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Effects of Tension on 31 Integrin and ICAPI Interaction Using
Molecular Dynamics Simulations
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(Institute of Biomechanics, School of Bioscience and Bioengineering, South China University of Technology,
Guangzhou 510006, China)

Abstract; Objective To investigate the mechanism and molecular structural basis of the tension-regulated
interaction between ICAP1 and B1 integrin. Methods Based on the crystal structure data of the ICAP1/pB1 integrin
cytoplasmic tail complex (PDB ID. 4DX9), tensile molecular dynamics simulations were conducted to observe
and analyze the effects of tension loading on B1 integrin on the structure and binding affinity of the ICAP1/B1
integrin complex. Results The tension modulated the dissociation of the ICAP1/B1 integrin complex
bidirectionally by inducing local conformational variations at the binding interface. It initially increased and then
decreased the binding affinity of B1 integrin for ICAP1. The threshold point occurred at 10 pN. The main tension-
sensitive residue interactions were primarily located among ARG'’-THR™ | MET"'-THR™ , and ASP'“-SER™.
Conclusions As the tension applied to the cytoplasmic tail of B1 integrin increased, the conformational variations
at the binding interface resulted in an initial enhancement followed by a reduction in the inhibitory effect of ICAP1
on B1 integrin activation. A tension threshold of 10 pN was observed. This indicated that force-induced integrin
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activation requires sufficient mechanical stimulus strength. This study has provided a new approach for the

development of antibody drugs targeting B1 integrins.

Key words: B1 integrin; ICAP1; molecular dynamics simulation; force signal transduction
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Fig.1 Structural stability analysis of ICAP1/1 integrin complex during equilibrium simulation

(a) Root mean square deviation of C, atom, (b) Solvent unreachable surface area, (c¢) Rotation radius,

(d) Hydrogen bond number, (e) Frequency distribution of the number of hydrogen bonds in the complex,

(f) Variation of the average value of the number of hydrogen bonds over different time periods
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Fig.2 Force dependence of ICAP1/p1 integrin complex binding affinity during constant force stretching simulations (a) Force loading
mode, (b) Root mean square deviations of ICAP1/B1 integrin complexes during constant-force stretching, (c¢) Average number of hydrogen
bonds on the binding surface of the ICAP1/B1 integrin complexes, (d) Free energy of complex binding calculated by MM/PBSA,
(e) Solvent-undachievable surface area of the complex, (f) Dissociation probability of the complex
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