
The following article is ideal because it fully supports our theory for 

elements as the foundation for cell regulation in conjunction with amino 

acids. 

The only missing piece in this work is the third “electrolyte” of calcium 

- zinc and the details for titin; the “gene” that encompasses twelve 

cytokines that regulate mitochondria for cardiomyocytes and others that 

utilize gasotransmitters to form cell surface signaling  molecules that 

enter cells through endocytosis. 

The following are provided for discussion purposes: 

Cell Surface Formation 

http://www.mcfip.net/upload/Cell%20Surface%20Signaling%20Molecu

le%20Formation%207-2017.pdf  

Endocytosis 

http://www.mcfip.net/upload/Endocytosis%20Modeling%204-30-17.pdf  

Summary 

Biomedical research has evolved to ignore the role of elements as the 

foundation for signaling within and between cells. As a result, the 

primary causes of chronic diseases have not been identified. 

The following is provided for discussion purposes. 

http://www.mcfip.net/upload/Crystallography%20Overview%20x%20(1

).pdf  

Using the fundamentals of physical science and the interactions between 

elements our epigenetic modeling methods identify primary causes of 

chronic diseases. This assertion can be verified by using the links 

provided in the tabs of the MCFIP website: www.MCFIP.net.  

http://www.mcfip.net/upload/Cell%20Surface%20Signaling%20Molecule%20Formation%207-2017.pdf
http://www.mcfip.net/upload/Cell%20Surface%20Signaling%20Molecule%20Formation%207-2017.pdf
http://www.mcfip.net/upload/Endocytosis%20Modeling%204-30-17.pdf
http://www.mcfip.net/upload/Crystallography%20Overview%20x%20(1).pdf
http://www.mcfip.net/upload/Crystallography%20Overview%20x%20(1).pdf
http://www.mcfip.net/


 

 

Force field analysis provides clues to 
protein-ion interaction 
October 17, 2017 

 
Muscle twitching, lactose digestion, blood movement—what could possibly connect 
these body functions? You may be surprised to learn that all these processes and many 
more are driven by metal ions. 
 
Sodium (Na+), potassium (K+), calcium (Ca2+) and magnesium (Mg2+) might be 
household names, but they are also critical to the function of human cells. The 
combination of these ions with bodily proteins creates complexes that are imperative to 
our continued existence. 
 
The importance of proteins and metal ion interactions is well understood, but the 
mechanistic interactions between the two are still far from a complete picture. 
Zhifeng Jine, Rui Qi, Chengwen Liu and Pengyu Ren, professors in the biomedical 
engineering department at the University of Texas at Austin, are working to 
quantitatively describe protein-ion interactions using what is called an atomic multipole 
optimized energetics for biomolecular applications (AMOEBA) force field. They describe 
their work in this week's the Journal of Chemical Physics. 
 
AMOEBA technology was developed by Ren and Jay Ponder, from the University of 
Texas at Austin and Washington University in St. Louis. It uses a polarizable atomic 
multipole model to calculate the potential energy of a system. The AMOEBA model 
aims to address known inadequacies of current force field technology to accurately 
model ion and protein interactions. 
 

"The lack of detailed understanding is mainly due to the lack of accurate and yet 
computationally efficient models to treat metal ions," Ren said. "We aim to apply high-
level quantum mechanical methods and advanced force field simulations to understand 
the nature of the interactions between metal ions and proteins." 
 
AMOEBA improves on classically based biomolecular simulations, whose models 
represent the intermolecular interaction using the sum of two forces, according to Ren: 
the van der Waals interaction and the Coulomb interaction between point charges. 
"This representation is simple enough to be computationally tractable, and it has been 
widely used over the last few decades," he said. "However, metal ions can lead to 
strong polarization and charge transfer effects, which are missing in these classical 
models. We believe these effects play [a] critical role in the specific ion-protein 
interaction." 

https://phys.org/tags/metal+ions/


 
Ren and his colleagues looked specifically at the interaction of Mg2+/Ca2+ and amino 
acids. Magnesium and calcium are some of the most abundant ions in metalloproteins, 
proteins with a metal ion cofactor. Both are selectively bound to specific amino acids, 
making them interesting target molecules. The many-body response, the mutual 
induction between ions and their surrounding residues within the protein binding 
pockets, also impacts the binding affinity of these ion and can be captured by the 
AMOEBA model. 
 
"The difference between the many-body response to Ca2+ vs Mg2+ in the binding 
pocket is substantial," said Ren. "It was known that polarization and charge-transfer are 
important in protein-ion complexes, but for the competitive binding, many have 
suspected that these effects might cancel out." 
 
The AMOEBA model and the advancements of force fields, including applications of 
these results, Ren pointed out, are relevant in many diseases including cancer and 
neurodegenerative disorders. Knowledge of protein-ion interactions can provide 
foundational understanding for the advancement in related medical researches. 
 
Explore further: Travelling-wave ion mobility mass spectrometry elucidates 
structures of gold fingers 
More information: "Study of interactions between metal ions and protein model 
compounds by energy decomposition analyses and the AMOEBA force field," Journal of 
Chemical Physics (2017). DOI: 10.1063/1.4985921  

Journal reference: Journal of Chemical Physics  
 

 

Read more at: https://phys.org/news/2017-10-field-analysis-clues-protein-ion-interaction.html#jCp 
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