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DEUTENOMICS

• how deuterium is distributed in nature and living 
organisms

• how and why deuterium behaves in nature and 
living organisms in particular ways

• what is deuterium’s role in adaptive biology, 
disease and health (e.g.: oncoisotope)



DEUTENOMICS

https://doi.org/10.1103/PhysRev.39.164



DEUTENOMICS

https://www.nobelprize.org/prizes/chemistry/1934/summary/

https://www.nobelprize.org/prizes/chemistry/1934/summary/
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DEUTERIUM FRACTIONATION

https://www.nobelprize.org/prizes/chemistry/1997/boyer/facts/

https://www.nobelprize.org/prizes/chemistry/1997/boyer/facts/


DEUTERIUM AND PHENOTYPE

https://doi.org/10.1021/jacs.1c12512

https://doi.org/10.1021/jacs.1c12512


DEUTERIUM AND PHENOTYPE
https://drive.google.com/file/d/1lG0xI5c52F4wTaOf1hgIGFhUWpS6PvLa/view?usp=sharing
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DEUTENOME

https://doi.org/10.1073/pnas.2310771121

https://doi.org/10.1073/pnas.2310771121


DEUTENOME

Abstract
…
“Our findings point to the broad potential of lipid 
2H/1H ratios as a passive natural tracker of eukaryotic 
metabolism with applications to distinguish health 
and disease, complementing studies that rely on 
complex isotope-tracer addition methods.”

https://doi.org/10.1073/pnas.2310771121

https://doi.org/10.1073/pnas.2310771121
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DEUTENOMICS

https://doi.org/10.1073/pnas.2412390121

https://doi.org/10.1073/pnas.2412390121


DEUTENOME

The biosynthetic natural depletion of deuterium (2H) 
in palmitic acid of tumor cells, when compared to 
water of fresh growth medium, readily distinguishes 
respiration from fermentation, as elegantly reported 
by Maloney et al.

https://doi.org/10.1073/pnas.2412390121

https://doi.org/10.1073/pnas.2310771121

https://doi.org/10.1073/pnas.2412390121
https://doi.org/10.1073/pnas.2310771121


DEUTENOME

Accelerated cellular growth remarkably decreased 
deuterium to protium (2H/1H) ratios, particularly in 
glycerol-respiring cells, by about 200‰ (~125 ppm).

https://doi.org/10.1073/pnas.2412390121

https://doi.org/10.1073/pnas.2412390121


DEUTENOME

The authors conclude that metabolite 2H/1H ratios 
may be used “as passive natural trackers of eukaryotic 
metabolism” that complement complex isotope-tracer 
methods.

https://doi.org/10.1073/pnas.2412390121

https://doi.org/10.1073/pnas.2412390121


DEUTENOME

The importance of water and product isotope 
chemistry is evident, which allows a systematic and, 
more importantly, a mechanistic interpretation, 
shifting the emphasis from passive to active role of 
deuterium in the regulation of metabolism in adaptive 
biology.

https://doi.org/10.1073/pnas.2412390121

https://doi.org/10.1073/pnas.2412390121


DEUTENOME

While fatty acids show a deuterium depleted 
(“deupleted”) profile over extracellular water in 
rapidly dividing cells, another natural 2H tracer study 
showed abnormally high deuterium content in 
collagen, just to redefine hydrogen chemical mass in 
biology.

https://doi.org/10.1073/pnas.2412390121

https://doi.org/10.1073/pnas.2412390121


DEUTENOME

Notably, δ2H values in (hydroxy)proline of collagen 
extracted from grey seals show about twice as much 
deuterium as its ceiling (~157 ppm) in seawater. This 
corresponds to at least four times higher δ2H than in 
any previously reported biogenic sample.

https://doi.org/10.1021/jacs.1c12512

https://doi.org/10.1073/pnas.2412390121

https://doi.org/10.1021/jacs.1c12512
https://doi.org/10.1073/pnas.2412390121


DEUTENOME

As diet was ruled out as a plausible mechanism for 
such anomalous enrichment, evolution seems to 
depend on deuterium-related regulatory processes via 
submolecular proton tunneling event (reaction) 
architectures, with coinciding significant isotope 
fractionation properties.

https://doi.org/10.1073/pnas.2412390121

https://doi.org/10.1073/pnas.2412390121


DEUTENOME

There are apparent adaptive mechanisms: Some 
derive from traditional biochemistry, whereas others 
are yet to be clarified behind the overwhelming 
disequilibrium patterns in compartmental, inter- and 
intramolecular deuterium levels reported in recent 
studies. https://doi.org/10.1016/S0306-9877(98)90178-5

https://doi.org/10.1073/pnas.2412390121

https://doi.org/10.1016/S0306-9877(98)90178-5
https://doi.org/10.1073/pnas.2412390121


DEUTENOME

The mechanism of accumulation of deuterons in 
specific imino acids of bone collagen high above 
natural mean oceanic water abundance is another 
example, yet more challenging to answer.

https://doi.org/10.1073/pnas.2412390121

https://doi.org/10.1021/jacs.1c12512

https://doi.org/10.1073/pnas.2412390121
https://doi.org/10.1021/jacs.1c12512


DEUTENOME

This phenomenon, seen in predators with phenotypic 
adaptation to rapid dives in water, likely involves 
instant, reversible isomerase reactions with selective 
proton tunneling, nuclear quantum destabilization of 
metabolic water protons, and thus significant 
deuterium discriminating properties in hydrophobic 
cellular and mitochondrial nanoconfinements.

https://doi.org/10.1073/pnas.2412390121

https://doi.org/10.1021/acs.accounts.8b00226 https://doi.org/10.1021/acs.jpclett.9b01835

https://doi.org/10.1073/pnas.2412390121
https://doi.org/10.1021/acs.accounts.8b00226
https://doi.org/10.1021/acs.jpclett.9b01835


DEUTENOME

We suggest that deutenomics, the study of inherent 
autonomic hydrogen isotope discrimination processes 
in nature, should be introduced into translational 
research. It is important to determine the magnitude 
of intrinsic kinetic isotope effects, as they are critical 
in deuterium fractionation, yet often misinterpreted.

https://doi.org/10.1073/pnas.2412390121

https://doi.org/10.1073/pnas.2412390121


DEUTENOME

The Human Deutenome should also not be ignored as 
an active player (as opposed to passive tracker) in 
forming the biological reaction coordinate.

https://doi.org/10.1073/pnas.2412390121

https://doi.org/10.1074/mcp.RA120.002231

https://doi.org/10.1073/pnas.2412390121
https://doi.org/10.1074/mcp.RA120.002231
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NATIONAL DEUTENOMICS INSTITUTE - USA
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THANK YOU!
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