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Formation of protein complexes

▪ Proteins physiochemically interact with 

eachother

▪ But why do proteins bind ‘spontaneously’?

▪ Same energetics and interactions as ones 

involved in protein folding

▪ Reduces the free energy of the two proteins 

separately as a consequence of non-covalent 

interactions between participating proteins

▪ For example: Burial of non-polar residues
▪ Decrease in enthalpy

▪ Increase in entropy of water molecules
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Formation of protein complexes
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Formation of protein complexes

▪ Strength of binding

▪ Binding affinity

▪ Change in free energy of the complex and the 

sum of free energies of the unbound 

components

▪ Usually very small: - 2.5 to -22 kcal / mol
▪ Protein complexes are only marginally stable

▪ For comparison: Breaking a single covalent bond requires 

65-175kcal/mol
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Models for protein interactions

▪ Lock and Key Model

▪ Shape complementarity between the proteins 

and the binding molecules is essential for 

binding
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Models for protein interactions

▪ Induced Fit Model

▪ Shape complementarity is important 

but is not the sole cause of binding

▪ The binding process is also driven by 

non-covalent intermolecular forces 

such as van der Waals interactions, 

hydrophobic effects and Hydrogen 

bonding

▪ Binding process can cause 

conformational changes in the protein 

leading to an induced fit of the binding 

partner to the protein
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Models for protein interactions

▪ Conformation Selection Model

▪ The protein is dynamically fluctuating

▪ The ligand selects the conformation of the 

protein which is compatible with binding 

▪ Shifts the conformational ensemble towards 

this state
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Energetics

8

he three classical models for interactions between globular proteins: (A) lock and key model, (B) 

induced fit model and (C) conformational selection. The energy of the system is sketched against a 

single coordinate of the conformational space. The initial and final states of proteins are represented 

by light and dark dots, respectively. Arrows mark the pathways of binding and dotted arrows show 

binding pathways with unfavorable energies.

. Mészáros, I. Simon, and Z. Dosztányi, “The expanding view of protein–protein interactions: complexes involving intrinsically disordered 

proteins,” Phys. Biol., vol. 8, no. 3, p. 035003, Jun. 2011.
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Types of Protein Interactions

▪ Homo and Hetero Complexes

▪ Obligate or Non-obligate

▪ If proteins in a complex can exist as 

independent tertiary structures then such a 

complex is called non-obligate

▪ Non-obligate complexes can be transient or 

permanent
▪ Transient complexes break down after formation in vivo
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Types of Protein Interactions

▪ Based on functional context

▪ Enzyme-Substrate

▪ Antibody-Antigen

▪ Receptor-Hormone

▪ Task
▪ Find at least one example of each of the following in the PDB

▪ Homodimer

▪ Heterotrimer

▪ Obligate Complex

▪ Transient Coimplex

▪ Permanent Complex

▪ Enzyme-Substrate, Antibody-Antigen, Receptor-Hormone
10
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Computational Problems in Protein Interactomics

▪ Binding prediction

▪ Whether two proteins bind or not?

▪ Prediction of protein complex stability

▪ Prediction of interfaces / binding sites

▪ Predicting the bound structure of the protein

▪ Data mining in protein-protein interaction 

networks

▪ Computational Design of protein interfaces

▪ Design of protein specificities
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Protein interactions

▪ Methods to investigate protein-protein 

interactions

▪ Yeast two-hybrid screening

▪ Affinity Purification coupled to Mass 

Spectrometrs

12http://en.wikipedia.org/wiki/Methods_to_investigate_protein%E2%80%93protein_interactions

http://en.wikipedia.org/wiki/Tandem_affinity_purification

http://en.wikipedia.org/wiki/Methods_to_investigate_protein%E2%80%93protein_interactions
http://en.wikipedia.org/wiki/Tandem_affinity_purification
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Binding Prediction

Interaction Prediction

Interacting isoform prediction

Binding Site Prediction

Interface Prediction

Hotspot Prediction

Mutational analysis
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Genome wide interaction 
analysis

Cross-species interaction 
analysis

Domain interaction analysis

Interaction network and 
interactome analysis
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MUST READ
Mosca, Roberto, Tirso Pons, Arnaud Céol, Alfonso 

Valencia, and Patrick Aloy. “Towards a Detailed Atlas 

of Protein–protein Interactions.” Current Opinion in 

Structural Biology, Catalysis and regulation / Protein-

protein interactions, 23, no. 6 (December 2013): 929–

40. doi:10.1016/j.sbi.2013.07.005.
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Predicting Interactions

▪ Servers

▪ Interologs -- BIPS. Biana Interolog Prediction 

Server
▪ http://www.ncbi.nlm.nih.gov/pubmed/22689642

▪ http://sbi.imim.es/web/index.php/research/servers/bips

▪ iLoops
▪ http://sbi.imim.es/iLoops.php

▪ http://www.ncbi.nlm.nih.gov/pubmed/23842807

▪ PrePPI
▪ http://www.ncbi.nlm.nih.gov/pmc/articles/pmid/23193263/

▪ http://bhapp.c2b2.columbia.edu/PrePPI

▪ 15

http://www.ncbi.nlm.nih.gov/pubmed/22689642
http://sbi.imim.es/web/index.php/research/servers/bips
http://sbi.imim.es/iLoops.php
http://www.ncbi.nlm.nih.gov/pubmed/23842807
http://www.ncbi.nlm.nih.gov/pmc/articles/pmid/23193263/
http://bhapp.c2b2.columbia.edu/PrePPI
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Predicting Interfaces: Difficulties

▪ Conformational change

▪ Protein flexibility & Motion
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Difficulties in making predictions

▪ Dependence of 

binding propensity on 

the binding partner

▪ Alternative binding 

modes
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Advantages of partner-specific predictions

▪ Pairwise interaction prediction

▪ Enumeration of distinct binding 

modes

▪ Simultaneous binding to other 

proteins possible or not?

▪ Modeling of the partner-specific 

nature of binding propensity

18
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Partner Independent Predictors

▪ Meta-PPISP: Combines the outputs of

▪ cons-PPISP: ensemble Neural Network with 

sequence profile and surface accessibility 

features

▪ Promate: Empirical scoring scheme based on 

physiochemical properties, conservation, B-

factors and geometrical features

▪ PINUP: Empirical energy function

▪ PredUS: Conservation based

▪ PrISEc: Template based
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Template Based Methods

▪ Use known interface templates

▪ PIPE-Sites

▪ PRISM

▪ ISEARCH

▪ Advantages?

▪ Disadvantages?
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Docking Methods

▪ Generate the docked or bound structure of the protein with 

its partner

▪ ZDOCK

▪ HADDOCK

▪ RosettaDock

▪ Steps

▪ Pose Generation

▪ Pose Scoring
▪ Decoys

22By Scigenis - Own work, CC BY-SA 4.0, 

https://commons.wikimedia.org/w/index.php?curid=46252029

https://en.wikipedia.org/wiki/Docking_(molecular)

https://commons.wikimedia.org/w/index.php?curid=46252029
https://en.wikipedia.org/wiki/Docking_(molecular)
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Machine Learning based Methods

▪ InSite

▪ Indirect information

▪ PPiPP

▪ PAIRpred

23



CIS529: Bioinformatics

Pakistan Institute of Engineering & Applied Sciences

Hybrid Methods

▪ Li, Bin, and Daisuke Kihara. 2012. “Protein 

Docking Prediction Using Predicted Protein-

Protein Interface.” BMC Bioinformatics 13: 7. 

doi:10.1186/1471-2105-13-7.

▪ PAIRpred with Template Based Kernels and 

Docking

▪ Esmaielbeiki, Reyhaneh, Konrad Krawczyk, 

Bernhard Knapp, Jean-Christophe Nebel, and 

Charlotte M. Deane. 2015. “Progress and 

Challenges in Predicting Protein Interfaces.” 

Briefings in Bioinformatics, May, bbv027. 

doi:10.1093/bib/bbv027.
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http://raptorx.uchicago.edu/BindingSite/

http://raptorx.uchicago.edu/BindingSite/
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http://zhanglab.ccmb.med.umich.edu/BSpred/

http://zhanglab.ccmb.med.umich.edu/BSpred/
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Docking

27http://rosie.rosettacommons.org/docking/

http://rosie.rosettacommons.org/docking/


CIS529: Bioinformatics

Pakistan Institute of Engineering & Applied Sciences

Docking

▪ D
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http://zdock.umassmed.edu/

http://zdock.umassmed.edu/
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http://combi.cs.colostate.edu/supplements/pairpred/

http://combi.cs.colostate.edu/supplements/pairpred/
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CAPRI

30https://en.wikipedia.org/wiki/Critical_Assessment_of_Prediction_of_Interactions

http://www.ebi.ac.uk/msd-srv/capri/round27/round27.html

https://en.wikipedia.org/wiki/Critical_Assessment_of_Prediction_of_Interactions
http://www.ebi.ac.uk/msd-srv/capri/round27/round27.html

