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Introduction

Protein motion can be described as a link between protein structure and its function. The role assumed by protein

motion varies from transmitting allosteric signals in small scale and conformational changes in large scale for

folding and metabolite transport, large assembly formation and cellular movement. Protein motions occur on time

scales of picoseconds to seconds and on length scales of angstroms locally to nanometers globally. This breadth

renders their study with any single experimental or simulation method impossible. Two frequently encountered

classes of protein motions include shear and hinge categories. Furthermore, a relative minority of motions exist that

cannot be classified as above and demand classes of their own- e.g. partial refolding in, or beta-sheet deformation

in TATA-box binding protein -. Another factor to consider when categorizing proteins is the size of motion that is

commonly ordered in motion of subunits, domains and fragments (implying bigger than residue movement and

smaller than that of the domain).

Allostery is the concept that encompasses other non-orthosteric sites on enzymes, prone to enzyme-ligand

interactions, regulating the enzyme activity. Whether positive or negative, the modulation is a product of

conformational changes subsequent to the ligand binding that occurs with the propagation of a signal from the

allosteric site to the active site. Allosteric site identification in proteins, thus, has become of great pharmaceutical

interest. Many allosteric sites have been identified with a variety of biochemical and biophysical methods. A

common experimental approach is high-throughput screening followed by X-ray crystallography, phage display and

tethering. Other instruments are solid-state and relaxation dispersion nuclear magnetic resonance (NMR), H/D

exchange mass spectrometry, patch-clamp fluorometry electro-physiology, disulfide trapping, and fragment-based

screening. More recently a number of computational methods have been developed to further aid allosteric site

identification. they have been classified as follows:

1. Sequence-based prediction methods; Statistical coupling analysis (SCA):

which utilizes a multiple sequence alignment (MSA) in a given protein family to identify protein sectors –( defined

as networks of co-evolving residues). Protein sectors are postulated to the communicational link between allosteric

and orthosteric sites in proteins. Hence, identification of surface sites in direct contact with protein sectors can

suggest that they can be possible allosteric sites.

2. Structure-based prediction approaches; Allosite:

Utilizing allosteric site database (ASD), a vast collection of allosteric targets and their modulators, Allosite have

been developed which uses algorithms such as pocket-based analysis and support vector machine (SVM) classifier

to predict the location of allosteric sites in proteins.

3. Normal mode analysis-based prediction approaches; Normal mode analysis:

Normal mode analysis (NMA) provides us with global modes that have functional significance. More than 

capturing most of the main motions of quaternary structures it also predicts significant regions for mediating 

allosteric signals. PARS is the most recent advance in normal mode analysis.

PARS:

Protein allosteric and regulatory sites (PARS), is a webserver to predict allosteric sites. This method is based on the 

alteration of protein flexibility upon ligand binding described by NMA. Possible ligand-binding sites are obtained 

through the LIGSITEcs program. Then NMA is performed on the unbound and ligand-bound protein. The 

difference between the two states is compared and if a significant change is observed, it suggests the presence of a 

possible allosteric site.

4. Dynamics-based prediction approache:

Atomistic molecular dynamics (MD) is a highly accurate method that inserts proteins in a solvent and simulates

local and global conformational alterations of them. MD has provided an atomic-level perspective for the whole

process of drug binding. Thus, this method makes a thorough investigation of allosteric sites possible without any

previous knowledge of the binding sites.

5. NMA-based prediction coupled with dynamics; SPACER:

SPACER, is a method for identifying allosteric and other biologically relevant sites based on measuring ‘binding

leverage’. SPACER has been highly successful in allosteric site discovery in structurally homologous proteins. for

the purpose of finding surface binding sites, Monte Carlo simulations are applied. Under deformation, the strain on

the ligand-protein contact is acquired by low-frequency normal modes for each site. High strains suggest a high

binding leverage, proposing that the site can affect the conformational state of the protein through a population shift

mechanism.

Abstract:

The dynamic nature of the proteins gives rise to a variety of conformations which are relevant to their biological

functions. Conformational changes can be defined as an exchange between main structure states. Studying the

structural and biophysical properties of these states are challenging because of the complexity of the information

they contain. The Perturbation Response Scanning (PRS) method, could be considered as a promising

computational approach to study dynamics of proteins. The goal of this project is to investigate the potential

residues/areas of proteins capable of modulating conformational changes (allosteric modulation). To this aim, PRS

will be applied to identify key residues of different groups of proteins based on their motions and results will be

comparatively evaluated with experimental data. In addition, a summery of other state of the art computational

methods for allosteric site identification is provided.

Proteins under study:

The fourteen selected proteins are known to have functional roles suggesting an allosteric modulation; allosteric 

key residues for five of them had been identified in the literature and are gathered in the table below. For the 

remaining proteins no paper was found pointing out to the allosteric sites. hence, PRS predictions for those, would 

be significant for future wet-lab allosteric identifications. 
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Figure2. All representations are modeled using VMD and the atomic coordinates are taken from PDB database. Cyan color represents

the Apo state and yellow color represents the Holo state. Both states are aligned and the disposition between them intuitively suggests a

discernible global motion in the protein, making it a qualified PRS candidate. The modeled proteins respectively are; (1) Beta-

glucosyltransferase, (2) hexokinase, (4) Osmo protein, (3) D- Allose binding protein, (4) L-leucine-binding protein, (5) Alginate Binding

Protein, (6) DAHP synthase and (7) Biotin Carboxylase.

Perturbation-Response Scanning (PRS)

MD simulations provide detailed information about the atomic motions. Perturbation Response Scanning (PRS) 

coupled with all-atom MD simulations is a promising method to explore the dynamics of a protein and allosteric 

modulation of its main structural states as well as to reveal the corresponding key residues involved in the transition. 

PRS is based on linear response theory(LRT) and elastic network models.  In this method, target state of protein 

described by a perturbation of the Hamiltonian of the initial state by applying sequential random forces on each 

residue. Initial and target states could be open-close or bound-unbound forms of protein.  Resulting shift in the 

coordinates record as a response and approximated by: 

PRS needs several steps to set up. The procedure can be described with the flowchart given below.

1. Database

1.1. Database of Macromolecular Movements (MolMovDB database)

Gerstein and Krebs have developed a database of proteins and nucleic acids movements classified based on their 

size and packing . Various conformational states of a protein are available in PDB format and a brief explanation 

have also been included . One can find apo and holo forms of each protein and the type of its movement including 

shear, hinge ,and rotations. In this project, we have made our groups based on the classifications described in the 

database (http://molmovdb.org/).

Conclusions and further studies

With this literature review study we have achieved a research framework on which allosteric site identifications

can be done using PRS method with the a special attention to the global motion characteristics of the proteins

under study.

PDB files are carefully chosen and RMSD calculations have been done for each protein. They are together with the

global motions and their known allosteric sites from discussed databases are presented in the table below.

Future studies will be running PRS on each of the proteins and comparing the yielded allosteric residues to those

obtained from different wet lab experiments. Hopefully, we will see a connection between the global motion types

and the conformity of PRS results to those obtained through wet lab experiments.

Protein Residue 

Count

Apo / Holo RMSD(Å)

(Apo / Holo)

Motion Allosteric Residues

Beta-glucosyltransferase 351 1JEJ  / 1JG6 2.1 Hinge

Hexokinase 298 2E2N / 2E2O 3.0 Hinge

Alginate Binding Protein 490 1Y3Q / 1Y3N 4.7 Hinge

ProX(osmo) 270 1SW5 / 1SW2 5.0 Hinge

D-allose binding 288 1GUD /1RPJ 4.4 Hinge-bending

L-leucine-binding protein 345 1USG / 1USI 7.1 Hinge

Thymidylate Synthase 264 3TMS / 2TSC 0.8 Shear Asn183, Arg175, Tyr258

Annexin V 316 1ANX / 1AVR 1.7 Hinge Lys79, His267

myosin 730 1VOM / 2AKA 6.6 Not fully classified Ser260,Lys265,Arg428

Leu431, Asp590, Pro591

Leu592, Ile617

GroEL 524 1AON/1OEL 12.38 Complex motions Lys10

DAHP synthase 338 1RZM / 1VR6 10.10 Rotations

Hemoglobin 141 4HHB / 2HCO 0.73 Allosteric Arg142, Lys100, Thr138,

Leu35,Lys128, Pro96,

Thr135,Ala131, Val2, Phe37

Protein Residue 

Count

Unbound

(APO)

+DNA

+Ca ion

+DNA

+Mg ion

RMSD(Å)

(Apo / Holo)

Motion Allosteric Residues

SwaI 226 5TGQ 5TGX 5TH3 2.6 Hinge

Protein Residue 

Count

Unbound

(APO)

+ATP

(HOLO)

+ADP

+Biotin

RMSD(Å)

(Apo / Holo)   

Motion Allosteric Residues

Biotin C. 446 1DV1 1DV2 3G8C 3.6 Hinge
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Table 1: selected proteins and their relevant properties

Table 2: SwaI and related properties

Table 3: Biotin Carboxylase and its relevant properties

1.2. Protein Data Bank
Protein Data Bank (PDB) is a database collecting three-dimensional structures of biological macromolecules such 
as proteins and nucleic acids which obtained via experimental methods including NMR and X-Ray crystallography. 
Each state of a specific molecule has a four-character name or PDB code as well as all related information 
including sequence, structural information, atomic coordinates- experiment conditions ,and citations 
(https://www.rcsb.org/)
1.3.  Holo / Apo protein set
In this project we used the Holo/Apo protein set selected by Atilgan. et al  to compare the results of Network-
based PRS with experimental data and MD-based PRS.
1.4. AlloSteric Database (ASD)
ASD is a database of allosteric proteins and their corresponding modulators in three categories of activators, 
inhibitors and regulators. For the proteins a description of allostery, biological process clinical significance and for 
the modulators, binding affinity, physicochemical properties and therapeutic areas have been provided. More 
than 286 allosteric proteins, 565 allosteric diseases and 22008 allosteric modulators have been deposited. In 
addition, Up-to-date allosteric pathways were manually curated in the database. Subtypes among proteins of the 
same family can be better defined using ASD and the modulator data can be used by chemists for structure 
modifications in allosteric drug design.

Figure1.  Flowchart of the study
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