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Protein‐Protein influencesReactome Modelling Interactome ModellingPathway Modelling

Nagasuma Chandra, Research Overview

Algorithms for Structure Analysis 
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Modeling Metabolism in M. tuberculosis

Growing bacteria InGenes 661 Growing bacteria In 
silico under different 
media

Proteins 543

Reactions (Intra 
Systems)

939

In silico gene 
deletions

Essential nutrients

Reactions 
(Exchange)

88

Gene Association 
Reaction

77%
Essential nutrients 
required for growth

Response to other 
P t b ti

Reaction

Metabolites  828

Average Confidence 2 31 Mtb Reactome Flux profile Perturbations‐
Nutrient Uptake 

Insights obtained

Average Confidence 
Level

2.31 Mtb Reactome Flux profile

Insights obtained
– Gene Essentiality:    220 essential genes
– Nutrient essentiality: 
– Hard coupled reaction sets: groups of reactions 

h   f d   i  i  d    that are forced to operate in unison due to mass 
conservation and connectivity constraints)

– Fatty Acid Metabolism & Lysine Metabolism Raman et al., 2008
3



Drug Resistance PathwaysDrug Resistance Pathways
Abstraction of the flow of information that leads to Drug 

Resistance in TB bacilli

4Raman and Chandra, 2008, BMC Microbiology



Host‐Pathogen Interaction Network

5
A Boolean model of HPIs developed, Simulations to capture a variety of scenarios

Raman, Bhat & Chandra,   Mol. Biosyst, 2010



Modelling iron homeostatis in M.tuberculosis
S Gh h KVS P d S thi Vi h h N Ch dSoma Ghosh, KVS Prasad, Sarswathi Vishveshwara, Nagasuma Chandra

Ghosh et al., Mol Biosyst,   2011, In Press



Integration of Systems Perspective with Integration of Systems Perspective with g y pg y p
Structural level detailStructural level detail

Raman, Kalidas, Chandra, 2008
Model Driven Drug Discovery: Principles and Practices In: Biological Database Modeling, Artech House ISBN 15969325897



Comparison of protein molecules

Data-driven 
Model-
driven

Databases

?
Gene
Ontologies

How to compare?
– Annotation‐ keyword

d f

Ontologies

– Function identification
• Molecular level
• Cellular level

Sequence Alignment

• Cellular level

– Sequence ‐ Alignment
– Structure – Fold comparison

Structure Alignment

Structure  Fold comparison



Problems with these approachesProblems with these approaches
• Dissimilar Sequences‐ Similar Function  benzoylformate decarboxylase (BFD) and 

pyruvate decarboxylase (PDC)

• Similar sequences‐ Different Function  Steroid delta isomerase; nuclear 
transporter 2; scytalone dehydratase

Similar Structures Different Function triose phosphate isomerase and FMNSimilar Structures‐ Different Function triose phosphate isomerase and FMN‐
linked oxidoreductases

Dissimilar Structures – Similar Function ATP binding proteins from different 
SCOp families; C‐type lectin and bulb lectinSCOp families; C type lectin and bulb lectin

Chymotrypsin & Subtilisin



What really matters for aWhat really matters for a 
protein molecule is its functionprotein molecule is its function 
and not what means it uses to 

achieve it !



It’s themeaningmeaning that counts….It s the meaningmeaning that counts….

Whether two proteins can recognize the p g
same molecules



Molecular recognitionMolecular recognition



Multiple alignment of bulb lectins indicating the mannose binding sequence motif 



A structural motif specific for mannose recognition





Structural BioinformaticsStructural Bioinformatics



Structural Bioinformatics: Development of 5 novel algorithms 
integrated into PocketSuite

PocketDepth

k
PocketMatchPocketAlign

PocketSuite

PocketDesignLigandAlign

17 Yeturu and Chandra; 2008, 2009, 2010, 2011



Binding site Prediction Methods:Binding site Prediction  Methods:

Homology-based methods
 Alignment with known sites
 Conservation

Sequence-based methods
Motifs

Structure-based methods

Geometric ChemicalGeometric Chemical
Hybrid methods

M hi l iMachine learning



Binding site prediction Methods





Geometry based

Dcryst 2007Sep23



PocketDepth
Grid based binding site prediction method

Figure 1Figure 1

(b) ( )(b)(a) (c)



Grid Bar Generation





Rendering of DepthFactor as temperature



CLUSTERING METHODS





Clustering based on Depth Factor



In 82% and 94% of proteins (PDBBind 1091) top 5 and 10 ranked clusters overlapped with crystal ligand

In dimers
ranks 1 and 2 
corresponded
to ligand locations 

Kalidas & Chandra (2007) JSB (in press) PocketDepth..



Binding Site Prediction Algorithms: PocketDepth Performance

Kalidas & Chandra, 2008 
JSB



Bi di Sit C iBinding Site Comparison



Need..
Binding site comparison canBinding site comparison can

 P di t I t t id i t i bi di it Predict Important residues in a protein binding site
 Predict the function of a hypothetical protein.
 Predict the similarity between proteins.



Context of Binding Comparison…Context of Binding Comparison…

• Sequence or structural similarity && Not sameSequence or structural similarity && Not same 
molecular function

• Same function && No fold similarityy
Nicola D.G & Richard M.J, (2006) J. Mol. Biol.

• Necessity of binding site comparison methodsNecessity of binding site comparison methods
– Understanding protein function
– Understanding side effects of drugs– Understanding side effects of drugs

Dcryst 2007Sep23



Challenges in site comparison

• Point set superposition

Challenges in site comparison

• Binding site  Set of points (atoms/residues)
• Determining point-point correspondencesg
• Topology Undefined; Size of ‘match’ small &

unknown (‘Indels’ possible)
• Involves costly least squares evaluation of rotation & 

translation matrices
• Many possible correspondences

Geometric Hashing; Maximal Common Sub‐graph Search; Depth First g; g p ; p
Traversal (incrementally determine correspondences)



Comparison of a pair of binding sites 
involves three aspects:
(a) representation of each site as sorted lists of(a) representation of each site as sorted lists of

distances between chosen points,

(b) alignment of two sets of distance lists and 

(c) choosing a scoring scheme for
i i t fi larriving at a final score



Description of the siteDescription of the site

• Global featuresGlobal features
– Volume

Surface area– Surface area

– Number of polar/non‐polar atoms/residues

Sh D i t• Shape Descriptors; Frame‐invariant representations

– Image moments

– Spherical harmonics

– All pair sorted distance sequences (PocketMatch)

(Morris et al., 2005, Bioinformatics ; Gold and Jackson, 2006, NAR; CavBase - Kuhn et al., 2007, CHEMMEDCHEM; PINTS – Stark et 
al., 2003, NAR; SPASM & RIGOR – Gerard et al., 1999, JMB; Binkowski et al., 2003, JMB; Morris et al., 2005, Bioinformatics; Nagano et 
al., 2002, JMB; Kunin et al., 2001, JMB; Campbell et al., 2003, An et al., 2005)



Tools for Binding site comparison :
 PocketMatch- A new algorithm to compare binding sites in protein 

structures
 CavBase CavBase
 SitesBase- a database for structure-based protein–ligand binding site 

comparisons
 CPASS - Comparison of Protein Active-Site Structuresp
 PINTS- Patterns  in Non-homologous Tertiary Structures
 Spasm/RIGOR
 SMAP-WS Pairwise Comparison /SMAP-WS Database Search SMAP WS Pairwise Comparison /SMAP WS Database Search 
 SiteSorter™ -N-by-N Binding Site Similarity Assessment
 SLiC ‐Site-Ligand Contact Analysis and Binding Mode Similarity 

AssessmentAssessment
 MAPPIS(Multiple Alignment of Protein-Protein InterfaceS (PPIs))-

Recognizes spatially conserved chemical interactions shared by a set of PPIs
 MULTIBIND(Multiple Alignment of Protein Binding Sites)‐ MULTIBIND(Multiple Alignment of Protein Binding Sites)

Recognizes Spatial Chemical Binding Patterns Common to a Set of Protein 
Structure



PocketMatch Algorithm

Number of matching distance elements



PocketMatch Algorithm
http://proline.physics.iisc.ernet.in/pocketmatch/

3 f i (C C C )3 types of points (CA,CB,CNTR)
5 types of residue groups (AVILGP; KRH;
DE; YFW; CSTQN)
(3*(3‐1)/2+3)*(5*(5‐1)/2+5)  90 lists
120 li ibl d i ld d120 lists are possible and yielded 
similar results.

PocketMatch: A new algorithm to compare binding sites in protein structures
Kalidas Yeturu and Nagasuma Chandra, 2008, BMC Bioinformatics



PocketMatch implementationPocketMatch  implementation

• Sites extracted Sites extracted
around (4Å) 
ligand/predicted pocket

• Complete residues 
representative points 
Sorted Distance listsSorted Distance lists

• MPI version (C language)

• Run on IBM BluegeneRun on IBM Bluegene
utilizing 1024 processors



Validation with respect to random

Perturbation studies
Validation with respect to random
perturbation of positions of site-points

Random perturbations of site points for 
(a) ligand(PP8) with 54(a) ligand(PP8) with 54
PMScores for perturbed sites with 
respect to its original site for different 
extents of perturbations(RMSD) are 
shown at different values of (1.0-

Type perturbation
Superposition of sites shown at different values of  (1.0

green,0.5-red,0.25-cyan,0.125-
blue,0.01-yellow)

with (a) High 
PMScores (80.9% for 
1H8H-ATP and 1W0K-
ADP) and (b) low \
PMScores (25.8% for 
1H8H-ATP and 1H8H-
ADP)



Validation

l dATP‐ADP Similar and 
dissimilar sites

42
SCOP VS PM

Known similarities in tetramers



Cladogram based validation

Detection of part‐similarities by

Cladogram for pairs of sites

Detection of part similarities by 
PocketMatch. 
Examples illustrating binding of different 
ligands in essentially the same binding 
pocket,  but with different orientations. The 
part‐similarities in these were identified 
correctly by PocketMatch.  Binding of 
different trypsin inhibitors (stick models) 
complexed to trypsin variants (wire)  as in 
PDB entries  (a) 1GJC and 1V2Q and (b) 1GJC 
and 2AYW.



Need for site alignmentNeed for site alignment

• Different folds exhibit similar binding sitesDifferent folds exhibit similar binding sites
– Ex – cofactor binding sites HEM, NAD, FAD

• Difficult to detect local similarities by human• Difficult to detect local similarities by human –
error prone

• Structural motifs – determining function



pdb1rp4.ent_FAD‐pdb1jra.ent_FAD‐pa pdb1rm8.ent_BAT‐pdb1bkc.ent_INN‐pa

pdb1m6z.ent_HEC‐pdb1e2z.ent_HEC‐pa pdb9ldt.ent_NAD‐pdb1ee2.ent_NAD‐pa



Challenges in alignmentChallenges in alignment

• Many possible local similarities existMany possible local similarities exist
– Exhaustive enumeration is impractical

• Finding out the best is tough• Finding out the best is tough
– Quantify when does an expert call superposition 
‘good’‘good’

• What level to consider structural match
– Atomic, Residue, C‐alpha



Superpositions of FAD binding sites
1C0P and 1HYU



POCKETALIGN



PocketAlign
l f b dAlignment of binding sites

Yeturu and Chandra, JCIM (ACS), 2011, In press



Schematic



•Scores between residue pairs
•Descending order sorted pair‐scoresDescending order sorted pair scores
•Selection of top pair from left moving righ on
the string





PocketAlign (Validation & New Results)PocketAlign (Validation & New Results)

• Ran for a set of 34 pairs of sites known to beRan for a set of 34 pairs of sites known to be 
similar

• Encouraging results obtained from a set of 143• Encouraging results obtained from a set of 143 
pairs of histamines,  29 pairs of lectins, 209 
pairs of sites of carbohydrate (GAL GLC andpairs of sites of carbohydrate (GAL, GLC and 
MAN) sites and ATP binding sites



Cladogram of MHC class I binding sites of 120 molecules from various species



targetTB – Target Identification Pipeline

Raman et al ;. 2008, BMC Syst. Biol
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Chandra,  Expert Opin Drug Disc. 2009
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