
 

New NIST method evaluates response to
oxidation in live cells
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NMR data showing the levels of reduced glutathione (GSH) and oxidized
glutathione (GSSG) over time in yeast cells at rest (top) and under oxidative
stress (bottom). The cells at rest have almost no GSSG (dark blue shades) but it
spikes briefly when they are stressed, while GSH declines. This type of analysis
may one day help to measure cell health. Credit: Reipa/NIST

(Phys.org) —Researchers at the National Institute of Standards and
Technology (NIST) have developed a new method for accurately
measuring a key process governing a wide variety of cellular functions
that may become the basis for a "health checkup" for living cells.

The NIST technique measures changes in a living cell's internal redox
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(reduction-oxidation) potential, a chemistry concept that expresses the
favorability of reactions in which molecules or atoms either gain or lose
electrons. Redox reactions are important to cell chemistry because they
regulate many genes and the proteins they produce. An accurate measure
of redox potential can provide insight into how well these genes are
working, and in turn, whether or not the activities they control—such as
differentiation and growth—are functioning normally.

To assess this, scientists customarily measure the levels of both the
reduced (electrons added) and oxidized (electrons lost) forms of
glutathione, a peptide the cell uses as an antioxidant. Glutathione in cells
is found predominately in the reduced state, known as GSH, but some
gets converted to the oxidized form, known as GSSG. A high amount of
GSSG indicates a cell has suffered oxidative stress, a process believed to
contribute to cell aging, breakdown, malfunction (such as cancer) and
eventual death.

Unfortunately, traditional methods of obtaining this data are akin to an
autopsy. The only way to measure the relative amounts of GSH and
GSSG within a cell has been to rupture its membrane—killing it—and
then examine the released contents.

The NIST team developed a way to measure GSH and GSSG levels in
living cells in real time using nuclear magnetic resonance
(NMR)spectroscopy, a technique that images individual molecules
similar to how doctors use magnetic resonance imaging (MRI) to
noninvasively view organs. "NMR has been shown in recent years to be a
powerful tool for studying metabolites as they operate in living cells, so
we felt it could work well as a noninvasive way to do the same for GSH
and GSSG," says NIST research chemist Vytas Reipa.

In their proof-of-concept experiment,* the NIST researchers grew a
mutant strain of yeast cells that could not manufacture their own
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glutathione in a medium containing the peptide tagged with a nitrogen
isotope. This ensured that the only glutathione available in the cells
would be detectable using NMR during its conversion from GSH to
GSSG.

GSH and GSSG levels were measured by NMR for both cells at rest and
under oxidative stress, and then used to calculate the changing
intracellular redox potentials over time. The results showed, for the first
time ever, that redox potential can serve as an indicator of how cells
perform in response to oxidation in real time.

"We know that when oxidation tips the balance toward too much GSSG,
we get a redox potential shifted more to the positive than it should be,"
Reipa explains. "A healthy cell compensates by reversing the process and
when that happens, the redox potential shifts back to its original value. A
sick cell, on the other hand, does not compensate and the value stays
positive. Therefore, an accurate in-cell measurement of redox potential
could one day help us determine how well cells can recover from 
oxidative stress and, as a result, give us a picture of the cell's overall
health."

Currently, the NIST researchers are exploring other NMR-detectable
peptides involved in reduction and oxidation processes to conduct
studies with mammalian cells.

The NMR spectroscopy in this experiment was conducted at NIST's
Gaithersburg, Md., facility in collaboration with NIST scientists at the
Hollings Marine Laboratory (HML) in Charleston, S.C., and the Institute
for Bioscience and Biotechnology Research (IBBR) in Rockville, Md.

  More information: S.Y. Rhieu, A.A. Urbas, D.W. Bearden, J.P.
Marino, K.A. Lippa and V. Reipa. Probing the intracellular glutathione
redox potential by in-cell NMR spectroscopy. Angewandte Chemie, 126:

3/4

https://phys.org/tags/oxidative+stress/
https://phys.org/tags/cells/


 

457-460 (2014). DOI: dx.doi.org/10.1002/anie.201308004

Provided by National Institute of Standards and Technology

Citation: New NIST method evaluates response to oxidation in live cells (2014, February 12)
retrieved 25 April 2024 from
https://phys.org/news/2014-02-nist-method-response-oxidation-cells.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

http://dx.doi.org/10.1002/anie.201308004
https://phys.org/news/2014-02-nist-method-response-oxidation-cells.html
http://www.tcpdf.org

