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MITOCHONDRIA: THE MICROSCOPIC ENGINES THAT POWER LIFE
By: Craig Porter, Ph.D.

Whether it was a high school biology teacher or maybe a college
professor, you have probably been told that the mitochondrion is
the powerhouse of the cell. Being only a few thousandths of a
millimeter long, the mitochondrion is a microscopic engine. We
have anywhere between a few hundred to several thousand
mitochondria in each of our cells, and a few trillion in our entire
body.
What makes mitochondria powerhouses? Well, we get energy from
the food we eat. The catch is, our cells don’t like sugar, protein and
fat - they prefer to use the energy contained in a molecule called
adenosine triphosphate (ATP). So, food needs some processing
before our cells can actually use it for energy. Much like a
transducer in a set of headphones that converts an electrical signal
into sound, mitochondria convert the energy in food into ATP. This
is an important job. These tiny ATP factories work around the clock
to produce an estimated 100+ pounds of ATP each day to feed our
hungry cells. For example, the human heart, a pump that cycles
about 60 times a minute, 24-7, consumes around 15-30 pounds of
ATP every day! Luckily, to keep up with these demands we don’t
have to consume the same number of pounds of food; instead, ATP
production is part of a substrate cycling process in which the body
can re-use part of the ATP molecule over-and-over.
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Mitochondria form a power grid inside heart cells

This figure shows an electron micrograph of heart tissue.
Individual muscle fibers can be seen interspersed with rows of
intermyofibrillar (‘in between muscle fibers’) mitochondria.
These intermyofibrillar mitochondria provide a constant
supply of ATP to beating heart cells. Interestingly, given their
constant need for ATP, some heart cells can have up to 5000
individual mitochondria, where almost half of the entire cell’s
volume is occupied by these ATP factories.

So how exactly do mitochondria convert the energy in energy into ATP? First, carbon and hydrogen atoms, plus
electrons, are stripped away from food. These electrons are transported along a chain of enzymes in the mitochondria’s
inner membrane, where they are repackaged with oxygen to make water. This electron transfer generates an electrical
current (~150 millivolts). If we consider how tiny mitochondria are, and that their inner membrane is only a few
nanometers thick, the trillions of mitochondria our bodies are capable of producing a lot of electricity! The carbon
molecules left over from this process are exhausted off as carbon dioxide. So just like any other combustion engine, our
mitochondria use oxygen to burn fuel (food), producing electricity and releasing carbon dioxide.
Ok, so mitochondria convert food into electricity-But how does that make ATP? Well, this electricity helps pump
hydrogen ions (protons) across the inner membrane, trapping them between the mitochondria’s two membranes,
creating a chemical potential referred to as proton motive force. These protons push their way back through the
mitochondrial membrane via an enzyme called ATP synthase. As a tiny rotary motor, ATP synthase is probably the
world’s smallest machine. Protons drive a shaft that turns a rotary head unit within ATP synthase. This rotation forces a
phosphate to bind to adenosine diphosphate, making ATP.
So there you have it – that’s how mitochondria burn up food to make ATP, which is then used to drive our body’s cellular
processes. Mitochondria keep the lights switched on. Without them, our brain cells would stop sending the messages
that tell our organs what to do. The beating muscle cells in our heart would grind to a halt. Mitochondria really are the
powerhouses of the cell.

PARTICIPANT SPOTLIGHT

Kelsi Martinez has participated in pregnancy studies at Arkansas
Children’s Nutrition Center. She did the Glowing study with two of her
children, Emma and Grant. They have since come back to be part of the
Glowing/Expecting Follow Up study as well. Kelsi said the highlight of
her experience as a participant was to be part of something that is
“beyond ourselves.”
When asked what made her decide to participate in research, Kelsi said,
“My absolute and unwavering belief in the importance and power of
research. It is what molds our knowledge of the world in a way that is
free of subjective opinions and in a way that lights the way for new
discoveries.”
The most interesting part about being in a study was learning about all
of the little intricacies of her body while pregnant and now, about her
children’s psychological, physiological, and neurological health and
wellness.
As far as advice for other moms that are thinking about participating in
research, Kelsi said, “It’s a wonderful opportunity to leave behind a
legacy that makes an impact beyond ourselves in the name of research.
In the grand scheme of things, it makes challenges like the time required
worthwhile!”

BLUEBERRY STUDIES

Stemming from the outstanding science coming out of Dr. Jin-Ran
Chen’s Bone Development Lab, there is increasing evidence that
phytonutrients from fruits like blueberries can drive strong positive
outcomes on bone health, including promotion of net positive bone
growth. In addition, Dr. Eva Diaz has started to examine the antiinflammatory and immune modulatory activities of blueberry feeding.
Several receptor-based mechanisms are under study at ACNC (e.g., for
bone effects) thanks to USDA/ARS funding, with the ultimate aim of
providing scientific knowledge that bolsters recommendations for
children and adults to increase fruit and vegetable intakes.

NEW FOODS FOR PICKY EATERS
Your child might not like every food you give him or her on the first try! Here are
some tips to help with picky eaters:
Try again: Wait a couple of days before offering the food again. It can take
more than 10 times before your toddler likes it.
Mix it up: Mix new foods with foods you know your child likes.
Be silly: Make funny faces with the foods on your child’s plate. It might help
your child get excited to eat it.
Me too: Try eating the food first to show your child you like it. Then, let your
child try it.

ACNC TEAM UPDATES

Lexi Sampson, RDN, joined the ACNC team as a
Nutritionist Assistant.

Amy Blades-Bowen joined the ACNC team as a
Clinical Promoter.

Milan Bimali, PhD, is the newest Collaborating
Faculty member of the ACNC team.

Cataline Alatorre-Cruz, PhD, is a Postdoctoral
Fellow joining Linda Larson-Prior's team.

Joshua Hudson, PhD, is a Postdoctoral Fellow
joining Elisabet Børsheim's team.

Fernanda Rosa, PhD, is a Postdoctoral Fellow
joining Laxmi Yeruva's team.

NEW CORE DIRECTOR

Renny Lan, PhD, is the new Metabolomics and Analytical Chemistry Core Director at ACNC.
Dr. Lan is originally from Taiwan, where he received his B.S. in Microbiology at Soochow
University. He then taught biology, chemistry and physics in high school before coming to
the USA. He obtained his master’s degree, focusing on environmental microbiology using
analytical chemistry as the tool, at North Carolina State University. Then, he moved to
Washington DC where he met his wife Ping-Ching Hsu and became a lab manager in a
proteoglycomics lab at Georgetown University. After Ping-Ching got her PhD in
Georgetown, Dr. Lan started his PhD study in MCDB program at The Ohio State University.
During his PhD study, he worked on vitamin D and tobacco related research, using
metabolomics and data analysis. After he got his PhD, Dr. Lan moved to Little Rock, where
he is an Instructor in the Biochemistry and Molecular Biology Department, most recently
serving as a member of the Proteomics Core at UAMS. In the Core, he benefited from the
mentorship and camaraderie of Drs. Sam Mackintosh, Rick Edmondson, and Alan Tackett.
When he’s not thinking about mass specs and small molecules, Dr. Lan likes sports and
music. He used to play basketball every week (before his knee injury), and American
football became his favorite sport to watch after he moved to the USA. He and his wife
(who is an assistant professor in the COPH Dept. of Environmental and Occupational
Health) are busy raising son Lucas and daughter Abigail.
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CURRENTLY ENROLLING STUDIES

Contact us to see if you or your child are eligible at 501.364.3309 or ACNCstudies@archildrens.org

EXPECTING

HAPPY TUMMIES

MOON

BRAIN FUEL

Expecting a new addition? Central Arkansas women less than
twelve weeks pregnant with a BMI of 30 or greater may be eligible
for a nutrition research study at Arkansas Children’s Nutrition
Center. Monetary compensation plus a year and a half supply of
diapers provided.

Help us study the impact of mom’s health during pregnancy on
baby’s brain health. We are looking for women less than 12 weeks
pregnant. Monetary compensation and a year and a half supply of
diapers provided.

Arkansas Children’s Nutrition Center has a new, 3-visit research
study for 3-month old infants fed breastmilk. To thank you for
your participation, a 6 month supply of diapers will be provided.

Arkansas Children’s Nutrition Center is enrolling 9-10 year old kids
in a nutrition study to look at breakfast and brain health. Monetary
compensation provided.

OTHER STUDIES

We currently have several other studies for pregnant women and kids. Call us or visit our website at
ArkansasChildrensNutritionCenter.com to learn more!

