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DIRTY PROTEINS YIELD
PHOTOSYNTHESIS INSIGHTS

Since groundbreaking work in the 1960s and ’70s, scientists have been using
industrial detergents to extract and study membrane-bound enzymes. Most
structures of these proteins have been studied in detergents, but a new
method has emerged recently—Styrene Maleic Acid/Lipid Particles (SMALPS).
Unlike other techniques, SMALPs use a special polymer to extract proteins
directly from their natural membranes, keeping their lipid environment intact.

DISCQVERIES

MONITORING
MEMBRANE
TRANSPORT

The complexity of bacterial membranes
facilitates the delicate balance of transporting
nutrients while protecting the cell from
antibiotics. The Calhoun Lab at the University
of Tennessee, Knoxville, specializes in
interpreting molecule-membrane dynamics
within these microscopic environments using
the nonlinear optical technique, second
harmonic scattering.

Marea Blake (‘24) was the first author on

a recent study where the Calhoun Lab
monitored the impact of miltefosine, a

drug and membrane disruptor, on living
bacterial cells. They were able to observe a
localized impact of this molecule. This led

to the transport of some small molecules

not changing in the presence of this drug
while others were altered significantly. Such
insight into compounding effects can provide
a deeper understanding of drug
mechanisms and new directions for
adjuvant design. These results were

The Bruce Lab, in collaboration with the Long Lab in the Department of
Chemistry, has spent the last five years developing new polymers that

allow us to isolate essential thylakoid membrane proteins involved in
photosynthesis, such as photosystem | (PSI), in high yields. They have created
over 60 polymers to determine how their structures affect protein extraction.
So far, they have successfully isolated PSI-SMALPs from various heat-loving
cyanobacteria. Using femtosecond spectroscopy, they discovered that
PSI-SMALPs show incredibly fast charge
separation in less than 100 femtoseconds,
which might be altered when detergents

Tessa Calhoun

were accompanied by a cover image.
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The lab is continuing to study small-

molecule dynamics in bacteria by

imaging the impact of membrane
heterogeneity on transport behavior,
identifying cell envelope contributions.
Additionally, they are observing efflux
resistance mechanisms after antibiotic
incubation, dissecting impacts of the d
membrane proton motive force, and
understanding the change in molecule
tilt angles over time.

—Bruce Lab

This research is possible through
funding from a National Institutes of
Health (NIH) Maximizing Investigators’
Research Award (MIRA, R35)

to Calhoun.

are used.

Recently, this project took Professor Barry
Bruce and his graduate students (Kavya
Penneru, BCMB, and Fida Ali, Bredesen
Center genome science and technology
program) to the National Center for Cryo-
EM Access and Training in Harlem, New York.

There, they determined the structure of the
PSI-SMALP using cryo-EM, making it the
first-ever structure of a photosystem
isolated without surfactants or detergents;
it will also be the largest SMALP ever
isolated. This groundbreaking research will
provide new insights into the function of
photosynthetic complexes in their natural
state and provide important insights into
how photosynthesis works.

Research news continues on page 3.
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MESSAGE FROM THE DEPARTMENT
HEAD // GLADYS ALEXANDRE

Chris Bach
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Support matters, whether it be technical, financial, or through
mentoring and guidance. For those of you who continue to support
the Department of Biochemistry and Cellular and Molecular Biology
(BCMB) in any form, thank you, thank you, thank you!

In this newsletter, we illustrate how these types of support allow
the department to continue its research and teaching missions and
to do its part to better serve all Tennesseans. Financial support
directly to the department returns on investment in spades, as you
will read in the newsletter. You will also meet our newest colleagues,
Assistant Professors Martin Engelke and Jie Sun.

At its core, research and teaching in biochemistry and cellular

and molecular biology span the continuum of the structure and
function of macromolecules and their interactions to make all cell
types and their subcellular components in their amazing diversity.
The technological advances of the last decade span an explosion
of high-resolution microscopy approaches, a plethora of genomics
platforms and related data analyses, as well as leaps in the power
of supercomputing, including the rise of artificial intelligence. At the
scale at which BCMB research is conducted, instrumentation and
analytical approaches matter a lot. In this newsletter, you will read
about research conducted in BCMB that perfectly highlights this.

Training in BCMB shapes diverse careers, as you can see in the
alumni spotlights at right. It is not uncommon for our graduates—
whether with a BS, MS, or PhD—to go on to pharmaceutical and
biotech industries.

As always, please share any comments, suggestions and feedback.
Your news is our news, so please share with us! Welcome to the
2025 edition of the newsletter!

Alumni Spotlights // Career Paths from BCMB




RESEARCH NEWS // Image Analysis Guides Treatment
of Neurological Disorders

Syndromic neurological disorders, conditions that manifest multiple
symptoms simultaneously, pose a unigue challenge to the medical
community. Due to the individual variances in these disorders,
each person may require different diagnoses and treatment
approaches. Scientists often use animal models to study these
complex disorders, aiming to understand their causes and explore
potential treatments. However, just like in humans, these animals
display individual variations in symptoms, making it difficult to
pinpoint the origins of symptoms or identify suitable drug targets
for treatments. This hurdle impedes us from developing effective
strategies for treating many major disorders affecting millions of
people worldwide.

Recently, the Krishnan Lab made significant strides toward
overcoming this problem by leveraging advancements in
computational neuroethology to study Rett syndrome, a
neurodevelopmental disorder affecting one out of every 10,000
girls and women globally.

This research, published in Journal of Neuroscience, used
computational image analysis and multidimensional approaches on
a female animal model for Rett syndrome. With this approach, they
were able to distinguish two distinct groups within a genetically
identical population of female mice, highlighting the power of this
approach to gain a better understanding of this syndrome

in humans.

Image provided by Mariam Ceesay (UT sophomore) This breakthrough discovery allows us to categorize
complex movements and behaviors in animal models for /
neurodevelopmental disorders, laying the groundwork for /
personalized medicine approaches tailored according to

an individual’s unique symptom profile.

Genome integrity is essential to life, and genome instability is often associated with aging, cancer, and other diseases. A notable
exception to genome integrity is programmed DNA elimination (PDE), where a large portion of DNA is lost during development.
While PDE is found in diverse organisms, its molecular detail remains poorly understood.

The Wang Lab studies PDE in nematodes, including the human parasite Ascaris. Recently, they discovered one function of
PDE is to split chromosomes, leading to karyotype changes that benefit both the germline and somatic cells. This work, led by
postdoctoral researcher Ryan Simmons, was published in Current Biology. In another study, graduate student Brandon Estrem
used END-seq and discovered that PDE in Ascaris requires

resection of DNA double-strand breaks. The resection

facilitates neotelomere formation that heals the DNA breaks.

This process is specific to PDE, as outlined in their recent

publication in Nucleic Acids Research.

The Wang Lab is also developing new models to study PDE.
Work led by research associate Tom Dockendorff established
a free-living nematode as a genetic model for PDE. This
work was published in Current Biology. Overall, the ongoing
work on PDE in the Wang Lab is promising to provide novel
insights into genome stability and maintenance.
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NEW FACULTY
SPOTLIGHT //

ASSISTANT PROFESSOR JIE SUN’S
interest in mass spectrometry and
structural proteomics began during her
undergraduate studies and continued
during her PhD studies and postdoctoral
research. “The ability of these

technologies to unravel intricate biological
processes and contribute to advancements
in pharmaceutical research fascinated me,”
she said. “The prospect of alleviating human
suffering caused by diseases through
scientific discovery is incredibly rewarding.”

Her research focuses on developing mass
spectrometry-based structural proteomics
to study higher-order protein structures
and functions. The aim of her lab is to
understand protein structures, interfaces,
solvent accessibility, binding affinities, and
folding/unfolding mechanisms. “My lab
primarily focuses on membrane proteins,
developing novel methods for footprinting

Discoveries

these proteins within membrane
mimics and eventually in cellular
environments,” Sun said. “Our work
has significant applications in drug
screening and understanding disease
mechanisms, including cancer and
Alzheimer’s disease.”

One of the key approaches used

in her lab is fast photochemical
oxidation of proteins (FPOP), where
they map proteins by reacting them
with hydroxyl radicals generated
from hydrogen peroxide by a pulsed
laser. This reaction “paints” surface-
accessible amino-acid residues,

ASSISTANT PROFESSOR MARTIN
ENGELKE became interested in live-
imaging of cells and how transport
occurs in cells as a graduate student.
“During my PhD at the University

of Zurich, | performed live-imaging
of cells infected with fluorescently-
tagged adenovirus,” Engelke said.
“The viruses, visible as fluorescent
puncta in the cells, moved with
complex and seemingly random
trajectories through the cytoplasm.
Yet, they arrived at the nucleus

after similar time periods. This

raised questions about what kind of
regulation and mechanisms could
result in this kind of motion.”

As a postdoctoral researcher at the
University of Michigan, he started his
interest in motor proteins known as
kinesins. When he started his own lab
group at lllinois State University, he

allowing them to study protein-protein
interfaces, affinities for small amounts
of proteins, drug discovery, and epitope
mapping. FPOP is being adopted by
biotechnology companies to

develop therapeutics.

Sun joined BCMB in August 2024,
Students interested in joining the

Sun Lab should have a foundation

in chemistry, particularly analytical
chemistry and biochemistry. “My
teaching philosophy emphasizes
hands-on learning and critical thinking,
preparing students for successful
careers in scientific research,” Sun said.

continued research on kinesins.

Engelke joined the BCMB department in
August 2024 and is currently studying
the roles of kinesins in transporting
molecules within cilia by a process
known as intraflagellor transport.

Cilia are found on almost all types

of animal cells and are important for
many functions, such as moving fluid
over the surfaces of our airways. When
cilia malfunction it can lead to various
diseases. His lab is trying to answer
various guestions about motor proteins
and cilia such as: How is the activity of
kinesin-2 regulated? Why is continuous
intraflagellor transport needed to
maintain the ciliary structure? Why

do certain kinesin-2 mutants generate
longer or shorter cilia?

As a research mentor, he looks

for students who are interested in
intracellular transport/cilia/cell biology
and are motivated to contribute to
original research. Engelke believes his
role is to “keep their flame of passion
for research burning.”



GRADUATE STUDENT

SPOTLIGHTS //

How Membranes Affect
Proteins

ALYSSA WARD’S interest in the natural sciences started
early. “Believe it or not, it all started with a milk carton,”
she said. “My dad and | were doing our annual father-
daughter Christmas breakfast. | ordered chocolate milk
with breakfast. When it arrived at the table, | turned the
carton around and began asking questions about how

the ingredients and chemicals listed under the nutritional
information were calculated. Then | asked that simple
guestion—Why? Since then, my fascination and love of the
sciences has grown into my career field of choice. From my
grade school years to my current graduate studies, | have
truly developed an appreciation for the many disciplines
of science.”

Her curiosity led her to pursue an Associate of Science
degree from Cleveland State Community College, where
she started her interest in proteins. A conversation with

a former professor led Ward, a first-generation college
student, to apply to Maryville College, where she went on
to obtain a BS in biology and chemistry. While at Maryville
College, Ward interned with Cornerstone Analytical
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Undergraduate studies are
like browsing a bookshelf and
deciding on a book to read.
Earning a master’s degree is
like being able to memorize

a few chapters of that book.
When one has added a new
chapter to the book, you have
become a philosopher.

Laboratories to gain hands-on experience with biophysical
techniques. She also participated in a research project

at Maryville College that led to a senior honors project

and research presentations at the Appalachian College
Association and Annual Biomedical Conference for Minority
Students (ABCMS) meetings.

Many factors influenced Ward'’s choice to come to UT for
a doctorate, but one stands out. “While attending ABCMS,
| met a former UT graduate who explained the academic
journey using an analogy: ‘Undergraduate studies are like
browsing a bookshelf and deciding on a book to read.
Earning a master’s degree is like being able to memorize

a few chapters of that book. When one has added a new
chapter to the book, you have become a philosopher.” This
analogy alongside my educational experiences shaped my
perspective of what type of chapter | wanted to contribute
to science,” Ward said. “Keeping this in mind, | joined
Associate Professor Francisco Barrera’s lab with the idea
that my project could span from identifying structural
aspects to overall cellular behavior.”

Her current research is focused on how cholesterol affects
protein dimerization and localization in the cell of the
ROR receptor tyrosine kinases. “My end goal is to help
bridge the gap of our understanding on how external
factors govern the activation of ROR1 and ROR2 through
dimerization so both current and future therapeutics
targeting these receptors can account for these factors to
improve their efficacy,” she said.

To keep a good work-life balance, Ward enjoys outdoor
activities such as rock climbing and archery. But mainly, she
continues to “research” her other lifelong passion, martial
arts. “Through the years | have been able to find numerous
parallels between martial arts and science,” she said. “With
the saying that martial arts are as much a science as an

art, and that science is as much an art as it is science. You
need both creativity and physical knowledge to understand
and learn from them. Both have long-term and short-term
aspects, and it is easy to get lost in the details!”
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CHRIS PLAYTER has always been interested in
science. Both of his parents are engineers, and

in high school he enjoyed science classes the
most. “| really became interested in science in

my sophomore year as an undergrad at Purdue
(University), when | took my first college genetics
class and was fascinated by how four bases in very
specific orders can make us that much different
from something like a banana,” he said. “I changed
my major from biology to genetics the following
semester and loved everything about it.”

He did not do any undergraduate lab research at
Purdue but did spend three summers doing lab
research at Stanford University. “It was there that

| truly fell in love with research and knew | wanted
to make it my career,” Playter said. “After my last
summer at Stanford, | got a job in industry to
further my research background while | applied to
graduate programs.”

He joined the BCMB department as a graduate
student in August 2019 and is conducting his
doctoral research in the lab of Associate Professor
Rachel P. McCord, studying the 3D organization of
the genome. “My research is a perfect combination
of cancer biology and genetics,” he said. “My first
scientific love was genetics, but as | got further
into my college courses, | was able to take specific
genetic courses, one being the genetics of human
cancers. Obviously, cancer is something that
everyone is familiar with, but | was always curious
how it worked on a genetic level.”

“The most exciting thing about my research is that
| am finding something new that no one has seen
before,” Playter said. “My focus is on melanoma
(skin cancer), and what we have found is that the
act of cells squeezing through very small pores,
like they do when cancer metastasizes, changes
the 3D organization of the genome in those cells.
This can help us understand why some tumor cells
can metastasize while others cannot. My research
can be a stepping stone for other researchers or
even clinicians to help patients live longer after a
cancer diagnosis.”

Playter finds support for his research department
wide. “The department is extremely diverse in
research areas ranging from protein biochemistry
to plant biology and everything in between,” he
said. “The department is extremely friendly, and
even professors whose research is nothing like
mine have been amazing at helping me think
about my project in ways | would have never done
on my own.”

When not in the lab, Playter spends time outside at
the golf course and playing with his dog. He’s also
a big sports fan who enjoys going to UT football
and basketball games.



Faculty Updates

JIANBIN WANG obtained a National Institutes of Health
(NIH) National Institute of General Medical Sciences
grant to study programmed DNA elimination. Wang also
was awarded the Professional Promise in Research and
Creative Achievement Award from the provost.

KEERTHI KRISHNAN was awarded a National Science
Foundation grant to study the role of perineuronal nets
in rat maternal behavior.

RACHEL P. MCCORD received an NIH R35 Maximizing
Investigators’ Research Award (MIRA) to study the
folding, misfolding, and unfolding of the human genome
in response to stresses and disease.

FRAN BARRERA became a Standing Member of NIH
Macromolecular Structure and Function A (MSFA)
study section.

AMIT JOSHI and BILLY LAU received Faculty Research
Assistants Funding (FRAF) from the Office of
Undergraduate Research.

BILLY LAU received a Faculty Research Mentor Award
from the UT Office of Undergraduate Research
and Fellowships.

ALBRECHT VON ARNIM was awarded a grant from NSF
to understand proteasomal plasticity in soybean seeds.

Postdoctoral Researcher
and Graduate Student
Updates

ERIC BRENYA was selected for the 2024 Plant Scholars
Program from the American Society of Plant Biologists
supporting exceptional talent to solve 21st century
agricultural problems.

BRANDON ESTREM presented a talk at the Molecular
Parasitology Meeting XXXIV at the Molecular Biology
Labs at Woods Hole.

BRANDON ESTREM, LOGAN DUNN, and VITORIA
NORMAN received Graduate Student Research Awards.

JENNIFER RYBAK obtained a Graduate Advancement,
Training and Education (GATE) fellowship. She also
was awarded the Cokkinias/Fite Award and Hollaender
Fellowship from the UT Division of Biology.

RYAN SCHUCK won an Outstanding Poster Award at
the Molecular Biophysics of Membranes Biophysical
Society meeting in Tahoe, California.

LAUREN WALDEN was awarded a travel grant from
the conference organizers to attend the Neutrons

in Structural Biology Conference and Workshop in
Arlington, Virginia, and presented a poster at

the meeting.

CONNER HAWKINS was awarded a travel grant from
the conference organizers to attend the International
Retinoids Conference in St. Paul, Minnesota, and
presented both a talk and poster.

VICTORIA NORMAN received two external awards,

a Summer Program in Neuroscience, Excellence and
Success (SPINES) Scholar from the University of
Chicago Marine Biology Laboratory and a Neuroscience
Scholars Program (NSP) Associate award from the
Society of Neuroscience.

Congratulations to BRIGHT AMANKWAA, DEBALINA
ARCHARYYA, ANWESHA DASGUPTA, DAVID LOHRY,
ALEX OVERHOLT, CHARLES (BOOMER) RUSSELL, and
SHUSHU WEI on earning doctorates this academic year.

Undergraduate Updates

JOSEPH MARTIN (Krishnan Lab) and ABIGAIL

WEST (Wang Lab) presented at Arts & Sciences
Undergraduate Research Symposium (ASUReS). Martin
received an ASUReS award.

MARRO AGBAGA (Wang Lab), MARILYN MCCARTHY
(Joshi Lab), and JOSEPH MARTIN (Krishnan Lab) won
Advanced Undergraduate Research Activity (AURA)
Awards from the Division of Student Success.

ALEXANDRA MCBRYAR (Krishnan Lab) was given a
2024 EUReCA Achievement Award from the College
of Arts and Sciences as part of the Exhibition of

Undergraduate Research and Creative Achievement.
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GIFTS TO BCMB YIELD BIG RESULTS &4

B
BCMB is fortunate to receive gifts from alumni and others that support initiatives v\ﬁ]
such as research and professional development by students, postdoctoral ?/@l
researchers, and faculty. jO

)
The DR. DONALD L. AKERS JR. FACULTY ENRICHMENT FELLOWSHIP supports g g
innovative research, with the goal of generating preliminary data to obtain ©
extramural funding. This fellowship was made possible by a kind gift from Dr.
Donald and Judy Akers. Several recent recipients (Brad Binder, 2022; Gladys
Alexandre, 2021; Elena Shpak, 2020) used this fellowship to publish new findings
and obtain federal grant support.
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The DAVID AND BECKY EAKER GRADUATE STUDENT AWARD supports
professional development. This award was started by Shannon Eaker (PhD ’0O1)
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and his parents. This award had a big impact for Shushu Wei (PhD ’24). “The j@
funds from this award covered expenses related to conferences, which were ) 8
important for helping me get a position in a research group of my interest,” Wei ‘OO()(
said. “The award also validated the hard work that | put into my research. | am 3@%
deeply grateful for the opportunities it has opened.” SQO:"
Discover how you can support BCMB at becmb.utk.edu/alumni-and-friends. l(
\'A‘,“I\I\';
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