
 

Nanobiotics: New machine learning model
predicts how nanoparticles interact with
proteins
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The model predicted how a zinc oxide nanopyramid interrupts a protein that
contributes to metabolism in MRSA (methicillin resistant Staphylococcus
aureus), a common strain that causes antibiotic resistant infections. Credit:
Minjeong Cha and Emine Sumeyra Turali Emre, Kotov Lab

With antibiotic-resistant infections on the rise and a continually
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morphing pandemic virus, it's easy to see why researchers want to be
able to design engineered nanoparticles that can shut down these
infections.

A new machine learning model that predicts interactions between 
nanoparticles and proteins, developed at the University of Michigan,
brings us a step closer to that reality.

"We have reimagined nanoparticles to be more than mere drug delivery
vehicles. We consider them to be active drugs in and of themselves,"
said J. Scott VanEpps, assistant professor of emergency medicine and an
author of the study in Nature Computational Science.

Discovering drugs is a slow and unpredictable process, which is why so
many antibiotics are variations on a previous drug. Drug developers
would like to design medicines that can attack bacteria and viruses in
ways that they choose, taking advantage of the "lock-and-key"
mechanisms that dominate interactions between biological molecules.
But it was unclear how to transition from the abstract idea of using
nanoparticles to disrupt infections to practical implementation of the
concept.

"By applying mathematical methods to protein-protein interactions, we
have streamlined the design of nanoparticles that mimic one of the
proteins in these pairs," said Nicholas Kotov, the Irving Langmuir
Distinguished University Professor of Chemical Sciences and
Engineering and corresponding author of the study.

"Nanoparticles are more stable than biomolecules and can lead to
entirely new classes of antibacterial and antiviral agents."

The new machine learning algorithm compares nanoparticles to proteins
using three different ways to describe them. While the first was a
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conventional chemical description, the two that concerned structure
turned out to be most important for making predictions about whether a
nanoparticle would be a lock-and-key match with a specific protein.

Between them, these two structural descriptions captured the protein's
complex surface and how it might reconfigure itself to enable lock-and-
key fits. This includes pockets that a nanoparticle could fit into, along
with the size such a nanoparticle would need to be. The descriptions also
included chirality, a clockwise or counterclockwise twist that is
important for predicting how a protein and nanoparticle will lock in.

"There are many proteins outside and inside bacteria that we can target.
We can use this model as a first screening to discover which
nanoparticles will bind with which proteins," said Emine Sumeyra Turali
Emre, a postdoctoral researcher in chemical engineering and co-first
author of the paper, along with Minjeong Cha, a Ph.D. student in
materials science and engineering.

Emre and Cha explained that researchers could follow up on matches
identified by their algorithm with more detailed simulations and
experiments. One such match could stop the spread of MRSA, a
common antibiotic-resistant strain, using zinc oxide nanopyramids that
block metabolic enzymes in the bacteria.

"Machine learning algorithms like ours will provide a design tool for
nanoparticles that can be used in many biological processes. Inhibition of
the virus that causes COVID-19 is one good example," Cha said. "We
can use this algorithm to efficiently design nanoparticles that have broad-
spectrum antiviral activity against all variants."

This breakthrough was enabled by the Blue Sky Initiative at the U-M
College of Engineering, which provided support to the interdisciplinary
team carrying out the fundamental exploration of whether a machine
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learning approach could be effective when data on the biological activity
of nanoparticles is so sparse.

"The core of the Blue Sky idea is exactly what this work covers: finding
a way to represent proteins and nanoparticles in a unified approach to
understand and design new classes of drugs that have multiple ways of
working against bacteria," said Angela Violi, an Arthur F. Thurnau
Professor, a professor of mechanical engineering and leader of the
nanobiotics Blue Sky project.

Collaborators at the University of California, Los Angeles also
contributed to the machine learning algorithm.

  More information: Minjeong Cha et al, Unifying structural
descriptors for biological and bioinspired nanoscale complexes, Nature
Computational Science (2022). DOI: 10.1038/s43588-022-00229-w 

Universal descriptors to predict interactions of inorganic nanoparticles
with proteins, Nature Computational Science (2022). DOI:
10.1038/s43588-022-00230-3

Provided by University of Michigan

Citation: Nanobiotics: New machine learning model predicts how nanoparticles interact with
proteins (2022, May 16) retrieved 27 April 2024 from 
https://phys.org/news/2022-05-nanobiotics-machine-nanoparticles-interact-proteins.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

4/4

https://dx.doi.org/10.1038/s43588-022-00229-w
https://dx.doi.org/10.1038/s43588-022-00230-3
https://dx.doi.org/10.1038/s43588-022-00230-3
https://phys.org/news/2022-05-nanobiotics-machine-nanoparticles-interact-proteins.html
http://www.tcpdf.org

