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MOAENWPOBAHMUE

Classification of Current Scoring Functions
J. Liu et al Journal of Chemical Information and Modeling 2015 55 (3), 475-482 DOI: 10.1021/ci500731a

Docking and scoring in virtual screening for drug discovery: methods and applications
D.B.Kitchen et al Nature Reviews Drug Discovery 3, 935-949

Beware of Machine Learning-Based Scoring Functions—On the Danger of Developing Black Boxes
J. Gabel et al Journal of Chemical Information and Modeling 2014 54 (10), 2807-2815 DOI: 10.1021/ci500406k



MONEKYNAPHbIV QOKMHI

MonekynspHbIN JOKUHT (MY MONEKyNApHas CTbIKOBKA) — 3TO METOA MOJEKYNAPHOro MOAEIMPOBaHUs, KOTOPbIA NO3BONSET
npeackasatb Hanbonee BbIroAHY0 4ns 06pa3oBaHns YCTONYMBOIO KOMMIIEKCA OPUEHTALMIO W MOSIOXKEHWE OLHOM MOMEKYMbI NO
OTHOLLEHWIO K pYroW

Antigens
we v
o . _
Antigen ¢ . plasma o:__‘__:.?lons
+ ' Antigen-binding site ' © - membrane :
"\ _—-signal molecule
/4 =‘ F )
..

Antibody

dHTUreH-aHTUTEeno 6eJ'IOK-J'IMFaH,D, curHan-peuentop

MporHo3mpoBaHue
«  OpveHTauum 1 KoHdopMaLmMK NMraHaa BHYTPW aKTUBHOTO LieHTpa b6enka
«  3HayeHus OueHouHon OyHkumm (O nnn Scoring function), xapakTepusyloLen 3HEPruo CBA3bIBAHUS



MONEKYNAPHbIV QOKMHI

Binding site

= CanT cBA3bIBaHUA (MK “aKTUBHbIN LEHTP”)

YacTb Benka, rae nponcxoamT cessbiBaHue, B 00LeM criyyae, nonocTb B
CTPYKTYpe Benka

Complex

= MMonoxeHne nnu cnocob ceasbiBaHuA (“binding mode”)
[eomMeTpus NuraHaa B canTe CBSA3bIBAHUS
[eomMeTpusi = pacnonoxeHne, OpMeHTaLmMsa U KOHopmaLms




MONEKYNAPHbIN JOKNHT: ®U3NKO-XMMUYECKNE OCHOBbLI MONEKYNIAPHOMO
PACINO3HABAHWA

JHeprus B3auMoaencTBMA MOXET ObITb onpefeneHa Kak pa3HOCTb BeNIMYMH CBOOOAHOW aHepriM B CBOOGOAHOM M
CBA3aHHOM COCTOSIHUSIX MM Yepe3 BBeAEeHUE KOHCTAHTbI CBA3bIBAHUA:

L w AG°® = AH® — TAS°®
H O "0” AT o,
: : : e
Ligand :X\/\/Yj H’O\H"-'(ID’H“O\H AG° = RTInK
JoR H. __H H
H H O Non-covalent complexes Released water molecules
Receptor

nOﬂﬂprle B3aMMOAENCTBMSA XapaKTEePU3YIOTCA NONOXUTENBHLIM BKINaZ0OM B 3HEPIUIO CBA3bIBaHNA
Ynanenve MOJIEKYIT BOAbI YBENNYMBAET SHTPOMNUKO CUCTEMDI

C. Wermuth The Practice of Medicinal Chemistry: Third Edition, Elsevier (2008)



MONEKYNAPHbIN JOKNHT: ®U3NKO-XMMUYECKNE OCHOBbLI MONEKYNIAPHOMO
PACINO3HABAHWA

[Elaq (Tlaq [E + 1]

AHTanbnuA

HenocpeacTBEHHbIN YYET B3aUMOLENCTBUIN MEXIY NUraHLoM, pacTBoputenem, 6enkom:
 Baaumopenctaune 6enok-nuraHs

* BsanmogencTteme nuraHa-pacTBopuTenb

* BaaumopgencTteme pacteoputenb-6enok

AHTponua
KoHhopmaLoHHas rubkocTb
Yyet ruapodobHocTy
KonebaHus

OHTPONUNHO-3IHTaNbLNUNHAA KOMNEHcauus
B3anmogencTeme nuraHa-MuLLEHb A0STKHO ObITb 3HEpreTuyeckn 6onee BbIroaHbIM MO CPABHEHWIO C B3aUMOLENCTBMEM C
pacTBOpUTENEM

[pucyTcTBUE Y NUranga rmapocdobHbIX 0bacTeit Ans yBerMyeHns nofoXMTENbHOMO CONbBaTaLOHHOrO BKIaaa B
SHTPONMIO

Kak MmoxHO Gonee nonHas cTepmn4eckasa KOMnyieMeHTapHOCTb C CaliTOM CBA3bIBAHMS

Nature Reviews Drug Discovery 3, 935-949



POMNb ®YHKLUNOHANBHbIX FPYMNN BO BSAMMOAEMCTBUN NUTAHA-PELIENTOP

[ li gand] [T' ecep to T'] Type of interaction Enedrgy and dependency  Example
— on distance
qd=
[C Omp le X ] Charge—charge AG of —20 to —40k}/mol H
Longest-range force, nondirectional I/r H— N/
. . | H
Free energy of binding: O w-eeeeeees +,>>—N\.
.—< H—N
AG®=-RTxIn(K /C?)=-2.303RT xlog(K /C?) 0 H
Charge—dipole AG of —12 to —20k}/mol H
: : Depends on orientation of dipole 1/ | & N—H
Electrostatic Interactions e (i
. . . . Dipole—dipole AG of —4 to —12k}/mol &
+ Charge-charge interaction or ionic bonds BIILLEELAL EEIL .@ o %
. . . . . poles N oo .
+ Charge-dipole and dipole-dipole interactions - Q\ s\,
* Inductive interactions [
¢ Hyd rogen bonds Charge-induced dipole AG of —2 to —10k}/mol H
« Cation-r interactions Depends on polraabikty of molecule I o\, ®_.
L] - i i H
Arene-arene interactions .
& &
1~ 1 Dipole-induced dipole AG of —2k}/mol H
Ste rne Inte raCtlonS D:Opends on pz‘I’aﬂzablllty of molecule 1/ & O/ 8t~ Q_’
in which dipole is induced “H
. : ~—
« Dispersion forces 5 s
« Short-range repulsive forces Dispersion AG of ~2to —4k/mol :
. Involves mutual synchronization of 1 -
¢ Conformat|0na| energy fluctuating charges .—:
Enthalpy/entropy compensation e ;’E_H -------- o:?(
bond

C. Wermuth The Practice of Medicinal Chemistry: Third Edition, Elsevier (2008)



MONEKYNAPHbIV AOKMHI: UICTOPUA PASBUTUA

Emil Fischer (1890):
"A substrate fits into the active site of a

, . &N
“ macromolecule, just like a key fits into a
MpuHLMN "KnioY- lock”

complex 3aMOK"

Mogenb Daniel Koshland (1958):
NHOYLMPOBAHHOTO “Both ligand and target mutually adapt to each
COOTBETCTBUSA other through small conformational changes”

Ligand-A binds to
this conformation

substrate binds to
this conformation

Mogenb Buyong Ma (2003)
KOH(POPMALMOHHOTO "Proteins are considered as a pre-existing
aHcamons ensemble of conformational states. The
plasticity of the protein allows it to switch
from one state to another”



MONEKYNAPHbIN JOKAHT: TUMbI

[ B 3aBucumocTu ot Hanuyma nHgopmauum 06 aKkTMBHOM caiTe Genka:

«cnenow» gokuur (blind docking)

AKTVBHBI canT Bernka He n3BecTeH. HeobxoaMMo onpeaenuTb LEeHTP CBA3bIBAHNUS NUraHaa, a 3ateM 1 ero cnocob. YacTHeiM
Cny4yaeMm «Crenoro» JOKMHra SBMsSeTcs JOKWHT B MOCTPOEHHbIE MO roMonori Mogenu 6enkoB, korga npeanonaraeTcs Yto ux
LIeHTP CBA3bIBAHWS MOX0X Ha LEHTP CBA3bIBaHUS LWabnoHHoro berka.

npsamon (direct docking) AOKUHT.
AKTVBHBI CanT U3BEeCTEH. B aTOM Cryyae MHTEpPECYeT npexzae BCero cnocob CBA3bIBaHUS (OpUEHTaLMS) NuraHaa B LEHTPe
CBSA3bIBaHMS.

[ B 3aBucumoctu ot ydyeTa ruékocTn nuraHpa u 6enka:

«XKeCcTKUn» JOKUHT:

W Benok v nuraHg «TMOKWIN» [OKUHT:
paccMaTpUBAaOTCS Kak XeCTKME YyutbiBaeTcs rmokocTb 1
Tena nurasaa n 6enka

«Monyrbkui» JOKUHT:

Y4uThIBAETCS TOMBKO
KoHchopMaLMOHHas rMBKOCTb
nurasaa



MONEKYNAPHbIV AOKMHI: OBOBLIEHHBIM ANFOPUTM

Ligand setup

Consideration of:
-Tautomers
-Protomers
-Stereoisomers
Conformer generation and minimization

4

Ligand representation

Protein setup

-Removal of buffer and water molecules (if necessary)
-Modeling unresolved residues, ambiguous side-chains
-Addition of hydrogen atoms

-Setting protonation states, adjusting H-bonding network
-Analysis of crystal packing effects

Protein representation

Full atomic or simplified representation (spheres, etc.)
single molecule or multiple conformers
flexible or rigid treatment

Definition of search region
rigid or flexible treatment (side-chain and backbone level)
single structure or multiple conformers (ensemble)
grid-based, surface-based, interaction-vector based

Searching

Energy-driven, stochastic: Monte Carlo, genetic algorithms, molecular dynamics
tabu search, stochastic tunneling optimization
bioinspired artificial intelligence algorithms

Geometric-combinatorial: Shape matching and property/descriptor matching
incremental construction algorithms

Postprocessing/post-docking analysis

Scoring

Knowledge-based
empirical (regression-based)
force field-based (with solvation term)
mixed approaches
interaction fingerprints

Refinement by MD simulation

rescoring

consenus scoring




MONEKYNAPHbIV OOKNHT: MOVCK LIEHTPA CBA3bIBAHMSA

nybuHa

Obbem

rnowaab MMNOMUILHOW NOBEPXHOCTY

XapakTepucTukK LieHTpa
CBA3bIBAHUSA

F

shallow
indentations\‘

pocket —

binding site

cnonb3oBaHune 6a3 AaHHbIX

r 3 PDB :

ScC-
5] 4%
J An Annotated Database of Druggable Binding Sites from the Protein DataBank .

scPDB release 2013 online: 9283 entries, 3678 proteins and 5608 ligands

/-) Database search 9 About sc-PDB
Clusters of binding
sites

% e,
’\Q}_ scPDB Fragments

Literature Corner

Download sc-PDB

€ ®

MeTopbl CKAHMPOBAHWS! MOBEPXHOCT



METHODS FOR PROTEIN BINDING SITE DETECTION

[RatetlSite (2002) \
N ConSurf (2003)

s ~ Evolutionary FindSite (2008)
Grid-based 3dLIGANDsite (2009)
DOCK (1982) \DrugSite (2013) )
Pocket (1992)
VOIDOO (1994)
LIGSITE (1997) (GRID (1985) \
MCSS (1993)
SCREEN (2006)

_ QSiteFinder (2005)
PocketPicker (2007) PocketFinder (2005)
PocketDepth(2008) ..

BindingResponse
VICE (2009)

(2007)
ghecom (2010) Method by Morita
Roll (POCASA) (2010) (2((;08()) y ort
PLBSave (2013)
LISE (2013) SITEHound (2009)
DoGSite (2010) \FTSite (2011) )
Sphere filling (LIGSITECSC (2006) )
SURENET (1995) SURENET-Consurf
PASS (2000) / (2006)
Alpha shape i PocketFinder (2005
APROPOES(1996) einsd S;:L:a "(123{)9() )

p
CAST (CASTp) (1998) ConCavity (2009)
\Fpocket (2009) j

Q/IetaPocket (2011) )

Grove et al Computational Methods to Support Fragment-based Drug Discovery. In Fragment-based Drug Discovery Lessons and Outlook, Wiley-
VCH Verlag GmbH & Co. KGaA: 2016; pp 197-222



GEOMETRY-BASED METHODS: FPOCKET

standard
PDB
file
Fpocket , Qhull Processing
parse PDB file & tmp Qvoronoi on protein

filter out HETATM, H20, H

coordinates

parse voronoi vertice
information

tpp

voronoi vertice positions,
vertice atomic neighbours &
edges

define & filter
alpha spheres

(1) : clustering based on

voronoi vertice neighbours &

-q

refinement

(I1) : single linkage clustering of
centers of mass of
vertice clusters

(111) : multiple linkage clustering
of vertice clusters &
pocket definition

drop small and hydrophilic
pockets

calculate pocket descriptors
Scoring & Ranking

Alpha sphere

Voronoi vertice neighbors

Q— local curvature of pocket su@

Descriptors:

Alpha spheres (number, polarity, density)

Protein atoms (electronegativity)

Residues (residue types occurrence, hydrophobicity)
Volume

Scoring functions:

= Normalized number of alpha spheres

= Normalized mean local hydrophobic density

= Normalized proportion of apolar alpha spheres
=  Polarity score

= Alpha sphere density

LeGuilloux Fpocket: An open source platform for ligand pocket detection BMC Bioinformatics (2009) 10, 168



GEOMETRY-BASED METHODS: FPOCKET

VMD Visualization PyMol Visualization

Pocket # 1 (red)

~_ PyMOL Viewer

all
/3LKF_out
{pocketl)
{pocket2)
{pocket3)
{pocketd)
{pocket5)
{pocket6)
{pocket?7)
{pocket8)
{pocket9d)
{pocket10}

Pocket # 2 (grey)

Alpha Sphere center
Alpha Sphere

File Molecule Graphics Display Mouse Extensions Help

ID T A D F Molecule Atoms  Frames Vol

3LKF_out,p 3035 1 1)
AD 3LKFpdb 2616 1 o
T AD  3LKF_pockets.pgr 683 1 (1]

11

T T
L

f AF

200m - [Coop ] step 1 )| speed i_DEI

Graphical Represeritations

Selected Molecule
0: 3LKF_outpdb

Create Rep Delete Rep
Styte Color Selection
Points i resname STP
Bonds protein

Selected Atoms
resname sTP|

Draw style| Selections | Trajectory | Periodic|

Coloring Method Material
Name ~ HardPlastic v |
Drawing Method

[Paints. ~ Default

size 4 {| 10 M

. ) + Apoly Cranges
Change ResID to Name IS




DRUGGABILITY ASSESSMENT

[ Classification models (whether given protein belongs to druggable family) }

[ Consideration of positive and negative physicochemical contributions }

+ Pocket hydrophobicity, sufficient size, buriedness
— Polar contacts, charged residues

[ Precedent-based or energy-assessing evaluation }

Grove et al Computational Methods to Support Fragment-based Drug Discovery. In Fragment-based Drug Discovery Lessons and Outlook,
Wiley-VCH Verlag GmbH & Co. KGaA: 2016; pp 197-222



MNOAIOTOBKA CTPYKTYPbI BEJIKA: BA3bl JAHHbBIX BENTKOBbIX CTPYKTYP

(o= o=
PDB

P —

(-

PROTEIN DATA BANK
since 1998, maintained by
Research Collaboratory for

Structural Bioinformatics

EMBL-EBI ::° 32,

European
Macromolecular
Structure Database

PDBj

Frotels Data Back Japas

d

Protein DataBank
Japan

Data deposit, treatement
and distribution

Weekly updated, data synchronisation on mirror sites

W O R L D WI D E

SPDB

PROTEIN DATA BANK

BioMagelB &V,

" A Repository for Data from NMR Spectroscopy
on Proteins, Peptides, and Nucleic Acids

NMR datagsince:2006)..



BA3bl JAHHbBIX BEJIKOBbIX CTPYKTYP: PROTEIN DATA BANK

(==
wN
-
o=
PROTEIN DATA BANK
Number
0 25,000 50,000 75,000 100,000 125,000

OCHOBHble MeToAbI onpeaeneHns CTPYKTYpbI:
« PCA
« AMP

Kon-Bo CTPYKTyp € pasnnyHbIM
paspelleHMeMm

mo05-1

m1l-15

Apo-proteins m1l5-2

(54399, 44.5%) m2-25

Protein-cofactor/ m25-3

coenzyme complexes
(11054, 9.0%) m3-35
Protein-nucleic acid m35-4
complexes (4849, 4.0%)
A Apo-nucleic acids (2010, 1.6%) m4-5
Protein-protein complexes (7823, 6.4%)
complexes with binding data \
version entries in PDB“ valid complexes” protein—ligand nucleic acid—ligand protein—protein protein—nucleic acid total

2007 40 876 11822 3124 0 0 0 3124
2008 48 092 18211 3539 40 471 250 4300
2009 55118 23284 4277 44 1083 304 5678
2010 62 387 26 434 5075 SS 1281 361 6772
2011 70224 30259 6051 66 1441 428 7986
2012 78 235 34180 7121 79 1597 S11 9308
2013 87 085 38918 8302 83 1804 587 10776
2014 96 592 44 569 10 656 87 1592 660 12995

2015 105 183 48 821 11987 109 1807 717 14 260
2016 114 344 53 838 13 308 118 1976 777 16 179




MNOAIOTOBKA CTPYKTYPbI BEJIKA: BA3bl JAHHbBIX BENTKOBbIX CTPYKTYP

Name URL Statistics Annotation

sc-PDB http://bioinfo-pharma.u-strasbg.fr/scPDB 9877 pockets Atomic coordinates (MOL2)
3034 targets Ligand properties
5339 ligands Protein properties

Binding site properties
Protein—ligand interactions

PDTD http://www.dddc.ac.cn/pdtd/ 1207 pockets Atomic coordinates (PDB, MOL2)
84| targets Therapeutic area
Related disease
Protein function

Anonymous http://www.bcgsc.ca/downloads/yli/ 2923 pockets Atomic coordinates (ICM)
252 proteins

BioDrugScreen  http://www.biodrugscreen.org/ 1926 pockets Protein—ligand docking scores (9 different scoring functions)
1549 proteins

SePreSa http://sepresa.bio-x.cn/ 15 pockets Polymorphism of binding site residues
91 targets
DAR-CPI http://cpi.bio-x.cn/drar/ 385 pockets Positive/negative association with 166 drugs

353 proteins

D.Rognan Proteome-scale docking: myth and reality Drug Discovery Today: Technologies Vol. 10, No. 3 2013



NNOArOTOBKA CTPYKTYPbI BEJIKA

( )
B kauecTBe HayarnbHOM TOYKM BbIOpaThb CTPYKTYPY C XOPOLLMM pa3peLleHnem
g J

(% Korga AOCTYMHO HECKONMbKO BapWaHTOB CTPYKTYP MNpeanouTeHne oTaaeTcs komnnekcam Oenok-nuraHg nepen\
anocTpykTypamm (cBoboaHbIMu Benkamu)

s Ecrmu poctynHa wHGopMauus no HECKONMbKAM KOMMMEeKcaM, TO BbIOMPAKTCH CTPYKTYpbl, COKPUCTANMM30BaHHbIE C
NMraHgoM B MHTEPECYIOLLEM CalTe CBA3bIBAHMS

\030 Ecnun Takux CTPYKTYp HECKOIBKO, TO UCMOSb3YeTCs UX aHCambib, OTpaXatoLLmin KOH(POPMALMOHHYK MMBKOCTL beska )

. ™
PDB CTpyKTypbl 4acTo cofepxaT Monekynbl Boabl. B obuwem cnyyae, Bce Monekynbl BOAbl YAANstoTC 3a MCKMHOYEHNEM
Crny4aeB, KOrAa U3BECTHA X (DYHKLMOHANBHOCTbL B KOOPAWHALMM C NIUraHLoM

x Y,
( )

[obaBnsitoTca aToMbl BOAOPOAA
. J
<

KoppekTHoe 0603HauYeHe NPOTOHMPOBAHS B aKTUBHOM LIEHTPE (acmaparuH, ryTaMuH, TMCTUAMH): TayTOMepHble (opMbl
0CTaTKOB MCTUAMHA BbIOUPAITCS C YY4ETOM MX B3aUMOAENCTBIS C N3BECTHBIMW IUraHAaMM B CYLLECTBYIOLLMX CTPYKTypax

IO

N~ ONH
— P
H NH
), @ )
HN/%N R

>:/
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Databases for Virtual Screening

Zinc

Zincl5
ZincClick
PubChem
ChemSpider
ChEMBL
ChemBank
eMolecules
DrugBank
BindingDB
SCUBIDOO
DUD

MUV
CoCoCo
Wombat
TCM

DNP

NOAIOTOBKA JIUTAHOA: HEKOTOPBIE BA3bl JAHHbIX

http://zinc.docking.org

http://zinc15.docking.org

http://www.symech.it/index.asp?catlD=31&lang=en

https://pubchem.ncbi.nlm.nih.gov

http://www.chemspider.com

https://www.ebi.ac.uk/chembl/

http://chembank.broadinstitute.org

https://www.emolecules.com

https://www.drugbank.ca

https://www.bindingdb.org/bind/index.jsp

http://kolblab.org/scubidoo/view/download.php

http://dud.docking.org

https://www.tu-braunschweig.de/pharmchem/forschung/baumann/muv

http://cococo.isof.cnr.it

http://dud.docking.org/wombat/

http://tcm.cmu.edu.tw

http://dnp.chemnetbase.com/intro/index.jsp




MONEKYNAPHbIN JOKNHT: TMBKOCTb BENKA U NATAHOA

YKeCcTKun QOKUHT:

N 6enok n nuraHa
paccmMaTpuBalOTCS Kak
XecTKve Tena

[onyrbKui JOKWHT:

Tonbko ans nurasaa
YYUTbIBAETCS
KOH(hOpMaLMOHHas rMOKOCTb

MOKUIN JOKWHT:

YunTbIBaETCS rMOKOCTDL U

nuradga v benka

CnoxHocTb Moaenu



MONEKYNAPHbIV OOKNAHT

MONEKYNAPHbI
JOKUHT

e T

Anroputm nowucka

MonekynspHoe

OueHouHble dyHKLMH

npencrasneHne

MeToab! nocTeneHHoro

SMNMpUYECcKmne
KOHCTPYMPOBaHUS

mmm| A TOMbI Y CBA3N

|
['eHeTnYeckue OcHoBaHHble Ha
CUNOBbIX Monax

mmm| MOBEPXHOCTH
anroputmbl

OcHoBaHHbIe Ha
MMEIOLLIMXCA OaHHbIX

Taby nowuck — e PELLETKa/ceTKa

MO,D,GJ'IVIpOBaHI/Ie OTXura OCHOBaHHbIE Ha

n metog MoHTe-Kapno LECKPUMNTOPHOM
————————— onucaHumn

MeToab! NOArOHKM (DOPMbI




MONEKYNAPHbIN JOKWHT: YYET CTENEHEW CBOBObI NMTAHOA

| eHepaLus Grubnnorex 83
KOH(POPMepoB

(4v]
()
I
©
S
= o~ P
= <ol et~
— OH \\\/NH/ A F
S — Croxactuyeckne metoapl -
—_
-
g—') incremental construction (i.e., anchor-and-growth)
= OHCNH+
protein
CI\%\ j\‘ M
v = O"T(\\NH}
— WHKpeMeHTHbIN nogxon _ -~
protein H
- v
a—7 7 0
\\\\)O\HC\NHV\‘)X\@\

protein



MONEKYNAPHbIA JOKNHI: OLEHOYHBIE ®YHKL|AW

B npouecce AOKUHra criyxart Mep0|7| KayecCTBa NOAroHKM Npu onTUMU3aL M pacnonioxXeHnd nuraHaa
Mocne 3aBepLUEHNA OOKUHra UCNOJNb3YTCA ONA PaHXMPOBaHUA NUraHAoB, ANA KOTOPbIX ObINO HangeHo peLleHne 3apa4un

NOKWHra

Force-field-based:

D-Score
G-Score OcHoBaHHble Ha
GOLD CUNOBLIX Nongx
AutoDock Empirical:
DOCK LUD|
F-Score
Ha ocHoBe Tunbl ChemScore
[I€CKPUMTOPHOTO OL|EHOYHbIX SCORE
Descriptors-based: e (PyHiLi ‘ Fresno
NNScore X-SCORE
RF-Score
SFCscoreRF
ID-Score _
OCHOBAHHAIE Ha Knowledge-based:
MMEOLLNXCA PMF
AR DrugScore
SMoG

Classification of Current Scoring Functions
J. Liu et al Journal of Chemical Information and Modeling 2015 55 (3), 475-482
DOI: 10.1021/ci500731a



MONEKYNAPHbIA JOKNHI: OLEHOYHBIE ®YHKL|AW

/ OueHoYHble (byHKLIMVI, OCHOBaAHHbI€ Ha CUITOBLIX NONAX \

Ons OLEHKHN B3aMMOLENCTBIUN MUCNONb3YIOTCA KrnacCU4eCKne CuroBble MoOJIA MOJ'IeKyJ'IﬂpHOVI MEXaHUKU W [JenaeTcA
npegnonoxexHue 00 agaAnWTMBHOCTY BKNaJ0B B BEJTU4MHY SHEPTUU B3aMMOIENCTBUS.

\ AGbinding = AEVDV + AEelectrostatic + AEH—bond + AGdesolvation /

AMnupuyeckue oLeHo Hble (DyHKLUM

MCHOJ’Ib3y}OT pasnu4yHble 3aBUCUMOCTK, ONUCbIBaOLLME CBOMCTBA, BaXHble NSl CBSA3bIBAHUA NUraHAoB, Ons 3anucu Tak
Ha3blBAEMOro OCHOBHOIO ypaBHEHUA, NpeackadbiBatoLLEro 3HEPIM0 CBA3bIBaAHUA benka un Nivrada.

ChemScore = SH—bond + Smetal + Slipophilic + Protor + Pstrain + Pclash + Pcovalent + Pconstraint

MHOXeCTBEHHAs NMHENHAs perpeccus UCnonb3yeTcs AN ONTUMU3ALMWN BECOBbIX KOIMMULMEHTOB NPU BbIYUCTIEHHDBIX
(YHKUMSIX, C MCNONb30BaHWeM 0by4atoLLei BbIOOPKM NUraHa-6enkoBbIX KOMMMEKCOB, ANs KOTOPbIX M3BECTHA aOMHHOCTL U
[OCTYNHa CTPYKTYypa.

ATV (OYHKLUMM MOrYT ONUCbIBaTb MOMSIPHblE B3aUMOZENCTBUS (BOLOPOAHbIE CBS3W U WOHHbIE B3aUMOLEWCTBUS),
HenonspHbIe B3aUMOLENCTBUSA (IMNOMUNLHBIE N apoMaTUYeCcKue B3auMOAENCTBIS), NOTepto TMOKOCTU NuraHaa (SHTponus)
N 3PEeKTLI AecosibBaTaLuy.




MONEKYNAPHbIA JOKNHI: OLEHOYHBIE ®YHKL|AW

OLl,eHO‘IHbIe (*)YHKLIVIVI, OCHOBaAHHbI€ Ha UMEHLWUXCA AdHHbIX

MpeobpasyioT CTPYKTYPHYO MHDOPMALIMIO, MOMYYEHHYI0 W3 PEHTTEHOCTPYKTYPHbIX AaHHbIX ANS nuraHa-6enkoBbix
KOMMIEKCOB, B CBOOOAHbIE 3Hepriv [enbMronbLia B3auMoaencTBIiA Nap aToMoB 6enka v nuraxaa.

I'Ipe,qnonaraeTcg, YTO YeM Yalle aToMm Oenka Tvna i u aTom nvraHpa TI/II'Iaj HaxoaATCA Ha pacCTOAHUN [, TEM BbIroOHEE
Takoe B3alMOJENCTBYE. Ka>|<u0|v|y any B3aMMOLENCTBUS Mexay aToOMOM benka u aToMom niMrala npunnucbiBaeTca
cBoboaHas JHeprunA nuraHa-6enkoBoro B3anMOAENCTBIS B 3aBUCMMOCTY OT €ro YacToTbl.

OyHKUMS pacnpeneneHns BbIYUCISETCA NO YMCIIEHHOW NIIOTHOCTM BXOXOEHWA 3TOW mapbl Ha paccTosHuu r B 6asy
nurang-6enkosbix komnnekcoB. OueHKa oOnpedensieTcd Kak CyMMa Mo BCEM MEXaTOMHbIM B3aWMOLENCTBMAM B

KOMMneKkce.
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MONEKYNAPHbIA JOKNHI: OLEHOYHBIE ®YHKL|AW

OueHOYHble (hYHKLMKU, OCHOBaHHbIE Ha AeCKPUNTOPHOM ONMUCAHUM
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Encoding Protein-Ligand Interaction Patterns in Fingerprints and Graphs
J. Desaphy et al Journal of Chemical Information and Modeling 2013 53 (3), 623-637
DOI: 10.1021/ci300566n



OUNTbTPOBAHWE PE3YNIbTATOB OOKWHIA

3agava: yMeHblUEHMe uucrna BUPTYyanbHbIX XUTOB, ANSl KOTOPbIX HEOOXOAMMO MpOBECTW Buonornveckne MCnbiTaHus —
AOKWHT HECKOMbBKNX OECATKOB ThICAY COEAMHEHWI YaCTO NPUBOAWT K CMIMCKY XWUTOB M3 HECKOMbKUX ThICAY COEAMHEHUA —>
HeobXxoauMbl NpogyMaHHble cTpaTeru 06paboTku pesynbTaTos.

[No Tononornyeckum CBOMUCTBaM

C NOMOLLbH KOHCEHCYCHBbIX MOAX0A0B

C NOMOLLbKO KOM6I/1HVIpOBaHHbIX BbIYUCITUTENBHBIX Mpoueayp

[1o xumMuyeckomy pasHoobpasuto

OUNbTPOBAHWE PE3YJIBTATOB
OOKWHIA

Ha ocHOBaHWY BU3yamnbHO OLIEHK



OUNTbTPOBAHWE PE3YNIbTATOB OOKWHIA

4 ®unbTpoBaHME MO TONONOrMYECKMM CBOWCTBAM

OueHKa KOMMMEKCOB C TOYKM 3PEHUSI CTEPUYECKOrO COOTBETCTBUS:

* pons obbema nuraxaa, Norpy»KeHHyo BHyTPb NOMNOCTU CBSA3bIBAHUS,

* pasmep NUNounbHbLIX KAPMaHOB Ha MOBEPXHOCTM B3aUMOAENCTBUS NuraHaa ¢ 6enkom,
* MNnowaab AOCTYNHON NSt pacCTBOPUTENS NOBEPXHOCTW NUraHza,

\‘ 4ncno Brn3KMX KOHTAKTOB Mexay atoMamu nuranga u benka, He CBA3aHHbIMM BOAOPOAHbIMK CBA3AMW.
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HAMBOJIEE PACMNPOCTPAHEHHBIE NMPOrPAMMbI JOKUHTA
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YYET T’MBKOCTU BENKA

/Protein flexibility analysis approachh

Protein flexibility

Small atom fluctuations

Side chain flexibility

Backbone flexibility

Domain movements




YYET T’MBEKOCTW BENKA: BbIEOP ONMTUMAIBbHbBIX KOHOOPMALIMIA

Makpomonekyna-MuLLIEHb ONMCLIBAETCS NMOCPEACTBOM aHCaMbNs pasnnyHbIX KOHdopMaLit

[MonyyeHne aHcambnen

Pa3HOBMAHOCTY AOKUHIa

GCHGPMMGHTaﬂbeIe MeToabl

MeToabl MONEKyNSIPHON AYHAMMKN

MoHTe-Kapno camnnuHr

AHann3 rapMoHNYEeCKIX KonebaHuil

Ha ocHoBe paHee nmetoLencs nHpopMaLm

QAI’IJ’IGKC&M Benok-nurang

no

/

mcnep.osaTeanbM LOKUHT \

OugeHKa NpocTpaHCTBa, 3aHNMaeMOro
aHcambnem, onpegenexne Hanbornee BEPOSTHOM
KOHhopMaLmu

ObbeaunHeHe aHcambns B euHY0 CTPYKTYPY,
TONbKO HECOBNaAatoLLye NOACTPYKTYpbI
ONTUMU3MPYIOTCS

Mcnonb3oBaHue 3D peLueTkn ¢ OLeHKoN
NOTEHLManbHON SHEPrM B3aMOLENCTBIS

\_ /




YYET T’MBKOCTU BENKA: UHOYUUPOBAHHOE COOTBETCTBUE

,U,OI'IyCKaeTCﬂ HECOOTBETCTBME NWraHAda ca|7|Ty CBA3bIBAHMA C BO3MOXHOCTbIO MPOHMKHOBEHWA NUraHda M3 MNOJSIOCTU B
HENnocpeacTBEHHO obnactb NOBEPXHOCTW peLenTopa

WHpyumnpoBaHHoe
COOTBETCTBUE

MocnepnoBaTenbHOe U3MEHEHME 0 . y
KoHd)OpMaLWii NuraHAa u Genka AHOBPEMEHHbIW KOH(HOPMaALMOHHbIN

nouck ang 6enka v nuraHga
("Soft” docking) A A

*  Monte-Carlo
»  Side chain rotamers libraries
»  Collective degrees of freedom



IChem: software to detect, analyze and compare protein-ligand interactions

. ”'\
N/
Input Protein Structure Coarse-grained cavity High-resolution cavity
detection description description
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Ligand alignment Clustering features Pruning features

References:
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http://bioinfo-pharma.u-strasbg.fr/labwebsite/download.html



IChem: software to detect, analyze and compare protein-ligand interactions

i .i
B B

lib test IChem Ichem.lic

lib: a directory containing necessary template files

test: a directory containing some test input/output files
Ichem.lic a license file

IChem: A 64-bit Linux executable (CentOS 7.1)
User_Guide.pdf: this manual

User_Guide.pdf

Structural Chemogenomics Group

Laboratoire d'Innovation Therapeutique, UMR7200 CNRS/Universite de Strasbourg

Tool Purpose
Binding mode tools

IFP Detect and save interactions as fingerprints (binding-site dependent)

ints Detect and save interaction patterns( binding-site independent)

grim Detect and save interactions as graphs
Generic tools

genkey License file generator (privileged usage)

license Output license details

pdbconv Convert PDB into MOL2 files

realign Rotation/translation of atomic coordinates

sims Fingerprint comparison

utils Miscellaneous (buried surface area, ligand fragmentation)
Cavity detection

Volsite Cavity detection and druggability/ligandability prediction
Protein-Protein interfaces

DetectPPI Cavity detection and druggability/ligandability prediction

http://bioinfo-pharma.u-strasbg.fr/labwebsite/download.html



Detecting ligand-binding cavities: hydrogen adding with PROTOSS

Protoss is a fully automated hydrogen prediction tool for protein-ligand complexes. It adds missing hydrogen atoms to protein
structures (PDB-format) and detects reasonable protonation states, tautomers, and hydrogen coordinates of both protein and
ligand molecules. .

A *““:>'\

| N P ROTEI N S ® Upload Protein (PDB format): = Choose File = pdb4uai_out.pdb
{ X ‘;’ ® Upload Ligand  (SDF format): ~ Choose File = no file selected
22 PLUS

PDB-Code or search term:

Representation options: Surface options Viewer options: More options: R
esult

Protein Surface Background Screens hot .
Protoss output info:

Cartoon 5 off 5 Black v Resolution:
PDB entry filter removed 240 atom entries
Ligand Color Mouse behavior View
You can download the full output info by clicking on the ‘Download Log' button.
Licorice v White v Default : Reset
You can see the result of Protoss in the NGL Viewer on the left side. You can switch between the original file and the protoss file by check/un-
Solvent Opacity View NGL check the checkbox modified
off s 100% & Perspective View C More info

Clip width @ pisplay Protoss file in NGL Viewer instead of original PDB file @

Clip distance
Download Ligands | Download PDB | Download Log

https://www.zbh.uni-hamburg.de/en/forschung/amd/software/protoss.html



MPOrPAMMHbIN MAKET ROSETTA

[porHo3npoBaHue CTPYKTypbI 6enka

MonekynspHbIn JOKUHT (protein-protein, protein-ligand)

Onpegnenexue CTPYKTypbl Oenka 13 AaHHbIX (U3NYECKUX METOA0B
nccnenoBaHus

Bo3MoXxHoCTH
MCcnosib30BaHus

[n3anH npoTemHoB

Kaufman et al Practically Useful: What the ROSETTA Protein Modeling Suite Can Do for You Biochemistry 2010, 49, 2987-2998



