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If your body were a train, what would give it the power to move?

The food you eat, which is burned by the train’s engine. Do you

know howmany engines your body has? Thousands of millions! They

are called mitochondria. Mitochondria are tiny structures contained

within the cells of your body that burn food, providing energy.

The power of each mitochondrion is due to its own gearwheel:

the circular mitochondrial DNA. There are many gears in each

mitochondrion. Together, they regulate the mitochondrion’s ability

to produce energy. Obesity modifies both the abundance and the

function of the mitochondrial DNA, altering the ability of the body

to e�ciently produce energy, with some di�erences between males

and females. Eating healthy foods not only makes you slim, but also

boosts your mitochondria and makes you powerful!
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BODY COMPOSITION: NOT JUST AMATTER OF

WEIGHT!

Do you know what makes up your body? The human body can be
viewed as a combination of several “packages”—muscle, fat, bones,
fluids, organs, ligaments, and tendons. Body weight is a combination
of all of these “packages.” While everyone’s body contains these
packages, each body is di�erent in regard to the size of each
package (especially fat and muscles). Two people could look similar
on the outside and even weigh the same, but be very di�erent on
the inside! Determining body composition is extremely important:

BODY

COMPOSITION

The content of the
body—not only the
weight, but also the
relative abundance of
each body component
(fat and muscles in
particular).

your health is not defined by your body weight, but by your body
composition. But how can we see a person’s body composition from
the outside?

One of the easiest ways to measure body composition includes a
combination of body weight, height, and waist circumference. The
ratio between weight and height is called body mass index (BMI),
and it is commonly used to study obesity in human populations.
There are also scientific technologies that can be used to study body
composition. Bioimpedance analysis (BIA) measures the ability of the
body to resist a weak, painless flow of electric current. Since electric
current cannot pass through fat, BIA can estimate the amount of fat
and muscles in a person’s body. But what if we want to know about
how well the body’s cells are functioning? There are also methods to
collect information about how well the body is working. They rely
on sampling body cells or fluids (such as blood or a cheek cells)
and measuring some biomarkers, which are molecular signals of the

BIOMARKER

Any measurable
parameter or molecule
that can give us some
hints about the health
status of the subject, or
could be used to
predict the risk of
a disease.

body’s health or disease status.

MITOCHONDRIA: TURNING FOOD INTO ENERGY

Mitochondria are the powerhouses of the cell. They break down

MITOCHONDRIA

Small organelles that
produce energy (in the
form of ATP) by
burning food.

nutrients and, through a sort of “assembly-line,” produce energy in
the form of substance called adenosine triphosphate (ATP). ATP

ADENOSINE

TRIPHOSPHATE

(ATP)

A small molecule used
by the cell as a type of
energy storage. ATP is
used for most cellular
functions that
require energy.

can then be used by the cell whenever energy is required. This
process is also called cellular respiration. Mitochondria are small

CELLULAR

RESPIRATION

A biochemical process,
occurring in
mitochondria, used by
the cell to produce ATP
from food.

structures (organelles) that float freely throughout the cell. Some cells

ORGANELLES

Is a subcellular
structure that has one
or more specific jobs to
perform in the cell.

have only a few mitochondria while others have several thousand.
If a cell needs more energy to survive, more mitochondria can
be created.

Mitochondria are unique organelles because they contain their own
DNA (The only other organelle that contains DNA is the nucleus, the
commander-in-chief of the cell). The mitochondrial DNA is double
stranded (like nuclear DNA), but it is circular, and is present in multiple
copies. Mitochondrial DNA can be thought of as a sort of gearwheel
that regulates both the number and functions of mitochondria.
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Specifically, the higher the number of mitochondrial DNA copies, the
higher the mitochondrial abundance and functionality.

Epigenetic mechanisms are one way to regulate the function of DNA,

EPIGENETIC

MECHANISMS

A series of biochemical
modifications that
regulate which proteins
are produced from a
certain DNA molecule,
without modifying
its sequence.

meaning whether the DNA can be used to make proteins with various
jobs within the cell. Epigenetic mechanisms modify the 3D structure
of the DNA molecule, making it either more “open” (functional/active)
or more “closed” (inactive) (Figure 1). One of the most important
epigenetic mechanisms is called DNA methylation, which is the

DNA METHYLATION

A chemical
modification of the
DNA that regulates how
DNA should be read
and, consequentially,
whether proteins can
be made from it.

addition of a chemical structure called a methyl group (CH3) to the
DNA. We can imagine methyl groups as “flags” that can be added to or
removed from specific DNA sequences to regulate them [1, 2].

Figure 1

Figure 1

Epigenetic
mechanisms, such as
DNA methylation
(flags), a�ect the
activity of DNA
molecules by
regulating whether the
DNA is “open”
(functional/active) or
“closed” (inactive).
“Open” sections of DNA
are accessible to
activating factors that
lead to protein
production. Whether
methylation works the
same way in
mitochondrial DNA is
currently under
investigation.

It has recently been suggested that, like nuclear DNA, the function
of mitochondrial DNA might also be regulated methylation (Figure
2), especially in a regulatory area called the D-loop. Our cells obtain
methyl groups from the foods we eat. Food provides us with both
methyl groups and the B vitamins that help methyl groups move
around inside cells. Sincemethyl groups regulate the functions of DNA,
they are very important! Incorrect DNA “flagging” is associated with
disease, and improper methylation of mitochondrial DNAmight cause
poor mitochondrial function!

OVERWEIGHT GIRLS HAVE REDUCEDMITOCHONDRIAL

POWER

A group of adolescents from central Italy was recruited to study the
association between body composition andmitochondrial DNA status.
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Figure 2

Figure 2

Mitochondria burn
food to produce
energy, so they are the
powerhouses of the
cell. The circular
molecules of
mitochondrial DNA
(mtDNA) contained in
the mitochondrion help
to regulate its
functions.

Mitochondrial DNA was extracted from cheek swabs (collecting cells
from the inner part of the cheek, inside themouth) and the abundance
ofmitochondrial DNA copies and D-loopmethylation weremeasured.
Results showed that there were fewer copies of mitochondrial DNA in
overweight subjects (Figure 3A).

Moreover, overweight subjects showed higher levels of methyl groups
in the D-loops of their mitochondrial DNA (Figure 3B). This suggests
that problems with mitochondrial function might occur in individuals
with an unfavorable body composition, even when they are young. In
boys, we saw only small di�erences inmitochondrial biomarkers so, to
know for sure whether obesity is correlated with mitochondrial DNA
methylation in boys, more samples must be studied.

MITOCHONDRIAL EPIGENETICS AS A BIOMARKER?

A reduced number of mitochondrial DNA copies and increased
methylation levels might be associated with reduced functioning of
mitochondria. It looks like the condition of being overweight might
favor these mitochondrial changes. The exact mechanisms through
which mitochondria DNA methylation and copy number a�ect the
functions ofmitochondria are still being studied. Despitemanymissing
details, it appears that the state of the mitochondria may be an
interesting biomarker of cellular health. Mitochondrial biomarkers
seem to vary as a consequence of exposures to pollution or tobacco
smoke [3] and in diseases like cardiovascular disease [4]. Since diet
is also an environmental exposure, mitochondrial biomarkers might
represent a sort of “alarm signal” that could be easily measured
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Figure 3

Figure 3

(A) The number of
copies of mitochondrial
DNA is reduced in
obese and overweight
girls compared with
lean girls. (B)
Mitochondrial DNA
methylation is higher in
obese and overweight
girls compared with
lean girls1.

1 The box and the
“whiskers” represent
all the measured
values. The box
includes half of the
measured values.
The “whiskers”
include the
remaining half of the
measurements (25%
for each whisker). If
most of the
measurements are
close the mean (the
central line), the box
will be small; if there
is a lot of variability
in the values, the
box will be larger.

at an early stage, before unbalanced diets and unhealthy lifestyles
cause serious problems [5]. Hopefully, future studies will confirm that
measures of mitochondrial DNA copy number and methylation status
can be used as a biomarker of health.
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LOOKING TO THE FUTURE

Nutrition and physical activity, along with genetics and age, determine
how much fat and muscle each person has inside their body. If we
have unhealthy eating habits and are not active, our bodies store extra
fat that they do not need. Unhealthy body composition and poor diet
have consequences not only on body shape but, more importantly,
on body functions. Specifically, an unhealthy body composition might
impair the activity of mitochondria and their ability to produce energy
e�ciently, while eating healthy foods keeps the body lean and
powerful. This is not only because healthy foods are good fuel for our
cells, but also because healthy foods keep the engine of our cellular
powerhouses—the mitochondrial DNA—properly functioning. This is
why balanced nutrition, together with moderate physical activity,
makes us feel healthy and energetic.

This study suggests that poorly regulated epigenetic mechanisms,
specifically DNAmethylation, might happen in obese girls, highlighting
a way that mitochondrial functions might be regulated. However,
always remember that scientific evidence can be confirmed only
after many repetitions! Further experiments using more samples are
necessary to confirm these findings. Replication of experiments might
also help to clarify the inconclusive findings that we saw in boys
in our study. We hope that the new findings emerging from this
work will encourage the scientific community to keep investigating
mitochondrial DNA methylation, because such studies might provide
new insights on the e�ects of diet on human health.

ACKNOWLEDGMENTS

We are grateful to Sara Gianfelici for her contribution in drawing the
graphical representations in Figures 1, 2.

ORIGINAL SOURCE ARTICLE

Bordoni, L., Smerilli, V., Nasuti, C., and Gabbianelli, R. 2019.
Mitochondrial DNA methylation and copy number predict body
composition in a young female population. J. Transl. Med. 17:399. doi:
10.1186/s12967-019-02150-9

REFERENCES

1. Stimpfel, M., Jancar, N., and Virant-Klun, I. 2018. New challenge: mitochondrial

epigenetics? Stem Cell Rev. 14:13–26. doi: 10.1007/s12015-017-9771-z

2. Sirard, M.-A. 2019. Distribution and dynamics of mitochondrial DNA methylation

in oocytes, embryos and granulosa cells. Sci. Rep. 9:11937. doi: 10.1038/

s41598-019-48422-8

kids.frontiersin.org November 2022 | Volume 10 | Article 718698 | 6

https://doi.org/10.1186/s12967-019-02150-9
https://doi.org/10.1007/s12015-017-9771-z
https://doi.org/10.1038/s41598-019-48422-8
https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2022.718698
https://kids.frontiersin.org/article/10.3389/frym.2022.718698
https://kids.frontiersin.org/article/10.3389/frym.2022.718698


Bordoni and Gabbianelli Mitochondrial DNA in Obesity

3. Lambertini, L., and Byun, H.-M. 2016. Mitochondrial epigenetics and

environmental exposure. Curr. Environ. Health Rep. 3:214–24.

doi: 10.1007/s40572-016-0103-2

4. Baccarelli, A. A., and Byun, H.-M. 2015. Platelet mitochondrial DNA methylation:

a potential new marker of cardiovascular disease. Clin. Epigenet. 7:44.

doi: 10.1186/s13148-015-0078-0

5. Iacobazzi, V., Castegna, A., Infantino, V., and Andria, G. 2013. Mitochondrial DNA

methylation as a next-generation biomarker and diagnostic tool. Mol. Genet.

Metab. 110:25–34. doi: 10.1016/j.ymgme.2013.07.012

SUBMITTED: 01 June 2021; ACCEPTED: 10 November 2022;

PUBLISHED ONLINE: 25 November 2022.

EDITOR: John Cummings Mathers, Newcastle University, United Kingdom

SCIENCE MENTOR: Alexandra Dimitri

CITATION: Bordoni L and Gabbianelli R (2022) Feed Your Mitochondria and Shape

Your Body! Front. Young Minds 10:718698. doi: 10.3389/frym.2022.718698

CONFLICT OF INTEREST: The authors declare that the research was conducted in

the absence of any commercial or financial relationships that could be construed

as a potential conflict of interest.

COPYRIGHT © 2022 Bordoni and Gabbianelli. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

YOUNG REVIEWERS

ANASTASIA, AGE: 13

I am Anastasia, a year 9 student captivated by science! I am very passionate about

learning and discovering new opportunities. My dream is to study medicine, as I am

very interested in how our body works and how it can be a�ected. Outside of my

studies, I love painting, drawing, and crafting, as well as many other extracurricular

clubs. But most of all, I love cooking deserts (I have a sweet tooth)!

KAÏKE, AGE: 11

My name is Kaïke. I love football, gaming, and eating. I am from Brazil, France, Egypt,

America, Lebanon, Italy, and Syria. I have many friends and I love seeing them. I also

love anime. My favorite Animés are Naruto, Dragon ball Z, and Demon slayer. I am

a very good baker and I cook lot of cakes and cookies. My favorite football player is

Cristiano Ronaldo andmy favorite team isManchester United and RealMadrid.
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KENZO, AGE: 9

Hi, I am 9 years old, always exited and super friendly. I have a lot of friends and make

new friends easily. I like listening to songs and playing video games. I also really like

fighting and self defense. My favorite hobby is parkour. At school, I enjoy sports, arts,

math, and the breaks. I often express my thoughts and talk while the teacher explains

so time goes faster . I love reading comics.
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