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about scientia
Dear Reader,
The front cover of this year’s Spring Edition depicts seafoam from the ocean, helping to
emphasize the unique properties of water and the essential role that water plays on our
planet. Dr. James Skinner from the University of Chicago investigates the molecular and
physical properties of water molecules, and also heads an initiative at the Institute for
Molecular Engineering dedicated towards developing new water purification methods and
understanding the role of water in climate change, among other projects (see “An Inquiry
with Dr. James Skinner” for more).
Scientia aims to celebrate the vibrant University of Chicago research community. With this
goal in mind, we are incredibly excited to present this special edition of Scientia, which
involves our first collaboration with the Institute for Molecular Engineering (IME). We present
seven Inquiry articles sharing the lives, careers, and research projects of various IME faculty
members, including Drs. Matthew Tirrell, James Skinner, Shrayesh Patel, Juan De Pablo,
Jun Huang, Alex High, and Mr. Peter Duda. Altogether, the scientific topics discussed in
our Inquiries run the gamut from the development of new methods to control light-matter
interactions at the smallest possible length-scales, to studying the immunosuppressive
properties of regulatory T cells and natural killer cells, and even to the technical management
of the University’s Nanofabrication Facility. We greatly appreciate the support that the Dean
and Founding Pritzker Director of the IME, Dr. Matthew Tirrell, provided in the process.
Our edition also includes two full-length articles of undergraduate research, one of which
explores the use of xanthine/uric acid as a noninvasive method to quantitatively measure
tumors, and the other that investigates the effects of environmental pollutants on rotifer
populations, sex ratios, and egg quality.
Scientia is always looking to broaden our scope to new and novel research fields. If you are
completing a research project and want to see it in print, or if there is a professor performing
eye-opening investigations that you want to be promulgated, consider writing for us! We
encourage all interested writers to contact a member of our team, listed in the back. In the
meantime, please enjoy this special IME edition of Scientia, presented by The Triple Helix.
Yours,
Jeremy Chang
Co-Editor-in-Chief of Scientia
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about the ime
In six years, the Institute for Molecular Engineering (IME) has grown from an idea to a thriving
enterprise with five distinctive research themes, a faculty of 20, 75 undergraduate students,
90 PhD students, 70 postdocs, 19 patent disclosures and four new companies launched.
IME’s strong engagement with Argonne National Laboratory, FermiLab and the Marine
Biological Laboratory, involving more than half of our faculty, and many of our graduate
students and postdocs, gives us a level of talent and quality of facilities approached only by
a small handful of other engineering programs.
IME is sui generis, with the opportunity to profoundly affect the future of engineering and
applied science research and education. Our research focus on a few singular, transformative
topics in engineering science enables us to lead even the very best traditional engineering
programs in these areas. Our educational focus on problem-oriented engineering, in
contrast to traditional discipline-oriented engineering, makes us distinctive among all
engineering undergraduate programs. IME focuses on five problem-oriented themes in
particular:
•

Energy storage and harvesting: building more efficient batteries, upgrading
wind farms and solar grids, improving electric vehicles, and reducing charging
time for electronic devices

•

Immuno-engineering and cancer: developing new methods for combatting
diseases involving the immune system, including cancer, diabetes, Alzheimer’s,
and HIV/AIDS

•

Water: detecting and purifying contaminated water, studying the relationship
between water resources and energy consumption, pinpointing the role of water
in understanding climate change, and investigating how water impacts human
health on the molecular level

•

Quantum information and technology: working toward unbreakable encryption
and new methods for increasing computing speed, with major commercial impact

•

Nano-patterning and nano-lithography: improving electronic devices through
the development of ultra-small nanostructures, and inventing the next generation
of plastics and display screens

We welcome undergraduate researchers into our laboratories in large numbers, and we
look forward to expanding into new areas.
Dr. Matthew Tirrell
Dean of the Institute for Molecular Engineering

4

SPRING 2018

inquiries
matthew tirrelL
Dean and Founding Pritzker Director of the Institute for Molecular
Engineering (IME)

Creating connections:
an inquiry with dr. matthew tirrelL
Arundhati Pillai

“A job of a lifetime.” That is how Dr. Matthew
Tirrell describes his current position as the Founding
Pritzker Director and Dean of the University of
Chicago’s Institute for Molecular Engineering (IME).
A recipient of myriad awards, such as the Polymer
Physics Prizeand prestigious memberships including
the National Academy of Engineering, Dr. Tirrell
has his own research laboratory and occasionally
teaches undergraduate classes at UChicago.
Dr. Tirrell received a BS in Chemical Engineering
from Northwestern University and then received a
PhD in Polymer Science and Engineering from the
University of Massachusetts. He first became involved
in conducting research during his undergraduate
years when he participated in a co-op program at
Northwestern and worked for a chemical company
in New Jersey. Since the co-op job involved working
with polymers, Dr. Tirrell immediately took a college
course to learn more about them. He asked the
professor of the class, Dr. William Graessley, if he
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could work in his lab. Dr. Tirrell looks upon this initial
research experience fondly and relates: “I had a great
experience with him [Dr. Graessley and he [became]
a lifelong friend.” Dr. Tirrell points out that he “was
definitely shaped to go into an academic career by
[his] professors, [and] not [by] anything that they
[his professors] did overtly” and that “it was more
observing them and their ability to explain things”
that truly influenced him; thus, Dr. Tirrell’s research
career began.
Dr. Tirrell started his academic career at the
University of Minnesota as an assistant professor in
the Department of Chemical Engineering and went
on to become the head of this department. After
spending 22 years at the institution, he became the
Dean of Engineering at the University of California,
Santa Barbara and then became an Arnold and
Barbara Silverman Professor and Chair of the
Department of Bioengineering at the Univewrsity
of California, Berkeley. At Berkeley, Dr. Tirrell was a
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professor of Materials Science, Engineering, and
Chemical Engineering, and he was a faculty scientist
at the Lawrence Berkeley National Laboratory
before coming to the IME.
Dr. Tirrell’s lab is currently conducting two lines
of research that overlap slightly but have different
objectives. The first of these two lines focuses on
polyelectrolyte complexes. These complexes are
chains of repeated molecules, otherwise known as
polymers, that either have a positive or negative
charge associated with them. If two solutions of these
complexes are mixed, then the resulting mixture
will form a solid precipitate. The solid precipitate
actually has very little practical application.
However, if the interactions are tuned correctly and
they are not too strong, or if a screening of charges
is introduced, the mixture of the two solutions will
form a liquid precipitate. This fluid is significant

INQUIRIES

in that it has a low interfacial tension with water;
therefore, one can “put particles in the system and
the complex fluid [will] engulf the particles…[as] a
way of encapsulating particles.” Although there
are many technologically and natural, biologically
occurring instances of polyelectrolyte complexes
combining to form a capsule of certain molecules,
Dr. Tirrell’s lab is attempting to learn more “about
the phase behavior and what kind of thing you
get when you bring molecules of different charge
distributions, chain lengths, or different amounts
of salt [together].” In addition, the lab creates block
copolymers, which are monomers that chemically
react together to form a polymer chain through the
process of polymerization. This concept is similar
to that of nucleic acid molecules making up DNA.
These block copolymers are created by linking a
neutral water-soluble polymer to a polyanion or

Dr. Tirrell’s lab works with biological building blocks of peptides, or chains of amino acids that make up proteins, to create spherical micelle self-assembling
structures, as portrayed in the middle panel. The lab then investigates the effective application of these structures for their specific use in the treatment of
atherosclerosis and other diseases.
Acar, H. et al. Self-assembling peptide-based building blocks in medical applications. Advanced Drug Delivery Reviews 110-111, 65–79 (2017).
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polycation block, which is a negatively or positively
charged polymer. After this, the solutions can be
mixed together to form micelles, which are small
spherical and self-assembled structures.
The second line of research utilizes these micelles
for biomedical application. One can “use micelles
with both hydrophobic tails and polyelectrolyte
complexes to hold micelles together, but now the
outside [of the micelle can be] chemically decorated
with peptides.” These peptides are chosen by the lab
so that they have some desirable biological activity
and can target the main problem that the Tirrell lab
focuses on: cardiovascular disease, and, in particular,
atherosclerosis. Thus, the lab has made “micelles
that can target atherosclerosis.” Specifically, the
Tirrell lab is interested in focusing on unstable or
vulnerable plaques, which are build-ups of lipids
and cells within the blood vessel lining, because a
plaque that is about to rupture by creating a big
blood clot typically has already ruptured little blood
clots on it. These micelles can indirectly detect blood
clots. The multifunctional nature of this complex
is important because these same micelles can be
used to create image contrasts and deliver certain
therapies. Since Dr. Tirrell has collected significant
results in his preliminary studies with mice models,
he is interested in moving on to larger models that
are more representative of the human physiology.
In addition, the multifunctional nature of the
micelle can be explored in the future to help with
the specific detection of tumors and pulmonary
embolisms, which are blood clots that form in the
lungs. Therefore, while some of Dr. Tirrell’s work is
pure polymer material science, some of it addresses
applications through biomedicine and combines
the concept of self-assembling molecules with a
biomedical application.
Although Dr. Tirrell is known as the Founding
Pritzker Director of the IME, he admits that he “didn’t
really conceive of the idea of the IME” and that the
“idea that the University of Chicago should start a
unique and distinctive engineering program was
the idea of President Robert Zimmer.” A group of
UChicago faculty led by Steve Zeigner, a chemistry
professor, designed the concept of the IME after they
felt the need to promote an engineering presence
on campus. Dr. Tirrell was contacted to help execute
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and lead the plan, and he stated that the idea
“really resonated with [him].” The purpose of the
IME is to “create a handful of really strong themes in
engineering and pick really good people” to conduct
research within said areas. Although Dr. Tirrell and
the board had many administrative roles including
“creating a faculty, graduate program, curricula, and
building up a connection with industry,” it was easy
for Dr. Tirrell to transition into this role because “it
was easy for [him] to adopt [the plan for the IME]
and to execute [it].”
Dr. Tirrell’s position as a Deputy Laboratory
Director for Science at Argonne National Laboratory
plays an integral role within his position as the
Dean of the IME and the general connection that
UChicago has developed with Argonne. Dr. Tirrell
emphasizes how “one of President Zimmer’s reasons
for starting engineering in the first place was to
make a better connection with Argonne, [and that]
by hiring the first seven to eight people who had
been hired jointly with Argonne, [UChicago] now
[has] IME faculty with joint appointments.” With his
role as a Deputy of Science, Dr. Tirrell emphasizes
how being the Deputy helped create “an even
better connection between Argonne and UChicago
because ultimately they can be huge assets for each
other.”
Dr. Tirrell notes with delight how other
universities want to know what the IME is doing
when he exclaimed, “even Princeton wants to know
what we’re doing here!” after talking about his
prestigious invitation as the 2017 Wilhelm Lecturer
to speak about the IME at Princeton University.
The dedication and pride for his research work and
position as the Dean of the IME is evident when
he mentions, “This has been a job of a lifetime for
me, and I knew that from the first second I saw the
description of this job, that I would be lucky if I got it.”

ARUNDHATi Pillai
is a first-year student at the University of Chicago majoring
in Biological Chemistry. She hopes to conduct biochemical
research in the future, especially pertaining to molecular
engineering and nanoengineering.
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juan de pablo
Liew Family Professor in Molecular Engineering and Deputy Director for Education
and Outreach

The Intersection Between the First Principles
of Science and Engineering Simulations:
An Inquiry with Dr. Juan De Pablo
Khia Kurtenbach1
1
The University of Chicago, Department of Molecular Engineering

It is hard to believe that Professor Juan De Pablo’s
first experiences with computer coding consisted of
using a keypunch to encode data onto decks of paper
cards. Today, the De Pablo group relies on powerful
computers for advanced multiscale simulations, a
far cry from Dr. De Pablo’s undergraduate days of
feeding keycards manually into an IBM compiler at
Universidad Nacional Autónoma de México. When
Dr. De Pablo was in graduate school at the University
of California, Berkeley in the late 1980s, the field of
simulations was just beginning to emerge in the
larger field of chemical engineering. Even though
his PhD advisor had no experience with computer
programming, Dr. De Pablo jumped at any chance
to get involved in computer simulations. As he was
finishing his thesis, Dr. De Pablo became interested
with the few groups that were using computers to
conduct material science research and moved to
Switzerland to conduct his post-doc at the Swiss

Federal Institute of Technology in Zurich.
Pioneering a New Field of Research: Molecular
Simulations
Since then, Dr. De Pablo has been one of
the world’s most prolific researchers in the field
of molecular simulations. Before computer
simulations, the only way to predict the properties
of molecular substances was by making use of
theories that provide an approximate description
of that material. In contrast, Dr. De Pablo uses
principles of mathematics, physics, and chemistry
on an exploratory basis to predict the physical
properties of, and ultimately, design new materials.
Molecular simulations rely on fundamental
understanding of thermodynamics and statistical
mechanics, and by using algorithms and
computers, researchers can study novel materials’
behaviors without needing to conduct laboratory
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experiments. Powerful computers can be used to
simulate a wide variety of molecular phenomena,
including molecular motion, microscopic structures
of fluids and solids, equilibrium states, and far from
equilibrium states. Understanding the interactions
of molecules on very small scales or on very short time
scales allows the group to understand a system’s
macroscopic behavior. Using knowledge gained
about molecular interactions from simulations,
researchers working in De Pablo’s group can help
guide laboratory experiments to design pioneering
materials in a variety of sub-fields.
The De Pablo group currently focuses on six
research themes. These include protein folding and
aggregation, DNA folding and hybridization, glassy
materials, block copolymers, liquid crystals, and
development of advanced sampling methods. The
central theme behind these seemingly disparate
areas of research revolves around a focus on using
models and first principles to understand chemical
processes and material properties.
Advanced Sampling Methods
Advanced sampling methods allow the group
to understand the molecular dynamics of large and
complex systems, without the need to measure
the properties of every molecule in the population.
Simulations are limited by computer resources
to the order of hundreds of nanoseconds, which
is too short to study phenomena of interest in
many real complex systems. Molecular dynamic
simulations often rely on special free energy, an
important thermodynamic quantity, calculation
techniques. In addition to using existing simulation
techniques, Dr. De Pablo works with his graduate
students and post-doctoral researchers to design
pioneering modeling techniques. By developing
new sampling algorithms for both Monte Carlo
and Molecular Dynamics simulations, the group
hopes to accelerate sampling of complex systems
to address the problems of incomplete sampling.
Protein Folding and Aggregation
Dr. De Pablo’s research relies on advanced
sampling methods and molecular dynamics
simulations to study protein aggregation, a
phenomenon that has been implicated as causal in
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a variety of neurodegenerative diseases. Proteins are
large complex molecules, and it wouldn’t be feasible
to measure the properties of every molecule in the
system. Sampling methods allow the group to infer
information about the molecular dynamics of the
system without running into computational limits.
Aggregation and nucleation of these protein fibrils
can be understood by applying thermodynamic
theories to distributions of molecules and then
sampling from the distributions.
DNA Folding and Aggregation
Advanced sampling methods are also used to
study the biophysics of DNA. Simulations have been
used in the De Pablo group to study the transition
from single-stranded to double-stranded DNA, as
they investigate the effects of ions on the behavior
of DNA, to explore DNA-protein interactions, and to
examine the effects of DNA confinement in a viral
capsid.
Glassy Materials
Glasses are materials that display properties
of both solids and liquids, making them vital
materials for a variety of biological material storage
applications. By using statistical mechanics and
molecular modeling techniques, Dr. De Pablo hopes
to facilitate intelligent design of glassy materials for
long-term storage. By better understanding glassy
systems, the group can design materials with
longer storage times, which is vital for enhancing
the bio-availability of drugs and vaccines.
Liquid Crystals
Like glasses, liquid crystals are neither fully solid,
nor do they behave like conventional liquids. Liquid
crystals display solid-like long range ordering, but
flow like liquids. The group models liquid crystals
on the atomistic, meso, and macroscopic scale to
engineer new applications for liquid crystals in the
laboratory and industry.
Block Copolymers
Block copolymers are made of two or more
polymeric blocks, attached by covalent bonds. At
low temperatures, copolymers self-assemble into
an ordered morphology. In order to predict the
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self-assembly of block-copolymers, Dr. De Pablo and
his students use Monte Carlo simulations. Monte
Carlo simulations are a special type of modeling
that produces distributions of possible outcomes.
In processes where random variables intervene,
Monte Carlo simulations model the probability
of the formation of different block copolymer
structure. Predictions from the simulations can be
used to direct experimental work in designing new
functional materials.

“ There was a large appetite for
engineering work that had not
been previously fulfilled. ”

Collaboration at the University of Chicago
An important component of the De Pablo
group’s research is collaboration with other labs.
Collaboration with researchers in physics and
chemistry allows the De Pablo group to compare
the simulation’s predictions to other’s experimental
data. Integrating De Pablo’s findings from
simulations with work done by experimentalists is
beneficial to both types of researchers; simulations
direct experimental work, which in turn can be used
to verify the findings of simulations. Dr. De Pablo
co-advises students with other IME professors
and with faculty in other departments. These coadvised students may work on both simulations
and experiments, or might focus on one kind of
research, but be paired with other scientists to work
together to integrate simulations and experimental
work. The group’s collaborations transcend the IME,
as Dr. De Pablo’s students work with researchers in
chemistry and physics at UChicago, Argonne, and
other labs around the world. Dr. De Pablo states
that one of the best things about joining the IME
is that there was a large appetite for engineering
work that had not been previously fulfilled; leaving
the University of Wisconsin in 2012 to join the IME
led to an explosion of collaboration for the De Pablo
group. De Pablo considers faculty at UChicago to
have been very welcoming to IME researchers
and emphasizes that collaboration between the
IME and other UChicago science departments
continues to grow.

INQUIRIES

New Frontiers in Education at the IME
Increased collaboration was a happy side-effect
of moving to UChicago, and Dr. De Pablo says that
he actually chose to join the IME because he wanted
to help build an engineering program from scratch.
Just like when he was a postdoctoral researcher
and jumped into the fledgling field of simulations,
Dr. De Pablo jumped at the chance to design a
new type of engineering education and was one
of the first three professors to sign on as faculty
for the IME. Dr. De Pablo believes that traditional
engineering programs do not adequately prepare
students for today’s dynamic world. He wants
to train multidisciplinary and flexible engineers,
that are capable of understanding concepts that
transverse traditional disciplines. As Director of the
IME’s Graduate Studies Program, Dr. De Pablo is
instrumental in designing the graduate curriculum,
and he plans to base it on first principles, just like
his group’s research. Additionally, Dr. De Pablo takes
an interest in teaching UChicago undergraduates
and says that he enjoys teaching graduate and
undergraduate students for different reasons;
graduate students require instruction in more
complex subjects, but Dr. De Pablo relishes teaching
undergraduates about fundamentals that they will
use for the rest of their careers. In the future, Dr. De
Pablo plans to continue teaching both the graduate
and undergraduate sections of engineering
thermodynamics and statistical mechanics, with
the hopes of developing researchers who will
become pioneers in their future fields.

KHIA Kurtenbach
is a fourth-year student at the University of Chicago majoring
in molecular engineering. She works in the De Pablo lab
researching topological defects liquid crystals and is a member
of the varsity track and cross-country teams.
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JUN HUANG
Assistant Professor in Molecular Engineering

the potential of T cell research:
an inquiry with dr. jun huang
Daksh Chauhan

Dr. Jun Huang, Assistant Professor of Molecular
Engineering at the University of Chicago, has a
plethora of advice to share with students. Most
importantly, he wants students to explore their
interests by experimenting with novel ideas and
designing their own experiments rather than copy
existing methodologies.
He grew up in China and attended Chongqing
University before he began graduate studies at the
Georgia Institute of Technology. As a burgeoning
engineer, his goal was to incorporate multiple
disciplines in his research, such as computer
science, biomedical engineering, statistics and
machine learning. His current work investigates
the immune function of conventional T cells and
the properties of regulatory T cells.
Dr. Huang believes in pursuing projects that
take a “leap of creativity”. He thinks that this is
something that the U.S. higher education system
does particularly well—fostering creativity that
can push science forward. While he embraces
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his education in China, he particularly likes
the American education system’s emphasis on
individuality and freedom to learn. “In China, the
philosophy towards learning is a bit different.
There, universities want to produce a certain type
of student, while in America, universities stand
behind the idea that each student is different and
that students cannot be made into something
they don’t want to be,” said Dr. Huang. This was
especially apparent to him when he began his
graduate education. At Georgia Tech, he felt that he
had the freedom to take classes he was interested
in and select project mentors—two opportunities
that he didn’t have in China.
However, he did not rush into a career path.
While in China, he came very close to pursuing a
career in computer science and engineering. Dr.
Huang was attracted by the potential of computers
to solve real-world problems. “The more I studied
biology in college, the more fascinated I became
with life sciences and bioengineering,” said Huang.
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He also felt that bioengineering, unlike other
disciplines, would allow him to not only study
biology and life systems, but also incorporate his
knowledge and skills from computer science. With
this conviction, he went on to pursue a graduate
education in bioengineering in the United States.
At Georgia Tech, he graduated with an MS
in chemical engineering in 2007 and a PhD in
biomedical engineering in 2008. His work there
focused on the kinetic study of T cell recognition.
He studied the interactions between T cells
and antigen-presenting cells through the twodimensional interaction between the T cell
receptors and peptide-major histocompatibility
complexes. This interaction is significant because
it allows the immune system to identify a wide
range of threats, bacterially and virally, and begin
systemic elimination. His work was published
in Nature. In his graduate thesis, he expanded
upon the literature for 2-D nature of TCR-pMHC
interactions, which had only been analyzed threedimensionally. He used the adhesion frequency
assay and the thermal fluctuation assay. With
that project, he found that in comparison to
their 3-D counterparts, the 2-D affinities and the
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on-rates of the TCR for a panel of pMHC ligands
had broader dynamic ranges that matched that of
the corresponding T cell responses. The 2-D TCRpMHC kinetic data has potential to yield other
information about T cells in areas ranging from
ligand discrimination to feedback mechanisms.
Dr. Huang has been interested in T cell activity
for a long time – he would like to further understand
how T cells act against pathogens. “There are
millions of pathogens that can make us sick and
T cells can act against them with a specificity that
fascinates me. But how they act so is still unclear
and I want to understand it here at the Institute of
Molecular Engineering,” said Dr. Huang.
Following his work at Georgia Tech, he
went on to complete a postdoctoral fellowship
in immunology at Stanford University, where
he first-authored a paper in Immunity on how
single peptide-major histocompatibility complex
ligands trigger digital cytokine secretion in CD4(+)
T cells. He later went on to win the Pathway to
Independence Award, a prestigious funding award
from the National Institutes of Health.
Dr. Huang’s current work at the IME is still
heavily focused on T cells and T cell recognition,

‘Super Imaging System,’ one of the tools used in the Huang Lab.
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and now plans to improve cancer treatments.
He is particularly interested in looking at
PD-1 molecules—which are important for
downregulating the immune response—and
PD-L1, an activation ligand for PD-1 that is found
in cancer cells. “At this lab, we found that upon

“ Coming to the University of

Chicago to do research and to
teach such a bright cohort of
students has definitely been one
of the best decisions of my life. ”
its activation by PD-L1, PD-1 suppresses T cell
activation, not through T cell receptors, but by
inactivating CD-28 receptors,” stated Dr. Huang.
He believes in the therapeutic potential of this
finding but understands the limitations as well.
He said that the response rate of current drugs for
suppressing PD-L1 is just around 20 percent, and
hopes that he and other researchers will be able to
increase this and allow the immune system itself
to fight off the cancer cells that activate PD-1 via
the PD-1/PD-L1 pathway.
His other focus at the IME is on T cell
recognition and understanding how PD-1 works in
the first place. He currently collaborates with other
institutions, including Stanford, MIT, University
of California San Diego, and Nanjing Medical
University in China. His lab group makes use of
quantitative analyses to study immune functions
of conventional T cells and immunosuppressive
properties of regulatory T cells. They use singlemolecule and single-cell imaging techniques,
single-molecule biomechanical assays, and
systems biology techniques. He also hopes to use
big data driven analyses and machine learning
algorithms to process data and yield valuable,
implementable information. Dr. Huang also wants
to focus on the HIV virus and use T cell-based
approaches to deal with the disease. “But this is an
idea for the future,” he commented after talking
about his interest in HIV research.
He was attracted to the University of Chicago
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for multiple reasons. At the time, the IME was
new and the first engineering department at the
University of Chicago, and he believed that he could
make significant contributions to the department.
In addition, he was very interested in working with
Dr. Matthew Tirrell, the director of the IME. “When I
met Dr. Tirrell, I liked him and the way he thought. I
knew immediately that I wanted to work with him,”
said Dr. Huang. He also liked the interdisciplinary
approach that University of Chicago professors are
known for, and he really wanted to be exposed to
a wide variety of perspectives, something he felt
would greatly benefit him with his plans.
Fortunately, Dr. Huang has really enjoyed his
time here at the university so far. He feels glad to
be around so many academically gifted students
and faculty who want to change the world around
them. The freedom that the University offered
researchers also attracted him to the IME. “Coming
to the University of Chicago to do research and
to teach such a bright cohort of students has
definitely been one of the best decisions of my
life,” said Dr. Huang.

daksh Chauhan
is a first-year planning to major in Biological Sciences and minor
in Statistics. He is currently working at the Fang Lab at University
of Chicago Medicine doing research in atherosclerosis. He hopes
to attend medical school and become a physician specialized in
cardiology.
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james skinner
Crown Family Professor of Molecular Engineering, Director of the Water Research
Initiative and Deputy Director for Faculty Affairs

Investigating Water:
An Inquiry with Dr. James Skinner
Alexander Feistritzer

Dr. James Skinner is the director of the
Institute of Molecular Engineering’s (IME) Water
Research Initiative (WRI), where he will articulate
and build a vision for the IME’s water theme.
At 63, he says he’s nearing the end of his time
in academia, but that “[the WRI] is particularly
interesting for me, since I’ve done basic research
my entire life. This is a way to get involved in real
work and real problems. I love water, I love the
world, and there are a lot of water issues in the
world, so I think that this will be a really exciting
thing to do for the last chapter of my academic
career.”
His career stretches back to when he was an
undergraduate student at University of California,
Santa Cruz and majoring in both chemistry and
physics. Dr. Skinner says that he had never really
considered any other major, and that he had been
in love with chemistry since high school. Forty-one

Crystal structure for hexagonal ice, Ih, or ordinary ice. Its structure is
simulated in programs like VMD to aid in its visualization.
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years ago, in 1977, while still an undergraduate, he
published his first scientific paper in the Journal
of Physical Chemistry. He had been modeling the
activity of an electron confined to two dimensional
systems, such as a ring, to help better investigate
the unusual stability of aromatic molecules like
benzene or naphthalene.
In fact, it was this initial exploration in quantum
chemistry that led him to Harvard University
to pursue physics and chemical physics for his
Master’s and Doctorate degrees, respectively
under the tutelage of Dr. Peter Wolynes. With
a National Science Foundation (NSF) Graduate
Fellowship, Dr. Skinner worked on mathematical
models to describe several chemical phenomena,
ranging from reaction rate theory, to solitons
(i.e. bundles of light with different frequencies
that travel as a single packet). Even though his
work focused on primarily physics, Dr. Wolynes
was a chemist, so Dr. Skinner considered himself
one too. Dr. Skinner then received a second NSF
Fellowship, this time as a postdoctoral researcher,
to work at Stanford University under the direction
of the theoretical chemist Dr. Hans Anderson with
influence from experimental chemist Dr. Michael
Fayer to investigate spectroscopy, which is a set of
experimental methods used to identify chemicals,
as each one has a distinct ‘fingerprint’. He focused
mainly on the spectroscopy of condensed phases
(liquids are one example), and this was one of the
first times he began working with water.
Later, as a professor at Columbia University,
Dr. Skinner performed research in solid state
physics, but as a member of the school’s chemistry
department. He worked on Anderson localization,
which is a phenomenon of when the eigenstates
of a solid would ‘collapse’ into localized pockets
given that the solid is random enough; in other
words, even if a solid is disordered, light waves can
pass through without diffusing. He also did some
research in excited electron-phonon coupling,
and how these couplings appear in spectra, which
basically means how the high-energy electrons
in a lattice, behaving as a collective wave across
the lattice, influence spectra. He recalls, “It
sounds very physics-y, and it was. Things were a
bit awkward, because I was doing things that no
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one in my department understood, because they
were a bunch of chemists. It may not have been
the wisest choice, but at least it was fun!”
When he accepted a professorship at the
University of Wisconsin-Madison, he made a
conscious decision to do strictly chemistry after
his experiences at Columbia. In his 27 years at UW
Madison, he focused mostly on the vibrational
relaxation of liquids (how energy in the form of
light is absorbed by individual molecules and
thereafter dispersed in the liquid), electronic
spectroscopy (like scanning electron microscopy,
SEM), and nonlinear spectroscopy of photon
echoes (time-dependent spectroscopy). However,
in his last 15 years there, he began working almost
exclusively with water.
Dr. Skinner has brought his work with him
from UW Madison after being asked to lead the
WRI by the IME, but he has no plans to establish a
large lab here at UChicago. While he is no longer
accepting PhD candidates, he does mentor three
postdocs. One of his current projects is to use
supercooled water to investigate some of water’s
anomalous properties: two of these properties
are the density maximum of liquid water at 4ºC,
and that ice is less dense than water. Water is
said to be supercooled if its temperature has
been lowered below its freezing point but has

A phase diagram describing the coexistence line between two different
phases of ice, Ih and Ice II (the blue line separates the two phases). The
red and black lines describe two distinct liquid phases of water, and the
dotted portions indicate simulated extrapolation. They meet at the black
star, which is the theoretical liquid-liquid critical point.
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remained in a metastable liquid form—but once
the temperature drops too much, it freezes into
ice. Dr. Skinner says that there is this ‘crazy theory’
out there that suggests that there is a coexistence
line in the phase diagram (graph describing the
phase of water at different temperatures and
pressures) where two different types of liquid
water exist, and which ends in a critical point (a
temperature/pressure combination where the two
phases should coexist). This coexistence should
be seen experimentally in supercooled water,
and would help explain some of the anomalies
mentioned above.
Another one of Dr. Skinner’s projects has to
do with infrared and Raman spectroscopies of
water, which are techniques used to determine
the structural fingerprint of a molecule through
its vibrational motions. He is investigating the
Fermi resonance band overtones between the
stretch fundamental--in other words, how specific
vibrations of a water molecule are coupled
together and how these vibrations appear in
and affect the spectroscopies. His third project
deals with supercritical water, or water at high
temperatures and pressures. At the moment,
this project is examining the conditions at which
certain densities of supercritical water will form an
infinite network of hydrogen bonded molecules.
It uses percolation theory to describe these
systems; in essence, how quickly connections
form and how long it takes these connections to
spread across the entire system. In general, all of
his projects make heavy use of the Research and
Computing Center’s supercomputing cluster.
While Dr. Skinner’s research is novel, his
main goal here at UChicago is to lead the WRI,
not to continue his work from UW Madison. He
has created four sub-themes that tackle four
very different problems involving water. The first
theme is aimed at improving water treatment
technologies like desalination, disinfection,
and purification, to make water more available
for human consumption and agriculture. The
second sub-theme focuses on water’s energy
applications with an emphasis on water splitting
and fuel cells, as well as on catalysis. The third
investigates water’s impact on climate, especially
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the effects of pH and salinity on the water cycle
or the development and destruction of clathrates
(methane pockets trapped in ice, and a significant
way that carbon is kept out of the atmosphere).
Finally, the fourth theme focuses on water’s role
in biology at a molecular level, and how water
molecules play a role in protein formation, active
site inhibition, etc.
One of Dr. Skinner’s main goals for the WRI
is for it to be a collaborative effort, especially

“ I’ve done basic research my

entire life. This is a way to get
involved in real work and real
problems. I love water, I love the
world. ”

with institutions outside of UChicago. Two such
partnerships are already in place. The WRI as a
whole is part of a collaboration with two other
research institutes: Argonne National Labs and
Ben Gurion University of the Negev in Israel. Dr.
Skinner directly oversees this partnership. The
second partnership is with the city of Chicago
through the program ‘Current’, which brings
together researchers, the water reclamation
district, water/waste treatment plants, innovators,
industry, venture capital, and anyone else who
wants to improve the water infrastructure in
Chicago.
Even though Dr. Skinner’s own work does not
directly fall under any of the WRI’s four themes,
he has no plans of changing his research. “I’m a
little too old to change my stripes,” he explains,
“and what I’m trying to do here is to really look
at these applied problems, really world-wide
problems, and I’m trying to embrace them by
building [the WRI]. My personal research is more
what I’ve been doing these last few years, and
that’s water research.”
Although being relatively new the area, Dr.
Skinner is enjoying his time here in Chicago. He is
particularly fond of the music, from the symphony
and the opera to the jazz and blues festivals
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during the summer. He lives in Hyde Park, and he
says that he loves taking the bus to work and just
interacting with such a diverse group of people,
and that it is very different from the dynamic
from when he lived in New York. As for UChicago,
he says that he thinks it is a fantastic place, that
it is very intense, very intellectual, and that he
loves working here. He says, “If I’m going to try
and build an effort in water, you’re going to have
to have resources, hire people, and you know, this
whole IME is so unique, and [the University] is just
so interesting.”
Outside of UChicago and the IME, Dr. Skinner
is the current president of the Telluride Science
Research Center, which runs scientific workshops
in the molecular sciences, like chemistry, physics,
and materials science. He enjoys volunteering his
time and energy to engage the public through
science, and hopes to spend his time after
academia serving the greater scientific and civic
community. Additionally, he says he has come full
circle: he is an editor for the Journal of Chemical
Physics, where he published his very first scientific
paper.
In the end, these last few years in academia
represent a complete shift in Dr. Skinner’s work,
moving away from theoretical research and into
more applied work. This begs the question, does
he regret not changing direction earlier in his
career? His response is that “my inclination is to
get to the bottom of things, I need to understand
things, and that’s why I love science. It’s been a
satisfying career. But, I did say that the reason
I took this job was to broaden myself to other
problems, so maybe I if I would have done this 5 or
10 years ago, then I would have been able to hop
in there, create some research in these areas, and
that might have been really fun. I don’t know!”
Either way, Dr. Skinner’s guidance as head of the
IME’s WRI will certainly lead to some fantastic
research, both theoretically and practically, and
in his words, “I’ve spent most of my career as a
scientist, trying to understand the world, but now
I’m a molecular engineer, and trying to help the
world.”
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Sex, Drugs, and Rotifers:
Endocrine Disrupting Water Contaminants and
Rotifer Reproductive Cycling
Charlotte Hovlanda and Kristin Gribbleb
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The Biological Sciences Collegiate Division, University of Chicago, Chicago, IL 60637 USA
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Monogonot rotifers are near-ubiquitous invertebrate zooplankton, distinguished by their cyclically
parthenogenetic reproductive activity. This reproductive cycling is regulated by steroid hormones,
possibly including estrogen. In this study, the effects of two estrogen agonists and known environmental
pollutants, 4-nonylphenol and 17α-ethynylestradiol, on rotifer population growth rates, sex ratios, and egg
quality were observed. Neither nonylphenol or ethynylestradiol, nor both in conjunction had any effect on
population growth rates and they had only mixed effects on sex ratios. However, the estrogen agonists
did have a marked impact on egg quality. The estrogen agonists’ effects on egg development were sex
specific, with male eggs showing greater effects on egg size and shape Nonylphenol and ethynylestradiol
influenced egg quality at far lower concentrations in combination than was sufficient when producing
results in tests of individual compounds. This suggests that interactions between the two endocrinedisrupting compounds may be cause for environmental concern.
Introduction
Rotifers (phylum Rotifera) are zooplanktonic
invertebrates that appear globally in freshwater
and marine systems. Although they are small
(generally < 1mm in length), rotifers are of great
ecological importance. As low-level consumers,
they take in energy and nutrients from
phytoplankton, detritus, and single-celled bacteria
and protozoa [1]. In turn, rotifers are consumed by
macro-organisms, including large zooplankton,
benthic worms, and larval fish. Through these
trophic interactions, rotifers bridge the gap
between the micro and macroscopic worlds
within aquatic ecosystems [1-2]. Monogonota is

the most specious rotifer sub-group, and includes
the study organism, Brachionus manjavacas.
Monogonot
rotifers
are
cyclically
parthenogenetic, and males and females are
highly sexually dimorphic, with females comprising
most of the population. Under ideal conditions,
asexual (amictic) females produce eggs by mitosis,
resulting in the parthenogenetic development
of clonal, diploid daughters [3]. However, at high
population densities and in response to changes
in photoperiod, a portion of the eggs released by
the asexual females develop into sexual (mictic)
females, which produce haploid ova by meiosis
[4]. If these eggs go unfertilized, they remain
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very small and develop into small, haploid males,
which are then available to mate with the sexual
females. Once mating occurs, the zygote develops
into a ‘resting egg,’ an embryo surrounded by a
thick shell. The resting eggs settle out of the water
column and enter a period of dormancy in the
sediments below [1]. Once conditions are again
favorable, the resting eggs emerge and complete
their development into asexual females.
Mictic reproduction (mixis) is density
dependent and regulates rotifer population
dynamics. The production of resting eggs removes
rotifers from active circulation in preparation
for winter, during population booms, or when
their aquatic habitat shrinks, concentrating the
rotifers in the remaining water and increasing
their population densities. This allows rotifer
populations to endure dramatic fluctuations in
habitat quality. Mixis is thought to be under the
control of a pheromone released into water by
female rotifers [5]. As in bacterial quorum sensing,
the strength of the signal is related to the density
of rotifers releasing the signaling molecule. The
rotifers will only transition to mixis when a certain
density threshold, and thus a threshold signal
intensity, is exceeded [4-6]. Once the mixis signal
has been triggered, the rotifers’ reproductive
response is under hormonal control [4-6].
Steroid
hormones
in
particular
are
increasingly well-supported candidates for the
primary regulators of rotifer reproduction. Snell
et al. observed similarities between fragments of
a purported mixis signaling protein and a protein
that induces steroidogenesis in humans, while
Stout et al. revealed the presence of progesterone
receptors in male and female rotifers [4-6]. Recently,
Jones et al. discovered an estrogen-like receptor in
Brachionus rotifers that is so highly conserved with
respect to mammalian estrogen receptors that it
can bind human estradiol [7]. Several teams of
researchers have shown that rotifer reproductive
rates are impacted when their environment is
dosed with human steroid hormones, including
progesterone, estrogen, and testosterone [8-9].
This has led to concerns that rotifer reproductive
cycling may be disrupted by water contaminants
that are androgen and estrogen mimics or
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antagonists. These contaminants include
–
estradiol, ethynylestradiol, nonylphenol and
nonylphenol-ethoxylate, dioxin, and endosulfan
[10-12]. Endocrine disruption is of particular
concern in the effort to monitor and regulate
water pollution, as pollutants may produce
reproduction-disrupting endocrine effects even at
low concentrations that do not result in outright
toxicity [10]. Of additional concern is the potential
for synergistic or additive effects of multiple
endocrine-disrupting contaminants. Despite the
fact that most ecologically relevant environments
contain multiple contaminants, relatively little is
known about their potential interactions [10, 13].
In isolation, ethynylestradiol and nonylphenol
have been shown to reduce the number of females
in rotifer populations as well as the proportion
of sexual females [3]. The purpose of this study
is to observe the effects of ethynylestradiol
and nonylphenol at typical environmental
concentrations and to see if any additive or
synergistic effects occur when both contaminants
are present.
Methods
General Methods
Brachionus manjavacas rotifers were
reared under eleven chemical treatments: a
control without added contaminants; a control to
which only ethanol was added; three experimental
set-ups in which 4-nonylphenol (Standard grade,
Sigma-Aldrich, Milwaukee USA) was added
dissolved in ethanol to concentrations of 1 ug/L
(0.0045 uM), 5 ug/L (0.0227 uM), and 50 ug/L
(0.2273 uM); three in which 17α-ethynylestradiol
(> 98%, Sigma-Aldrich, Milwaukee USA) was
present to concentrations of 1 ng/L (3.378x10-6
uM), 5 ng/L (1.689x10-5 uM), and 50 ng/L (1.689x104 uM); and three additional set-ups treated with
both 4-nonylphenol and 17α-ethynylestradiol
in combination. Of the set-ups with both
4-nonylphenol and 17α-ethynylestradiol, one was
treated with 4-nonylphenol at a concentration of
1 ug/L and 17α-ethynylestradiol at a concentration
of 1 ng/L, while the next contained 5 ug/L
4-nonylphenol and 5 ng/L 17α-ethynylestradiol, and
the final set-up contained 50 ug/L 4-nonylphenol
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and 50 ng/L 17α-ethynylestradiol. Each treatment
was carried out in three replicates.
Each replicate was reared in a 50 ml glass vial
and was initially supplied with T. suecica, an algal
food source for the rotifers, in salt water. The initial
concentrations of rotifers were ~5 individuals
per mL. Each vial was also spiked individually
with an appropriate volume of contaminant
solution. Given that the greatest added volume
of contaminant was 200 uL, only 1% of the 20 mL
volume of the total solution, it was not necessary
to add any additional volume to the control vials.
The control vials and the vials treated with
17α-ethynylestradiol were incubated for 7 days,
while the ethanol controls and the vials treated
with 4-nonylphenol and with both contaminants
were incubated for 6 days, due to delays in
supply procurement. All incubation took place
at 21°C and on a 12 hour light-dark cycle. Halfway
through the period of incubation each vial was
replenished with fresh algae and with additional
contaminants so that the contaminants would not
become diluted as the volume of algal solution
was increased.

were counted and classified.

Time Series
During each day of incubation 1mL subsamples
were taken from each replicate. These subsamples
were fixed with Lugol’s solution. The numbers of
sexual females, asexual females, and non-eggbearing females in the subsamples were counted
under a dissection microscope. The free eggs
were counted and classified as diploid female
eggs, haploid male eggs, or resting cysts.

Results
Time Series
None of the compounds seem to have caused
general toxicity at any of the experimental
concentrations. All of the rotifer populations
increased exponentially over time. Their rate of
growth, in terms of the number of adult females,
was not impacted by any of the contaminant
treatments, nor was the time it took for the female
population to double (Figure 1).

End Point Population Mixis Ratios
After the seventh day of incubation for
the control and ethynylestradiol vials and the
sixth day of incubation for the ethanol control,
nonylphenol, and combined treatments, 2 mL
subsamples f rom each replicate were transferred
into f resh vials, each containing 18 mL of algae
solution and the appropriate concentration
of contaminants. The new vials were left
undisturbed and allowed to incubate for 5 days.
On the f ifth day, 1 mL subsamples were taken
from each replicate, and the rotifers and eggs

Egg Quality
Finally, the vials were replenished with 6
mL of algae solution and contaminants and
then were incubated overnight. The next day, a
7 mL subsample was taken from each vial. The
subsamples were vortexed in order to detach as
many eggs as possible from the adult female
rotifers and were treated with Lugol’s solution. The
samples were left to settle overnight, after which
5 mL of supernatant were discarded. Slides were
prepared using 30 uL of the material remaining at
the bottom, and the samples were photographed
through a light microscope under a 40x objective
lens. The first 8-12 female and male eggs observed
from each subsample were photographed.
The resulting images were processed with Fiji
[14] image processing software. A known scale
was used to measure the cross-sectional area,
perimeter, feret diameter (maximum caliper
diameter), and roundness of each egg, where:

End Point Population Mixis Ratios
No signif icant differences were observed
between the total numbers of either rotifers or eggs
in between any treatments and their respective
controls. However, the proportions of sexual and
eggless females did vary between treatments, as
did the ratios of male and female eggs, Sexual
females made up a smaller proportion of total
adult females in the 1 ng/L ethynylestradiol and
1 ug/L nonylphenol combined treatment than in
the ethanol control (5.3% vs. 3.3%) (P = 0.0156). A
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similar, but more dramatic effect was observed
when both compounds were present at 50 ng/L
and 50 ug/L, respectively (P = 0.0067). When
both compounds were present at their highest
concentration, sexual females only made up 1.2%
of the female population, (S.E. = 0.64%) on average.
In this treatment, the proportion of female eggs
relative to the total number of eggs also increased,
from an average of 57% to an average of 81% (S.E. =
4.9%) (P = 0.0184).
Here, it should be noted that the proportions
of male and female eggs differed significantly
between the control replicates made with only salt
water and the control replicates to which ethanol

was added. In the following analyses, all cultures
containing nonylphenol dissolved in ethanol
have been compared only to the ethanol control,
while cultures treated only with ethynylestradiol
have been compared only to the control without
ethanol. Nevertheless, the presence of ethanol
may represent a confounding factor in the
examination of estrogen-mimicking compounds.
The 1 ug/L nonylphenol treatment resulted
in a lower proportion of sexual females and a
higher proportion of nonovigerous females, with
the proportion of sexual females out of total
females dropping from an average of 5.3% (S.E.
= 0.41%) to an average of 2.3% (S.E. = 0.63%) (P =
0.0155). The rotifers reared in 1 ug/L nonylphenol
also produced a lower proportion of male eggs
and a correspondingly greater proportion of
female eggs. In the ethanol control, male eggs
averaged 43% of the total egg yield, while female
eggs made up 57% of the total eggs (S.E. = 4.1 %).
In the 1 ug/L nonylphenol treatment, male eggs
composed only 27% of total eggs and female eggs
made up the remaining 73% (S.E. = 3.2%). However,
no significant deviations from the control were
observed for the 5 ug/L or 50 ug/L nonylphenol
treatments.
Ethynylestradiol alone did not appear to have
any significant effects on the sex ratios of either
adult rotifer populations or their eggs.
Resting cysts appeared so infrequently that
it was impractical to subject their counts to
statistical testing.
Egg Qualities
After 5 days of undisturbed incubation (making
11/12 days of total contaminant exposure), all
treatments had a lot of male and female eggs, but
there were not enough resting cysts to produce
sample sizes sufficient for further analysis.

Figure 1: Population growth, in terms of total adult females. Growth rates
were unchanged between controls and treatments. Error bars represent
standard error.
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Area
The area of female eggs ranged from 10593.23
2
um to 19245.03 um2 in the control, with an average
of 15544.63 um2 (S.E. = 365.33 um2). A significant
difference between the mean area of contaminantexposed eggs and that of the control (P = 0.0051)
was found only when the rotifers were incubated
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with both ethynylestradiol and nonylphenol at
the highest tested concentrations (Figure 2). The
mean area of the eggs from the ethanol control
group was 15253.97 um2 with a standard error of
443.04 um2, while the mean area of female eggs
developed in 50 ng/L ethynylestradiol and 50 ug/L
nonylphenol was 13483.55 um2 with a standard
error of 415.83 um2. On average, the affected eggs
were 11% smaller by area than the control eggs.
Male eggs were smaller than female eggs, with
an average area of only 6158.16 um2 (S.E. = 100.55
um2) in the control. Significant differences were
observed between the mean areas of the controls,
the 50 ug/L nonylphenol treatment, the 50 ng/L
ethynylestradiol treatment, and all treatments
using both contaminants (Figure 3). On average,
the eggs developed in 50ng /L ethynylestradiol
were 4.4% larger by area than those of the
control, while the male eggs developed in 50
ug/L nonylphenol and in both nonylphenol
and ethynylestradiol were smaller, on average,
than those in the ethanol control treatment.
Although the combination of compounds
produced statistically significant effects at lower
concentrations than nonylphenol alone, at the
concentrations when both produced an effect (50
ug/L nonylphenol and a combination of 50 ug/L
nonylphenol and 50 ng/L ethynylestradiol), there
was not a significant difference in the magnitude
of the effect. The mean area of male eggs treated
with both ethynylestradiol and nonylphenol was

Figure 2: The mean areas of diploid, female eggs collected after 11/12 total
days of incubation. Error bars show standard error. A significant difference
from the control (P = 0.0051) was found only when the rotifers were
incubated with both 50 ng/L ethynylestradiol and 50 ug/L nonylphenol
(Both 50). * Denotes significance (P < 0.5)
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not significantly different from those treated with
nonylphenol alone (P = 0.9028).
Perimeter: Neither ethylestradiol nor nonylphenol
had a significant effect on female egg perimeter
as individual compounds. When the compounds
were applied in combination, results were
ambiguous. The mean perimeter of the female
control eggs was significantly greater (P < 0.05)
than that of the female eggs produced in 1 ng/L
ethynylestradiol and 1 ug/L nonylphenol or that
of the female eggs produced in the highest
concentration of both compounds. However,
the intermediate treatment, with 5 ng/L
ethynylestradiol and 5 ug/L nonylphenol, showed
no significant deviation from the control (P =
0.1004).
The mean perimeters of male eggs roughly
corresponded to the mean areas. Whether
measured by area or perimeter, male egg size was
affected by the combined contaminants at lower
concentrations than affected the female eggs.
All cultures treated with both compounds had
significantly smaller mean male egg perimeters
compared to controls. Male eggs from the 50
ug/L nonylphenol treatment had, on average,
4.5% smaller perimeters than male eggs from the
ethanol control, and the difference between the 50
ug/L nonylphenol and ethanol control treatments
was found to be significant (P = 0.003). None of
the ethynylestradiol treatments were found to

Figure 3: Figure 3: The mean areas of haploid, male eggs collected after
11/12 total days of incubation. Error bars show standard error. Significant
deviations from the control (P < 0.05) were found in the 50 ng/L
ethynylestradiol treatment (17EE 50), the 50 ug/L nonylphenol treatment
(4N 50), and in all treatments with both contaminants (Both 1, Both 5, and
Both 50). * denotes significance (P < 0.5)
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have any effect on male egg perimeter.
Feret Diameter: Under no circumstances did the
average feret diameters of the female eggs differ
significantly from that of their relevant controls.
In contrast, the mean diameter of male eggs
rom the 50 ug/L nonylphenol treatment was
significantly smaller than that of the ethanol
control (P = 0.0020). All treatments using both
contaminants also resulted in male eggs with
smaller mean feret diameters compared to those
of the ethanol control.
Roundness: Out of a maximum of 1, the average
control female had a roundness of 0.7872 (S.E. =

Figure 4: Figure 4: Roundness of haploid, male eggs. Error bars show
standard error. The average egg developed in 50 ng/L ethynylestradiol
(17EE 50) was slightly more round than the average control (P = 0.0348),
as was the average male egg developed in 50 ug/L nonylphenol
(4N 50) (P = 0.0046). The average eggs developed in the lowest and
highest concentrations of both compounds (Both 1 and Both 50), were
significantly rounder than the average control, but this was not the case
for the intermediate concentration (Both 5). * Denotes significance (P <
0.5)

0.0096). The average egg developed in 50 ng/L
ethynylestradiol was significantly rounder than
the average control (0.8669 as compared to 0.7872;
P = 0.00004). The average female egg developed in
1 ng/L ethynylestradiol and 1 ug nonylphenol was
less round than the average control (P = 0.0258),
however no other treatments had any significant
effects on female egg roundness, including higher
concentrations of both contaminants.
Male eggs that developed in 50 ng/L
ethynylestradiol were, on average, significantly
rounder than control male eggs (0.8371 as
compared to 0.7997, P = 0.0348). Male eggs
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that developed in 50 ug/L nonylphenol were
significantly rounder than control eggs (P =
0.0046). Male eggs from the low concentration
treatment with both compounds were rounder
than the control, as were male eggs from
the highest concentration treatment, but
the intermediate concentration did not show
significant effects on male egg shape (P = 0.0778)
(Figure 4).
Discussion
Neither nonylphenol nor ethynylestradiol
in isolation, nor both in conjunction, had a
significant effect on the growth rate or doubling
time of B. plicatilis populations. These findings
are consistent with those of Radix et al. [3], who
found that ethynylestradiol only decreased rates of
population increase at concentrations of 1.72 uM or
higher, while nonylphenol only decreased the rate
of population increase at concentrations higher
than 0.59 uM. The maximum concentrations used
in the present study, selected to approximate the
concentrations found in Cape Cod wastewater
[12, 14-15] were 0.2273 uM nonylphenol and
1.689x10-4 uM ethynylestradiol. The concentrations
of nonylphenol and ethynylestradiol typically
seen in coastal waters (4.5x10-4 uM to 0.381 uM
nonylphenol; 5x10-6 uM ethynylestradiol) are not
sufficient to significantly impact the growth rates
of local rotifer populations. However, nonylphenol
and ethynylestradiol are only two of many estrogen
agonists that have been detected entering the
ocean, and the effects of many compounds in
conjunction with one another, although present
at low concentrations, remain worthy of study and
concern.
Exposure to estrogen agonists did not have
any significant effect on the total number of
females or on the proportion of asexual females
present. Treatment with nonylphenol or with
both nonylphenol and ethynylestradiol did result
in a significantly lowered ratio of sexual females
to total females in three cases, but these effects
did not follow a clear pattern with respect to
concentration. While ambiguous, these results
are consistent with the 2001 findings of Radix et
al., who report, “it was difficult to establish a clear
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dose-response relationship” between exposure to
nonylphenol and changing ratios of sexual and
asexual females [3]. Previous researchers have
speculated that sexual reproductive processes in
rotifers are more likely to be affected by endocrine
disruption than are asexual reproductive processes,
perhaps because of the greater complexity of
endocrine signaling involved in carrying out sexual
reproduction [9]. This study, which saw some effect
of estrogen agonists on sexual female proportions
but none on the proportions of asexual females,
lends support to this hypothesis.
Preston et al. found alterations to the
proportion of fertilized sexual females (females
bearing resting cysts) to be a reliable indicator
of endocrine disruption, with the proportion of
fertilized sexual females declining when exposed
to 50 ug/L nonylphenol [9]. However, in this
experiment, which also tested 50 ug/L nonylphenol,
fertilized sexual females were so rarely seen in
any of the treatments that no useful comparisons
between treatments could be made. This scarcity
of fertilized sexual females is likely a result of the
short time period over which the experiment was
run. Each population was allowed to develop for
only two generations. It’s possible that a longer
incubation time would have allowed more males to
accumulate, resulting in higher rates of fertilization
and a greater accumulation of resting eggs.
While the total numbers of eggs did not
vary between treatments and the proportions of
male and female eggs did not vary with any clear
pattern, several trends emerged when the shapes
and sizes of eggs extracted from the different
treatments were compared. In general, male eggs
were much more susceptible to effects of the
contaminants than were female eggs. Male eggs
responded to single contaminants when female
eggs did not, and consistently responded to lower
concentrations of the combined contaminants.
Preston et al. hypothesized that certain “aspects of
the life history of male rotifers” could cause them
to be more vulnerable to endocrine disruption
[9]. Although the mechanisms that would cause
such a disparity are not well characterized, they
could stem from differences in the biochemical
pathways used in the development of males
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and females. This sex specific susceptibility to
estrogen agonists appears to extend to eggs, and
indicates that nonylphenol and ethynylestradiol
are causing endocrine effects, not merely general
toxicity, which would be expected to impact all egg
morphologies equally.
Additionally, egg size and shape showed
changes in response to combinations of
compounds, even when those same concentrations
of individual compounds failed to produce
significant effects. For all measures of egg size,
nonylphenol alone had a significant effect on
male egg size only at its highest concentration.
When both compounds were present, significant
effects were observed at all concentrations. The
interactions between the two compounds do not
appear to be simply additive: in the case of male
egg area, high concentrations of nonylphenol alone
resulted in a slightly smaller average egg, while
high concentrations of ethynylestradiol resulted
in a slightly larger average egg. If the effects of
the two compounds were simply added together,
one might expect to see the two compounds
counteract each other. Instead, even the lowest
concentration of both contaminants resulted in
male eggs that were, on average, smaller than the
control, an effect which was not achieved by similar
concentrations of nonylphenol or ethynylestradiol
alone. Additionally, at concentrations where both
an individual compound and the combination
of compounds had an effect, the magnitude of
the effect was not significantly greater under
the combined treatment. In order to more
definitively characterize the interaction between
nonylphenol and ethynylestradiol, a wider range
of concentrations should be tested in order to
establish a curve by which responses to various
doses of individual and combined compounds
could be compared. This question is of great
interest going forward, as environments are often
polluted with trace amounts of many different
contaminants, rather than high concentrations of
only a few compounds. If the interaction of multiple
endocrine disruptors allows them to have greater
effects at lowered concentrations, then even trace
amounts of endocrine agonists may be cause for
grave environmental concern.
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An emerging body of data indicates that cells under stress, such as cancer cells, have a higher concentration of
reactive oxygen species or ROS, byproducts of cellular metabolism which include superoxides. In this context, ROS
are a key focus of the research into the mechanisms underlying the progression of cancer. The goal of detecting
ROS has motivated the development of a primary detection assay. This project utilized xanthine oxidase, an
enzyme that generates ROS, to measure the rate at which xanthine is converted into uric acid through its reaction
with ROS. We found that xanthine is the best metabolite due to its sensitivity for reacting with ROS to produce uric
acid and its ability to react quickly. Using ultraviolet visible spectroscopy, we determined that xanthine was the
most readily detectable metabolite and that changes in absorbance among cells reflects their uptake of xanthine.
We also identified the cell line with the highest concentration of xanthine oxidase, which would facilitate xanthine’s
conversion to uric acid, for the main purpose of transporting the xanthine to the cancer cells and converting it into
uric acid in the presence of superoxides. We believe that this reflects an accurate measure of the metabolism of
cancer cells. By measuring the amount of uric acid produced through the amount of xanthine added, we can track
how much ROS is present and through that, we can measure how active a tumor is. This project develops a more
efficient and sensitive imaging of the metabolic activity of cancer cells.
Introduction
In past research, hyperpolarized contrast agents
have been found to have a short half-life, anywhere
from 0.5-5 minutes in vivo. This makes it more difficult
to capture images on a PET scan, which utilize such
agents. However, these agents also offer an opportunity
to perform repeat scans within minutes because
of significantly less background signal, as previous
studies have shown [4]. Through this information,
we adapted the goals of our project to optimize our

measurements. The main goal of this project was to
find a comprehensive way to quantitatively measure
the growth and aggressiveness of tumor cells. This
project addressed this challenge by attempting to
find the molecule with the fastest reaction rate, given
by the highest rate constant, which would allow us to
determine which ROS-dependent metabolite among
Xanthine (XA), Hypoxanthine (HXA), and Uric Acid (UA)
has the longest half-life (Figure 1). The next aim of the
project involved finding the most effective step during
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the production of ROS that would satisfy our goals.
ROS are byproducts of cellular metabolism
produced during aerobic respiration in mitochondria
(Figure 2) [5].This tells us that the cells in which there

of the disease. It is therefore important to determine
which intermediate compound in the production of
ROS, ranging from superoxides to the hydroxyl radical,
is most reactive with either XA, HXA, or UA. From this,
we can determine how aggressive the tumor cells
are by seeing how much of either HXA or UA is being
produced in the conversion from HXA to XA to UA is
produced in the presence of ROS. In this study, the
interactions between the metabolites and the ROS
were measured to elucidate the relationship between
the two. We also found that in addition to determining
the optimal metabolite, it is also important to find the
most effective transporter of the metabolite.
The third goal of the project is to select a cell line
with the highest concentration of the enzyme Xanthine
Oxidase or XA OX in order to transport the metabolite
to the tumor cells and stimulate the conversion (Figure

Figure 1: Following the xanthine to uric acid system, the presence of XA
and superoxide leads to the production of UA and Hydrogen Peroxide.

is a large amount of superoxide present is under stress
as it is very reactive. The portion outlined in the image
depicts the transition from XA to UA and the portion
in which superoxide is converted into Hydrogen
Peroxide. The superoxide produced during the aerobic
respiration is converted by the enzyme superoxide
dismutase to a second ROS molecule, hydrogen
peroxide (H2O2). In the presence of H2O2 ions, oxygen
forms hydroxyl radicals during the process of aerobic
respiration. A surplus of these molecules can oxidize
DNA, proteins and lipids, leading to deleterious effects
and must be carefully controlled otherwise leading
to uncontrolled cellular proliferation, resulting in the
growth of a tumor [6].
Cancer cells proliferate quickly in comparison to
normal cells, and therefore require more energy to
replicate DNA, resulting in more aerobic respiration
than in normal cells to fuel this process. This creates
increased levels of ROS which have been observed
during the replication of cancer cells [5]. Higher
levels of ROS have been shown to inactivate tumor
suppressors, such as tensin homolog (PTEN), leading
to higher rates of cancer proliferation [7]. In this
context, ROS are a key focus of the research into the
chemical mechanisms underlying the progression
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Figure 2: Reactive Oxygen Species are produced as byproducts of aerobic
respiration in the mitochondria. Each level is interconverted by enzymatic
systems such as the Glutathione (GSH)-Glutathione (GSSG) system,
superoxide, and catalase.

3). This is necessary as XA needs XA OX to convert to
UA along with ROS [8]. The benefit of selecting a cell
line with Xanthine Oxidase is two-fold as it permits us
to carry the metabolite to the cells and provides us with
a necessary reactant for the conversion from HXA to XA
to UA. After finding the most effective cell line, we then
determined if XA would be picked up by the cells. This
would complete our requirements for selecting the
optimal cell line.
The aim of this project is to select the molecule
within the XA-to-UA conversion system which is most
specific towards and reactive with ROS. The project is

Figure 3: The figure depicts the conversion from Xanthine to Uric Acid.
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divided into three components: choosing the optimal
metabolite, the optimal ROS, and the optimal cell line.
Through a combination of the results within each
step, we can employ a metabolite that uses ROS to
stimulate a conversion and measure the amount of
the following product formed in the final step. Through
this measurement, we would know how much ROS is
present in the cell and use that to quantify the amount
of stress the cell is under. We found that XA, which uses
ROS such as superoxides, is the best tool for measuring
the rate at which ROS is being produced and therefore
is an indicator of the metabolism of cancer cells. We also
believe that the cell line with the highest concentration
of XA OX present will be the most effective transporter
for the metabolite since it will facilitate XA conversion
to UA and allow us to measure how much ROS was
needed to do so. This investigation seeks to provide a
more efficient and sensitive measurement of cancer
imaging.
Materials and Methods
UV-Vis
To develop methods to quantify the rate of
conversion of XA to ROS, we chose ultraviolet-visible
spectroscopy as an imaging technique because it has
favorable properties for measuring the absorbance of
molecules, from which the rate constant of XA in the
production of superoxides may be determined. This
technique uses light in the visible and adjacent ranges
and measures absorption or reflectance. To understand
the dynamics of the reaction converting HXA to XA to
UA, we outlined the kinetics of the scavengers. This
process was done by adding 100 μL of deionized water
and 100 μL of either XA, HXA, or UA to the cuvette. The
UV-VIS spectrophotometer then ran from 200 nm to
300 nm. This allowed us to confirm the transition from
HXA to XA to UA and to narrow down the wavelength
at which the conversions occur.
Western Blot
In order to get XA into the cells, we needed a
transporter for both XA and the enzyme XA OX.
This helped in determining the optimal cell line for
our experiment. We used a western blot of four cell
lines and selected the one with the highest XA OX
concentration, as this would enable XA to be picked
up by the cells and eventually converted to hydrogen
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peroxide on the presence of superoxide. To create the
films showing our western blot, we used a supersignal
west pico plus chemiluminescent substrate. We added
2 mL of supersignal to each blot and water after 1-2
minutes. We then placed the blots on the plastic of our
blackboard and closed the board. We placed the film
over the blots and waited three minutes prior to putting
it in the film developer. Once that was complete, we
removed the film from the machine.
Cell Culture and Treatments
U251 (glioma cells), UMRC (renal carcinoma
cells), and UOK-262 (renal carcinoma cells) cells were
maintained in RPMI-1640 supplemented with 10.0%
heat inactivated Fetal Bovine Serum, 1.0% glutamine,
and 1.0% penicillin-streptomycin. Cells were incubated
at 37 °C in culture and split onto different plates every
three days.
HK2 (proximal tubule cells) cells were maintained
in a base medium of GIBCO supplemented with 0.5
mg/mL of bovine pituitary extract, 5 ng/mL of human
recombinant epidermal growth factor, and 7.5% DMSO.
Cells were incubated at 37 °C in culture and split every
three days [11].
Results and Discussion
Reactive Oxygen Species Scavenger Kinetics
By mapping out the kinetics of the HXA-to-UA
conversion, we found parts of the wavelength where
HXA converted to XA (Figure 4A). By repeating the
superoxides protocol time we were able to see how
the absorbance varied. From that, we were able to
determine at what time HXA was converted to XA. This
was repeated using the scavenger XA to determine if
the pathway to UA was complete (Figure 4B). Using
these standard graphs, we were able to follow the
conversion from HXA to XA to UA. We concluded that
260 to 300 nm was the appropriate wavelength range
for the rest of our experiments as that is where HXA
absorbance decreases while XA absorbance increases
and XA absorbance decreases while UA absorbance
increases. This accurately models the reaction
dynamics in the cells. From the absorbance data, we
determined the time at which the production of ROS
would raise the strongest signal for the hyperpolarized
MRI, and this data also helped us in choosing the
optimal metabolite.
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Figure 4: Reactive oxygen species scavenger kinetics using ultraviolet visible spectroscopy. (A) Production of xanthine over varied wavelengths (B)
Quantification of the xanthine-to-uric-acid conversion from 225 to 275

Scavenger Interaction with Superoxide
XA is the most reactive amongst the metabolites
with superoxides as it has the highest rate constant
(Figure 5A). We concluded that as XA has a significantly
higher absorbance rate compared to HXA, it is the
superior option in interacting with ROS. This supports
the hypothesis that XA is the best metabolite for being
absorbed by the cell and converted to UA.
Scavenger Interaction with Hydroxyl Radical
The scavenger’s reaction with the hydroxyl radical
also demonstrated that XA had the highest production
rate as seen through its greater absorbance than HXA
(Figure 5B). Although absorbance of each scavenger
reacting with the hydroxyl radicals decreased 100 fold
more than that of the superoxide reacting with hydroxyl
radicals, these results still support the conclusion
that XA produced the greatest ROS concentrations.
Furthermore, the decrease in rate constant allowed us
to conclude that the superoxide was the most optimal
ROS for measuring the interaction between ROS and
a metabolite. This allowed us to answer our second
question in choosing a ROS to measure.
Scavenger Interaction with Hydrogen Peroxide
Despite these results, it was also found that UA
is highly reactive with the hydrogen peroxide (Figure
5C). We theorize that because UA is directly oxidized
by hydrogen peroxide, it is a powerful scavenger for
hydrogen peroxide. Venable and Moore demonstrated
that when UA is treated with hydrogen peroxide at
room temperature, cyanuric acid is produced [12].
This production of cyanuric acid may have affected
the absorbance rate as extra molecules are being
produced, thus increasing the absorbance rate during
the experiment. However, the absorbance rates for the
superoxides were a 100-fold higher than the interaction
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Figure 5: Scavenger Interaction with reactive oxygen species. (A)
Scavenger interaction with hyperoxides (B) Scavenger interaction with
hydroxyl radicals (C) Scavenger interaction with hydrogen peroxide
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with the hydroxyl radicals, and we were therefore able
to conclude that superoxide is still the optimal ROS to
use as a quantifiable measure of the aggressiveness of
a cancer cell. Therefore, we were able to deduce that
these results did not interfere with our conclusion.
The scavenger’s reaction with superoxide resulted
in a significantly higher production of XA. We theorize
that this is due to the higher concentration of
superoxide present during aerobic cellular respiration
since the amount of product decreases as the reactions
moves from the production of superoxides to the
hydroxyl radical. Since there is more of the ROS, more
XA is produced as a result. Thus, these experiments
indicate that superoxide is the optimal ROS and XA is
the optimal metabolite.
Western Blot
After completing the western blot to determine
which cell line is the best carrier for XA through its
concentration of XA OX, we saw that U251 had the
greatest expression for the enzyme xanthine oxidase
based on the thickness of the line (Figure 6). This implies
that U251 is the cell line that we should use to transport
XA into the cells as the XA OX enzyme will be able to
convert the XA into the ROS. This is under the premise
that superoxides are present in the tumor due to the
aggressiveness of the cancer. These results allowed
us to select the optimal transporter to complete our
experiment.
As a part of the NMR protocol, our first aim was to
see if XA is taken up by the cells on a smaller spectrum
of shorter wavelength intervals. Figure 7A depicts peaks
that prove XA is picked up by the cells over time. These
peaks are derived from the absorbance measured
at different time intervals. From this spectrum, we
viewed XA uptake in the cells over a longer period of
time (Figure 7B). This graph shows the concentration
of XA within the cells over three hours, showing a clear
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Figure 6: The image above depicts the film achieved from a western blot.

increase. From this, we were able to conclude that XA
is being picked up by the cells and that the cell line
chosen, U251, is optimal for transporting XA to the
tumor cells.
Conclusions, Implications, and Future Work
Implications
Although the development of new methods for
detecting cancer is being heavily researched, the
use of hyperpolarized MRI is still relatively new. By
developing a contrast agent that can be picked up
through hyperpolarized MRIs, we can utilize a new
technique for measuring tumor aggressiveness. As this
technology was recently developed, scientists are still
finding new ways to use it to their advantage. So far,
hyperpolarized MRI has been used to improve imaging
in pulmonary MRIs, but there are only ten papers
researching hyperpolarized MRI in the context of
cancer. Additionally, each of these papers focuses solely
on the usage of Carbon-13 molecules compounds, as
opposed to specific molecules such as XA.
Delivering Key Data Quickly
The results produced from this research have

Figure 7: Results of NMR. (A) Spectrum depicting peaks at which absorbance rate changes over time due to increase in Xanthine
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more effective metabolite for imaging of cancer
cells using hyperpolarized MRI to image the high
concentrations of ROS within the cells. We are able
to overstep the challenge posed by the relatively low
half-life of hyperpolarized contrast agents by finding a
metabolite that reacts quickly. XA demonstrated these
characterizations and was therefore selected as the
optimal metabolite.

Figure 7: Results of NMR. (B) This graph plots the concentration of
Xanthine over time as it is taken into the cell.

important implications as they can transform the
methods by which we measure and treat various
cancers in a non-invasive and informative system.
Many people with cancer begin a treatment regimen
not knowing for certain if that approach will work for
them. However with hyperpolarized MRI, we may be
able to tell within days, rather than weeks, if a treatment
is effective, allowing us to change it right away if it is
not working.
Delivering Key Data Safely
Hyperpolarized MRI can spare patients the need
for additional biopsies or other invasive procedures to
assess treatment response. This benefits a patient’s
emotional and physical status. Procedures such as
tumor biopsies have complications such as pain,
discomfort, and infections. This can lead to increased
levels in anxiety, particularly in patients with uncertain
prognoses [13].
Hyperpolarized MRI is noninvasive and does
not use radioactive contrast agents. This opens the
door for treatment of a variety of cancer patients
who may not be able to use certain methods of
detection; for example, PET scans cannot be used for
pregnant women. Hyperpolarized MRI allows for the
quantification of the aggressiveness of cancer without
endangering the patient.
Conclusions
Optimal Metabolite for Quantification of Cancer
Metabolism
Our results demonstrate that XA reacts most
efficiently with each of the ROS. These specific
molecules would allow us to scavenge toxic species
from cancer cells. This would aid in generating a
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Optimal ROS for Quantification of Cancer
Metabolism
Our results supported our original hypothesis
that superoxides were the best ROS to stimulate the
conversion from XA to UA. This allows us to view the
production of hydrogen peroxide during the production
to UA and to measure the amount produced. This
quantification would allow us to determine how much
ROS is already present in the cancer cell and use that
as a measure of the amount of stress the cell is under.
From this, we can determine the aggressiveness of the
cancer.
Optimal Cell Line for Quantification of Cancer
Metabolism
Our results demonstrated that U251 has the
greatest concentration of XA OX and picks up the
XA, therefore making it the optimal cell lines for the
development of our system. This cell line would be able
to deliver that XA to the cancer cells and regulate the
production of the ROS and UA. This completes a vital
aspect of the experiment as it acts a transporter for our
reactants.
Future Work
Synthesis of Xanthine
One of our future experiments will involve the
synthesis of XA. We need rich molecules to follow
in real time what is happening. This will further
legitimize our measurements, as opposed to using
XA that is commercially bought. Using C-13 and
N-15 molecules we can follow rates of conversion
dynamically and hypothesize where XA is localized
in the cells. The system we worked with earlier is
closed; however, by introducing uncontrollable
variables as those present in the human body,
we can better elucidate what would happen in a
patient.

SCIENTIA
Putting Cells Under Stress
To better replicate the environment within a
cancer cell, we can put the cells under stress and see if
XA is being taken up. Hypothetically, if the production
of ROS is high due to the stress, the XA will be absorbed
by the cell and converted into UA. This would allow us
to understand the multifactorial complexity of a cancer
cell’s environment.
Animal Testing
In the future, we can try animal testing by
determining if the hyperpolarized Magnetic
Resonance Imaging was effective in measuring the
amount of reactive oxygen species within the cell. That
will provide us with a grander representation of how
we can measure tumors in humans as opposed to
solely in cell culture.
The results of this investigation have the potential
to change the way that cancer is assessed. By
developing novel imaging probes for hyperpolarized
Magnetic Resonance Imaging within cancer research,
we create a non-invasive, quantitative measure of
tumor aggressiveness. This will allow doctors and
scientists to provide more accurate diagnoses and
prognoses, and teach us more about cancer cells and
their metabolic behavior.
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From Trash Bags to Batteries:
How Dr. Shrayesh Patel is Using Polymers to
Build Better Batteries
Diego Matamoros

For Professor Shrayesh Patel, it has always
been about energy. From a high school science fair
project on fuel cells, to his own research group’s
work on using polymers to create safer batteries,
Professor Patel has focused on developing methods
to produce energy better. Accordingly, Professor
Patel brought this focus with him to the Institute
of Molecular Engineering, joining the Institute as an
Assistant Professor in September of 2016.
Even before Professor Patel completed his
B.S in Chemical and Biomolecular Engineering
at The Georgia Institute of Technology in 2007,
his experience in high school proved formative to
his development as an academic researcher. It
was through a required science fair project where
Professor Patel had his first experience with energy
research as he “got caught up in these things
called fuel cells […] and…came up with a bunch of
experiments that you can do with [them].” As a
part of his project, Professor Patel used fuel cell
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technology that exists broadly within the family
of “electrochemical devices.” These devices, which
include batteries, use chemical reactions to drive
an electrical process or vice-versa. In the simplest
terms, fuel cells differ from batteries in that fuel
cells- unlike batteries- continually take in fuel by
“converting water into electricity in hydrogen and
oxygen reactions,” explained Professor Patel. Due to
his experience in high school, as a college freshman
he “had already convinced myself [he] was just
going to work on fuel cells the rest of [his] life, which
is ridiculous.” While he may have not stuck to fuel
cells, this introduction to energy research played a
large role in motivating Professor Patel to pursue
his current research interests.
It was not until his Ph.D. studies in Chemical
Engineering at the University of California,
Berkeley, that he fully realized the importance
of electrochemical devices outside of fuel cells.
Specifically, he realized the promise of batteries:
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“Batteries were coming up and became very
important, there was more money, more
research funds in batteries […] but it’s the same
kind of fundamental aspect; it’s [his focus] still
electrochemical devices, it just switched the
application to batteries.”
This shift in research focus is something
that Professor Patel sees as characteristic of the
graduate school experience. “During grad school,
you kind of get the idea of what you want to do with
research, and that’s a very broad thing.” Beyond
just getting a clearer picture of what one’s research
interests are—in Professor Patel’s view—research
experience from graduate school can be used in a
variety of ways outside of academia or even industry
work. “My lab mates did all sorts of interesting
things, they started their own company, they went
and got another degree in business, they went to
law school.” Professor Patel himself realized that
academia was right for him, citing the opportunity
to “[work] with students and help students along
with projects and working on a project idea.”
Graduate school exposed him to the “spectrum
of research” that presented more options than he
thought possible. He participated in “a project on
using polymers in batteries, […] it really caught my
attention, I always thought [polymers] were just a

Figure 1. Two Different Kinds of Functional Polymeric Materials, Image
courtesy of Patel Group

plastic bag in my trash can, because that’s what
polymers are, plastics, but you can actually get a lot
more functionality.” Instead of merely viewing the
plastics we use in our everyday life as disposable,
Professor Patel sees them as having a functional
purpose as energy storage devices.
Professor Patel then took up a postdoctoral
position at the University of California, Santa Barbara
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as a part of the Materials Research Laboratory. This
position was the spark to his current research at the
Institute for Molecular Engineering. In an almost
story-book brush with serendipity, Professor Patel
recalls the time that he helped a lab-mate with her
experiment and stumbled upon the inspiration for
the next three papers he would write as an academic
researcher. Both he and his lab-mate made their
own individual samples of electrically conducting
polymers, yet while his lab-mate’s failed to conduct,
his samples “worked perfectly.” Troubleshooting
why his lab-mate’s samples failed “kind of set the
path[to his current research] […] that outlined all the
experiments [he]needed to do to explain that one
result.”
These experiments are being carried out as a
part of the Patel Group at the Institute of Molecular
Engineering and are focused broadly on making
batteries using polymeric materials, vastly improving
their safety. Readers are likely familiar with the
Samsung Note 7 debacle, where Samsung’s phone
batteries overheated and, in some cases, exploded,
creating a public relations nightmare for Samsung
in 2016. This electrical overheating was a result of the
fluid materials used between the battery terminals,
an impossibility with the solid polymeric materials
that Professor Patel researches.
The most recent of Professor Patel’s papers
focuses on how complicated polymers can be used
to improve battery technology looked at the role of
semiconducting polymers within “thermoelectric”
devices. A thermoelectric device is one that uses a
temperature gradient across a material to establish
a potential difference between the two ends of the
material, generating an electric current. By placing
a solid, organic polymer between the cathode and
anode of the device, the safety of the material can
be ensured. Getting these polymers to generate as
much power as a traditional lithium-ion battery,
which uses a more volatile fluid interlayer between
the cathode and anode, is the challenge Professor
Patel seeks to address. In this most recent paper,
he looks specifically into polymer morphology and
how different arrangements on the micro scale
affect the material’s viability as a thermoelectric
interlayer. According to Professor Patel’s insight,
doping a semiconducting polymer (when impurities
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Figure 2. Cycle of Polymer Processing, Characterizing Structure, and Measuring Transport and Electrical Properties , Image courtesy of Patel Group

are added to the metal) instead of applying it in the
liquid form, results in a different morphology of the
polymer and makes it a more effective conductor.
Professor Patel’s goal is to make these organic
polymeric materials competitive with traditional
lithium-ion batteries while maintaining safety.
In order to get there, however, he focuses on the
incremental steps involved in understanding
how these polymers can be more effective at
transporting charge than before. According to
Professor Patel, before these polymers can be
successfully introduced into commercially viable
batteries “we [need to] learn more about our
materials to understand what to target, what is
causing it not to get to that goal.” This goal is his
current research focus.
For Professor Patel, the Institute of Molecular
Engineering was the obvious place to solve these
issues. “It was a no-brainer for me to come here
once I got the offer, because my research fits in
to a lot of the resources that are around me.” The
distinguished faculty that makes up the IME and
the research space provided by Argonne National
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Laboratory were among the many reasons why
Professor Patel felt drawn to the IME. He highlights
the exciting opportunity to make a lasting impact
on an Institute as new as the IME and be exposed to
a new way of doing engineering research at a liberal
arts institution. “I saw also a unique opportunity as
a junior faculty to help shape a new program, which
you don’t get anywhere else,” he said.
Professor Patel’s focus on making the batteries
all of us carry in our pockets safer and more effective
is a goal that has wide reaching impacts on society.
As people like Elon Musk build huge energy storage
facilities such as the PowerPack in Australia, we
must consider how these technologies can be made
better and safer. The research done by Professor
Patel and the IME aims to do just that.

diego Matamoros
is a first-year student at the University of Chicago double
majoring in Physics and Statistics. In the future, he hopes to
pursue a graduate degree in the physical sciences.
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peter duda
Technical Manager, Pritzker Nanofabrication Facility

The Nanofabrication Facility:
An Inquiry with Technical Director
Mr. Peter Duda
Selin Ege Yalcindag

Nanofabrication specializes in the design and
manufacture of devices on a scale of nanometers,
and as technical manager of the Pritzker
Nanofabrication Facility, Peter Duda keeps
the facility’s sensitive tools running, engineers
improvements for the machines, and answers
all of the questions of undergraduate and
graduate students. Mr. Duda considers working
on nanofabrication as one of the best experiences
for an engineer because of its tiny scale and
the numerous unknowns in each individual
process. Damage to even the smallest feature
of a nanomaterial could be detrimental to the
entire device. Mr. Duda comments, “Fabrication
is always a great engineering challenge because
you’re constantly forced to think creatively using

a very large suite of tools and techniques, [to be]
able to pair techniques and tools with the process
that you have, as well as [to be] able to address
problems that you might incur during your
process.”
Undergraduate and graduate students alike
wait outside Mr. Duda’s office to ask for advice
or to learn more nanofabrication techniques.
This winter quarter marked the launch of the
University of Chicago’s first Introduction to
Nanofabrication course, which Mr. Duda teaches.
The course provides an overview of techniques in
nanofabrication in order to help students develop
a library of skills that can be used to perform
their desired work. When Mr. Duda is not working
with the facility or teaching, he coaches his sons’
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hockey teams and sings in the Chicago Choral.
While Mr. Duda’s background is in
optoelectronics and infrared imaging, he also
worked on and installed equipment for five
facilities requiring cleanrooms, including the
Pritzker Nanofabrication Facility. Much of Mr.
Duda’s career was in industry, and he continued
his work on infrared imagery, which primarily
served the aerospace industry, until he started
two of his own businesses. After he had sold his
second business, a fabrication facility to build
infrared detectors for different infrared systems,
Mr. Duda worked with David Awschalom, a
professor currently at the Institute of Molecular
Engineering (IME), in a cleanroom at The University
of California, Santa Barbara. Later, Mr. Duda saw
the facility in UChicago as a great opportunity
to start a major facility project at a world-class
university from scratch. He combined all his
previous knowledge in facility construction and
equipment purchase to build the cleanroom from
the ground up. In Chicago, he enjoys the return
to a city lifestyle and even prefers the weather in
Chicago to that of Santa Barbara, CA.
The nanofabrication facility can produce
materials as small as six nanometers. According
to Mr. Duda, ten nanometers has a resolution
comparable to the taking of “the average
human hair and [slicing] it ten thousand times.”
Nanofabrication allows for the creation of small
devices that have mechanical, optical, and fluidic
applications in biology. The facility also provides a
space for the IME to conduct research on quantum
physics using quantum computing devices and
spintronic devices. Finally, the facility is developing
sensors that could be deployed to areas around the
globe, such as the South Pole, in order to detect
the Cosmic Microwave Background (CMB), the
electromagnetic remnants of the young universe
that are significant for cosmology. Moreover,
the Pritzker Nanofabrication Facility also offers
support in the form of expertise and excellent
tools to industries such as start-up companies
and to other academic institutions. Some local
institutions such as Purdue, Northwestern, and
The University of Illinois at Chicago, as well as
non-local institutions such as Princeton, use the
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facility.
While the Pritzker Nanofabrication Facility
collaborates with several universities and
industries, researchers cannot simply enter
the facility’s ISO Class 5 cleanroom without
permission. In order to access the facility on the
subfloor level, visitors must be scanned in. The
cleanroom’s Class 5 standard reduces the one
million particles per cubic foot in atmospheric
air, filled with dust, dirt, and smoke, to less than
one hundred particles per cubic foot. This level
of cleanliness is no small feat; in fact, the ceiling
is lined with high efficient particulate air (HEPA)
filters that ventilate the entire volume of air in the
room about six to ten times a minute. “In nanofabrication, we’re fabricating devices on a really
small scale, so any dust, any dirt, any particles are
enormous relative to what we’re trying to produce,”

“ Fabrication is always a great

engineering challenge because
you’re constantly forced to think
creatively using a very large suite
of tools and techniques. ”
Mr. Duda says. Many of the devices created in the
facility are made of semi-conducting material
such as those found in iPhones, computer chips,
and other integrated circuits. A semiconductor
can have electrical properties like those in copper
while also exhibiting insulating properties like
those in glass. Various tools in the facility allow
the researchers to complete three main tasks:
add material, create patterns, and transfer the
patterns.
As part of the additive process, the facility
must control very thin films of material exhibiting
a wide range of mechanical, optical, and electrical
properties.One machine can deposit films at one
atomic layer at a time, creating a self-limiting
process in which the thickness of the material
can be controlled by the number of times the
machine runs its sequence.
As we move further into the facility, a
researcher working on a computer sits dressed

SCIENTIA
in a white cleanroom gown, complete with
gloves and a mask, that completely encloses his
body, including his feet, hair, hands, and mouth.
The researcher’s dress code minimizes any extra
particles he might generate himself such as dust
particles clinging to clothing. This section of the
facility features bright yellow lighting to block out
all external UV lighting. “The predominant way
that we generate patterns is through using the
controlled application of light,” Mr. Duda explains.
“Our tools will shine UV either through a mask
that projects the image onto our substrate…or
we’ll write it directly with a blue light...laser.” This
photolithographic technique allows the scientists
to generate patterns on the device, which are
used for many purposes such as making material
connections that can generate currents.
Another especially sensitive (and expensive)
machine, generating patterns as small as six
nanometers, sits alone in a room partitioned by
another wall. The tool uses a beam of electrons
to pattern the material and is sensitive enough
to electromagnetic fields to sense objects such
as the L train passing by miles away from the
facility. The protective wall shields the machine
from
electromagnetic interference, which
may affect the electron beam’s movements.
The facility’s underground location provides
additional screening from other vibrational and
electromagnetic noise. However, quantities of
certain hazardous materials important to the
facility are limited due to heightened safety
concerns underground, while other explosive
gases travel through long piping to reach
the facility because they cannot be stored
underground.
For Mr. Duda, the quality of the professors
and students who use the facility daily makes the
nanofabrication facility and the IME at UChicago
stand out. Since the facility can provide the space
for this tremendous increase in quality of students
and PIs, Mr. Duda hopes that the facility’s “user
base [reflects] the strength and diversity of
IME and UChicago’s research in general. IME is
growing and we hope that our user base grows
along with that.”
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Selin Ege Yalcindag
is a first year student at the University of Chicago majoring
in Biological Sciences and minoring in French. She hopes to
attend medical school and become a physician, specializing in
molecular biology and genetics.
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ALEX HIGH
Assistant Professor of Molecular Engineering

Controlling Light-Matter Interaction:
an inquiry with dr. ALEX high
GIllian Shen

Professor Alex High attended the University of
Pennsylvania for his undergraduate degree and
the University of California, San Diego for his PhD.
He attended Harvard as a postdoc and is currently
an Assistant Professor of Molecular Engineering
at the University of Chicago. His group “focuses on
developing new methods to control light-matter
interaction at the smallest possible length-scales,
with the dual goals of realizing applications in
optical information processing as well as studying
emergent physics.”
What drew you to the IME department specifically
and why UChicago?
We have a unique, inherently interdisciplinary
atmosphere in that we have fundamental
chemists, physicists, and biologists all under the
same umbrella. What I like is that it allows us
to combine our skills to approach 21st century
engineering problems in new ways. My group
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is already collaborating, for instance, with the
Awschalom Group and Tian Zhong who is starting
in a week. We have had joint group meetings
already. I am also collaborating with the Jiwoong
Park Group in Chemistry and the IME––a world
leader in growing 2-dimensional materials in
single atom sheets. I want to use these single
atom sheets as part of our circuitry, our means of
controlling light. I am also particularly interested
in issues like energy and solar efficiency––areas
nanophotonics can have an impact in. How can
techniques I have expertise in apply there? This
is the area in which Argonne is a world leader:
energy research. Down the road there will be
plenty more opportunities for collaboration.
I think another interesting thing is that we
are very small, but we are growing rapidly and
coming here is an opportunity to help guide that
growth and immediately impact the direction of
the department and the direction of the IME. That
was really appealing.

SCIENTIA
What were some of the things you did research in
as a postdoc, grad student, and undergrad?
I was a latecomer as an undergraduate. I was
more focused on extracurricular activities like
camping back at the University of Pennsylvania. I
had always been interested in physics and wanted to
become a physics PhD; back then, I was interested
in particle physics, the fundamentals: what is the
structure of matter? What is the structure of the
universe? When I initially applied for grad schools,
because I did not yet have any strong research
experience, I decided to put grad school off for a year
to work at the Large Hadron Collider in Switzerland
at CERN. There, collaboration is incredible––imagine
7,000 people all working together! I lived in France
for a year and focused particularly on the highenergy physics side. What I came to realize, though,
is that I much prefer having an experiment that just
fits on a tabletop, without 8,000 moving parts, so
it was a valuable experience in shaping me more
towards optics experiments.
At the University of California, San Diego, I
worked on what was essentially probing quasiparticles in semiconductors, called excitons. When
you shine light on a semiconductor the electrons in
the semiconductor can absorb light and be popped
from the valence band into the conduction band––
this leaves behind a positively charged hole in the
valence band. This negatively charged electron and
the positively charged hole are attracted to each
other, and they form a bound state like hydrogen
because hydrogen is a proton and an electron
while excitons are an electron and a hole. They can
do a host of interesting things: for instance, at low
temperatures––because they are bosons––they can
spontaneously collapse into just the same quantum
state. Interesting properties like that. Another
property that drew me to these excitons was the fact
that they essentially store light: you shine light on
them and they convert this light into excitons, and
you can take these excitons and control them––you
can route them to a different area for an output port,
so you can use it for optical switching and things
of that nature. That brought me down this path of
asking how can we find new ways to control light?
Using nanoscale structures. That is something that
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brought me through my postdoc as I was looking
at plasmonic surfaces and metasurfaces, and that
is part of what I am doing here at the University of
Chicago. How can we shape the interaction of light
and its environment down to nanometer scale
length scales to control these properties?
Could you tell me more about your research into
qubits and qubit networks?
The systems we like to work with are single atom
defects in diamond or silicon carbide; these are great
because the cleanest physical systems to study are
systems of trapped single atoms. Atomic physicists
will use laser beams to confine qubits in the middle of
an ultrahigh vacuum, so that it doesn’t really interact
with its environment. This is a very clean system. The
issue with this is that in terms of scalability in making
technologies, having an ultrahigh vacuum system
with many 10-walled lasers to just hold your qubit
is not particularly scalable. It is hard to envision how
it could be. Many people have ideas, but it remains
incredibly difficult. Alternatively, if you take a single
atom, instead of trapping it with lasers if you can trap
it in a material, like a diamond, then the diamond will
hold it, and this significantly simplifies your ability to
confine these qubits. [The material itself does the
trapping]. Then in these systems typically what you
encode is the spin states of the qubits. You can apply
microwaves that take your spin 0 bit and rotate it into
a superposition of a spin up and a spin down state.
From there, you can communicate this information
by having this qubit emit a photon.
So when you excite this qubit in a superposition,
the light that it emits back out will actually encode
and carry this entanglement with it. In this way you
can get entanglement between an atom and this
photon, which you can propagate. Then you can
have this photon interact with another qubit, [and]
then in this way you can spread your entanglement
and build up quantum networks. That is something
that we are really interested in exploring here. How
do we control this light? This is a very challenging
problem because all of these processes like quantum
computation require extremely high fidelities; these
quantum states are delicate, so any errors or losses
are just going to completely mess up this phase, and
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that means is that you need to have almost perfect
control of the light that it emits. You are going to
have to say deterministically I am going to have to
take this photon from this qubit and make it interact
with this other qubit over here with almost 100%
certainty. Nanophotonics and materials science
come together here to control these things to this
level. That is what we are building the circuitry for.
Instead of light propagating through air through
all these mirrors and lenses, we want to build an
integrated circuit. These things need to go from big
large-scale things to a chip, and then we use other
techniques to control and guide light. Similar to
how a metal wire can guide electricity, you can build
photonic wires that can guide light on a chip. Then
you can do things like add cavities and switches
and transistors––you want to add those things you
have in an electronic circuit, but have them work for
light, and that is the challenge. By circuitry I mean
integrating these necessary functionalities like in
diodes. If you want to build an optical network or a
quantum optical network you need diodes for light.
That is a very challenging problem, because then you
need to get into explorations of topological physics or
non-reciprocal effects that can allow you to realize this
unidirectional diode on a chip.
A lens works because it has a different dielectric
constant than air. Then when light passes through
it, it bends the light rays, and you can use the lens to
focus light. That is a far-field phenomenon. On chip,
you take that same high-index material and make a
400 nm wide wire out of it, so this will trap the light.
Light will be confined in this dielectric and just flow,
like optical information flows through fiber optics,
these are essentially very small wires for light. Light
flows down this wire and is trapped, and that is how
you control light. You can put all this stuff on the same
chip, and to have full control over it you have to build
switches and diodes and such. That is what we are
exploring.
Are there any research areas you are looking to
expand towards in the future?
Yes! So far we have for the most part been focused
on building up circuitry for quantum optics. We want
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to take these quantum systems the Awschalom
Group has pioneered––qubits that communicate with
light. We want to take it from the single-bit regime
into the computer or network regime. So instead of
just looking at one and probing one property, now
they are actually working together and that is how
you make a computer––it is not just a single bit. You
have to get these things to talk to each other. That is
the focus of what we are working on at the moment,
but I am absolutely interested in things like can we
use some of these principles of nanophotonics or
plasmonics to drive chemical reactions or improve
water purification or improve solar or energy
harvesting. Those are areas where I do not have much
knowledge or experience, but the fact that I am here
in this department, around people who have expertise
in those fields, could make it possible for me to find
something useful or interesting to do in those fields. I
am very much interested in these––though I wouldn’t
say that I have any clear directions at the moment––
but I am just thinking about these things as things
that may be possible.
What drew you to physics to begin with?
When I was 9 or 8 I remember starting to get
interested in physics. I am from a very rural part of
West Virginia, so deep in the mountains, 10 miles
away from a town of 5,000 people. It was an area of
spectacular natural beauty, and at night, you could see
every star in the galaxy––the milky way was brilliantly
brightly illuminated. With my dad, I would just sit out
and look at the stars and talk about black holes or
astronomy or things like quantum mechanics––it was
just very stimulating. So, I knew from a pretty early
age that this is what I wanted to be in and I never
really even thought of doing anything else. I love
being in academia, love being able to talk to bright
young people all the time; it is very exciting. I have
always known.
GILLIAN SHEN
is a second-year student at the University of Chicago majoring
in Molecular Engineering and minoring in Computer Science.
She is interested in exploring fundamental semiconductor and
smart material properties and hopes to make breakthroughs in
the solar power industry in the future.

SCIENTIA

ABSTRACTS

SCIENTIA ABSTRACT
Characterization of Nebulized SlowGelling Alginate in Electrospun
Polycaprolactone Scaffolds as a
Composite for Dermal Wound Regeneration
Ananth Panchamukhi a, Emily A Growney Kalaf a, Andrew Dunn a, and Scott S. Sella
a
Department of Biomedical Engineering, Parks College of Engineering, Aviation and Technology, St. Louis University

Chronic wounds plague millions of individuals each year, affecting quality of life and creating
significant financial burden. Since chronic wounds are unable to heal themselves in a normal time
frame, research is currently focused on incorporating growth factors and living cells into gels and
bandages to facilitate healing these wounds. However, current methods often impede distribution of
growth factors and prevent cell infiltration because they operate in dense blocks of gel. Liquid sodium
alginate is known for its ease of gelation and has shown promise in cell culture and drug delivery,
making it a suitable candidate for clinical applications. To create an even distribution of gel with a
large surface area to volume ratio, jet nebulization of sodium alginate was tested as a novel method for
dispersing alginate gel microparticles throughout a biomimetic polycaprolactone (PCL) scaffold. This
investigation consisted of two phases. First, nebulization conditions were optimized based primarily
on the percent of the scaffolds covered in alginate and the average bead size on the scaffold after
nebulization. Next, the best scaffold for the composite was chosen. Five, seven, and ten percent (weight/
volume) solutions of PCL in hexafluoro-2-propanol were electrospun while alginate was simultaneously
nebulized onto the collection mandrel. Additionally, alginate was also nebulized onto pre-formed PCL
scaffolds at 5%, 7%, and 10% concentration levels. These samples were then assessed based on alginate
bead penetration and average size. A 15:30 (CaCO3:GDL) millimolar ratio, 0.5% (weight/volume) alginate
solution, and a pressure of 40 psi were found to be optimal conditions for nebulization. For scaffolds,
10% PCL pre-spun samples had the greatest average alginate bead size (p<0.01) and had the highest
bead infiltration (p<0.01), most likely due to larger pore size. Larger beads, though still on the micron
scale, and high bead infiltration, are ideal for the proliferation of cells and growth factors. The goal of
this research is the eventual development of a gel-scaffold composite with factors to repair wounds—
such as diabetic ulcers or burns—that are unable to heal naturally.
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Improving the Prediction of Natural
Frequencies using Second-Order
Perturbation Theory
Leighton Zhaoa, Micaela Mattaa, and *George C. Schatza
a
Department of Chemistry, Northwestern University, Evanston, IL 60208
Email: leightonzhao2019@u.northwestern.edu *PI: georgecschatz@northwestern.edu

As a molecular identification and characterization tool, vibrational spectroscopy reveals the
characteristic vibrational frequencies of the vibrational modes of a molecule, with diverse applications
from noninvasive medical procedures to paint analysis. To make vibrational spectroscopy a robust
method to identify molecules, measured spectra need to be matched to known spectra for comparison.
When experimental spectra are not available, theoretically generated spectra are the best substitute.
This requires approximate solutions to the Schrödinger equation. Density functional theory uses
exchange-correlation functionals such as B3LYP to model exchange and correlation interactions, and
basis sets such as 6-31G** to represent atomic and molecular orbitals. Commonly used computationally
inexpensive methods model chemical bonds as a harmonic oscillator (HO). The B3LYP/6-31G** HO
model generates reasonably accurate natural frequencies, but by ignoring higher order terms the
HO approximation is often not accurate enough. Vibrational second-order perturbation theory (VPT2)
provides a higher order correction to the HO model. Under the B3LYP/6-31G** model, VPT2 improves
estimation of high frequency modes but provides mixed results for low frequency modes for water,
carbon dioxide, sulfur dioxide, trichloromethane, dibromomethane, and pyridine. The similarity in
performance between VPT2 and the highly accurate vibrational configuration interaction theory (VCI)
model suggests that VPT2 effectively captures the higher order terms that it is intended to model.
Rather, the standard B3LYP/6-31G** model needs improvement. Specifically, the mild improvement
upon using the more flexible 6-311G** basis set suggests that the error in low frequency modes lies
predominantly in a failure of B3LYP to generate accurate potential energy surfaces.
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from the chicago area undergraduate
research symposium (caurs)
Deploying Attention Enhances Likelihood
of Remembering
Stephanie Williamsa, Megan deBettencourta, Edward Vogela, and *Edward Awha
a
Department of Psychology, The University of Chicago, Chicago, IL 60637 USA
Email: williams3@uchicago.edu
*PI: awh@uchicago.edu

We do not remember everything that we encounter. In order to prioritize certain pieces of
information, we can deploy our attention. This influences what we hold in mind (“working memory”)
and what we can later remember (“long-term memory”). The aim of this project was to investigate
the interactions between these cognitive processes: attention and memory. To accomplish this, we
measured behavior and neural data (electroencephalography, or EEG) from human participants. The
task involved participants looking at a computer screen. Four objects briefly appeared on the screen.
Then, after a few seconds, one of the objects reappeared and participants clicked using a mouse
the location where that object had been originally. Before the objects appeared on the screen, we
manipulated attention using a cue. The cue was a small black dot that flashed where one of the
upcoming objects would appear on the screen. After some time, we assessed long-term memory by
asking participants to report the position for the objects they had seen. The critical behavioral measure
was how far off subjects clicked from the object’s true position. We hypothesized that subjects would
be more accurate for cued vs. uncued objects. Indeed, behavioral data confirmed that subjects were
more accurate for the cued objects, at short delays (2–4 seconds) and longer delays (2–4 minutes). Next,
we examined EEG data to see what neural signatures predicted more accurate memories. We observed
that power at particular frequency bands (e.g., posterior alpha and frontal theta) tracked attention and
predicted better memory. In a follow up experiment, we are investigating to what degree these results
generalize to non-spatial (e.g., color) memories. These findings reveal how attention may enhance our
memories.
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Determining The Molecular Structure Of
Phosphoducin-like Protein-3 ∆H Of The
Malaria Parasite Plasmodium
Sara Khana, Daniel Catlinb, Dali Liub, and Stefan M Kanzoka
a
Department of Biology, Loyola University Chicago, Chicago, IL 60660 USA
b
Department of Chemistry and Biochemistry, Loyola University Chicago, Chicago, IL 60660 USA
Email: skhan64@luc.edu
*PI: skanzok@luc.edu

Phosphoducin– like proteins (PHLP) are highly conserved proteins among eukaryotes including
the parasite, Plasmodium. Our lab has identified a novel thioredoxin-like protein that belongs to the
PHLP family, Phosphoducin like protein (PHLP-3). It has been proposed that PhLP-3 may function as a
co-chaperone in protein folding. We had successfully cloned and expressed Plasmodium PHLP-3 and
demonstrated that it to be redox active. Since the protein was precipitating instead of crystallizing
we then generated a truncated version, PHLP-3 ∆H. We further successfully cloned and expressed the
truncated version. On testing its redox activity, we found it to be redox active but in a slightly different
pattern with respect to the original protein, PHLP-3. While PHLP-3 unceasingly reduced the reagent
tbooh, phlp-3∆H ceased to reduce tbooh after some time. To further learn about PHLP-3∆H, it is our
goal to crystallize the protein in collaboration with Dr. Dali Liu in the Biochemistry department, to
determine its 3-dimensional structure. Revealing the structure of this protein would give us valuable
new insight into the biochemical mechanism and ultimately into the functional role of PhLP-3 not only
in protozoan parasites, but in other eukaryotes as well. It is my project to optimize the recombinant
expression of Plasmodium PhLP-3∆H in large quantities and to assist in the determination of the
3-dimensional structure of this novel parasite protein.
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research symposium (caurs)
The Interplay between Primary Control,
Depressive Symptoms, and Academic
Achievement among Latino Youth
Rita Mellaa, Danya Sotoa, and *Antonio Poloa
a
Department of Psychology, DePaul University, Chicago, IL 60610
Email: ritamellar@gmail.com *PI: apolo@depaul.edu

Latino youth are at higher risk of depression than their counterparts from other ethnic groups
(Wagstaff & Polo, 2012). Research studies suggest that depression is associated with a perceived inability
to exert control (Weisz et. al, 2010) and with lower academic achievement (Cole, 1990). Nevertheless,
there is a dearth of literature examining the relationship between primary control beliefs, depressive
symptoms, and academic functioning. This study hypothesizes that low primary control beliefs will
lead to high depressive symptoms, which in turn will lead to lower academic achievement. Participants
included 102 middle school students (74.8% Latino). Data were collected at three different time points
through one on one interviews and classroom surveys. Measures include the Children’s Depression
Inventory (Kovacs, 1992) and the Primary Control Belief Scale (Weisz, et al., 2001), and as well as final
grades in reading as an indicator of academic achievement. Results indicate that, as predicted,
depression significantly mediates the relationship between primary control beliefs and reading grades,
b= .233, 95% BCa (bias-corrected and accelerated) confidence interval [.063, .451]. These findings suggest
that treatment that incorporates skills enhancing primary and secondary control (Wagstaff & Polo,
2012) may be helpful in reducing both depressive symptoms and, potentially, educational achievement
among early adolescents.
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Heterochromatin to Retain Nuclear
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The nucleus houses the genome and is the site of gene regulation for all eukaryotic cells. To ensure proper gene
expression and cellular function, chromatin must be carefully packaged and organized and resist external forces. In
mammalian nuclei, peripheral nuclear lamins and interior chromatin are the major components of force resistance.
Diseases such as muscular dystrophy, heart disease, and various forms of cancer are characterized by alterations in this
nuclear mechanical stability [1]. Previous studies that overlooked chromatin’s contribution to nuclear stability led to a
theory that perturbations in the nucleus were due to lamin depletion or mutations. To isolate chromatin’s function
in mechanical stability, cells were treated with HDAC inhibitors—VPA and TSA—to increase levels of decompact
euchromatin; there was a statistically significant increase in abnormal nuclear shape measured by the presence of
herniations. To understand if increasing compact heterochromatin would produce the opposite effect, abnormal
cells with lamin perturbations were treated with HDM inhibitor methylstat. Upon increasing levels of compact
heterochromatin, nuclear shape was rescued, indicating that chromatin’s contribution to nuclear mechanical stability
influences nuclear shape independent of lamins. To rescue nuclear morphology, MgCl2, a known compactor of
chromatin in vitro, was added to the extracellular media and nuclear blebbing decreased in a concentration dependent
manner [2]. Similar effects were observed after treatment with CaCl2, another 2+ cation, and Spermidine, a 3+ polyamine
leading to the understanding that chromatin was compacted via a mechanistic pathway. Positively charged molecules
were binding to and stretching the negatively charged plasma membrane. Therefore, when treated with VPA, MgCl2,
and GMTx4, a mechanosensitive ion channel inhibitor, cells exhibited no decrease in blebbing, confirming the rescue
of nuclear morphology through stretch-activated channels. Thus, extracellular polycations and polyamines decrease
nuclear blebbing by increasing heterochromatin and retain structural rigidity via a mechanosensitive pathway.
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The Triple Helix, Inc. (TTH) is the world’s largest completely student-run organization
dedicated to evaluating the true impact of historical and modern advances in science. Of
TTH’s more than 25 chapters worldwide, the University of Chicago chapter is one of the largest
and most active. We, TTH at the University of Chicago, are extremely proud of our chapter’s
accomplishments, campus presence, and strong connection to other TTH chapters around
the world.
We continue to work closely with an ever-increasing number of faculty members, and have
notably acquired the generous support of the founding Pritzker Director of Chicago’s Institute
for Molecular Engineering, Matthew Tirrell, and his department. We have expanded our local
organization so that now, we can confidently say that there is a place here for each and every
one of our fellow college students. We have consciously and dramatically increased the size
of our production, marketing, and events teams, and have watched our group of talented
writers and editors grow at unprecedented levels. In fact, we have further expanded the
intellectual diversity of our chapter, with TTH members having declared for more than 30
of the University’s different major and minor programs. Finally, we are absolutely thrilled to
present the newest issue of our journal of original undergraduate research, Scientia.
Over the years, TTH UChicago members have found themselves in research positions around
campus, taking advantage of the hundreds of opportunities we are fortunate to have here.
We found ourselves wishing, however, that there was an outlet where we could reach out
to our peers on campus, to share our projects and project ideas—and to hear or read about
their work as well. So we decided to create that outlet ourselves. This was the impetus for
our journal, Scientia, which is the culmination of many of our members’ hard work. Since
its inception, we have continued to strive for excellence in the diverse world of research by
publishing the highest quality of undergraduate research. We hope you enjoy reading our
latest issue!
Salman Arif
President of The Triple Helix at the University of Chicago
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Undergraduates who have completed substantial work on a topic are highly encouraged to submit their
manuscripts. We welcome both full-length research articles and abstracts. Please email submissions to
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of the results, and where and when you completed your research.
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