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0 Biological relevance

0 Molecular recognition
O Structure of complexes
0 Protein druggability

a Small molecules

0 Molecular docking

0 Evaluation of complexes

0 Transport of small molecules
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Biological relevance

0 Cell signaling & regulation
= binding of small molecules to receptors

= molecular function of ligands/receptors

= selectivity of receptors
" transport mechanisms

=  homeostasis of the cell




o Metabolism

= binding of small molecules to enzymes
= molecular function of enzymes
= activation of enzymes and molecular pathways
* bioactivation and clearance of drugs and xenobiotics (P450s,...)
" enzymatic cascades

= metabolic interferences (competing pathways)
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0 Drug discovery

" binding of small molecules drug targets (enzymes, receptors, ...)
= jdentification of possible inhibitors
= optimization of inhibition

= repurposing of drugs — finding new receptors

adverse side-effects due to binding to other target

.. .f
IR



0 Binding

= specific binding governed by complementarity
=  shape —non-polar interactions

=  physicochemical — electrostatics and polar interactions

TATA binding protein ] Histone octamer
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0 Catalysis
= chemical reactions can be accelerated by 17 orders of magnitude
= transition state stabilization

= tight binding decreases the energy barrier of the reaction

DNA polymerase

HIV protease
Hammerhead ribozyme
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0 Signaling

= conformational changes in response to
= Jigand binding
= properties of surrounding environment (pH, forces...)

= different conformations recognized by different proteins in signaling

pathways -> control of cellular processes

Guanine riboswitch
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0 Formation of complex structures
= structural element of complex systems
=  governed by specific association of protein subunits
= with themselves

= other proteins, carbohydrates, lipids, ...

Silk F-actin
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0 molecular recognition refers to the specific interactions

between two or more molecules through noncovalent bonding
o different biological roles

o specific binding

O catalysis

0 signaling

0 several models to explain recognition
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0 E. Fisher — 1894
0 Complementarity between receptor’s binding site and
ligand moiety

= size & shape

= physicochemical properties

0 Both ligand and receptor are considered rigid

= not sufficient to explain allostery, non-competitive inhibition, or
catalysis

= ->model dismissed, only used for educational purposes

Molecular recognition — mechanisms




o D.E. Koshland — 1956

0 Only partial complementarity necessary

ey
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0 Both ligand and receptor can undergo conformational

adjustments upon complexation

= conformation of the bound receptor does not exists in its free state

Molecular recognition — mechanisms




o B. F. Straub — 1964

= this model is also called: conformational selection, fluctuation-fit

or population selection

0 Receptor and ligand flexible -> considered as ensembles

‘(O'No «
-@-@

0 Complexis formed in a lock-and-key fashion when two

complementary configurations occur

= conformation of the bound receptor exists also in its free state

Molecular recognition — mechanisms




0 Enzymes increase the speed of chemical reactions by

decreasing the activation barrier
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0 Enzymes increase the speed of chemical reactions by
decreasing the activation barrier

0 Provide environments that stabilize the transition state(s)
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0 Complexesin RSCB PDB

0 Databases of complexes
= PDBbind
= BindingDB
= ChEMBL
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0 Limited number of available complexes

= 135,000 protein structures

= 101,000 structures with ligands

0 Limited information on conformation of bound ligand

= ligands often quite mobile -> uncertainties -> need to be verified

Structure of complexes



o PDBbind

=  http://www.pdbbind.org.cn

" binding affinity data and structural information on about 16,500

complexes

~ 13,500 protein-ligand
=~ 120 nucleic acid-ligand
=~ 800 protein-nucleic acid
=~ 2,000 protein-protein complexes
= data collected from >29,000 original references
= provides also "refined set" and a "core set” compiled as high-quality

data sets of protein-ligand complexes for docking/scoring studies

Structure of complexes 18



Databases of complexes

0 PDBbind

Welcome #o the PDBhind Database!

HOME | BROWSE | DATA | STRUCTURE | SEQUENCE | DOWNLOAD
PDB

1a30 Pratein-Ligand 2 Ki=S0uM : HIv-1 protease
ladl Pratein-Ligand 1.6 Kd=d.4um ; trp rna-binding attenuation protein [Frotein-Ligand care set |
1h39 Protein-Ligand 2.1 Kl=0.120uM : cyclin dependent kinase 2 (e.0. laor 1a7x)
1b7h Protein-Ligand 2 Kdl=0.00950M ; dligo-peptide binding protein @ Protein Name (2.0, kinase)
1h&n Protein-Ligand 1.5 Ki=23ph E 1999 nurine nudeaside phosphorylase AND v | Ligand Mame (2.0, 3-mer)
109 Protein-Ligand 1.8 Kd=1100nM : 1999 dligo-peptide binding protein EC Nurmber ; . . (8. 25120r 3 42)
1bcu Protein-Ligand 2 Kd=0.53mr ; 1098 thrombin alpha Release ‘Year From (2.0. 1998 To 2006)

Tl Protein-Ligand 2.4 Ki=4.1mM 7 2002 tyrasing phosphatase 1b Resolution From (2.0. 1.7 To 2,0r NMR}
1o Protein-Ligand 85 Ki=0,10n 1008 penicilopepsin Affinity (pKel/pKi/pICS0) From (2.g. 4.2 To 8.5)

1hxn Protein-Ligand Ki=42ri 1958 penicllopepsin ‘
1clv Protein-Ligand Ki=0.023uM 2000 thrombin alpha

1c88 Protein-Ligand 1 Ki=5. 1uM 2000 tyrosing phosphatase 1b

pd 2
= : Sawve Result As; == POF Format Excel Forrmat
1dog Protein-Ligand . Ki=27nk 2000 aspartate carbarmoyltransferase

1d7 Protein-Ligand ld=500umM % 1999 FKS06 binding protein
1866 Protein-Ligand : Ki=0,13nM 2001 acetylcholinesterase

Download structure files: Ligand  Protein  Protein-Ligand  Pocket-Ligand

IREREEE

REGISTER | ADMIN | DEPOSIT | FEEDBACK | APPLICATION | LOGOUT Quick Search




Databases of complexes

0 PDBbind

File Edit View Insert Help

E | DATA | STRUCTURE | SEQUENCE | DOWNLOAD

2 You may draw a newe structure,and then conduct search.

[ Get sMiLEs | [ Put SMILES | [ Clear & |

) Use a known ligand in PDBRING-CA as template,modify and then conduct search.,

PDE ID 1005 \ Get Termplate | 10gs in refined set

Protein Mame glutathione s-transferase

Ligand Mame 3-mer
| |= << \ s =|

~| [ substructure Search |

Search In: | General set

Search In: | General set
Sirnilarity cutoff: [ 100% w»
rDisplay Options:

Cledit Toos  [autoscale Mdean20  Clexplicit H
|Display Irnplicit H In: |Hetem or Terrmin: ¥ | [ Update View ]

v| [ Sirillrity Search |

Quick Search




Databases of complexes

0 PDBbind

'ec_:éné h:r_-le PDBkind Database!

2 Use a known sequence in PDBbind-CM as template,rmodify and then conduct search.

PDE ID 10035 Get Template

Complex Type  Protein-Ligand
Protein Name glutathione s-transferase
Ligand Mame 3-mer

PFrotein or Wucleotide Query Sequence: using 10gs as template
| 10G5: & |PDBID |CHAIMN | SEQUENCE a|
PPYTWVWYFPYRGRCAALRMLLADOQGOSWEEEY Y TWETWOEGSLKASCLYGOLPKFODGD
LTLYQSMTILRHLGRTLGLYG
KDQOQEAALVDMYMDGVEDLRCK Y ISLTY TNYEAGKDDY WK ALPGOLKPFETLLSQNQGGK
TFIWGDQISFADYMLLDLLL
HEVLAPGCLDAFPLLSAYVGERLSARPKLKAFLASPEY VIHLPINGNGK D

> 10G5:E |POEID [CHAIN|SEQUENCE

PPYTWYYFPYRGRCAALRMLLADOGOSWREEYY TWETWOEGSLEASCLY GOLPKFQDGED
LTLYQSNTILRHLGRTLGLYS
KDQQEAALYDMYMDGVEDLROKYISLIY TNYEAGKDD YW ALPGOLKPFETLLSOMOGEK
TRWGDOISFADYMLLDLLL
HEVLAPGCLDAFPLLSAYWGRLSARPKLICAFLASPE Y WHLPINGNGK D
»10GS:G|PDBID | CHAIN | SEQUENCE

ECG
»10G5:H|PDEID |CHAIN|SEQUENCE
Type: | Protein in POBbind v| [[cear ][ BLaST SE8RCH

Quick Search




Databases of complexes

0 PDBbind

~ Welcone io the PDBhind Database!

1a30
Protein-Ligand
core set
HI¥-1 protease
3-mer
E.C.3.4.23.16
24
Affinity (KdfKifICS0) Ki=30uM
Release vear 1993
Protein/Ma Sequence Check file
Primary Reference Biochemistry w37 pp. 2105-10, 1998

RCSEPDE PDBsum  Pubmed  Pubchem

Quick Search
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0 BindingDB

=  www.bindingdb.org

= focus on the interactions of protein considered to be drug-targets
with drug-like molecules
= contains about 1,500,000 entries of binding data
= 7,000 protein targets
= 650,000 small molecules
= crystal structures of complexes with measured affinity
= ~2,500 - for proteins with 100% sequence identity

= ~ 6,000 - for proteins up to 85% sequence identity
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BOB [ogout

oSearch and Browse
Target
Seguence
Mame &
Ki|C50 Kd EC50
AG" AR" -TAS®
bH (Enzymatic Assay)
pH ITCY

Substrate or Competitar
Compound Mol Wt
Chemical Structure
Source Organism

Source drganism

Mumber of Compounds

Monomer List in cey

Het List in SDF
Compound

FDA Drugs

Chemical Structure

Marme

SMILES

Murnber of Data ¢ Targets

Special tools

Find Wy Compound's
Targets

Do Yirual Screenin

0 BindingDB

BindingDB is a public, web-accessible database of measured binding affinities, focusing chiefly on the interactions of
protein considerad to be drug-targets with small, drug-like malecules. BindingDB contains 910 836 binding data, for
5,263 protein targets and 373,230 small molecules.

There are 1717 protein-ligand crystal structures with BindingDE affinity measurerments for proteins with 100% sequence

The Binding Database

Email us Contribute data

identity, and 4937 crystal structures allowing proteins to 85% sequence identity.

Video Tutorials

Structure of complexes
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Username |

Mse ?forsingle-letterwild-card or® for general wild-card.

For example, "adeny™ of "adeny?. Query cannot start with wild card.

Ingout usemame isyour register=d email in BindingDB:

Passwod| |

‘BindingDB N

June, 2012. BindingDB
now includes essentially all
data from PDSP K;
Database.

June, 2012. BindingDE has
completed curation of all
issues through April 2012 of
Mature Cherm Hiol, ACES
Cherical Biol, Chern & Biol
J. Cherm Biol, BMC Cherm
Bial, Chem Biol and Drug
Des, Chembiochern, Bioorg
Chetn, and J. Enz Inhib Med
Chetr.

June, 2012. BindingDE
now allows data downloads
in CSY farmat, in addition
ta SOF.

June, 2012, Data pages
now provide direct links to
source Atticles, where
available.

March, 2012, Added video
tutorials to help get started
with BindingDE.

January, 2012. A new Find
My Compound's Target page
allows you to enter ane or
mare Compounds and
quickly see a list of Targets
that your Compound(s)
might bind.




0 BindingDB

myBOB logaut

oSearch and Browse
Target
Sequence
Mame &
KI1C50 Kd ECS0
pH (Engvmatic Assay
pH (TS

Substrate or Competitor

Cornpound Mol Vit
Chemical Structure

Source Organism

Source Organism

Murnber of Compounds

Monorer List in csy

Het List in SOF
Compound

FDA Drugs

Chemical Structure

Marne

SMILES

Mumber of Data f Targets

Special tools

Eind My Compound's
Targets

Do virtual Screenin

The Binding Database

Home Info Download About us Ei
Cornpile Data Set for Download or QSAR

[ Add this page ][ Add all pages ][ Clear Selection ]|

| [ Make Data Set ]

B EMAIL Found 127 hits

Zinc : unavailable per Zine DB, Zinc 1: purchasable, 2 weeks to supply. Zinc 2. made on demand. Zinc 4. potertially available

Cal-kinace kinase DBI?

CHEMBLZG5470

(Homa sapiens)

University of Dundee

Curated by ChEMBL

| cHEBI7E7183)

Cal-kinace kinase Qetg L¥333631

(Homa sapiens)

Adicle  nfa nia 10.00 nfa nfa nfa nfa nfa nfa
F'U Med

UniProtBrSuis sProt
o Article and measurement details
GoogleGeholar

GoogleSchalar Simmilars
EDB BMOAD  Adicle nia nia nia 1100 nfa nfa nfa nfa nfa
Fubhed

MMDE ChEMBL
MMDE

UniProtiBiSwissProt PDE

Citation o ) Atticle and measurerment details

Authar Ambit Biostiences GooaleScholar Edtesis

Journal/Citation Cursted by ChEMBL Similars

Institution

(185} 18- [(dimethyl amino)m ethyl]-17-oxa-4, 142 1-t.)

PubMed SRR = =
PubChem BioAssa mm nfa  nfa nfa nia nfa
Special Data Sets o

. W KEGG
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o ChEMBL

= https://www.ebi.ac.uk/chembldb/

= js a manually curated database of bioactive molecules with

drug-like properties

database of binding, functional and ADME (Absorption,

Distribution, Metabolism, and Excretion) and Toxic. information

contains nearly 15,000,000 activity data
= ~12,000 protein targets

= ~71,700,000 distinct small molecules

data collected from >67,000 original publications

intelligent clustering of relevant information

Structure of complexes 26



o ChEMBL

Fired Terms of Lise

320,

ChEMBL} |

“oa, 200"

| ChEMBLdb

[‘ Malaria Data j

| CHEMBL-NTD |

| Kinase SARfar )

[BPCR SARfar ]

| DrugEBliity |

(GREMBL Group \

[ Downloads |

[KWeb Services \

FPA2 ]

ChEMBLdb Statistics

Training

EEl » Databases » Small Molecules » ChEMBL Database » Target Search » Target Classification Hierarchy

About Lls

Help

ISearch ChEMBLdb...

‘ Compounds || Targets H ASSEYS | Activity Source Filter

| ‘ ChEMELdb

H Compound Search ‘

Protein Target Search

DB: ChEMBL_14
Targets: 8,003

® Compound records:
1,376,468

Distinct compouncls
1,213,239

Activities: 10,128,256
Publications: 48,133

Structure of complexes

Browse @ Pratein Target Tree © Taxonomy Tree

Click arrows to navigate tree

i Enzyme (3410

f:- Membrane receptar (559)
t- Ion channel (354

- Transporter (136

« Transcription Factor (1023
-~ Cytosolic other (102}

- Secreted (57

- Structural (293

i Surface antigen (25

- Membrane other (163

- adhesion (14

=« Muclear other (13

{ Browse Targets H Browse Drugs H Drug Approvals

Enzyme : 70.79 %

M Fnzyme

B Membrane receptor
B lon channel

M Transporter

@ Transcription Factor
@ Cytosolic other

I Secreted

B Structural

7 Surface antigen

Il Membrane other
B Adhesion

@ Nuclear other




o ChEMBL

CEEEET i e orue

ChEmBL i

.."g..

[ChEMBLdD ]

Training noustry Ut Us

EBI » Databasses * Small Molecules > ChEMBL Database » Compound Search

fsearch ChEMBELdb | Compounds | Targets | Assays | ety souree Fiter
. Compound - ) ) ) o
ChEMBLdh 3 h Protein Target Search Browse Targets Browse Drugs Drug Approvals
earc

lMa\aria Data j
| ChEMBL-NTD |

[ Kinase 3ARfan

| GRCR BARfari )

| DrugEBllity

| CHEMBL Group

[DDWn|DEdS |

ChEMBLdb Statistics

® DE: ChEMBL_14
Targets: 9,003

Compound records:
1,876,469

Distinct compounds
1,213,239

Activities: 10,128,258

Fublications: 46,133

ChEMBL Blog

m Mevw Drug Approvals

2012 = PLaaa) =

List Search

© SMILES Search © ChEMEL ID Search O Keyword Search

Fetch Compounds

Compound Sketcher: | Flease select . v
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ChEMBL

Find

| ChEMBL-NTD

|__I_4nase SARfar

| GPCR S&Rfari

| DrugEEllity
[ ChEMBL Group

| wigh Services

[Faa

Help

EB| *» Databases »5mall Molecules * ChEMBL Database * Bigactivity Results

Parent 3 ‘ Ingredient 3

Chiral

Chiral

CHEMBLIEZ CHEMBL1E2

Chiral Chiral

ChEMBLdb
Statistics

= [B: ChEMEBL_14

Targets: 9,003

‘Compound records
1,376,469

1,213,239

Dctivities
10,129,256
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Publications: 46,133
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0 Druggability = likelihood of finding bioavailable, selective,

low-molecular weight molecules that bind with high affinity to

the pharmacological target

Protein druggability 30



0 Prediction of protein druggability

= by similarity to known target
= sequence of binding domain
= structure of binding site

= from databases of known targets

= using predictive web servers

o Unfortunately, many resources are only private or

commercial

Protein druggability 31



O Proteins Plus

= https://proteins.plus/

= provides global support for the initial steps of dealing with protein

structures
= structure search, quality assessment, protein pocket detection,
protein-ligand and protein-protein interactions

= predicts binding sites and estimate their druggability

Protein druggability 32



0 Representation of small molecules

0 Databases of small molecule

= Cambridge Structural Database
= PUBCHEM database
= ZINC database

0 Preparation of small molecule structure

Small molecules 33



a

a

a

a

Small molecules

1D — atom based (empirical formula)

= C,H.Cl
2D — chemical structure diagram -> connection

= topology or SMILES (Simplified Molecular Line Entry System)

H H

I |
H-C-¢-a —> CCC |[jA 2, €1=CC=C(C=C1)CN
H H -

3D — atomic coordinates

= ysually: PDB or MOL2 files

Beware: may have different protonated states

Acids: OH
/\n/

0
pH < 4.75 pH > 4.75

/\H/o- Amines /\/NH3" . _~_-NH;
pH<10.38 pH>10.8

34




0 Cambridge Structural Database

http://www.ccdc.cam.ac.uk/products/csd/

the world largest repository of small molecule crystal structures
>900,000 structures with 3D coordinates available

CSD is distributed commercially

free interactive demo for educational purposes (only ~750
structures)

=  https://www.ccdc.cam.ac.uk/Community/educationalresources/

teaching-database/

Small molecules 35



Databases of small molecule

0 Cambridge Structural Database

File Filter Help

Find Entry |CAFINE

Entry

DT T

[BUPQAEDT

[CARQOE
CARTEN _
|CARTENO?

CECZIT
[CEFMOA
[CEHTAKTT

< >

500 Hits

Entry loaded

CAFINE - 1,3.7-Trimethyl-purine-2 6-dione monohydrate
D.J.Sutor; Acta Crystallegr. (1958), 11, 453, doil10.1107/50365110X58001286

Hide Viewer |

Ball and Stick | | No Labels ~|

Hydrogens [¥] Bond types [¥] Disorder

| Details  Viewer Export | Options Help

HSC\ O
CH,
i
< fkm/
CH,4
H, O

Cg Hyg Ny OpH, ©

Space Group: P 2,/a

a 14.8(1) b 16.7(1) ¢ 3.97(3)

a 90 B 97.0(5) y 90

R-Factor: 14 6%

Temperature (K): Room Temp.(283-303)




0 PubChem

=  http://pubchem.ncbi.nlm.nih.gov/

= world largest open repository of experimental data identifying the

biological activities of small molecules

= Substances — 270 M chemical entities

= Compound—111 M unique chemical structures. Compounds may

be searched by chemical properties and are pre-clustered by
structure comparison into identity and similarity groups
= BioAssays —~1,4 M biological experiments

= Bioactivities —~300 M biological activity data points

Small molecules
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a0 ZINC database

» http://zinc.docking.org/

= free public resource for ligand discovery
= 3D coordinates in ready-to-dock formats (i.e. — added hydrogens,
partial atomic charges, ...)
= molecules in biologically relevant protonated and tautomeric forms
= about 35,000,000 unique molecules grouped by classes
= 20,000,000 — commercially available molecules
= 10,000,000 — drug-like molecules

= 1,000,000 — bioactive molecules

Small molecules 38



o AVOGARO

= https://avogadro.cc/

= free, open source molecule editor and visualizer

" jntuitive & easy to use

= useful to convert file formats

= embedded molecular minimization and molecular mechanics

= interface to quantum chemistry packages

Small molecules
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v
cture

Preparation of small molecule str

<~

o AVOGARO

% untitled.cml® - Avogadro

Fle Edi Wew Buld Select Extensions Crystalography Settings  Help

INew behOpen | Save  Qclose Edout || Al B K D § il 2 [rool Settings... ||Display Settings. .

Draw Settings & x
View 1

Element: Nitrogen (7) v
Bond Order: |Single v
Adjust Hydrogens

Messages




0 Open Babel

= https://openbabel.org/

= free, open source
= widely used molecule format converter

= command line and graphical interface

Small molecules 41



Molecular docking

0 Useful when experimental data is not available or
for screening purposes

a Several components/steps
QO Receptor representation
a Ligand representation
0 Searching

QO Scoring




= descriptor representation — derived from geometry

or/and interaction sites of binding site

(H-bond donor/acceptor, hydrophobic contacts, ...)

grid spacing /4

= grid representation — entire searched region =

is covered by orthogonal equidistant —

2+l

points carrying information about probeatan —]

interaction of probe atom at this point

with receptor atoms

Molecular docking — receptor 43



0 Receptor flexibility

= fully rigid approximation

= soft docking — employs tolerant “soft” scoring functions to simulate
plasticity of otherwise rigid receptor
explicit side-chain flexibility — optimization of residues by rotating
part of their structure or rotation of whole side-chains using
predefined rotamer libraries
docking to molecular ensemble of protein structure — obtained
from multiple crystal structures, from NMR structure determination

or from a trajectory produced by MD simulation

Molecular docking — receptor 44



0 Ligands represented by all atoms or just some

= non-polar hydrogens can be united with their respective parent

carbon atoms to reduce number of atoms in calculation
0 Ligand flexibility

=  mostly only rotation about single bonds

= docking of a library of pre-generated ligand conformations —
applicable only to quite rigid ligands due to exponential increase in
number of possible conformers with number of rotatable bonds

= direct sampling of ligand conformation space during searching

= fragment-based techniques — ligand is cut into several fragments

and rigidly docked into binding site

Molecular docking — ligand 45



0 Many algorithms available

SHAPE AND

.. . HOT-SPOTS
= Rigid docking ¢ € COMPLEMENTARITY

= Semi-flexible ©

= Flexible docking &

(but costly)

Molecular docking — searching




0 Geometry-based and combinatorial algorithms

= assumes that binding is governed by shape and/or physicochemical
complementarity between the ligand and the receptor
= assumes that the degree of complementarity is proportional to
the binding energy which is not always true especially for

more polar ligands

0 Energy-driven and stochastic algorithms

= tries to locate directly the global minimum of the binding free
energy corresponding to the experimental structure
= random basis of these methods requires multiple independent runs

of docking calculations to achieve consistent results

Molecular docking — searching 47



0 Matching algorithms

= represent a ligand and a receptor binding site by descriptors
derived from their geometry and/or presence of particular
interaction sites

" try to align/match complementary parts of ligand and binding site

and in this way predict the ligand binding mode

0 SW packages
= DOCK - http://dock.compbio.ucsf.edu/

= SLIDE - http://www.kuhnlab.bmb.msu.edu/software/slide/

Molecular docking — searching
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0 Fragment-based algorithms

= ligand is initially fragmented into rigid parts
= two approaches to obtain whole docked molecule
= incremental construction — fragments are incrementally
docked into the receptor until whole ligand is constructed
= fragment-placing and linking — all fragments are docked

simultaneously and then joined together

0 SW packages

= FlexX — http://www.biosolveit.de/FlexX/

= eHITS — http://www.simbiosys.ca/ehits/

Molecular docking — searching




0 Fragment-based algorithms

ngand
ngand fragments

Docked 2nd fragment 3rd fragment
anchor docked docked
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0 Monte Carlo algorithms

= explore protein-ligand interactions space by iteratively introducing
random changes into a position, orientation or conformation of the
ligand and evaluating new configuration using acceptance criterion

= new configuration is always accepted if its energy is more favorable
then the energy of previous configuration or accepted with some

probability reflecting energy difference to previous configuration

0 SW packages

=  Autodock Vina — http://vina.scripps.edu

=  Glide — http://www.schrodinger.com/Glide
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0 Monte Carlo algorithms

E= 0.0 kcal/mol E=-0.5 kcal/mol E=-1.2 kcal/mol E=-0.8 kcal/mol

o

Bond rotation
Translation
Re-orientation

Bond rotation
Translation
Re-orientation

Bond rotation
Translation
Re-orientation

Continue for
N iterations

Initial conformation E\ew < Epgevious — accept E\ew < Eprevious — accept E\ew > Errevious — €valuate probability
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0 Genetic algorithms

= configurations of all ligands from randomly generated initial
population are encoded in their genes which are subject of random
genetic modification (crossover, single point mutation, ...)

* individual with better fitness (corresponds to its binding energy)
has higher chance to survive and reproduce to next generation

= overall fitness of population is increasing with each new generation

0 SW packages

=  AutoDock — http://autodock.scripps.edu

=  GOLD - http://www.ccdc.cam.ac.uk/products/life sciences/gold/
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0 Genetic algorithms

Parent Children
conformations conformations
Chromozome Chromozome Chromozome Chromozome
tors, tors, tors, tors,
tors, tors, tors, tors,
tors, tors, tors, tors,
tors, tors,  Reproduction tors, OISy
Cross-over fors; tors, tors, tors, Mutation i
---------------------- iBFS.;“ torss ﬁ torse .IEBFE;.-.-..-.-....-.".-.-.
tors, tors, tors, tors,
tors, tors, tors, tors,
tors, tors, tors, tors,
X; Vi Z . X, Y, Z X, Y, Z X, Yoz
9.6y @€ : 9,6,y 9,0,y 9,6,y
’ .
E= +2 kcal/mol E=-12 kcal/mol E=-15kcal/mol  E= +20 kcal/mol
Selection of the Selection of the
lnew generation new generation
Chromozome Chromozome
tors, tors,
tors, tors,
tors, tors,
tors, tors,
tors, tors,
tors, tors,
tors, tors,
tors, tors,
tors, tors,
X, ¥,z X, ¥, 2
9,6,y N
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0 Scoring function

= evaluate all the binding modes from the searching algorithms
=  must be computationally efficient and provide accurate description

of protein-ligand interactions

0 Application of scoring functions to rank
= several configurations of one ligand bound to one protein —
essential for prediction of the best binding mode
= different ligands bound to one protein — determination of
substrate or inhibitor specificity
= one ligand bound to several different proteins — functional

annotation of proteins and study of drug selectivity

Molecular docking — scoring 56



0 Categories of scoring functions

=  empirical
= derived by fitting of following equation to experimental binding

affinities of known protein-ligand complexes

AG,. , =a.AG,, + BAG, +yAG,+0.AG, , +...

ipo

= rapid evaluations

= arbitrary selection of terms included in the equation -> failure
when binding is governed by some excluded type of interaction

= weights are dependent on the chosen training set
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0 Categories of scoring function

knowledge-based

capture the knowledge about protein-ligand binding that is
implicitly stored in structural data by statistical analysis

atom-pair potentials derived from 25 | ST AR

distances found for such pair ol

Score

in training structural data

2

5

1
0.5 A

0

5

0.5

I 1500

I 1000

R

rapid evaluations .

2 3 4 5 6 rd 8 9 10 11 12
d(A)

describe all types of interactions without any preselection
problem when structural data do not contain sufficient

information on particular atom-pairs (e.g. halogens, metals, ...)
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0 Categories of scoring function

= force field-based
= use the non-bonded terms of well-established force fields
= provide precise affinities
= high computational demands -> employed for calculating the

affinity of some selected binding modes (not during searching)

Eppa = Y, Kp(r—ro)>+ ) Kg(6 — 6;)
bonds angles

+ z % [1 £ cos(ng — )|

torsions

Aij Gy qig;
e Z [r—lf -6 +

g g r. .
non— bonded b b 7
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Evaluation of complexes

0 Intermolecular interactions

0 Binding energies




0 Most common types

Hydrogen bonds

Hydrophobic

Aromatic

lonic bonds
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0 Visualization

= schematic diagrams showing hydrogen bonds and hydrophobic

Asp189(A)

contacts
Ser190(A) g,
N '3,0_5"
o Tools @@
= LigPIot* va]znl% ’ Al 215(4)
Cys191(A \;\-u-[(% R
= stand alone application Sat95(4)

= http://www.ebi.ac.uk/thornton-srv/software/LigPlus/

= pre-calculated for protein-ligand complexes in PDBsum
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0 Binding Affinity Prediction of Protein-Ligand server

=  http://www.scfbio-iitd.res.in/software/drugdesign/bappl.jsp

= calculates binding free energy
of a protein-ligand complex
using all-atom-energy-based

empirical scoring function

Evaluation of complexes

HIV-| Foremse compem

Welcome to the BAPPL server

Binding Affinity Prediction of Protein-Ligand (BAFFL) server computes the binding free energy of
a non-metalle protein-ligand comples using an all atom energy based empirical scoring function
[1]&[z].

BAPPL server provides two methods a5 options:

Method 1 ¢ Input should be an energy minimized protein-ligand complex with hydrogens added,
protonation states, partial atomic charges and van der Waals parameters (R* and 21 assigned
far each atom. The server directly computes the binding affinity of the complen using the
assigned parameters, For farmat specifications on the input, please refer to the README file,

Method 2 1 Input should be an energy minimized protein-ligand comples with hydrogens added
and protonation states assigned. The net charge on the ligand should be specified. The seruer
derives the partial atomic charges of the ligand using the AML-BCC procedure [2] and GAFF [5]
force field for van der Waals parameters, Cornell et al, force field [4] is used to sssign partial
atemic charges and wan der Wazls parameters for the proteins, For format specifications on the
input, pleasze refer to the README file,

For the purpose of validation of the empirical scering function [1] a dataset of 161 non-metallo
protein-ligand complaxes has been prepared. Click here to access the Protein-Ligand Complex
Datazet,

Select Option
GMEthDd 1
@ tethod 2 Met Ligand Charge

Input PDE file | D:iDownloadstest. pdt




o CaverDock

=  https://loschmidt.chemi.muni.cz/caverdock/

= Analysis of tunnels by Caver
= Discretization of identified tunnel into discs

=  Molecular docking by AutoDock Vina to every disc

o Caver Web

=  https://loschmidt.chemi.muni.cz/caverweb/

=  Web interface for Caver and CaverDock
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Active
site
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Discretization

>

CaverDock
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Single structure

Tunnels info

"] id bottieneck radius [A]
1 19
2 18
3 18
4 12
5 18
n ] 1.1

Viewer

length [A]

Return to Results browser

- Job information

curvature throughput Job ID: rokjoh
14 0.80 (£ e i Title: Untitied
12 078 @ 2 Structure: 4NY4
13 066 (| e Download PyMOL session
12 063 1] 2 Dowinload results in single zip
13 062 (8| View CAVER configuration
14 045 9

View CAVER log

Visualization settings

Tunnel visualization style:
CaverDock results

Energy profile

Resel view

Visualization quality:
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a0 CaverDock

Tunnel

bottleneck

Radius [A]
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1.9 A
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1.5 1
1.3 1
1.1 A
0.9 -
0.7 -

0.5
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Trajectory along the tunnel [A]

Energy [kcal/mol]
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