Structural Bioinformatics

Haim Wolfson

H.J. Wolfson - Structural
Bioinformatics




| ecture overview

e Introduction and Motivation.
 Protein Folding —the RAPTOR
threading algorithm.

 Modeling of protein-protein interactions
— the PatchDock docking algorithm.
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1.

2.

Why 3D Structures?

3D Structure (shape) Is better preserved than
sequence (text).

Structural motifs may predict similar biological
function.

Drug Design.

Example, identification of a
description via a picture.

Mid-aged man, black hear
eyes and moustache Wolfson - structurg
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Shape to function
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Macromolecules, like many everyday objects,
have been shaped (by evolution) to get their job done.

Elucidation of macromolecular shape can supply insight on
the function of the molecules involved.

"It has not escaped our notice that the specific pairing we
have postulated immediately suggests a possible copying

mechanism for the genetic material."
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Structural Bioinformatics aka
Computational Structural Biology

e Deals with Structural data of molecules.

« Exploits (and develops) algorithms for
Interpretation and handling of 3D (spatial data) —
Geometric Computing.

o Sister computational disciplines — Computational
Geometry, Computer Vision, Computer Graphics,
Medical Image Interpretation, Pattern
Recognition.
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Recommended Web Sites:

 Proteopedia http://proteopedia.org/

 Protein Data Bank (PDB)
http://www.rcsb.org/pdb/
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The Central Dogma
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The Biological Role
(Robots of the Cell)

1. Catalysis (enzymes).
2. Signal propagation:
— transmit nerve impulses
— control cell growth and differentiation.

3. Transport (of electrons or
macromolecules).

4. Immune system (e.g. antibodies which
bind to specific foreign particles such as
bacteria and viruses).

5. Structural proteins, (Railr, skin, nails).

Bioinformatics



Amino Acids and the Peptide Bond

(a) side chain (b) peplide bond

amino group carboxyl group
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Protein Structure
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Primary Structure

Primary structure: The order of the
amino acids composing the protein.

AASGDXSLVEVHXXVFIVPPXIL.....
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Secondary Structure

Alpha Helixes , .. X
N-terminus

* -
‘ﬁ C-terminus
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resic

Length

Main-chain atoms N and O are cglored red and blue respectively.
The hydrogen bonds between themnarediesl and striated.



Beta Strands and Beta Sheet

Beta strand. Typical Beta sheets. Backbone NH and O atoms

Length 5-10 residues. hydrogen bonded to each other. O, N, H
and C atoms are colored red, blue, white
and black respectively. Side chains are
Fshewifsaas pueple circles.
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Tertiary structure

e Full 3D folded structure 7
of the polypeptide chain.
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Quaternary structure

* The interconnections and organization of
more than one polypeptide chain.
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Bioinformatics



Different Representations
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Degrees of Freedom In Proteins

Bond length Dihedral angle
1 2
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Bond angle
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Backbone and Side-Chains

ARG TYR
gide-chain glde-chain

Backbone

H.J. Wolfson - Structural
Bioinformatics



Determination of Protein
Structure

X-ray crystallography
NMR (Nuclear Magnetic Resonance)
EM (electron microscopy)
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Size of protein molecules

(diameter)
cell (1x10° m) p microns
ribosome (1x10° m) nanometers

protein (1x101° m) angstroms
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X-ray Crystallography

» Microscope is not suitable for distance smaller than the
wavelength of the light you are using.

« X-rays get us in the right wavelength range. Each protein
has a unique X-ray diffraction pattern.

”~

——

Crystallization Diffraction Conversion of Diffraction Data
to Electron Density and Image

Figure from: http://www- H.J. Wolfson - Structural '€@SS€mble

structmed.cimr.cam.ac.uk/Course/GYE¥iEAS verview. html



Nuclear Magnetic Resonance
(NMR)

* |s based on the quantum mechanical properties
of atoms (spin) and it determines information
about atoms from the their response to applied
magnetic fields.

* Provides the interatomic distances, and features
of the spectrum that can be mterpreted
In terms of torsion angles. :

e Solved by Distance Geometry
methods.

H.J. Wolfson - Structural
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An NMR result iIs an ensemble

of models
Cystatin (1a67)
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EM vs. Crystallography & NMR

Frozen (mostly | Crystal (difficult) In solution
easy) (easy)
Metal atoms
cause
problems
Fast Slow Medium
High to low (3 | High (< 3A) High (< 3A)
-30A)
Big (structures | Small Very small
containing (single
many proteins) proteins)
<300aa
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High Resolution to Low
Resolution

Space-filling model 4A 10A 20A

CrysiaNegraphgtructural EM

Bioinformatics



O Leatures as a Function of

Resolution
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Proteins work together

 Vital cellular functions are performed by
complexes of proteins.

e Structures of single proteins are usually not
Informative about function if taken out of
context

Glutamine '
Rhinovirus, ; w,rynthetase Chaperon

The figures are adapted from http://mmﬁ!?hnsfgrgnr%v:ﬁdb/molecuIeS/molecule_IiSt.html



The Protein Data Bank (PDB)

 International repository of 3D molecular data.

e Contains x-y-z coordinates of all atoms of the
molecule and additional data.

,_:J _,E) I-\ ) E:)) An Information Port

PROTEIN DATA BANK

CONTACT US | HELP | PRINT PAGE © pos 10 or keyword @ Autnor | | EXXENEY © 1 -ovanced searen

45 of Tuesday Feb 20,2007 B -

[ Home| Search Welcome to the RCSB PDB

The RCSB PDB provides a variety of toals and resources for studying the structures of biological
~ M Home their relationships to sequence, function, and disease,

= B Getting Started

> : The RCSB is a member of the wwPDB whose mission is to ensure that the PDB archive remains ar
PO LG L resource with uniform data.

3 Deposit and Yalidate
This site offers tools for browsing, searching, and reporting that utilize the data resulting from one

P structural Genomics create a maore consistent and comprehensive archive,

P Dictionaries & File Formats
Information about compatible browsers can be found here.

P Software Tools
P General Education 4 narrated tutorial €2 illustrates how to search, navigate, browse, generate reports and wvisualiz

) ) this new site. [This requires the Macromedia Flash playar download.]
P Site Tutorials

- W RioSync Comments? info@rcsb.org
P General Information H.J. Wolfson - Structural
- B gcknowledgermnents BioinfOI’matiCS

- B Frequently Asked Questions Molecule of the Month: Exosomes



RCSB PDB Deposit ~ Search~ Visualize ~ Analyze ~ Download ~ Learn ~ More ~
An Information Portal to ) N )
125526 Biological Search by PDB ID, author, macromaolecule, sequence, or ligands H

('

M
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e Macromolecular Structures

PROTEIN DATA BANK Advanced Search | Browse by Annotations

I = 6 ey e EMDataBank Al StructuralBiology Wisrkhurly
T SP0E @ Iilime e (G e

PDB Current Holdings Breakdown Jan 8, 2017

Exp.Method Proteins Nucleic Acids Protein/NA Complexes Other Total

H-RAY 105028 1796 5389 4 112217
NMR 10239 1187 237 8 11671
ELECTRON MICROSCOPY 966 30 335 0 1331
HYBRID 97 3 2 1 103
other 181 4 6 13 204
Total 116511 3020 5969 26 125526

(Click on any number to retrieve the results from that category.)
101837 structures in the PDB have a structure factor file.

8993 structures in the PDB have an NMR restraint file.

2762 structures in the PDB have a chemical shifts file.

1316 structures in the PDB have a 3DEM map file.

H.J. Wolfson - Structural -
RCSE PDE (citation) is managed by two members of the

About AboutUs | CitingUs | Publications | Team | Cargr-s | L!f(a)ge&F'rincE:
101N rmatiCs Research Collaboratory for Structural Bicinformatics:
Help  ContactUs | Help Topics | Website FAQ | BrowserTest | Glossary Rutgers and UCSD/SDSC
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Major Protein Structure
Classification Repositories

B SCOP
hitp://scop.mrc.Imb.cam.ac.uk/scop/

B CATH
http://www.blochem.ucl.ac.uk/bsm/cath/

H.J. Wolfson - Structural
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Major Algorithmic Tasks :

o Structural Alignment of Proteins and their
Classification.

 Functional Annotation.
* Protein Structure Modelling

 Prediction of Protein Interactions and the
Structure of Complexes.

« Computer Assisted Drug Design.
* Protein Design.

o Alignment and modeling of RNA structures.
 Modeling of DNA 3D structure (HIC).

H.J. Wolfson - Structural
Bioinformatics



Protein Structure Prediction-
Folding

* Given only the amino-acid sequence of a
protein, deduce Its native tertiary structure.

Target sequence
MAAG Y[AVILIS] — i

structural model




Protein structure

* Most proteins will fold spontaneously in water

— amino acid sequence should be enough to determine
protein structure

 However, the physics are daunting:
— 20,000+ protein atoms, plus equal amounts of water
— Many non-local interactions

— Can take seconds (most chemical reactions take
place ~10*? --1,000,000,000,000x faster)



Unfolded State:

%40 Conformations
Intermediate Folde: d

Levinthal Paradoxaﬁf%—'
By

Cyrus Levinthal, Columbia University, 1968
Levinthal's paradox

— If we have only 3 rotamers («,5,1) per residue a 100
residue protein has 31%° possible conformations.

— To search all these takes longer than the time of the
universe, however, proteins fold in less than a second.

Resolution: Proteins have to fold through some directed
process

Goal - to understand the dynamics of this process

Arne Elofsson
(arne@bioinfo.se)



Protein Folding vs Structure
Prediction

* Protein folding investigates the process of
the protein acquisition of its three-
dimensional shape.

— The role of statistics Is to support or discredit
some hypotheses based on physical principles.

e Protein structure prediction Is solely
concerned with the final 3D structure of the

protein

— use theoretical and empirical means to get to
the end result.




Methods of Structure Prediction

« Homology modeling
— Easy cases
— high seq. identity to known structures

* Fold recognition

— No discernable sequence identity to a known
structure

—a similar fold is (probably) known but hard to
identify
* Ab Initio (de novo) methods
— Most difficult
— No similar folds are known




Fold Recognition — Threading

The RAPTOR Algorithm

e Jinbo Xu’s Ph.D. thesis work.

e J. Xu, M. LI, D. Kim, Y. Xu, Journal of

Bioinformatics and Computational Biology,
1:1(2003), 95-118.



There are not too many

candidates!

e There are only about 1000 — 1500 topologically different
domain structures. Fold recognition methods aim to
assign the correct fold to a given sequence and to align
the sequence to the chosen fold.
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Protein Threading

« Make a structure prediction through finding an optimal placement
(threading) of a protein sequence onto each known structure
(structural template)

— “placement” quality is measured by some statistics-based energy
function

— best overall “placement” among all templates may give a
structure prediction

target sequence
MTYKLILNGKTKGETTTEAVDAATAEKVFQYANDNGVDGEWTYTE
template library




Threading Example

Sequence: M TKLILNAGCPRTGEWTYTE

Structure

Sequence:

MTK

L

ILNAGCPRTGH

.

1

WTYTI

-

l threading

C

Structure



Formulating Protein Threading by LP

 Protein Threading Needs:
1. Construction of a Structure Template
Library
2. Design of an Energy Function
3. Sequence-Structure Alignment algorithm
4. Template Selection and Model
Construction



w N

Assumptions :

Each template sequence is parsed a linear series of
(conserved) cores connected by (variable) loops.
Each core is a conserved part of an a—helix or 3-
sheet.

Alignment gaps are confined to loops.

Only interactions between residues in cores are
considered. An interaction is defined btwn two
residues, if they are at least 4 positions apart in the
sequence and the distance btwn their Cp3 atoms is
less than 7A.

An interaction is defined btwn two cores if there is at
least one residue-residue interaction btwn the
cores.



Threading Energy Function

how preferable to
put two particular
residues nearby: E,

(Pairwise potential)

alignment gap
penalty: E,

(gap score)

Minimize E to find a sequence-structure alignment

Sequence: M TK|L ILNAGCPRTGEWTY T 1

l threading

L

T
G ™
M A

Struchure

Consistency with the secondary structures: E

E=E, +E, +E, +E, + Eg,

L)

how well a residue
fits a structural
environment: Eg

(Fitness score)

sequence similarity
between query and
template proteins: E,

(Mutation score)




Contact Graph

1. Each residue as a vertex

2. One edge between two
residues if their spatial
distance is within a given
cutoff.

3. Cores are the most
conserved segments in the
template: alpha-helix, beta-
sheet

template

Original Contact Graph
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Simplified Contact Graph

Original Contact Graph

—ee 00 300 e 0l OO0 0 leee— |30 OO oo QD 30 — oo

corel cnred core3 cored

Mo gap allowed within cores

S mp]ifie.d Contact Graph

cote 1
— e D0 Do 0 NI oao 00 0 Bee—|o O 20 eaeo 0o 00 s




Contact Graph and Alignment
Diagram

Original Contact Graph

—se{ o oo & BT od oo o leese—|ad & O e oo G o Foos

core 1 care? l corel cored

Mo gap allowed within cores

Simplified Contact Graph

SJeguence



Contact Graph and Alignment
Diagram

Qriginal Contact Graph
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Variables

51 l'ﬂpliﬁﬂd Contact Graph

Sequence

LA B 0 W U W A A 0 UUUEU LU 0 W 0 A LS W N LA N S Ly
1

R[1,2.k]
D11 D21 — D[3]: Dfal: ——

* X(i,l) denotes core i is aligned to sequence position |

* vy(i,l,},k) denotes that core i is aligned to position | and core j is
aligned to position k at the same time.

* DI[i] — valid alignment positions for c(i).
* RIi,j,l] — valid pos. of c(j) given that c(i) is aligned to s(l).



Formulation 1

Minimize E . E
E=>a,%;+ 2 bininYonin

S.t. \
X Xy <1
S 1

E

E.,E

SS ? m

Yanco = XXk }
Encodes I;ﬁ]xi,' =1 \

scoring system
X0 Yk {05 Encodes interaction structures: the

first makes sure no crosses; the
second is quadratic, but can be
converted to linear: a=bc Is
equivalent to: a<b, a<c, a=b+c-1




RAFPTOR: Optimal Protein Thrmding by Lineor Programming 103

The constraint set = x5 follows:

Y mg=1, i=12...M; (8)
Je 0
E I+ E Tope =1,
1200 I )i ¢ D[i-+1]— Rl it+1,00] (9)
e Dlil, i=1,2,. .., M—1;

E Vin, i) =T, WED[, ii=12_.. M; (10}
ke R{i g 1)

E Vb = Tik, TEE D[], £5=1,2,... M; (11)
i Rij 6k

E Vi, ik = Tig + E re—1, leDfi, i,j=12,... . M; (12)
ke R k(i

E Yoi oy k) = Tk + E ro—1, ke D[j, i,i=12,....M; (13)
le Ry k| I 5.5, k]

iy {01}, jEﬂ[‘i|, i=1,2_ . M; (14}

Wengs €101}, ¥e D], ke D], 1,7 =1,2,.... M. (15)

Constraint 8 says that one core can be alipned to a unigque ssquence position,
ie. given core i, only one of the z; ;% is 1, for j € Dfi]. Constraint 9 forbids the
confficts between the adjscont two cores. Based on the transitivity of non-conflict
(see Lomma 2}, this constraint puarantess that there are no conflicts between any
two cores if variable 2 and y are iotegral. Therefore, it poarantess that the intepral
solution corresponds to a valid alipnment. Constraiots 10 and 11 say that at most
one intersction variable can be 1 between any two cores that have intersctions
hetwesn them. Conmstraints 12 and 13 enforee that if two cores have thelr alignments
to the sequence respectively and also have interactions betwesn them, then at least
one intersction variable shoukd be 1. Comstraiots 14 and 15 puarantes » and y

L I RN S S T B . o S R . I [T D .



Formulation used in RAPTOR

Minimize

E. E
9' P
E = Zai,lxi,l +Zb(i,l)(j,k)y(i,l)(Lk) /
S-t- \
X“ _ Zy(i,l)(',k)’VI (S D[I]
j ks, E

E

SS? n

keR[i, j,!]
Xix = 2 Yaniw 7k € D[] }
Encodes Ik IEng’i]( (k) \

scoring system ZX' _
. Encodes interaction

structures

X Yanago {01}




Solving the Problem Practically

1. More than 99% threading instances

can be solved directly by linear
programming, the rest can be solved
oy branch-and-bound with only several
oranch nodes

2. Relatively efficient

3. Easy to extend to incorporate other
constraints




Docking
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Docking Problem

Given 2 input molecules In their
native conformation, the goal is to
find their correct association as it

appears in nature.
pa—— e

A s

ol <

NV
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)
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Docking Problem:

H.J. Wolfson - Structural
Bioinformatics



Detection of a Lead Drug Compound
. The Key-In-Lock Principle

H.J. Wolfson - Structural
Bioinformatics



Docking - Motivation

e Computer aided drug design — a new drug
should fit the active site of a specific receptor.

 Understanding of the biochemical pathways -
many reactions in the cell occur through
Interactions between the molecules.

« Crystallizing large complexes and finding
their structure is difficult.

H.J. Wolfson - Structural
Bioinformatics



The Docking Problem

 Input: A pair of molecules represented
by their 3D structures.

e Tasks:

—Decide whether the molecules will form a
complex (interact / bind).

—Determine the binding affinity.
—Predict the 3D structure of the complex.
—Deduce function.

H.J. Wolfson - Structural
Bioinformatics 64



Forces Governing Biomolecular
Recognition

Depend on the molecules and the solvent.
* Van der Waals.

 Electrostatics.

* Hydrophobic contacts.

 Hydrogen bonds

« Salt bridges .. etc.

All interactions act at short ranges.

Implies that a necessary condition for tight

binding is surface complementarity.

H.J. Wolfson - Structural
Bioinformatics
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Shape Complementarity

H.J. Wolfson - Structural
Bioinformatics
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Necessary Condition for Docking

* Given two molecules find significant
surface complementarity.

T

VR

H.J. Wolfson - Structural
Bioinformatics
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Geometric Docking Algorithms

« Based on the assumption of shape
complementarity between the participating
molecules.

* Molecular surface complementarity —
protein-protein, protein-drug.

Remark : usually “protein” here can be
replaced by “DNA” or “RNA” as well.

H.J. Wolfson - Structural
Bioinformatics

68



Issues to be examined when
evaluating docking methods

* Rigid docking vs. Flexible docking :

— If the method allows flexibility:
* Is flexibility allowed for ligand only, receptor only or both ?

 Number of flexible bonds allowed and the cost of adding
additional flexibility.

* Does the method require prior knowledge of the
active site?

e Speed - ability to explore large libraries.

 Performance in “unbound” docking
experiments.

H.J. Wolfson - Structural
Bioinformatics 69



Bound Docking

In the bound docking we are given a complex of 2
molecules.

After artificial separation the goal Is to reconstruct the
native complex.

No conformational changes are involved.
Used as a first test of the validity of an algorithm.

3 .
R Y

. Wolfson - Structural
Bioinformatics 70

Docking
Algorithm




Unbound Docking

 In the unbound docking we are given 2
molecules In their native conformation.

 The goal is to find the correct association.

conformational changes (side-chain
and backbone movements), experimental
errors in the structures.

H.J. Wolfson - Structural
Bioinformatics 71



Bound vs. Unbound

Receptor surface 10 highly penetrating residues

Unbound ligand and receptor
superimposed on the complex

Kallikrein A/trypsin inhibitgr. Wolfson - Structural
complex (PDB codes 2KAI,6Bpfyformatics

72



e Based on

e Focuses on local surface divided
Into three shape types:

 The geometric surface complementarity
scoring employs advanced data structures for
molecular representation:
and

H.J. Wolfson - Structural
Bioinformatics 73



Molecular surface representation

Feature selection

Matching of critical features

Filtering and scoring of candidate
transformations

H.J. Wolfson - Structural
Bioinformatics 74



e Dense MS surface
(Connolly)

e Sparse surface
(Lin et al.)

H.J. Wolfson - Structural
Bioinformatics 75



e Dense MS surface

(Connolly) * Sparse surface

(Lin et al.)

82,500 points 4,100 points

H.J. Wolfson - Structural
Bioinformatics
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® Caps (yellow), pits
(green), belts (red):

G,op — Surface topology graph:

V = surface points

E = {(u,v)| u,v belong to the same atom}

H.J. Wolfson - Structural
Bioinformatics



Molecular surface representation

Feature selection Coarse curvafure
calculation
Division to surface
: y patches of similar
Matching of critical rurvature
features

Filtering and scoring of candidate
transformations
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knob

o IS @ measure of local
curvature. hole
o and are local minima and
maxima (<1/3 or >2/3), — the rest of
the points.
flat
* Problems: sensitivity to. . Kobs dots  holes
, 3 sets of points with 000 N
o 200 \
£ 100 4
. .. g'ZEI(](J // \\
* Solution: divide the values of the s ~ \
shape function to 3 2 00 . A
sets: ‘knobs’, ‘flats’ and ‘holes'. i I N I T =
0.2 0.4 0.6 0.8

H.J. Wolfson - Structural
Bioinformatics

shape function




Goal: Divide the surface into connected, non-
Intersecting, equal sized patches of critical
points with similar curvature.

— the points of the patch
correspond to a connected sub-graph of Gy,
— all the points of the patch

correspond to only one type: knobs, flats or
holes.

— to assure better matching we
want shape features of almost the same size.
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e Construct a for each type of
points: knobs, holes, flats.
Example: G,,,, will include all surface points
that are knobs and an edge between two
‘*knobs’ If they belong to the same atom.

« Compute of every
sub-graph.

e Problem: the sizes of the connected
components can vary.

 Solution: apply and ' ' routines.
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between two nodes Is a

weight of the shortest path between them in

surface to

pology graph. The weight of each

edge Is equal to the Euclidean distance

between t

largest ge

ne corresponding surface points.

— IS the
odesic distance between the nodes

of the component. Nodes s and t that give
the diameter are called diameter nodes.

S
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The diameter of every connected component
IS computed using the APSP (All pairs

shortest paths) algorithm (O(n?)).

1. low_patch_thr < < high_patch_thr - valid
patch

2. > high_patch_thr = split

3. <low_patch_thr = merge

» low patch_thr = 10A

» high_patch_thr = 20A

H.J. Wolfson - Structural
Bioinformatics 83



compute Voronoi cells of the diameter
nodes s,t. Points closer to s belong to new
component S, points closer to t belong to new
component T. The split is applied until the new
component has a valid diameter.

compute the geodesic distance of
every component point to all the patches. Merge with
the patch with closest distance.

Note: the merge routine may
merge point with patch of
different curvature type.
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Yellow - knob patches, cyan - hole patches, green - flat patches, the

proteins are in blue.
H.J. Wolfson - Structural
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Interface knob
patches of the
ligand

iH.J. Wolfson - Struct
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Interface hole
patches of the
receptor
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Indomethacin ,

Ind Indomethacin
g]ilglee thaet (;OX' 4 inside its knob
P patches
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Shape Representation Part
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There are major differences in the interactions of different types of
molecules (enzyme-inhibitor, antibody-antigen, protein drug).
Studies have shown the presence of energetic In the
active sites of the molecules.

Select patches with high enrichment of hot spot residues
(Ser, Gly, Asp and His for the enzyme,;
Arg, Lys, Leu, Cys and Pro for the inhibitor).

1. Detect CDRs of the antibodly. \ /
2. Select hot spot patches
(Tyr, Asp, Asn, Glu, Ser and Trp for antibody;

and Arg, Lys, Asn and Asp for antigen)

— Select large protein cavities

H.J. Wolfson - Structural
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Molecular surface
representation

Feature selection

Matching of
critical features

Filtering and scoring
of candidate transformations
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The aim is to align knob patches with hole
patches, and flat patches with any patch. We
use two types of matching:

. — one patch from the
receptor is matched with one patch from the
ligand. Used in protein-drug cases.

. — two patches from the
receptor are matched with two patches from the
ligand. Used in protein-protein cases.
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Creating Transformations in 3D Space

e A correspondence between a pair of 3 points is
necessary to compute a 3D transformation
>

b
3D transformation
a
C
©

* A correspondence between a pair of 2 points is
enoqu%i case their normals are given

3D Transformation Ng
$k | \ [
®
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Receptor hole patch Ligand knob patch

with their from
one patch.

Match every from a receptor patch with
from complementary ligand patches.

Compute the transformation for each pair of matched

bases.
H.J. Wolfson - Structural
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The of the base a
IS defined as follows:

1. Euclidean and geodesic
between the points:

2. The angles between the [a,b]
segment and the normals

3. The torsion angle w between the
planes
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the bases are built for all
ligand patches (single or pairs) and stored
In hash table according to base signature.

for each receptor base
access the hash-table with base signature.
he transformations set iIs computed for all
compatible bases.
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Molecular surface
representation

Feature selection

Matching of critical
features

Filtering and scori
of candidate transformations
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Dense MS surface

(Connolly)
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i
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 Since the transformations were computed by local shape features
matching they may include unacceptable steric clashes.

« Candidate complexes with slight penetrations are retained due to
molecular flexibility.

For each candidate ligand transformation
transform ligand surface points
For each transformed point
access Distance Transform Grid and check distance value
If it is more than max_penetration
Disqualify transformation
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* The scoring Is necessary to rank the remaining solutions.

* The surface of the receptor is divided into five shells according to the
distance function:

[-5.0,-3.6), [-3.6,-2.2), [-2.2, -1.0), [-1.0,1.0), [1.0>).

* The number of ligand surface points in
every shell is counted.

e Each shell is given a weight:

-10, -6, -2, 1, O.

» The geometric score is a weighted sum of
the number of ligand surface points

Inside every shell:
score=> N,W
i



\

Molecular o
. The correct solution is
cases with RMSD under
5A.
Features > o - t
. 2 of the correc
selec‘rlon solution can be in the
range of 1 — 1000.
Matching of
critical features )

Refinement and

i F'Her"“g and Rescoring minimizing
scoring Of candidate ‘ an Energy Function !
Tr'anSfO r'm(]'l' ilﬂﬂ&)lfson - Structural
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W trypsin
[ inhibitor from complex
B docking solution

A-chymotrypsin (5CHA) wit
Eglin C (1CSE(l)). RMSD 1.46#&
rank 10
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W[ antibody

= tissue factor from
complex

W  docking solution

Antibody Fab 5G9 (1FGN)
with tissue factor (1BOY).
RMSD 2.27A, rank 8
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Bl DNA strand

= endonuclease
B  docking soluti®

Endonuclease I-Ppol (1EVX)
with DNA (1A73).
RMSD 0-87'&’ rank 2 H.J. Wolfson - Structural
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Example 4: Protein-drug docking
(bound case)

@ Estrogen receptor

B Estradiol from '

complex
@ docking solution

Estrogen receptor with
estradiol (1A52). RMSD
0.9A, rank 1, running time: 11

seconds H.J. Wolfson - Structural
Bioinformatics
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References (PatchDock):

e D. Duhovny, R. Nussinov, H.J. Wolfson, Efficient
Unbound Docking of Rigid Molecules, 2’'nd Workshop on
Algorithms in Bioinformatics (WABI'02 as part of
ALGO’02), 2002, Lecture Notes in Computer Science
2452, pp. 185-200, Springer Verlag.

 D. Schneidman-Duhovny, Y. Inbar, R. Nussinov and H.
J. Wolfson, PatchDock and SymmDock: servers for rigid
and symmetric docking, Nuc. Acids Res., 33, W363—

W367, (2005).

« SERVER URL : http://bioinfo3d.cs.tau.ac.il/PatchDock/
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