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Fig.1 Three—dimensional structure of hPGK (a) and internal force distribution of hPGK in response to the exertion of

external forces (b)

In Figure la, the purple spheres are the force-loading sites, and the orange spheres are the hinge points between the two domains of hPGK.
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Fig.2 Allosteric pathways in hPGK identified by our method

The force-exerting sites are displayed by purple balls, and the springs with force larger than 0.05 pN are shown in green lines. The identified allosteric

pathways are represented by red or blue arrows. The inter-residue springs in the allosteric pathways are highlighted in red lines and the associated

residues are displayed in yellow balls.

Table 1 Internal forces between residues in the allosteric pathway of hPGK in response to the exertion of external forces

Allosteric pathway Internal force values/pN

Arg38—Thr393—Gly394 0.576 0.123
Arg38—Thr393—Ala41—Leul 88—Glu192 0.576 0.251 0.050 0.070
Asn336—Gly371—Thr393—Gly394 0.266 0.330 0.123

Asn336—Gly371—Thr393—Ser392—Glul92 0.266 0.330 0.241 0.050
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Fig.3 The three—dimensional structure of PTP PDZ2 (a) and internal force distribution of PTP PDZ2 in response to the
exertion of external forces (b)
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Fig. 4 Allosteric pathways in PTP PDZ2 identified by our method

The force-exerting sites are displayed by purple balls, and the springs with force larger than 0.01 pN are shown in green lines. The identified allosteric

pathways are represented by red arrows. The inter-residue springs in the allosteric pathways are highlighted in red lines and the associated residues are

displayed in yellow or orange balls.
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Table 2 Internal forces between residues in the allosteric pathway of PTP PDZ2 in response to the exertion of

external forces

Allosteric pathway

Internal force values/pN

Gly19, Ser21—lle41, Gln43, Gly45—Serl7
His71—Val22, 11e20—Val37—Gly55—GIn93, Lys91—Gly4

0.179 0.220 0.099 0.120 0.139
0.396 0.314 0.180 0.041 0.037 0.016 0.010
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Identification of Protein Allosteric Pathway and Related Key Residues by
Using Elastic Network Model

LI Jiao", WANG Wei-Bu", SU Ji-Guo'?*

(”Key Laboratory for Microstructural Material Physics of Hebei Province, College of Science, Yanshan University, Qinhuangdao 066004, China;
DThe Sixth Laboratory, National Vaccine and Serum Institute, Beijing 101111, China)

Abstract Objective  Allostery plays important roles in regulating protein biological functions. How to
effectively identify the allosteric signal transduction pathway and the related key residues from the tertiary
structure of proteins is a hot scientific problem in the research field of protein structure-function relationship.
Methods In the present work, a method based on elastic network model (ENM) combined with force
distribution calculation was used to investigate the response of proteins to the external loading forces, and then
the allosteric pathway and associated key residues in proteins were identified based on the analysis of internal
force distribution. In this method, external forces were exerted on the allosteric site of the protein, and then the
deformations and internal force distributions within the protein in response to the external loading forces were
analyzed. Based on these analyses, the key sites that are coupled with the deformation of the force-loading region
were identified, and the transduction pathway of the force signals in the protein was obtained. Results By using
the proposed method, two proteins, the human phosphoglycerate kinase (hPGK) and protein tyrosine phosphatase
(PTP) PDZ2 domain, were investigated to identify the allosteric pathway and the related key residues in the
systems. For hPGK, two allosteric pathways were identified, which mediate the transduction of force signals from
the substrate binding site to the hinge region of the protein. For PTP PDZ2, two long-range allosteric pathways,
from the ligand binding site to the distantly opposite side of the protein, were also successfully revealed. The
calculation results are consistent with the experimental observations and the results obtained with molecular
dynamics simulations. Conclusion This study provides an effective method for the identification of key residues

and allosteric pathway in proteins.

Key words human phosphoglycerate kinase, protein tyrosine phosphatase PDZ2, elastic network model, force
distribution, key residues, allosteric pathway
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