MOLECULAR BIOLOGY

How do proteins
affect heart health?

Proteins are the building blocks of life as they control the
chemical reactions in cells. Despite the importance of proteins,
scientists are still trying to determine what many of them do.
One such scientist is Professor Beverly Rothermel, a molecular
biologist at the University of Texas Southwestern Medical
Center in the US, who has spent over twenty years investigating
the many biological processes influenced by one particular

protein, Regulator of Calcineurin 1.
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alcineurin, also known as CaN, is a
protein that is particularly important in
the nervous, immune and cardiovascular
systems. “CaN is estimated to make

up more than 1% of the total protein weight of

our brains, and yet we only know a fraction of

what it does,” says Professor Beverly Rothermel,

a molecular biologist at the University of Texas

Southwestern Medical Center.

Bev’s research has been fundamental to
understanding how Regulator of Calcineurin 1
(RCANT) controls CaN activity and how this
impacts human health. Her lab was involved in the
initial discovery and characterisation of RCANT,
showing that when RCANT1 levels increase in a

cell, the activity of CaN is reduced. This can have a
significant effect because CaN is involved in many
cellular processes. “The past twenty years of studying
this remarkable protein have taken my laboratory in
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many interesting and often unexpected directions,”
she says.

What role do CaN and RCAN1 play in
the heart?

Heart disease is the number one cause of death
worldwide. “The heart is very adaptable,” says

Bev. “When you exercise, it undergoes beneficial
remodelling to increase its power. In contrast, if it
progresses to heart failure, it undergoes pathological
remodelling. CaN signalling is known to play a
prominent role in this process.” Bev and her team
hypothesised that increasing RCAN1 levels might

reduce the chance of heart disease.

Bev used mice to test whether increasing levels

of RCANTin the heart to inhibit CaN signalling
would decrease the risk of heart failure. “We
genetically engineered mice to have slightly higher
levels of RCANT1 in the muscle cells of the heart,”
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she explains. Amazingly, the engineered mice had
improved cardiac function in every model of heart
failure that Bev and her team tested.

Where did this realisation lead Bev?
“Initially, we thought that whenever the heart is
under stress, it increases levels of RCAN1 as a
protective response,” Bev says. Although this is
indeed true, Bev's team accidentally discovered that
hearts which were not subjected to stress also had
huge daily fluctuations in RCANT1 levels. “In normal,
healthy hearts, RCANT1 levels change as much as
20-fold over the course of a single day,” she says.

Since CaN levels are correlated with RCAN1 levels,
this discovery suggested that CaN and RCAN1

are activated every day in a healthy heart, leading
Bev and her team to the follow-on discovery that
CaN and RCAN1 follow a circadian rhythm. “Many

cardiovascular parameters are circadian in nature,”



she says. “For instance, you are more likely to have
a heart attack shortly after waking up than at any
other time of day.”

By measuring RCANT1 levels in the hearts of her
experimental mice at different times of day, Bev
found RCANT1 levels were lowest when the mice
were waking up and highest as they transitioned to
sleep. Bev then simulated heart attacks in mice at
different times of day, to test whether these changes
in RCANT levels affect how much damage a heart
attack will cause. She did this by first blocking the
major blood vessel that provides blood to the heart
(a process called ischemia) and then reopening

the vessel to restore blood flow (a process called
reperfusion). “This procedure is called ischemia/
reperfusion, or I/R,” explains Bev. “It simulates what
happens when a person has a heart attack (ischemia)
and then makes it to hospital to have the blockage
removed and blood flow to the heart restored
(reperfusion).”

Bev and her team performed I/R on the mice around
the time when they would normally wake up (and
RCANT1 levels are low) and around the time they
transitioned to rest (and RCANT1 levels are high).
The results showed that there was almost twice as
much damage to the heart muscle from I/R when it
occurred just after the mouse woke up, compared to
if the mouse was transitioning to rest, an observation
also made in human heart attack patients. Using

a drug to inhibit CaN was protective when I/R
occurred at waking but provided no additional benefit
at the transition to sleep when RCANT is present
and the heart is inherently more protected.

How could this knowledge improve
human heart health?

BeV’s findings are important because, while it is not
possible to control when a person will have a heart
attack, it is possible to carry out surgical procedures
on the heart at optimal times. “Scheduling such
procedures during times of day when the heart is
more resistant to reperfusion damage could be a
simple way to improve outcomes,” Bev explains.

SCHEDULING SUCH
PROCEDURES DURING
TIMES OF DAY WHEN THE
HEART IS MORE RESISTANT
TO REPERFUSION DAMAGE
COULD BE A SIMPLE WAY
TO IMPROVE OUTCOMES.
OUR STUDIES ARE AN
EXCELLENT ILLUSTRATION
OF HOW THE TIME OF DAY
THAT A TREATMENT IS
ADMINISTERED CAN
IMPACT ITS EFFICACY.

—

“Our studies are an excellent illustration of how the
time of day that a treatment is administered can
impact its efficacy.”

Most studies do not consider the impact that
circadian rhythms may have on clinical outcomes.
Bev speculates this may be a key reason why some
treatments that seem very effective when tested on
mice fail to work when tested on humans. “Mice are
nocturnal, which means they sleep during the day,”
explains Bev. “Most experiments are conducted
during the day when mice should be sleeping, yet we
try to apply these findings in humans when they are
awake during the day.”

How do CaN and RCANI affect people
with Down syndrome?

Another interest of Bev’s lab is the impact RCAN1

has on people with Down syndrome (DS). Humans

typically have 23 pairs of chromosomes (46

chromosomes in total) which carry our genetic
information. People with DS, however, have three
copies of chromosome 21, instead of the usual two,
meaning they have a total of 47 chromosomes. “This
means people with DS carry three copies of any
gene located on chromosome 21, which includes

RCAN1,” says Bev.

Bev and her team have been studying how this
increase in RCANT impacts the mitochondria within
the cells of people with DS. “Mitochondria are highly
dynamic,” says Bev. “They are constantly combining
with one another (fusion) or breaking apart (fission).”
Mitochondria in a fused state are more metabolically
active and produce more ATP (a molecule that
provides energy), while the process of fission

may reduce ATP production but allows damaged
mitochondria to be removed and repaired, thereby
keeping the mitochondrial population healthy.

“Both fission and fusion are essential processes, and
mutations disrupting either can cause degenerative
disorders,” says Bev.

Other laboratories had shown that CaN activity
promotes mitochondrial fission, so Bev hypothesised
that an increase in RCANT in people with DS (due to
the triplication of the gene on chromosome 21) may
reduce mitochondrial fission, contributing to the
degenerative nature of DS, as fused mitochondria
are unable to repair themselves. By examining
mitochondria in cells isolated from people with DS,
Bev found evidence of increased fusion compared to
in cells from people without DS. Reducing RCAN1
levels then restored a more normal mitochondrial
behaviour.

Bev’s team is now genetically engineering mice
with DS to explore how this may impact the
health of humans with DS. “We already have some
very exciting preliminary findings suggesting that
increased RCANT1 levels and altered mitochondrial
dynamics contribute to obesity in people with DS,
particularly in females,” says Bev, highlighting how
basic molecular biology research can yield new
insights into critical health issues.
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+ Molecular biologists may find themselves designing experiments
to study biological tissues, using cloning or DNA sequencing

+ “The best molecular biologists are integrative biologists, . o .
techniques, analysing biological samples or studying genes.

able to think and make hypotheses outside the confines =
of their own specific specialty,” says Bev. “Therefore,

gaining a broad scientific foundation in physics,

chemistry and mathematics is as important as learning

about biochemistry and physiology.”

+ “The most useful thing you can do is seek out research
opportunities in a lab as soon as possible, even if it is just washing
dishes as a volunteer,” advises Bev. “Basic research is not for
everyone, and the only way to know if it’s for you is to take part
in it. Be careful though, it can be easy to get addicted!”

At school, therefore, it would be good to study all
science subjects in depth. Scientists need to explain
their research to others, so language and writing classes
are also useful.

+ Bev recommends taking your time to figure out what area you
want to pursue. “The standard advice for being successful in
science is to identify your field of interest as soon as possible and
stay focused. | have violated this at multiple points, and although
it may have slowed the pace of my career, | think | have become
a more insightful scientist as a result.”

At university, study a bachelor’s degree such as biology,
molecular biology, biophysics or biochemistry. If

you want to work in research, you will then need to
complete a master’s degree or PhD.

+ The American Society for Biochemistry and Molecular Biology
has a wealth of educational and career resources:

To be successful as a molecular biologist, you will need . X
: gIst, Y www.asbmb.org/education/science-outreach

strong critical thinking, analytical, communication and
problem-solving skills.
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Meet
Bev

I was very involved in music when | was younger. | played the cello
and piano, sang, and studied music theory. Most people assumed

| would pursue a career in music, but | had always planned on
becoming a scientist. Both my parents were research chemists, and

| always wanted to know what things were and how they worked.

When | started my undergraduate studies, my plan was to major
in physics or biology, but definitely not chemistry. Then, | took
my first biochemistry class, and | was hooked. This was only a few
years after the first animal gene had been cloned into bacteria, and
the tools to manipulate DNA were only just being developed. Who

wouldn’t want to become a ‘Gene-Jockey’?

| completed a PhD at Yale and then two postdocs, but, though

| was passionate about molecular biology, | was still trying to
figure out where | fit in, as my work had covered plant genetics,
mitochondria in yeast and cardiology. In the summer of 1989,
shortly after CaN had been identified as a key player in heart
disease, | heard a talk about a protein in yeast which inhibited
CaN. This talk set my brain on fire, and | began to plan a series

of experiments to test whether this protein also inhibited CaN in
humans. | remember trying to explain to a non-scientist friend
just how important | thought this gene was and that | might well
be working on it for the rest of my career. Two months later, | had
cloned RCANT1 from both human and mouse cells and shown that
it inhibited CaN signalling in muscles.

In basic research, if 10% of your experiments are successful, then
that’s a winning average on which you can build a career. In the
first couple of years working on RCANI, everything worked. While
it was very gratifying, most of these initial experiments were the
logical extension of things we already knew about CaN and muscle
biology. I'm most proud of the unanticipated directions my lab has
taken as we have pursued RCAN, such as investigating circadian

rhythms and mitochondrial dynamics.

Most summers, my lab hosts students who participate in research by
testing one of ‘BeV’s crazy ideas’ to see if they might lead to productive
research projects. Students get a feel for how basic research works by
crafting a hypothesis, designing a controlled experiment and learning
to discuss their findings in the context of a bigger picture. In return,
the lab and | get to see things from a new perspective and find out

whether we really understand what we're doing.

BeV’s top tips

1. Ask questions and be sceptical. Don’t settle for a surface
understanding of the things you learn.

2. Explore outside your comfort zone.

3. Don’t get discouraged when things aren’t working. Science,
like most things of value, requires persistence.

Rebecca Allen worked in Bev’s lab as a high school and undergraduate student.
She is now about to qualify as a medical doctor and hopes to work as an

emergency medicine physician.

When | was younger, | spent a lot of time waiting at the hospital for my aunt to
finish her shifts as an intensive care nurse. Seeing patients in critical conditions,

| was always mesmerised by the beeping and whooshing of the complicated
machines that kept them alive. | knew | had to be part of that world. It was a

place of wonder, curiosity and humanity.

Bev first invited me to her lab as a high school student when | was deciding

if | wanted to pursue a career in medicine or research. | spent a summer
cataloguing reagents and enzymes and conducting Western blot assays
(preparing gels, mixing solutions, developing results, etc.). | then returned for
two summers while in college, working with cells, flies and mice to contribute to

BeV’s research on circadian rhythms.

There were countless benefits from working in Bev’s lab. | was exposed to
brilliant women scientists, and it was inspiring to watch Bev lead her own lab
team. It was incredible to witness the seemingly endless run of important
experiments. | also had the opportunity to hear from, talk with and even shadow

prominent scientists and medical professionals.

| come from a powerful and inspiring set of women healthcare professionals -
many of my Filipino relatives are doctors and nurses in the US, and they have
overcome great challenges. As one of very few women anaesthesiologists when
she arrived in Texas, my aunt worked long hours and experienced micro- and
macro-aggressions of every kind. While working as a nurse, my Godmother was
once threatened by a doctor who said he would have her fired and deported.
She is now pursuing her PhD in nursing, and it is her stethoscope | wear around
my neck. It is an honour to wear the stethoscope she used to save so many lives
and declare the end of many others. | am very proud that we will both graduate

together, me with my medical degree and her with her PhD.

Rebecca’s top tips

1. Pick a mantra, write it on your mirror and read it aloud every time you
wake up.

2. Seek research opportunities, whatever your age. Researchers are always
eager to recruit young and upcoming scientists into their field.
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The neuromuscular junction in a normal mouse (left)

and in a mouse lacking the RCANT gene (right)




