Molecular Graphics, Documents
and Movies

$)molsoft



Molecular Graphics

3D molecule annotation, coloring and representation
Display binding pockets colored by binding properties
Preparation of publication quality molecular images

How to make fully interactive 3D slides including
smooth and blending transitions

How to import fully interactive 3D slides into Windows
PowerPoint, web pages and iPad/Android devices

Molecular movie making made easy using - movies
from screenshots and slides. %
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Browsing Molecular Data
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ActivelCM

US Patent No:7,880,738

Gather Data

carbonyl reductase 3 [Homo sapiens]
0122

Fluo

.1 carbonyl

" Direct links between

Interpret, Integrate

and Annotate

+

text and visualisations

One File:
3D document:
live data of
various types

3D visualisations,
annotations
and animations

Publish and Share

e

Standalone - ICM Browser

Live molecules, spreadsheets and plots,
chemistry, sequence alignments e.t.c.

Exportable backtolive3D
document file by a reader

Web - activelCM

1SGC

Raush et al
Plos One 2009 (4) 10

@PloSone”

www.plosone.org

Office — activelCM

Microsoft PowerPoint, Word

nature
structural &
molecular biology
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Coloring, Annotation, and
Representation

r display \/ light \/ labels \/ meshes \/ search \
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Kinase Example
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The catalytic domain is nestled between the
N- and C- terminal and has high sequence
conservation between kinase families.

The adenine moiety of ATP interacts with the
hinge region which links the N- and C-
terminals of the catalytic domain.

A flexible glycine-rich loop moves in and out
of the pocket depending on the ligand bound
state of the PK and is regulated to some
extent by the movement in and out of the
pocket by the Alpha C helix.

A buried region at the "back" of the pocket is
protected by a "gatekeeper residue" forming
a variable hydrophobic cavity.

The hydrophobic cavity along with

the DFG region are of interest for drug design
because it opens up regions of the pocket
which are not conserved and do not bind
regions of a protein kinase.



Example: Serine Protease

PDB: 2ptc

Serine proteases are involved in digestion,
clotting, hormone activation, immune
system activation.

The key amino acid is a serine that is
activated by a histidine and an aspartate
forming a catalytic triad motif of an Acid-
Base-Nucleophile (charge relay system).

The histidine and the aspartate assist in
the removal of the hydrogen atom from
the serine, which makes it more reactive
when attacking the target protein chain.

Here we look at Trypsin PDB: 2ptc Trypsin
cleaves peptide chains mainly at the
carboxyl side of the amino acids lysine or
arginine.



MolSkin

* Molecular surfaces are generated

with assigned colors and occlusion

shaded

* Carbons of each molecule are

._ iy, NS S colored by its own consistent color
' * Labels, ribbons, are colored

accordingly

 Surfaces are gradually cross-

colored by each other to mark the

contact patches

* The labels are brought to the

surfaces




Fog Effect
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Transparency




Sketch Accents




Graphics Effects - Shadows




Occlusion Shading




Type-l and Il Kinase Example

PDB liep
PDB 1opk
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The positioning of the DFG motif in the activation loop of a protein kinase has an effect on
the size and properties of the ATP binding pocket. Most kinase inhibitors target the kinase
with the DFG inwards to the ATP binding site. Type-Il inhibitors target the site where the
DFG motif is in the out position which opens up the pocket and provides additional
hydrophobic binding sites. Targeting DFG-out conformations can improve inhibitor
specificity and slower-off rates.



Ligand Binding Pocket

LR

Receptor Surface Ligand Surface

White = neutral, Green= hydrophobic, Red= HB acceptor, Blue= HB donor



Publication Quality Images
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Movies

By Slide:
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iMolview App for Android and iPad

Proteins in your pocket.

€ iMolview for the iPhone and iPad.
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lcmJS — Fast High Quality Java Script

Viewer

Molsoft IcmJS v1.1.0 [1exw] (1 object)

DPPAPLPLVI WHGMGDSCCN PLSMGAIKKM VEKKIPGIH! i LEIGKTLR EDVENSFFLN VNSQVT]
»

« I
a (amino) B [ a2 (sugar) B[] a3 (sugar) B[] a4 (sugar) B[] ahds (ligand) B [

Background Color: |[___]| Anaglyph Stereo Rocking:

ICMJS is a JavaScript/HTML5
viewer for 3D Molecular
Graphics which does not
require any plugin or
installation.

It runs on all modern
browsers including Chrome,
Firefox and Safari and is also
mobile device friendly.

lcmJS gives you full access to
the ICM shell and graphics on
a web browser. This means
that commands available in
the free ICM-Browser are
also available on the web via
lcmJS.



molsoft

Linking Protein Structure to
Sequence and Alignments
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Key Topics

How to read in sequence data into ICM and extract sequences from
the PDB.

How to create new sequences and edit them.
Mapping UniProt and other annotation onto a sequence
How to build multiple sequence alignments. ion

How to use the alignment editor:
— How to edit an alignment

— Coloring

— Annotation
Linking an alighment to protein 3D structure = &uee-s

How to display sequence conservation in the Ilgand blndlng pocket
and calculate sequence identity and similarity in an alignment.

How to perform a BLAST search in ICM.




Sequence and Alignment DBs

© Central repository of

@
prot . protein sequence and
function.

Pfam

Pfam is a database of curated
protein families, each of which is
defined by two alignments and a
profile hidden Markov model
(HMM).

Protein domains, families
and functional sites as well
as associated patterns and
profiles to identify them.



Example 1:

SH2 Domain
Example

Read from

Read from PFAM

PDB

Read from

Create New
Sequences

JniPro

Read Sequence Data
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fLIRARDN EDTLWQLVEH
frRP: — ~¥YALSLIYGK- —FDTLWQLVEY
b 1RESES—QRGE———FSTSVIDGA- ——GFFLTRRRI--FSTLNEFVSH
ILIRESET - SKGS~~~Y¥SLSVRDFDON ~-GYYISPRVI--FSSLHELVEY
L IRESES-TAGS-——FSLSVRDFDQN. GFYISPRIT--FPGLHDLVREH
MIRDSET-TKGS---¥SLSVRDFDEQ GEYISPRST--FSSLQELV
LIRESES-NKGA---FSLSVKDITTQ-
ILIRESET-LKGS---FSLSVRDYDPM
ILIRESET-TKGA——-YSLSIRDWDQT

GYYISPRIT-
ILIRESET-TKGA—

GYYISPRI

~¥SLSLRDWDET-
-¥CLSVSDFDNA
~¥SLSVKDWEDG-
—¥TLCVSCEG——

FETLQALVQH
~FPCISDMIKH
-GYYITTRVQ--FNSVQELVQH
—GYYITTRAQ-—-FMSLQMLVKH
-—-—-GFYITSRIQ--FGSLQQLVAY
——GYYIATNQT--FPSLQALVMA
~LSIDEEVY-——FENLMQLVEH
LTIDEAVF--FCNLMDMVEH

[YRIIYSSSK:
[YRVLHRDG
IRIQNSGDE
IKIQNNGDE: FDLYGGEK--FATLPELVQY
IRKIQNTGDY-— ~YDLYGGEK--FATLRAELVQY

IRWQDKK———— -YDVGGGES--FGTLSELIDH

EFSLSVRVDD————
~FTLSVRRGN-———

IFHGKISK—

[FHKKVEK-———-RTSAEKLEQE YCMETGGKDGT]
FHGKLGAGRDGRHIAERLETEYCIETGAPDGS]
YHGKLDR

LIRKREG-TD-S—
[LVRDSST-CPGD-
[LVRESTT-TPGQ-

TPKFFLTDNLV--FDSLYDLITH

YYIGG-RR--FSSLSDLIGY
FDSLVDLISY
FESLVELVSY
IGDQE--FDHLPALLEF
VVRTKDHR--FESVSHLISY
YEFVNNNMS--FNTIQOMLSH
NFRFEGPP--FASIQELIMH
YRLEGDG--FPSIPLLITH
—YRFEGTG--FSNIPQLIDH
-HYGFSEPL-TFCSVVDLITH
——YGFAEPYNLYSSLKELVLH

HFVLGISAY-

IGDYVVRLSDP-KPGEPRSYILSVMFNNKLD-
DG VRETIRNEESQ-
SGDELVRESQG-KQ-E—
.VRESHG-KPGE—
VRDASSKIQGE-
VRESS--KQGC—

-LLLVDPEG
FVINSVENK-——————=
FIVQITIGEG—

LIRESS--QRGC-—--YACSVVV]




Example 2: Pocket Conservation
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Alignment and Comparison Methods

Alignment
* Needleman-Wunsch/double-gap
* Smith-Waterman
* Wilbur-Lipman :
. ZEGA il

20 30 40 50 60 70 80
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H

INGY VRLLRKVS(

- IWEVPEREONLSPVGSGAYGSV—— FDTETGLRVAVEELSR————-PFQSITHAKR-TYRELRLLEKHME-

-IWEVPEREONLSPVGSGAYGSV—— FDTKTGLRVAVEKLSR-———-PFQSTITHAKR-TYRELRLLEKHME-

Com a rison Matrices [IWEVPEREONLSPVGSGAYGSV—— FDTEKTGLRVAVEELSR—-——-PFQSITHAKR-TYRELRLLEKHME-
F) ————— YE IAEDLGRGEFGIVH ETSSEETYMAKFVEVEG———-TDOVLVE-————— KEISILNIAR-
-——GFYENEEPRKEILGRGVSSVVRRETHEPTCKEYAVEIIDVTGGGSFSAREVQELREATLEEVDILREVSG

hd (5()f1f1€3t JTHGEYENEEPREILGRGVSSVVRREIHEPTCREYAVEIIDVIGGGSESAREVOELREATLEEVDILREVSC

STHGFYENEEPKEILGRGVSSVVRRETHEPTCKEYAVEIIDVTGGGSFSAREVQELREATLEEVDILREVSGC

* Blosum s
b (I
* Hssp

Secondary Structure Prediction

ICM modification of the DSSP algorithm of automatic secondary structure
assignment (Kabsch and Sander, 1983) based on the observed pattern of
hydrogen bonds in a three dimensional structure.



Example 3: Alignment Annotation

G-Protein Coupled Receptors (GPCRs) all share a common structural core of seven
transmembrane helices but they lack significant sequence homology between
subfamilies. When modeling GPCRs it is important to get a good alignment
between the query and template structure. Each helix has one or more conserved
motifs:

LALANY S VEERm
Helix 1: GX;N or GN ) [” Rlys TRV
AduVuela DUILVH. LB .
Helix 2: N(S,H)LX3DX7 g oP SHT1A HUMAN 53 400 77 AIALSEEWAITDPIDYVNK--
] i SHT1B HUMAN 66 369 77 VIALDEMWAITDAVEYSAK--
Helix 3: SX3LX2|X2D(E,H)RY SHT1D HUMAN 55 356 77 VIAL AITDALEYSKR—-
. ADR1A HUMAN 43 326 77 IISIDEMIGVSYPLRYPTI--
Helix 4: WX8;9P ADA1B_HUMAN 62 348 77 AISIDEIGVRYSLQYPTL--
L. DRD2 HUMAN 51 426 77 AISIDRETAVAMPMLYNTRY-
Helix 5: FXZPX7Y DRD3 HUMAN 46 383 78 AISIBEMTAVVMEVHYQHGTG
v G° ADRB1 HUMAN 75 377 77 VIALBEMTATTSPFRYQSL--
Helix 6: FX,CW(Y,F)XP _HOMAN_75_
2 ! ADRB2 HUMAN 50 326 77 VIAVDRMFAITSPFKYQSL--

Helix 7/Helix 8: LX;NX;N(D)PX,YX; oF

The ProSite class A alignment http://prosite.expasy.org/PDOC00210 can be used to
guide GPCR alignments.

70


http://prosite.expasy.org/PDOC00210
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molecules in silico

Protein Structure Modeling and
Analysis
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Key Topics

Structure Analysis Tools

Crystallographic Analysis Tools

Homology Modeling

Loop Mode
Predicting t

Ing

ne Effect of Mutatidl
»
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Method: Internal Coordinate Mechanics

a E MOLECULE 1

L e One major problem is the size of the

ranch / X
rigid body( \

Q) | modeling system many thousands of atoms.

torsion angle

N hase

N angle

e |C substantially reduces the number of

atom (L
bond lenth K4

angle

variables defining the system.

\ >
/ .3

)
_/ e A Cartesian description requires 3
variables per atom (x, y, and z).

n MOLECULE 2 e |C uses bond lengths, planar angles, and
“ U@ "o .~ torsion angles instead.
12y ‘ \
Q- ~ o Bond lengths and planar angles are
e generally rigid in normal conditions —
Applications: therefore only allow torsion angle changes.

Folding, protein modeling,
Docking, Virtual Screening

Abagyan et al. (1994) “ICM - a new method for protein modeling..” J. Comp. Chem. 15, 488-506



Structure Analysis and Prediction

* Calculate RMSD

* Contact Areas

e Surface

* Distances

* Angles
 Ramachandran plots
* Protein Superposition

* icmPocketFinder
icmPocketFinder * Protein-protein interaction

icmPocketfinder - An, et al Mol Cell Proteomics 2005. Sites
Pocketome — Kufareva, et al Nucleic Acids Res. 2012
P-P prediction — Fernandez-Recio et al Proteins. 2005

A
"’ MERCK Drug-like density: a method for quantifying the “bindability” Sheridan et al JCIM 2010
Be well



Crystallographic Symmetry

ite mb 1 includes residue ser 382 for symmetry-related molecule. site mb3 includes the follo wfng residues for synunet

Example: Cycloldextrin
glycosyltransferase

Entry: 1cdg, Res. 2.0A (Docking
Rmsd without symmetry: 9.76)
More examples: transthyretin 1f41
(thyroid hormone binds at the dimer

Problem: the true pocket is formed by chains
which are not explicitly present in a pdb entry.

Goal: Find all molecules/subunits or
chains involved in the interaction with
the ligand.

Warning signs: ICM pocket finder
does not show pocket density;
Binding site is obviously exposed

31
Recovery: generate symmetry related



Occupancies, b-factors and

alternatives

Glossary:

B-factor (or temperature factor):
mean-square displacement of
atom from its position in the model.
Bi = 79*<u?> (B of 80 means 1A

dev.)
Normal range: 5. — 50. A2,

Occupancy:

A fraction of atomic density at a
given center. It there are two equally
occupied conformers, both will have
occupancies of 0.5

Normal value: 1. Range: 0.-1.

Alternatives:

If two or more alternative
conformations for the same atom or
group are discernable in the density,
several alternative sets of
coordinates are deposited.

Occupancies <= 0.5
are shown in
magenta ATl
High b-factors are ;4% %"
colored red *

Problem: sometimes, when electron density is poor
and/or ambiguous, crystallographers sometimes
deposit an arbitrary conformation from a refinement
program

Goal: ldentify fantasy atoms/groups

Warning signs: occupancies less than 0.5, b-factors
larger than 60-80 A2,

Tool: Color/label pocket atoms by occupancies/b-

factors.

Recovery: Choose another entry, or refine with a ,

ligand, or perform restrained minimization. Choose




Fixing Histidines

That is how histidine density really looks Orientation at the heavy atom level
We need to discriminate between

These two conformations

Often the xi2 angle needs to be
Corrected by 180 degrees.

Uncertainly at the protonation level

'. You need to decide which of the three
conformations is correct for each important
location. The charged conformation is
rare.

Nm(NS ,-N?’N ,_.,H\(Nﬁ : :
& robleme oYientations and protonation states of

histidines are frequently wrong in pdb entries and
need to be fixed to ensure correct docking results.
Placement principle: maximization of hydrogen
bonds and other interactions with the rest of the
protein and/or with the ligand.

Recovery: ICM procedure optimizeHisProAsnGln finds
the best orientation and protonation state

3B




Determining orientations of Gln, Asn,
side chains

Orientation at the heavy atom level
The two conformations shown give
similar electron density.

We need to discriminate between
these two conformations of the Asn
side chains. The same ambiguity
needs to be resolved for the xi3 angle
of GIn

Background: xi2 in asparagines and xi3 in
glutamines are frequently wrong or undefined and
need to be corrected ensure correct docking.

Placement principle: maximization of hydrogen
bonds and other interactions with the rest of the
protein and/or with the ligand.

Recovery: ICM optimizeHisProAsnGIn procedure.

34



Homology Modeling

e Find closest template(s)
e Align sequence to template
e Copy the aligned backbone
e Predict side chains
e Predict loops
— Best Db fragment
— Explicit ICM-local SGO
— Grid simulation
e Refine by ICM SGO
e Predict local reliability (B))

Monte Carlo — Abagyan et al JMB 1994



GPCR Modeling

G-Protein Coupled Receptors (GPCRs) all share a common structural core of seven
transmembrane helices but they lack significant sequence homology between
subfamilies. When modeling GPCRs it is important to get a good alignment
between the query and template structure. Each helix has one or more conserved
motifs:

Lﬂég ;?jiHU-A; 

Helix 1: GX,N or GN wrelale s
Helix 2: N(S,H)LX.DX, ¢ oP SHT1A HUMAN 53 400 77 ATALBEEWATTDPIDYVNK--
) ’ 377,83 SHT1B HUMAN 66 369 77 VIALBESWATTDAVEYSAK--
Helix 3: SX3LX2|X2D(E,H)RY SHT1D HUMAN 55 356 77 VIALBEEWATTDALEYSKR--

ADAIA:HUI-']AN 43 326 77 1IISI IGVSYPLRYPTI—-

Helix 4: WX8,9P ADAIB HUMAN 62 348 77 AISTDEMTGVRYSLQYPTL--
. . DRD2 HUMAN 51 426 77 AISIPDEMTAVAMPMLYNTRY-
Helix 5: FXZPX7Y DRD3 HUMAN 46 383 78 AISIBEMTAVVMPVHYQHGTG
: . ADRB1 HUMAN 75 377 77 VIALDEMIATITSPFRYQSL—-
Helix 6: FXZCW(Y’F)XP ADRB2 HUMAN 50 326 77 VIA FAITSPFKYQSL--

Helix 7/Helix 8: LX;NX;N(D)PX,YX; oF

The ProSite class A alignment http://prosite.expasy.org/PDOC00210 can be used to
guide GPCR alignments.

Model - GPR120 Class A GPCR. 0


http://prosite.expasy.org/PDOC00210

Loop Modeling

Algorithms:

1. Search a database of loop
conformations

2. Full atom ICM Stochastic Global
Optimization

Applications:

Successful targeted backbone
design of several loops in
Triosephosphate Isomerase
Collaboration with the Wierenga
group (Structure, PNAS, Prot. Eng.
1993-2002)

Latest force-field and loop modeling benchmarking
Arnautova et al Proteins 2011



Protein Modeling Example

. b » S204°® does not form
Prediction Semdiism by

T PO 10 » Instead, S2045% indiractly
H-bond network with impacts binding/activation
D113%32 & N3127-% vlaimmmole::,ar ne:nom

» W286°% (*Rotamer bggle » TMS extracellular part
switch”™) does not switch shifts inward about 2 A for
¥ Instead, W286, F289, F290 full agonists, and to less
A R G A extend for partial anonists

PVPVN

Comparison of computational models
published in 2009 and 2010 with X-
Ray structure of agonist-bound
structures of B-adrenergic and
adenosine A2A receptors reveals high
accuracy of the predicted agonist
binding poses (0.8 A°and 1.7 A°
respectively) and receptor
interactions.

In the case of the B2AR, energy-based
models allowed characterization of
side-chain rotations and a backbone
shift in the pocket region as
determinants of full, partial or inverse
agonism.

Katritch and Abagyan TIPS 2011
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Predicting the Effect of Mutation
on Binding

lcow  phe
1chow tp
1chw eu
1cow tyr
1cow his
1cow va
lcbw  met
lcow oy
1cow  ak
1chbw lys
1chw hie
1cbw gh
1cbw i
1cow ol
1cbw  thr
1cow  ser
1cbw  asn

* Prediction of Protein-Protein, Protein-
Peptide and Protein-Ligand affinity
changes upon mutation

J

The binding free energy change,
AAG,, 4, is computed as a difference
between the free energy of mutant and

\

- WEEERRRE e ks

r wild type.
& Y 1chw olu
MERGS;: Mumnoném with Relaxation of Side- The energy is caIcuIate-d for f"fEd
chains in Internal Coordinates. backbone and all the side chains except

those in the vicinity of the mutatable
residue. Monte Carlo simulations are
where carried out to relieve possible atomic
AGypina = (EESTP — EP2TS) 4 (AGEST® — AGPEL™) clashes created as a result of mutations
to larger amino acid residues.

AACyima = *1"6.;4.: - —""E;:-...f-_:.

www.molsoft.com 39



Predicting the Effect of Mutation
on Protein Stability

%) 1hb6_mutant 1

M{A table of results will be displayed along with the ddG value.
ile Tools Edit h

D@ s
PDB Search

| Workspace Pane!

View Bioinfo Homology Cl

N RQQ HARF (SN ME«EDEARJIY TTidssLl

|/ dsplay \/ kgt \/ labels \/_meshes \/ search \/igedt \

v s © v |#|n (AFeds v |I7] Append |

& x

o]
|
+
o 1Res 1 Mol, 1 Obj jl
‘@ e s
= - w X ) 7
s 86A X -
B - acd < I
& ~ acyl-coa bind | bo)
W =
L e 2. Mutated | =
+f~a structure. |
€& ~ acyl-coa bind Ca
3 tables w
~ mutati
... k
x| [ motmtors \
L4 .
prot | chain| residue | wid type mutant  dd6 1. Double click
1 [to6a [ 2ehe @ to load mutated

structure. ?

GHB RS DAL &

AAG = AGmutant _ A Gwt
AG = AGygged = AGnoiged

* Computes change in protein stability
upon mutation of a single residue.

* The free energy change in protein
stability is computed as shown.

The free energy of the unfolded and
misfolded states is approximated by a
sum of the residue-specific energies.
The residue-specific energies were
derived empirically using a large set of
experimental data.

* Mutation of a given residue is
followed by Monte Carlo simulations
with flexible side chains for the
mutated residue and its neighboring
residues. The rest of the protein
structure is considered rigid.
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Cheminformatics Data

Purchasable Compounds
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Open Data Drug & Drug Target Database
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COX-2 Inhibitors

- Cycloxygenase-2 (COX-2) is responsible for formation of
prostanoids, including prostaglandins such as prostacyclin and
thromboxane. Inhibiting COX-2 can provide relief from
inflammation and pain.

* Selective COX-2 inhibitors are members of the non-steroidal
anti-inflammatory drug (NSAID) class.

* Targeting selectivity for COX-2 reduces the risk of peptic
ulceration, and is the main feature of Celebrex, Vioxx and other
members of this drug class.
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Celecoxib (Celebrex)




Controversy

* After several COX-2 inhibiting drugs were approved for marketing, data from
clinical trials revealed that some COX-2 inhibitors caused a significant increase in
heart attacks and strokes, with some drugs in the class having worse risks than
others.

*Rofecoxib (commonly known as Vioxx) was taken off the market in 2004 because
of these concerns and celecoxib (Celebrex) and some other NSAIDS received
boxed warnings on their labels.

CELEBREX'
celecoxib capsules

Cardiovascular Risk

+ (CELEEREX may cause an mcreased nisk of serious cardiovascular thrombotic events,
myocardial nfarction. and stroke, which can be fatal. All NSAIDs may have a sunular
nisk. Thus r1sk may merease with duration of use. Patients with cardiovascular disease
or nisk factors for carciovascular disease may be at greater nsk (see WARNINGS and
CLINICAL TRIALS).

CELEBREX .2
200 mg

CELECOXIB

S PHARMACIA ARGENTINA SA.
oF), EXCUTSIOns pemit S

<0 (77°F),
so 15-30°C (59-86°F)- {See USP Cortrt

som Temperature] @

2o N

CELEBREY, 15 contramndicated for the treatment of pen-operative pam m the setting of
coronary artery bypass graft (CABG) surgery (see WARNINGS),

Gastrointestinal Risk

+  NSAIDs, including CELEEREY, cause an increased nsk of serious gastrointestinal
adverse events including bleeding, ulceration, and perforation of the stomach or
miestines_which can be fatal These events can occur at any tme dunng use and
without warming symptoms. Elderly patients are at greater risk for senous

gastromtestmal events (see WARNINGS).




Chemical Input — SMILES OD

 SMILES - is a specification in form of a line
notation for describing the structure of chemical
species using short ASCI| strings.

— Common atoms are represented by element symbols
(e.g.C, N, O, Cl)

— Other elements charges and isotopes are shown like
this [Au], [H+]

— Single bonds are not shown, = - double triple - #
— Ring closure is shown by matching digits (C1CCCC1)

— Full documentation here:
www.daylight.com/smiles/index.html

O=S(=0)(N)c3ccc(c2c(onc2clccceccl)C)cc3 COX-2 Inhibitor Valdecoxib (Bextra)



Chemical Input = InChl OD

IUPAC International Chemical Identifier (InChl)
Textual identifier for chemical substances

Provides a standard and human-readable way
to encode molecular information

|deal for chemical search

Initially developed by IUPAC and NIST during
2000-2005, the format and algorithms are
non-proprietary.

InChl=1S/C18H15CIN202S/c1-12-3-4-14(10-20-12)18-17(9-15(19)11-21-18)13-
5-7-16(8-6-13)24(2,22)23/h3-11H,1-2H3 COX-2 Inhibitor Etoricoxib (Arcoxia)



Chemical Input — 2D

Benzene
6E6000000O00 1V2000 mol name | comment sel
19050 -0.7932 00000C ODOOOOOOOODOOO aimn indomethacin  a_4cox.aimn

1.9050 -2.1232 0000C OOOOOOQOOOOOO
0.7531 -0.1282 000OC OOOOOOOOOOODO
0.7531 -2.7882 00000OC OOOOOOOOOOODO
-0.3%87 -0.7932 0000OC OOOOOOOODOOOO
-0.3987 -2.1232 00000C OOOOQOOOOODOOOD :
2110000

32120000
4220000 * Chemical table files: .MOL file: example

5310000 Multiple .molfiles form an .SDF

6410000
6520000 * _.SDF file may have PROPERTY sections
;:P:;:E,Esw * An .sdf file becomes an ICM table/spreadsheet

File/Open .sdf .mol




Chemical Sketching

G@* ICM Molecule Editor [new file *] Celecoxib

. ™ — = [@] =

|'\

Eile  Edit  VMiew Templates Help
DS E| s %8 B aco(|ee|g Rl @ K8 S
s Celecoxib f— Value
1 Formula C17H14F3N3 025
4 2 Smiles 5{=0)(=0){M)C(=CC=CINN=C{CF)FIFIC:
# 3 Name/IUPAC 4-{5-p-tolyl-3-{(trifluoro-methyl)- 1H-pyrazol-1
- 4 InChl InChI=15/C17H14F3N3025/c1-11-2-4-12(5-
5  InChlKey RZEKVGVHFLEQIL-UHFFFACYS AN
&  Malweight 381.0753
¢ 7 HeA 6
N 8 HED 2
9 Rotf 4
F 11 Molarea 354,755
P 12 MoldHf -146.26
13 MolHalfLife 5.68455
S 14 MolLogP 3.96221
Cl 15 MolLogS +.15579
16 MolPAINS 0.052
Br 17 MolPsa 63,6646
18 ‘Volume 313.115
19  Chem Alerts
B Phenyl
H o - o 20 Groups E;lezole | IF
Sulfonamide
M
1

o0ooOve

@
<1E|

4

+-
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Chemical Input - 3D

name | comment sel

aimn |indomethacn  |a_4cox.aimn

PDB 4COX — COX-2 Inhibitor Indomethacin



Chemical Search

» Exact Match
e Substructure Searching
* Pattern Searching o
* Similarity Searching (Tanimoto of Fingerprints) B é
0 0 =
OH OH =

L| —

Chemical Similarity
e Divide both structures (A and B) mto small fragment 4_‘—‘::
» Merge fragment lists and form two “bit-strings”, e.g. :
010001000111 and 101111011001
e Calculate a Tanimoto distance as nAB/nTotal
nAB 1s the number of on-bits which are in common.
e Tanimoto distance i1s between 0.0 and 1.0




Combinatorial Library Design

0 R2
R1 /U\ R3
SN N
0

Markush Based

R3 O
o) o) (¢} R1
SN 0
R2 o * ri"Vo + N — o, 7
R3 N ¢ 0-R3
R2

Reaction Based

* Enumerate a library by scaffold
(Markush) structure

* Decompose a library based on
a scaffold

* Generate a SAR table

* Generate a library based on a
reaction

* SALI Structure--activity
landscape index: identifying and
quantifying activity cliffs (Guha
and Van Drie JCIM 2008).



Atomic Property Fields (APF)

* APF is a 3D pharmacophore
which replaces discrete
points by continuous
property distributions.

* APF replaces representation
of chemical moieties with
fixed pharmacophoric types
by vectors of atomic
properties that can be
compared in a more flexible,
guantitative manner rather
than by binary matching.

Totrov M. Chem Biol Drug Des. 2008 Jan;71(1):15-27.



APF Potential Components

7. Electropositive/negative

1. Hvdrogen bond donors

6. Charge: positive/negative

Ciprofloxacin

A

A .
3. Sp- hybridized 4. Lipophilic

2. Hydrogen bond acceptors IQ




APF Utility

 APF pharmacophoric potential implemented
on a continuously distributed grid can be used
for:

— ligand superposition

— multiple compound alignment

— virtual screening

— 3D QSAR

— ligand binding site superposition and comparison



3D Ligand Editor

(&) molsoft



About the Ligand Editor

cooOve %2
¥ , ‘e
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=
S

E KT ® = %

!y NOVARTIS

The editor is widely used
throughout the pharmaceutical
and biotech industry for ligand
design and optimization

The tool was built in close
collaboration with Medicinal
Chemists at Novartis

It is a fully interactive tool
whereby you can make changes
to a ligand in 3D or 2D

Immediately see the effect of a
modification on predicted
binding affinity

FOCUS — Development of a Global Communication and Modeling

Platform for Applied and Computational Medicinal Chemists

Nikolaus Stiefl't, Peter Gedeck?, Donovan Chin§, Peter Hunt!, Mika Lindvall!, Katrin Spiegel%, Clayton Springer§,
Scott Biller?, Christoph Buenemann®, Takanori Kanazawa?, Mi i KatoS7, Richard LewisT, Eric Martint, Valery
Polyakovl, Ruben Tommasif, John van Drie¥, Brian Vash, Lewis Whitehead?, Yongjin Xul, Ruben Abagyan®,
Eugene Raush”, and Max Totrov




Topics

Ligand-Receptor visualization

Ligand editing in 2D and 3D

Evaluating the effect of a modification
Undo/redo capabilities and save to spreadsheet
Ligand docking, minimization and refinement
Distance restraints and tethers during docking
Substituent virtual screening

Covalent and Fragment docking

Methods to incorporate induced fit - MRC
Ligand-based design to 3D pharmacophores



Seliciclib (Roscovitine)

* Itis an experimental drug
candidate in the family of cyclin-
dependent kinase (CDK)

* Preferentially inhibit multiple
enzyme targets including CDK2,
CDK7 and CDK9.

e Alters the growth phase or state
within the cell cycle of treated

cells.
* Inclinical trials for treatment of
| N— non-small cell lung cancer
/\)/NTN\ N (NSCLC), Cushing's Disease,
Hoo TSN leukemia, HIV infection, herpes

[\5 simplex infection, cystic fibrosis




Ligand-Receptor Visualization

N\ 085 ¥
’/\' Q.

* Display receptor surface colored
by binding property

* Display ligand pocket surface
 Display hydrogen bonds

* Display energy circles — easily
highlight clashes

* Display relaxed ligand compared
to docked ligand

* Display unsatisfied hydrogen
bonds




2D Ligand Interaction Diagrams
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3D Ligand Editing

Change Atom Type Change Charge
| 1 Change Torsions
C || N ” 0 || F ” H || P | | +| L4 [E(— Set distance restraints
5 || Cl ” Br || L ” Mare..
Move atoms

BondType{ e || 4 ” & “JREI EfZ Léﬂ &‘uisa fragments
Add new =3 Add Hew u— ' Edit in 2D
substituents Cis/Trans Switch Erase

to table

C .r" o
_‘:—l—= Vb
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FTp e
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Select one or more

substituents ( ICM
will dock on the fly).

* Full undo/redo capability
* Screen multiple substituents




2D Editing

i : ; ; ; (=@ = |
@ 1xbb_lig Molsoft icm 3.8-3 [NewProject *] (3 objects) = )
File  Tools: Edit View Bioinfo Homology Chemistry Docking MolMechani b‘etp
DSEHS "G W8P0 0M .lecBEI-O ITTidgsll

[ display \/ light \/ Iabels S[ meshes \/ search \/ ligedit '\

EE] ‘ . | .. ’ . | ’ m ‘ @ @ | . ’ ...ﬂ..WsScore 0 LigStrain=0 Score: 0
Ligedit 2D & x
(s|ac|mne| 2[R ©rs| K|S,

1xbb_lig

@
>
=

20 |

mEOlid Hob@o

AN/ /B B
e O z

F N o N m' ,I
O :

[ % +/- {

Cl = k)

+ T |  Feature-rich 2D chemical sketcher

; * Chemical property monitor

. * Inbuilt templates and chemical dictionary
- T T * Supports SDF, Mol, SMILES and InChl keys
o e (B0 o |6 e=3) * 2D edits are applied to directly to 3D

* Effect on binding is evaluated




racemic

ol = 0

racemic

>

mmmmm

—d

Metoprolol

Betaxolol

Esmolol

Save Modifications

Grid, Form and Table views.
Jeight

- m'[ Filtering and Searching tools. ]

266.2

267.2

307.2

295.2

428 Fully editable and linked to rich set
‘ of cheminformatics tools.

|

Rich array of spreadsheet features:
- Chemical search
- Chemical edit

- Chemical clustering

- Plotting

- Compare, merge...

[ BmE @

~ molLogS

[ Plots and trees are fully interactive ]

and linked to spreadsheet.

 Save your modifications in:

o PDB format

o Chemical Spreadsheet

o SDF / Mol/ Mol2 format
* Export to:

o Excel

o HTML
* Save in ICM binary format:
o Display in free ICM-
Browser
o Display on web using free
Active ICM plugin.
o Share on iPhone/iPad
Android devices (iMolview)



Ligand Docking / Minimization

ﬂ‘/ {

4D

e Uses MolSoft’s ICM docking technology
* Dock a modified ligand

* Dock a chemical spreadsheet

* Screen a database of substituents

* Induced-fit docking using multiple
receptor conformations (4D)

* Receptor side-chain refinement

* Ligand-based docking using 3D
pharmacophoric properties fields (APF)
* Covalent docking

* Fragment docking and linking

* Docking using tethers and distance
restraints



APF Potential Components

7. Electropositive/negative

1. Hvdrogen bond donors

2. Hvdrogen bond acceptors 6. Charge: positive/negative

3. Sp? hybridized 4 Lipophilic 5. Size (large)

2 { 112
(- 2
J H.n

Totrov M. Chem Biol Drug Des. 2008 Jan;71(1):15-27.




4D

4D Docking
Single Run

ALY

MRC Docking

n Independent Runs

Hybrid

I' L5

p '
A 4

"".l.- =

!
Post-Process
Y

Reference:

Induced Fit Docking

* 4D Docking The most efficient way to account
for receptor flexibility is to use an ensemble of
conformations of the receptor (Multiple
Receptor Conformtion (MRC)). This method is
referred to as 4D docking in ICM and in
benchmark studies has been shown to reach
convergence faster than conventional multiple
receptor procedures

* Hybrid Partially Explicit Maps Selected explicit
atoms can be used in hybrid partially explicit
receptor maps whereby select residues can be
defined as explicit inside the maps.

* Explicit Receptor Refinement Explicit receptor
sampling can be used for side-chain
refinement where minor adjustments are
needed to optimize a ligand-receptor complex.

Bottegoni et al (2009) Four-dimensional docking: a fast and accurate account of discrete receptor flexibility in ligand

docking. J. Med. Chem. 52:397



