADMET 2.0. Hop chit 2518 trong dir liéu
Diversity duge dw doin hap thu tét trong da day
ngudi, ¢6 khi ning lién két yéu véi protein trong
mau, va cho két qua am tinh véi sw bién ddi gene
ciing nhw véi sy gay ung.

Tir khoa — NNRTIs, docking phan tir, HIV-1 RT,
ADMET, Autodock

1 MODAU
irus suy giam hé mién dich & nguoi (the
human immunodeficiency virus (HIV)),
loai virus phién ma ngugc (retrovirus), c6 kha
nang tin cong hé mién dich va gay ra su pha huy
cac chirc ning mién dich.
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Hau hét cac sy lay nhiém HIV déu din dén
“tri¢u chimg mién dich mdc phii” (aquired
immunodeficiency syndrome (AIDS)). Theo s6
liéu tir UNAIDS, gan 33 triéu ngudi dang song
chung véi virus HIV-1, khoang 2,1 triéu nguoi
chét hiang nam vi AIDS va cac bénh lién quan dén
AIDS, va c¢6 khoang 2,5 triéu ca nhiém méi hing
nam.

Cho dén nay, c6 hon 34 loai thudc chong HIV
duogc cong nhan boi co quan quan 1y thuc pham va
thuéc cia My (Food and Drug Administration
(FDA)). Nhung liéu phap diéu tri riéng 1¢ da that
bai do su bién dbi khang thuoc cua virus [1]. Thay
vao do, liéu phap diéu tri to hop hay con goi 1a liéu
phap chdng virus phién mi ngugc hoat tinh cao
(highly active antiretroviral therapy (HAART)) tr&
thanh liéu phap chira tri hi¢éu qua cho cac bénh
nhan bi nhiém HIV [2]. Tuy nhién, liéu phap
HAART chi lam chim tde do sao chép cua virus
dén mirc thip nhit c6 thé ma khong thé xo4 bo sy
lay nhiém virus [3]. Do d6, nghién ctru tim ra loai
thudc ngin can sy sao chép khang thudc cia virus
HIV va giam thiéu tic dung phu khéng mong
mudn nham diéu tri bénh HIV van 1a van dé kha
cép thiét hién nay.

Trong dé tai nay, ching toi tién hanh tim kiém
chat tc ché NNRTI méi c6 kha ning tc ché
enzyme phién md nguoc HIV-1 (HIV - 1 reverse
transcription (HIV-1 RT)). B¢ lam diéu nay,
phuong phap docking phén tir dugc st dung dé tim
kiém hop chit NNRTIs tiém nang. Bén canh do,
du doan in silico cho céc tinh chét dong hoc duoc
va doc tinh (ADMET) cua nhiing phan tir NNRTIs
tiém ning ciing duoc tién hanh.

2 VAT LIEU VA PHUONG PHAP

Dé kiém dinh phuong phap docking phan tir, 15
hop chit NNRTIs thwong mai (cac thude thuong
mai nay dang dugc sir dung trong liéu phap diéu tri
HIV-1) duoc tich ra khoi tam lién két cua cac
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phirc tinh thé NNRTIs-HIV 1RT va dugc dock trd
lai vao cac tam lién két nay. Cac cdu trac tinh thé
phirc HIV-1-RT/NNRTIs dugc tai vé trang web
chinh thtre cia ngan hang dir li€u protein (protein
data bank (PDB)) va cac enzyme HIV-1-RT tir cac
phic nay déu thudc loai hoang di (wild type).
PDB la ngan hang qudc té chira hon 81000 dir li¢u
cAu tric protein ba chiéu, phan 16n chung dugc xac
dinh bang phuong phap tinh thé tia X, con lai dugc
xac dinh bang pho cong huong tir nhan NMR [4].

Tiép dén, qua trinh tim kiém cac hop chat
NNRTIs méi duoc tién hanh theo quy trinh sau:
1420 hop chat “giéng thudc” (“drug-like”
coumpounds) trong thu vién dir li€u Diversity
duoc dock vao tam lién két di lap thé cta ciu tric
tinh thé enzyme ctia phirc 1k9. Cac hop chit duoc
goi 14 “gidng thude” khi chung dap mg cac tiéu
chi cua qui tic Lipinski: (1) Khéi lugng phén tir
<500 Da; (2) Khong c6 nhiéu hon 5 nhém cho lién
két hydrogene; (3) Khong c6 nhiéu hon 10 nhém
nhan lién két hydrogene; (4) Gia tri log P bé hon
+5 (log P < 5 thi thubc c6 tinh ua nudc va ngugc
lai). Cac NNRTIs thu dugc tir giai doan docking
goi 12 cac NNRTIs tiém ning. Sau d6, cic tinh
chét dong hoc dugc va ddc tinh ADMET cua cac
hop chat NNRTIs tiém nang dugc dy doan dé chon
lwa cac NNRTIs dap g dugc yéu ciu dong duge
hoc va doc tinh ctia hgp chit thubc. Cudi cung,
kiéu lién két, 4i luc lién két va cac tuong tac cua
NNRTIs tiém ning voéi tim lién két HIV-1-RT
duogc phan tich.

Chuong trinh AutoDock phién ban v4.2.6 dugc
sir dung dé tién hanh docking phén tir. Trong do,
hop gian dd c¢6 kich thudc ba chidu 1a 60x60x60
diém, khoang cach giita cac diém 1a 0,375 A, va
gian dd duge dat vao trung tam cua tam lién Kkét,
st dung vi tri tinh thé efavirenz lam chudn. Tinh
toan docking phan tir dién ra véi ligand linh hoat
(flexible ligand) va protein c¢b dinh (fixed protein).
Trong tinh toan docking, thudt toan di truyén
Lamarkian (LGA) dugc sir dung dé tim kiém manh
ghép va cac tham sd tinh toan dugc sir dung: (i) s6
lan chay GA (Number of GA run): 100; (ii) sb ca
thé trong nhém (Population size): 50; (iii) sé danh
gia ning luong cuc dai (A maximum number of
energy evals): 250000; (iv) s luong thé hé con
cuc dai (A maximum number of generations):
27000; (v) chénh léch d6 1éch can quin phuong
giita cac dam cdu dang (RMS Cluster Tolerance):
1.0 A. (vi) cAu trac so sanh cho tinh toan do 1éch
can quan phuong (Reference Structure for RMS
calculation): efz. Cac tham so khac dugc giit
nguyén giong tham sb mic dinh cta chuong trinh.
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Chuong trinh Pre-ADMET v2.1 dugc st dung
cho du doén cac tinh chét dong hoc dugc va doc
tinh ADMET ciia cac hop chat NNRTISs tiém ning.
Phan mém AutodockToolv1.5.7rcl gitip thé hién
kiéu lién két va ai luc lién két cia NNRTIs. Phan
mém Python Molecule Viewer v1.5.7rcl dugc ap
dung dé phan tich cac tuong tac cia NNRTIs tiém
nang véi tam lién két HIV 1-RT.

3 KET QUA - THAO LUAN

Kiém dinh phwong phap docking phén tir

Cac ké:t qua duoc sa‘ip xép theo tiéu chi nang
luong thap nhat cua moi dam cau dang thir nhat
(goi 1a first rank cluster) két hop véi do 1éch can
guan phuong (root-mean square deviation, RMSD)
cua khoang cach gilta nhirng nguyén tur nang cua
cdu trac docking va nguyén tir ning cta ciu tric
thuc nghiém tia X (Bang 1).

Nhin chung, RMSD c¢6 vai tro nhu la phép do
dac chat luong cac két qua docking. Nhitng cu
tric docking dugc xem la thanh cong khi gia tri
RMSD khéng vuot qua 2.0 A [5]. Nhu vay, co 14
trong s6 15 NNRTIs thwong mai c6 gia tri RMSD
nho hon 2.0 A (Bang 1), tic 14/15 (chiém 93,33%)
NNRTIs thuong mai dugc dock thanh cong vao lai
tam lién két ban déu cua ching. Diéu nay chimng to
rang, phuong phap docking phan t bang
Autodock v4.2.6 v6i cac tham sé da dé cap trén co
thé duge sir dung dé tim kiém cac NNRTIs mdi,
tiém ning.

Tir Bang 1, c¢6 thé thay ring cic cAu dang cta
ligand EFZ c0 tinh twong dong kha cao vi 100/100
cau dang cua ligand EFZ (efavienz) déu nim trong
dam c4u dang dau tién (Hinh 1); nguoc lai, cac cau
dang cuia ligand FPT c6 tinh tuong ddng thap vi
chi ¢6 13/100 céu dang cua ligand nay thudc trong
dam cau dang dau tién, con lai 87 chu dang cua
|Igand nay déu ¢ cac dam céu dang thtr hai, thir

. (Hinh 2). Do viy, trong d& tai, cdu trac
enzyme tir phuc efavienz/RT (ma PDB: 1fk9 [6])
dugc sir dung dé tim kiém céc chit irc ché NNRTIs
méi. Hon nita, cdu tric enzyme nay con c6 dg
phan giai cao va nd con gin két véi chat e ché
efavirenz, mot trong nhimng chat trc ¢ tac dung
hiéu qua nhét trong liéu phap diéu tri HIV [7].

Tim kiém NNRTIs tiém niing

10 trong 1420 hop chéat “gidng thudc” cua thu
vién Diversity c6 gid tri RMSD khoéng vugt qua
2.0 A (Bang 2). Bén canh d6, ning lugng lién két
giita cac NNRTIs tiém ning va tdm lién c6 gia tri
dao dong trong khoang -10 kcal/mol dén -8
kcal/mol. Hop chat 19760 co s6 cdu dang twong
dong cao nhat (38 cau dang). Vay co 10 hop chét
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dugc dock thanh cong vao tam lién két ciia enzyme
cua phuc 11k9.
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Bang 1. S6 chu dang, gid tri‘RMSD, nang luong tu do lién Kkét
dy doan cta dam cau dang dau tién ctia 15 NNRTIs thuong mai

Gia tri Ning
RMSD
] | sé | sovei | uomew
Méa Ma R £ do lién
PDB | ligand | cau Kkét du
dang | tricso .
sanh dodn
&) (kcal/mol)
1 1C1B GCA 94 0,625 -9,72
2 1C1C 612 89 1,553 -9,9
3 1DTQ FPT 13 0,895 -9,71
4 1EET BFU 66 0,736 -10,98
5 1FK9 EFZ 100 0,226 -9,47
6 1KLM SPP 79 1,082 -12,78
7 1REV TB9 100 0,55 -10,14
8 1RT1 MKC 85 0,558 -8,93
9 1RT2 TNK 13 0,517 -11,61
10 1RT4 UC1 51 0,776 -9,92
11 1RT5 UC2 53 0,887 -9,5
12 1RT6 UC3 63 1,417 -8,87
13 1RT7 UC4 61 1,458 -9,96
14 1RTH U05 25 3,507 -8,56
15 1VRU AAP 34 0,484 -9,07

Bang 2. S6 ciu dang, gié tri RMSD, nédng luong tu do lién két
du doén ciia ¢4m cAu dang dAu tién ctia 10 NNRTIs tiém ning

Tén Gia tri Nang
S ligand Sé chu RMSD so luong tw
T trong thu dang voi cau do lién ket
T vién : trdc so du doan
Diversity séanh (A) | (kcal/mol)
1 26349 24 1,649 -10,02
2 6246 3 1,708 -9,67
3 2518 19 1,716 -9,45
4 169453 20 1,813 -9,52
5 19760 38 1,858 -8,67
6 407882 4 1,903 -8,03
7 190382 7 1,910 -9,88
8 158011 11 1,952 -9,85
9 44102 3 1,991 -8,08
10 90831 22 1,998 -9,09

Du doan céc tinh chit ADMET

Dy doan in silico bang chuwong trinh Pre-
ADMET v2.1 ¢6 thé tinh toan duoc cac tinh chat
hép thu, tinh chat phan bd va doc tinh ctia 10 hop
chat NNRTIs tiém nang. Mot khia canh quan trong
trong cac tinh chat hap thu chinh 1a sy hip thu
thubc trong rudt nguoi (human intestinal
absorption (HIA)). S¢ di vay vi gia tri HIA (tinh
theo phan trim) c6 thé gitip xac dinh dugc hop
chat thudc tiém nang. Trong khi d6, mdt trong cac
tinh chat phan bd quan trong 1a sy lién két protein
huyét thanh mau (Plasma Protein Biding (PPB)).
Hiéu quéa ctia thube bi anh hudng béi mue do lién
két cua thubc v6i protein trong huyét thanh mau
(Blood Plasma). Mirc d6 lién két cua thubc voi
protein huyét thanh cang it thi kha nang khuéch tan
hodc di chuyén qua cdc mang t& bao cua thudc
cang cao; tirc 1a hiéu qua cta thudc cang cao. Cac
gi4 tri tinh toan HIA va PPB cua 10 hop chét
NNRTIs tiém ning duoc thé hién trong Bang 3.

Céc hop chit duoc cho 13 hap thu kém hodc hap
thu vira hoac hép thu t6t néu HIA cua chung lan
luot & trong khoang 0 dén 20%, 20% dén 70%, va
70% dén 100% [9]. Tat ca cac hop chat hit déu
duoc du doan co cac tinh chét hép thu tbt (Bang
3).

Hop chat lién két yéu véi protein cua huyét
thanh mau néu % PPB nh6 hon 90% va hop chit
lién két manh véi protein ctia huyét thanh mau néu
% PPB 16n hon 90%. C6 thé thdy riang sau hop
chat lién két manh véi protein cua huyét thanh
méau va bon hop chét lién két yéu véi protein clia
huyét thanh mau, bao gém 2518, 407882, 44102,
va 90831 (Bang 3).

Dé du doan dgc tinh cta hop chat thudc, chuong
trinh PreADMET ciing tién hanh kiém tra kha
nang gay bién ddi gene cua thudc (thé hién qua
tham sO mutagenicity) va kha nang gy ung thu
clua thuoc (thé hién qua tham s carcingogenicity).
Tham sb carcingogenicity dugc tién hanh trén hai
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loai chudt: chudt lon (carcingogenicity mouse) va
chudt nho (carcingogenicity rat). Chi duy nhit hop
chat 2518 thé hién am tinh véi mutagenicity, trong
khi d6 tat ca cac hop chat con lai déu cho két qua
duong tinh v&i mutagenicity (Bang 3). Bén canh
d6, hop chat 2518 cho két qua am tinh v&i
carcingogenicity mouse nhung lai cho két qua
duong tinh vdi carcingogenicity rat.

Bang 3. Su hip thy, s phin bd va doc tinh du doan ciia 10 hop

chét hit
£ Sl_l‘
Swhap | jhan Péc tinh
thu %
S . bo
Tén hop i
T chit hit carcingog | S¥
T HIA PPB mutage L ngog
@) | @) | nicity | MY | enicit
mouse
y rat
1 26349 97,92 96,42 + - +
2 6246 100,00 | 99,97 + + +
3 2518 97,19 63,90 - - +
4 169453 100,00 | 96,54 + + -
5 19760 98,92 96,93 + - +
6 407882 92,40 72,97 + - -
7 190382 99,54 93,77 + - +
8 158011 97,38 99,69 + - +
9 44102 91,46 58,92 + - +
10 90831 100,00 12,99 + - +

Kiéu lién két, ai I lién két cia NNRTIs tiém
nang

Sau khi tién hanh docking hop chét 2518 vao
tam lién két enzyme HIV-1-RT, cic dam cdu dang
ctia hop chét tiém nang 2518 va ai lyc cua ching
dugc liét ké & Bang 4. Pam ciu dang c6 ning
luong tu do lién két th?ip nhét duge xem la dam
ciu dang docking t6t nhat (best dock) va duoc goi
1a dam céu dang dau tién (first rank). Pam céu
dang dau tién cia hop chét 2518 gdm co 18 trong
téng 100 ciu dang twong dong nhau, c6 mirc nang
lwong lién két thap nhat (-9,45 kcal/mol).

Ngoai ra, ddm cdu dang chira nhidu ciu dang
nhat duogc goi la dam cau dang t6t nhat (best
cluster). Do d6, dam cau dang thir hai dugc cho la
dam ciu dang tot nhat vi no chtra nhiéu cu dang
tuong dong nhat, 29 trong tong 100 cdu dang. Sy
phan bd cua tit ca cac dam céu dang ctia hop chit
2518 dugc phan tich voi su tro gitp cua chuong
trinh AutodockTool v1.5.7rcl1 (Hinh 3).

| | ¥ T — b, kb
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Hinh 3. C4c d4m ciu dang cua hop chét 2518 va ning luong
lién keét twong tmg
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Béng 4. Cac dam céu dang cua hop chit 2518 va ning lugng
tuong tng clia chiing

S6 cau
Thir ty dam dang Ning luong tu do
chu dang rong 1 jian iét (keal/mol)
dam cau
dang
1 18 -9,45
2 29 -9,17
3 12 -8,98
4 7 -8.95
5 13 -8,84
6 1 -8,80
7 3 -8,56
8 1 -8,48
9 3 -8,42
10 2 -8,42
11 2 -8,28
12 1 -8,25
13 2 -5,74
14 1 -5,66
15 1 -5,20
16 2 -5,18
17 1 -5,17
18 1 -5,09

Twong tac cia NNRTIs tiém ning véi tim lién
két HIV-1-RT

Tuong tic gitra dam ciu dang dau tién cua hop
chat 2518 véi tam lién két HIV-1 RT duoc thé hién
boi sy trg giup ciia phan mém Python Molecule
Viewer v1.5.7rc1. Cac hop phan cuia dam céu dang
dau tién cua hop chat 2518 tuwong tac véi cac hop
phan Lys101, Lys103, Leul00, Leu234, Tyr 318,
Tyrl81, Pro236, His235, Vall06, va Vall79 cua
tam lién két RT (Hinh 4). Nhin chung, NNRTIs tao
ra cac twong tic ky nudc vai cac hop phan cia tim
lién két RT; gdbm twong tac van der Waals, twong
tac hut gitra vong thom ctia NNRTIs va vong thom
cua cac nhanh amino acid thom (goi la twong tac
pi-pi stacking); va NNRTIs ciing tao ra cac lién két
hydrogen v&i hop phan ua nudc ciia khung protein
nhu Lys101, Lys103 [10]. Do vay, dam ciu dang
dau tién ctia hop chit 2518 tao ra cac lién két ky
nudc voi cac hop phan khong thom Leul00,
Leu234, Pro236, Vall06, va Vall79. N6 cling tao
ra cac tuong tac pi-pi stacking vdi vong thom cua
céc nhanh amino acid thom Tyr 318, Tyr181. Hau
hét cac hop chit docking tét déu tao lién két
hydrogen v&i nguyén tt O cia hop phin
Lysinel01 ctia bo khung protein [11], nén nguyén
tor H thuéc nhom -NH cua dam cau dang dau tién
ctia hop chat 2518 s& tao ra cac lién két hydrogen
v6i O thugc nhom carbonyl cta Lysl01 va
Lys103.
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Hinh 4. Céc tuong tac gilta cac hop phin clia dam chu dang dau
tién cua hop chat 2518 vdi cac hop phan cta tam lién két
enzyme RT

4 KET LUAN

Trong nghién ciru nay, ching t6i di tién hanh
docking thanh cong thu vién hop chat “gidng
thuéc” Diversity cua NCI vao tam lién két cua
enzyme HIV-1-RT va thu dugc 10 hop chat
NNRTIs tiém nang. Céc tinh chét dong hoc duoc
ADMET cua 10 hop chit tiém ning nay ciing da
duoc tinh toan. Cubi cung, hop chit 2518 duoc
chon nhu 14 hop chat NNRTIs tiém ning dap tmg
tiéu chudn ciia ADMET: ¢6 chi sé HIA cao, ¢ chi
s6 PPB thip, khong giy bién ddi gene va khdng
gdy ung thu cho chudt 16n. Tuy nhién, hop chat
2518 van con c6 kha niang giy ung thu cho chudt
nho. Nhitng nghién ciru xa hon s& dugc tién hanh
trén hop chit 2518 dé thu dugc hop chit NNRTIs
moéi thoa man tat ca cac tiéu chuan ADMET cua
qua trinh thiét ké thudc.

Loi cam on: Nhom tac gia xin chdn thanh cam
on sw hé tro ky thudt, mdy tinh tir thay Trang Moc
Khung, phy trach Phong Thi nghiém Hod tin, Bo
mon Hoa Iy, Khoa Hoa hoc, Truong Pai hoc Khoa
hoc Tw nhién, PHOG-HCM.
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Abstract — The HIV/AIDS epidemic has become
one of the most dangerous causes leading to
millions of deaths around the world a year. To
date, there have not had effective anti-HIV drugs
in the treatment of HIV/AIDS because of emerging
drug-resistant HIVV mutants. In this work, potential
non-nucleoside reverse transcriptase inhibitors
(NNRTIs) were studied by means of molecular
docking. The Diversity “drug-like” database from
the National Cancer Institute, is composed of
1.420 compounds, was performed docking into the
NNRTI binding pocket of HIV-1 reverse
transcriptase crystal structure (1fk9) by using

Autodock  version  4.2.6.  Pharmacokinetic
properties (absorption, distribution, metabolism
and excretion (ADME)) and toxicity of potential
inhibitors within the body were predicted by the
PreADMET version 2.0. The obtained results point
out that the compound, coded 2518, was
discovered as a potential inhibitor that has good
human intestinal absorption, weakly bound to
plasma proteins as well as is negative to
mutagenicity and carcinogenicity. This rational
inhibitor would be further studied in order to
contribute informations finding new anti-HIV
drugs.

Index Terms — NNRTIs, molecular docking, HIV-1-RT, ADMET, Autodock



