Cheminformatics Molecular Docking

1 MO HINH DOCKING PHAN TU
1.1 Khai niém docking

Mo hinh gin két phan tir (Molecular Docking) 1a mot phuong phép c6 vai trd 16n
trong thiét ké thudc voi su trg gitp ciia may tinh (CADD — Computer-Aided Drug
Design). Phuong phap nay duoc dung dé danh gia va du doan kha ning gan két cua
phan tir nhé (ligand) vao céu triic muc tiéu (receptor). Hién nay, phuong phap docking
dang duoc str dung phd bién vi tinh don gian, d& sir dung va it ton thoi gian trong cac
phuong phap sang loc d0. Ung dung ciia docking bao gdm nghién ctru sy lién quan
gifta cdu trac—tac dung, t6i uvu hoa chat khoi ngudn (lead optimization), tim cac chit
khoi nguén tiém nang (lead compound), nghién ctru cac dot bién duya trén viéc dua ra
tién doan vé gia thuyét gan két, hd tro dwa cac chat nén hodc chat trc ché vao ban dd

mat do electron (electron density) trong cc cau trac nhidu xa tia X,...!!!
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Hinh 1.1. M6 hinh docking phan tir !'?
Qua trinh docking gém 3 giai doan chinh:

- Giai doan 1: tao cdu dang gan két. Duya trén sy tinh toan ning lugng tinh dién va
Iwc Van der Waals, ciu dang thich hop nhét cho kha ning gén két vao protein cua

cac hop chit s& dugc x4c dinh. Giai doan nay thuong tao ra nhiéu ciu dang khac
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nhau. Tiép theo cac cdu dang gin két duoc chdm diém dua trén muc do tuong
thich gitta cdu dang d6 véi ving gan két trén dich tac dong.

- Giai doan 2: chim diém, c6 thé giup udc doan ning luong gin két.

- Giai doan 3: xép hang. Tinh to4n ning luong tu do cta sy gin két mot cach chinh
xéac nhat co thé, dia trén cac tinh toan phtc tap lién quan dén ning luong entropy
va solvat hoa.

Docking gan két phdi tir vao cau tric muc tiéu theo ba phuong thirc sau:

- Docking ctmg: phdi tir va protein muyc tiéu déu cb dinh

- Docking ban linh dong: phéi tr la phﬁn tu linh dong, protein myc ti€u ¢ dinh

- Docking linh dong hoan toan: phdi tir va protein muc tiéu déu linh dong

1.2 Qua trinh gin két phin tir

Qua trinh mo phong su gin két gitra phdi tir va protein dugc thyuc hién qua hai bude
co ban 13 lya chon cdu dang phu hop cua phdi tir (sampling) va danh gia két qua phirc

hop duoc tao thanh (scoring).!!3114

- Chon ciu dang phdi tir twong thich véi khoang gén két co thé duoc thuc hién boi

nhiéu thuat toan khac nhau, duogc chia thanh ba nhom:

e Tim kiém hé théng (systematic search) bao gdm thuit toan dya trén cac phan
manh (fragment-based), thuat toan xay dung ting cuong (incremental

construction algorithms),...

e Tim kiém ngau nhién (stochastic search) bao gdm giai thuat di truyén (genetic
algorithm), thuat toan Monte carlo, thuat toan tim kiém Tabu,...

e Tim kiém quyét dinh hay mé hinh hoa (deterministic or simulation search) bao

gdm mé phong dong luc hoc phan tir (molecular dynamics simulation), thuat

toan 1 mo6 phong SA (simulated annealing).!'*
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- Ham chdm diém duoc chia thanh bdn loai chinh 13 chdm diém dya trén vat ly
(physics-based), dwa trén kinh nghiém (empirical), dwa trén hiéu biét

(knowledge-based) va dya trén hoc may (machine learning-based).'!'*

1.3 Danh gid mo hinh docking phan tir

Su gin két cac cAu dang cua ligand véi protein va diém sé docking cua cac kiéu gin
két van cho két qua gan dung cao. Khong gidng nhu cic phuong phap nhu co hoc
lwong tir hodc cac phép tinh mang tinh thé nhét dinh trong co hoc thong ké, docking
da tir bo “ground truth” dé co thé tim kiém mot cach thuc té gitta mot khong gian hoa
hoc rong 16n va dang phat trién. Do d6, cac phép tinh kiém tra hoi chimg 1a rat quan
trong ddi voi sy thanh cong ctia mot md hinh docking. Véi cc chét dbi chimg, chung
khong dam bao mé hinh chic chin dang, nhung chung gitip xac dinh nguy co that
bai o rang va c6 thé gitip ngudi ta hiéu van dé sai & dau néu ching xay ra. Thong
qua mot phép kiém soat, danh gia xem liéu cac tham sb gan két d chuan bi c6 thé wu
tién cac phdi tir c6 hoat tinh hon cac phan tir khong hoat tinh hay khong. Trong mot
tai gan két duoc tdi wu hoa, cac chit hoat tinh d3 biét trude s& xép hang cao hon so
v6i dudng nén clia cac phan tir mdi nhtr trong thir nghiém hoi ching va cac cau dang
hop 1y phai duoc du doan. N6i mot cach ngén gon, thir nghiém hoi chimg giup giam
thiéu cac sai sb loai 2 trong sang loc a0 (dwong tinh gid), nham kiém tra hiéu ning
ctia md hinh docking vé ning luc gin két (docking power) va ning luc sang loc
(screening power) cao hay thap bao gém re-docking dé kiém tra ning luc gin két cua

phan mém; va cross-docking cho kiém tra nang luc sang loc cia mo hinh.

Viéc kiém tra hoi chtirng duogc thyc hién b'flng cach su dung nhiing chét co hoat tinh
d3 biét trudc va nhitng chat khong c6 hoat tinh (hodc moi nhtr) dugc tao ra tir nhitng
chét c6 hoat tinh dé mé phong gin két vao cdu trac muc tiéu, két qua thu duoc sé goi
¥ ngudng diém docking phu hop nhat cho cac chat gan két tiém ning. Thong thuong
tap hoat tinh nén bao gém 10 — 30 chéat c6 ciu trac da dang la t8i wu cho viéc thuc
hién kiém tra hdi chirng.!'S M6 hinh docking duoc danh gia dia trén dai luong duong

cong ROC, dién tich dudi duong cong (AUC), logAUC va hé s6 1am giau trong thir
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nghiém hdi chirmg. Ngoai ra, dai luong trung binh hinh hoc (G-Mean) ciing duoc st
dung nham xac dinh diém gy (cut-off) cho dudng cong ROC. G-mean 13 mot dai
lwong do ludng su can bang giira hiéu ning phan loai trén ca 16p da sb va thiéu sb.
G-mean thép 12 mot ddu hiéu cua hiéu nang kém trong viéc phan loai cac chét c6 hoat

tinh ngay ca khi cac truong hop khong hoat tinh duoc phan loai rat chinh xac.!!6

G-mean = \/DC) nhay X D6 dac hiéu

b

Semilogarithmic ROC curve

a ROC curve
100 100
Model: AUC Madel: LogAUC
~ Model 1: 73.21 — Model 1: 14.84
— Model 2: 75.98 ’ — Model 2: 36.40
75 1 i 75
.,
o . ]
c ’ c
2 ' 3
& . 2
,
8 50 L 50
& P -3
o ©
2 . =
® 4 B
.
25 L’ 25 4 Early enrichment
L’
I‘ - ’
; -
0 T T T 0
0 25 50 75 100 107" 10° 10" 10?

Hinh 1.2. Panh gia thir nghiém hoi chimg mé hinh docking '

%decoys found

1.4 Céc phin mém Docking

Trong d6, phwong phap docking ban linh dong 1a phuong phap phd bién nhét. Co

%decoys found (log)

nhiéu phan mém cé thé docking dugc mé ta trong Hinh 1.25.
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Hinh 1.3. S luong trich dan cac bai bdo khoa hoc ctia mot s6 phan mém gan két
phé bién nhét, dugc phan tich tir ISI Web of Science (2005) 17
Tir ma ngudn mé ciia Autodock Vina, cac nhom nghién ciru trén khap thé gioi da tién
hanh cai tién va stra d6i, dién hinh nhu thu vién QuickVina2 da cai tién thuat toan
tim kiém, thu vién Smina cho phép ngudi dung tuy bién cac tham sb cua ham tinh
diém, va cai thién ham tinh diém cho gan két voi carbohydrat (Vina-Carb), lién két

v6i halogen (VinaXB),!'8 ciing nhu xép hang va cho diém (Vinardo).
1.4.1 Céac phan mém dya trén ham chim diém kinh nghi¢m

Tir md ngudn mé cua phan mém Autodock Vina 1.1.2, nhidu phadn mém Docking da

duoc phat trién véi nhitng dac diém noi bat nhu:

- Smina: c¢6 thém nhiéu hd trg dinh dang cho phdi tir nhu *pdb, *sdf, thém cac dinh
nghia méi trong ham tinh diém (desolvatian, electrostatics,...) va cé thé tu diéu

chinh ham tinh diém (d4nh trong s6 cho nhitg ham quan trong).'"

- QVina2: v6i tinh ning méi 1 first-order-consistency-check nham cai thién
“significance test”, cai thién tdc d6 cua qua trinh tim kiém cuc bo. Két qua la véi
tham sb exhautiveness bing 8, Qvina2 cho tc do nhanh gép 20,49 14n so véi Vina
1.1.2, v6i hé sb twong quan Pearson giita nang luong gan két cua Vina va Qvina

2 cho ciu dang bén nhat 1a 0,967; va cho tit ca cdu dang du doan 1a 0,911. Tuy
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nhién, Qvina2 cho két qua t6i da 1a 20 cau dang du co thay doi tham sb

num_modes.'?°

- Autodock Vina 1.2.3: v6i dic diém ndi bat 1a tich hop dugc cac tinh ning san c6
cua Autodock 4 2! nhu docking véi kim loai, docking véi macrocycle,... Tich
hop vao ngdn ngit 14p trinh Python, giup cho viéc thiét ké phén tir thude tré nén
dé dang hon. Phat trién dugc batch docking, cho phép docking ddng thdi nhiéu
phéi tir. Can luu ¥, day 1a batch docking, c6 nghia 1a viéc chuyén bi cac thong s6
docking chi dién ra 1 1an cho toan b phdi tir, khac véi viée xdy dung mot vong

1ap cho docking nhiéu phdi tir

- Vina-GPU: Vina-GPU '2 13 m3 ngudn mé duoc xay dung dua trén Autodock
Vina 1.1.2, véi thuat toan tim kiém 12 Monte Carlo va ham cham diém dya trén
kinh nghiém. Diém khac biét 1a & thuit toan tim kiém, dya trén viée trién khai

bang OpenCL (GPU), gitip gia ting dang ké toc do tim kiém.!22

Céac phan mém nay déu cung str dung ham cham diém dya trén kinh nghiém va st

dung thuat todn Monte Carlo cho viéc t61 wu hoa.
1.4.2 Phan mém dua trén ham vit Iy (Autodock-GPU)

Autodock 4 14 phan mém docking duoc sir dung rong rdi véi ham tinh diém dua trén
vat 1y va di dugc ching minh hitu ich cho hang loat cac cong trinh kham pha thudc.
Tuy nhién, so v6i cac phan mém hién dai gan ddy, Autodock 4 cho thiy thoi gian
thue hién lau va kha ning Gng dung han ché voi quy mé 16n. Chinh vi thé, Autodock-
GPU,'® v6i su trién khai OpenCL trén Autodock 4, thiic day kién trac song song cua
GPU, giam thiéu thoi gian docking 18n t6i 350 1an ddi véi qua trinh don ludng. Hon
thé nita, thuét toan tim kiém cuc bd ADADELTA, la phién ban cai tién cta trinh tdi
wu hoéa ngiu nhién Solis-Wets tir Autodock 4. Cac thuat toan tim kiém cuc bo hiéu
qua nay lam giam dang ké s6 luong 1énh goi dén ham tinh diém can thiét dé tao ra
két qua tot. Cac cai tién cua Autodock-GPU, ca vé thong luong gin két va hiéu qua
tim kiém, tao diéu kién thuén loi cho viéc st dung chiric nang chdm diém Autodock

4 trong sang loc 4o quy mo 16n.
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Ham tinh diém cua Autodock-GPU tuong tu voi Autodock 4.2.6 dua trén truong luc
co dién danh gia nang lugng gin két bang cach tinh tong cta cac tinh dién va Van der
Waals. Céac tuong tac tinh dién dugc tinh theo cong thirc Coulomb, con cac tuong tac

Van der Waals dugc mo ta boi ham Lennard-Jones.

A:: B Ci: D q;
V=W (BT Wasna | EO( o2+ Waee ), Ui Y (s 5y e 7120
i \Tij" Ty ij i Ty le(rij)rij ij

Déi véi hai nguyén tir i, j, ning lugng nguyén tir cip d6i duge danh gia bing tong
tuong tic Van der Waals, lién két hydro, ning lugng coulomb va su solvat hoa. W 13

trong s6 dé hiéu chinh nang luong tu do theo kinh nghiém.

1.4.3 So sanh cac phin mém docking
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Hinh 2.4. Qua trinh xay dung mo6 hinh docking phan tir
2.1 Chuén bi ciu tric protein va ligand dong két tinh

Céu triic cta Protein dugc 13y tir ngan hang dir liéu protein trén Protein Data Bank (PDB
ID:...) va duoc luu ¢ dinh dang *.pdb. Sir dung Pymol dé mé cdu trac vira tai vé, kiém tra
ciu truc ctia phtrc hop protein-ligand, kiém tra va xtr nhitng acid amin bi thiéu (missing
residues) va nhitng acid amin khong ddy du bang cong cu Protein builder trude khi tién
hanh loai bé cac phan tir dung méi, sau d6 tién hanh téi thiéu héa ning lugng protein cuc
b (trén residue méi duoc thém vao) dé xir 1y protein trd thanh dang gan gidng véi trong
tur nhién. Phan tir protein khong chira ligand va dong két tinh cua no sau d6 duoc tach riéng

thanh 2 t¢p riéng biét duoc luu dudi dinh dang *.pdb va dugc luu béng MOE 2015.

Str dung MGLTools trén giao dién cua Jupyter Notebook dé mé tép chtra cau truc ctia HIV
Integrase thu duoc tir bude trén, sau d6 thém vao toan bd nguyén tir hydro c6 thé co cia
ciu truc, bao gdm ca hydro phan cuc (polar hydrogen) va hydro khong phan cuc (non-polar
hydrogen) va dién tich Gasteiger. Tién hanh luu lai cu tric cudi ciing cta protein dudi

dang *.pdbqt.
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2.2 Chuan bi ligand
Str dung MGLTools trén giao dién cta Jupyter Notebook dé mo tép ligand Bictegravir
duoc luu dudi dinh dang *pdb ¢ budc trén va luu tép dudi dinh dang *. pdbqt.
2.3 Xac dinh thong sb ciia khoang gin két
Céc phan mém Docking yéu cau phai xac dinh duoc ving khong gian goi 1a Gridbox ma
tai d6, cac cdu dang can tim phu hop véi vi tri gin két bi gidi han trong ving khong gian
d6 trude khi tién hanh qua trinh gan két.
Dé xay dung Gridbox, can phai biét dugc kich thude va toa d6 cua ving khong gian nay
thong qua viéc quy dinh ba nhém thong sé chinh bao gom :

1. Kich thudc Gridbox (hoac sb lugng diém trén mdi truc khong gian X, Y, Z).

2. Khoang cach giita cac diém trén mdi tryc.

3. Toadd (x,y, z) cia tam Gridbox.
Céu triic Bictegravir va dong két tinh da luu dudi dang *.pdbqt duoc mé trong phan mém
AutoDock Tools 1.5.7. Gridbox dugc xac dinh thong qua 1énh Grid > Grid box, dya trén
vi tri cua dong két tinh 6PUW, céac thong sb duoc thiét 14p sao cho hop Gridbox bao phi
hoan toan 6PUW, chira ion Mg?*. Bén canh d6 kich thudc ctia Gridbox phai du rong dé
ligand tham gia trong qua trinh nghién cru ¢6 thé ty do thay ddi cau dang gan két trong

khoang gan két cia 6PUW. Thong s6 cu thé dugc trinh bay trong Bang 2.6.

Bang 2.2. Cac thong s cua khoang gin két Gridbox trén 6PUW

Sb diém grid Kl’Cl{ thuée thfmg cAa’lch %i.fra cac Toa .d(’j tam
Gridbox diém trén moi truc Gridbox

X =60 X=225 x = 143,399

Y =60 Y =225 0,375 y =159,402

Z=60 Z=225 z=177,382

Trong trudng hop ctua Autodock GPU, tép *gpf chira cac thong sd Gridbox da lua chon

duoc tao va luu bang phan mém Autodock Tools-rcl 1.5.7. Céc thong sé Gridbox tir file
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*gpf duoc dua vao Autogrid 4.2 dé thiét 1ap cac ban d6 (maps) mé ta qué trinh tuong tac

clia cac nguyén tir timg nguyén t6 c6 trong khoang gin két cta protein va cua ligand.
2.4 Redocking
2.4.1 Phan mém Smina, Qvina2 va Autodock Vina 1.2.3

Céac phan mém nay nhan tép dau vao 13 *pdbqt (phdi tir va protein sau khi di chuan bi bing
MGLTools) dé tién hanh gan két phan tir giita protein va ligand dong két tinh. Tap tin két
qua thu duoc gdm két qua gan két cua tdi da 1000 ciu dang tot nhat cho tirng ligand (*pdbgqt
va *pdb). Cac thong sb kiém soét qua trinh redocking va docking cua cic phan mém dugc

mo ta trong Bang 2.7. Két qua redocking dugc danh gia dua trén 3 yéu t:
- Ailyc gan két thong qua niang luong lién két.

- Cau dang va vi tri gan két ctia ligand, sy chénh léch giita cau dang cta ligand trudc va

sau khi redocking vao khoang gin két qua gia tri RMSD (< 2.0 A)

- Céc tuong tac quan trong giita ligand dong két tinh sau khi redocking so voi cdu tric

ddng két tinh trong protein ban dau.

Bang 2.3. Thong s6 ciia cac phan mém Smina, Qvina2 va Autodock Vina 1.2.3

Thong so Y nghia Gia tri
seed Rang budc khdi tao ngau nhién 42
Exhaustiveness S6 1an tim kiém toan cuc 100
num_modes S6 lugng cAu dang gan két t6i da khoi tao 1000
cpu S6 luong cpu st dung -1

Qua trinh docking va redocking duoc thuc hién trén may tinh CPU AMD Ryzen 9 3900X,
h¢ diéu hanh Ubuntu 20.04.

2.4.2 Phin mém Vina-GPU

Céc budc chuan bi redocking va danh gia twong tu vi Autodock Vina 1.2.3, chi khac cac

thong s6 dugc mo ta trong Bang 2.8
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Bing 2.4. Thong s6 ciia cac phan mém Vina-GPU

Théng so6 Y nghia Gia tri
seed Rang budc khéi tao ngau nhién 42
thread Quy mo cua qua trinh dock song song (docking lanes) 8000
num_modes S6 lugng ciu dang gan két t6i da khoi tao 1000
search_depth S 1an 1ap lai tim kiém & mdi docking lane 50

Qua trinh docking va redocking dugc thuc hi¢n trén may tinh do Intel(R) Xeon(R) CPU @
2.00GHz, hé diéu hanh Ubuntu 18.04, GPU Tesla T4 16GB.

2.4.3 Autodock-GPU

Autodock-GPU nhan 2 tép dau vao 1a *.pdbqt (ligand) va *.map.fld dé tién hanh qua trinh
gin két phén tir giira protein va ligand dong két tinh. Tép tin két qua duoc trich xuit dudi
dang tép *dlg chtra két qua gin két (bao gdm cau dang ligand va ning luong gin két, hé sb
trc ché dy doan K; tuwong tng vé6i timg cdu dang). Tap *dlg dugc chuyén thanh *.pdbqt
bang MGLTools, dugc diing dé danh gia két qua va phan tich tuong tac giira ligand dong
két tinh véi protein sau khi docking. Cac thong sé kiém soat qué trinh redocking va docking
ciia Autodock GPU dugce mé ta trong Bang 2.9. Két qua redocking dugc danh gia dwa trén
3 yéu tb tuong tu nhu Autodock Vina 1.2.3.

Bang 2.5. Thong s6 ctia cac phan mém Autodock-GPU

Théng so Y nghia Gia tri
seed Rang budc khdi tao ngau nhién 42,42
nrun S 1an chay thuit toan di truyén 1000
nev S6 1an danh gia mdi luot chay thuat toan di truyén 2x10°

Quaé trinh docking va redocking dugc thyc hién trén may tinh Intel(R) Xeon(R) CPU @
2.00GHz, hé diéu hanh Ubuntu 18.04, GPU Tesla T4 16GB.
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2.5 Thir nghiém hoi chirng (Retrospective control)
Quy trinh x4y dyng thir nghiém hoi chimg bao gém cac budc sau:
- Chuén bi protein: cau truc protein 6PUW tuong tu phan redocking (*pdbqt)

- Chuén bi tap hoat tinh: thuc hién phan cum dir liéu va xay dung tp hoat tinh twong
tu nhu qua trinh xay dung mo hinh pharmacophore. DPiém khéc biét 1a ngudng twong
dong duoc diéu chinh thanh 0,35 (it khic nghiét hon gia tri 0,3 trong mo hinh
pharmacophore) va chon ra 30 chat tir cac phin cum tao thanh. Trudng hop tip hoat
tinh chua bao gdm ligand dong két tinh Bictegravir, nghién ciru dua thém Bictegravir

vao tap hoat tinh. Cac chat duoc luu dudi dinh dang *.smi.

- Chuén bi tdp mdi nhir: cic chat tir tp hoat tinh (*.smi) 4p dung md hinh hoc sau
Deepcoy dé tao cac moi nhir véi ty 18 active : decoy = 1:50. Tap mdi nhir (*.smi) vira
duoc tao thanh s& duoc chuyén sang cdu tric 2D va tbi thiéu hod ning lugng bang thu
vién RDKit. Sau d6, str dung MGLTools trén giao dién cia Jupyter Notebook dé tién
hanh chuan bi ligand.

- Gan két phan tir: tién hanh tuong tu redocking. Tuy nhién, dé tdi uu hoa téc do, nghién
ctru st dung thém batch-docking (Autodock vina 1.2.3 va Autodock-GPU) dé tién hanh
gin két song song nhiéu phdi tir cing mot thoi diém. Tap tin thu duge (*pdbqt va *pdb)
chtra thong tin ctia 1000 ciu dang, nhung nghién ctru chi dung cdu dang t6t nhét dé tién
hanh thir nghiém hoi chimg. Thong tin két qua gan két cua ting ligand, bao gdm diém
sd Docking va céc tuong tac véi acid amin trong khoang duoc trich xuat tu dong vao
tép *csv.

- Phan tich két qua thir nghiém hdi chirng:

e Chuén hoa diém sb docking bang cong cu Min Max Scaler.
e Xay dung duong cong ROC voi tung ngudng Docking.
e Tinh gié tri dién tich dudi duong cong (AUC).

e So sanh va chon ra phan mém phu hop cho viéc docking.
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e Xac dinh diém giy cua dudng cong biang dai lugng G-mean.
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