
 

PLOS Computational Biology | https://doi.org/10.1371/journal.pcbi.1012321 August 5, 2024 1 / 25 

PLOS COMPUTATIONAL BIOLOGY 

 

Citation: Schmidt AA, Grosberg AY, 

Grosberg A (2024) A novel kinetic model 

to demonstrate the independent effects of 

ATP and ADP/Pi concentrations on 

sarcomere function. PLoS Comput Biol 

20(8): e1012321. https://doi.org/ 
10.1371/journal.pcbi.1012321 

Editor: Daniel A Beard, University of 

Michigan, UNITED STATES OF AMERICA 

Received: February 26, 2024 

Accepted: July 12, 2024 

Published: August 5, 2024 

Copyright:© 2024 Schmidt et al. This is 

an open access article distributed under 

the terms of the Creative Commons 

Attribution License, which permits 

unrestricted use, distribution, and 

reproduction in any medium, provided the 

original author and source are credited. 

DataAvailabilityStatement: The code for 

this manuscript is available on github: 

https://github. com/Cardiovascular-

Modeling-Laboratory/ SarcomereModel. 

Funding: This work was partially 

supported by NIH T32HL116270 (AS), 

DoD NDSEG Fellowship (AS), 
NSF CMMI-2035264 (AG), NSF CMMI-

2230503 (AG), NIH R03 EB028605 (AG). 

The funders did not play a role in the 

study design, data collection and analysis, 

decision to publish, nor preparation of the 

manuscript. 
RESEARCH ARTICLE 

A novel kinetic 
model to 

demonstrate the 

independent effects of ATP and ADP/Pi 
concentrations on sarcomere function 

Andrew A. Schmidt1,2, Alexander Y. Grosberg3, Anna GrosbergID1,2,4,5* 

1 Department of Biomedical Engineering, University of California, Irvine, Irvine, California, United States 

of 
America, 2 UCI Edwards Lifesciences Foundation Cardiovascular Innovation and Research Center 

(CIRC), 
University of California, Irvine, Irvine, California, United States of America, 3 Department of Physics and 
Center for Soft Matter Research, New York University, New York, New York, United States of America, 
4 Department of Chemical & Biomolecular Engineering, University of California, Irvine, Irvine, California, 

United States of America, 5 The NSF-Simons Center for Multiscale Cell Fate Research and Sue and Bill 
Gross Stem Cell Research Center and Center for Complex Biological Systems, University of California, 

Irvine, 
Irvine, California, United States of America 

* grosberg@uci.edu 

Abstract 
Understanding muscle contraction mechanisms is a standing challenge, and one of the 

approaches has been to create models of the sarcomere–the basic contractile unit of 

striated muscle. While these models have been successful in elucidating many aspects 

of muscle contraction, they fall short in explaining the energetics of functional 

phenomena, such as rigor, and in particular, their dependence on the concentrations of 

the biomolecules involved in the cross-bridge cycle. Our hypothesis posits that the 

stochastic time delay between ATP adsorption and ADP/Pi release in the cross-bridge 

cycle necessitates a modeling approach where the rates of these two reaction steps are 

controlled by two independent parts of the total free energy change of the hydrolysis 

reaction. To test this hypothesis, we built a two-filament, stochastic-mechanical half-

sarcomere model that separates the energetic roles of ATP and ADP/Pi in the cross-

bridge cycle’s free energy landscape. Our results clearly demonstrate that there is a 

nontrivial dependence of the cross-bridge cycle’s kinetics on the independent 

concentrations of ATP, ADP, and Pi. The simplicity of the proposed model allows for 

analytical solutions of the more basic systems, which provide novel insight into the 

dominant mechanisms driving some of the experimentally observed contractile 

phenomena. 
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