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Delaware Valley Science Fairs

MEET THE MEDALISTS 2018

Below are vignettes of each medalist from the 2018 Delaware Valley Science Fairs.
All medalists won all-expense-paid trips to compete in the
Intel International Science and Engineering Fair (ISEF) in Pittsburgh, Pennsylvania.

12th Grade Fair

MEET THE 2018 DVSF GRADE 12 GOLD MEDALIST—Karthik Yegnesh, Methacton High
School, Norristown, Pennsylvania. He researched "Braid Groups on Triangulated Surfaces
and Singular Homology." Karthik is representing Delaware Valley Science Fairs at the
International Science and Engineering Fair for the third time.
Karthik talks about his project:

I worked in a field of math called algebraic topology, which studies shapes and
surfaces (qualitative ideas) using more precise data. A very important question in
algebraic topology is whether two different objects (e.g., a rubber band and a pencil)
can be continuously deformed into each other -- can we stretch a rubber band
(without tearing it) so that it looks like a pencil? The answer is no: no matter how
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much we stretch a rubber band, it will still have a hole, but pencils don't have holes.
The idea of counting holes in objects is called homology. In my project, I studied the
relationship between the homology (i.e., holes) in surfaces and the movement of
particles on the surface, a notion which is formalized via braid theory. My main result
is that the data about the movement of particles on a sufficiently nice surface can be
used to construct information about the holes in the surface.

My favorite aspect of my project is its geometric nature. Although the proof of my
main results involved complicated and sometimes abstract arguments, the whole
project was built on geometric intuition. So, whenever I was stuck, my mentor, Gus
Lonergan, suggested playing around with toy examples to visually understand what
was going on, and this would usually clear my vision and help me make progress. I
definitely gained a lot mathematically from Gus's emphasis on understanding
concrete examples in my project.

Karthik was awarded 2nd Place in Mathematics at the 2018 International Science &
Engineering Fair.

MEET THE 2018 DVSF GRADE 12 SILVER MEDALIST—Sophia Swartz, Central Bucks High
School South, Warrington, Pennsylvania. She researched "Molecular-Based Genotypic
Selection for Anthocyanin in Lactuca sativa, Year Three." Sophia is representing Delaware
Valley Science Fairs at the International Science and Engineering Fair for the second time.
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Sophia describes, in her own words, the experience that led to her research project:

It is a Monday in July and I must wake up in three alarm snoozes or less. There is an
art to this: first, hide the alarm clock; second, realize that my science fair project is
reproducing without me; third, sprint out of bed like there’s no tomorrow. My
dedication to increasing the antioxidant content of lettuce through crossbreeding
knows no equal. Every morning for a month, I breed lettuce, harvest the seeds two
months later, and then use my invention, the nested microplate, to select the seeds I
want. Although waking up at six AM is far from my favorite way to spend the summer,
I’ve learned that dedication always yields great results.

Today, 854 million people worldwide are undernourished, yet current agricultural
models are poorly equipped to rapidly accommodate changing global nutritive
demands. Alternative molecular methods to diversify agriculture, such as transgenic
crops or CRISPR/Cas9, require a level of biosafety regulations and infrastructure that
many developing regions lack. Without comprehensive revision from the farm up,
diet quality will continue to deteriorate. To safeguard communities’ health and
quality of life, the incorporation of traditional plant breeding to diversify local food
systems is essential and the shortening of the 10-year cultivar development process
is of significant commercial interest.

My research refines a novel genotyping device called the nested microplate, which
uses a set of modified and unmodified 96-well PCR microplates to non-destructively
harvest DNA. In my research, I used a gene partially responsible for red-leaf color in
lettuce as my trait of interest. Using DNA harvested with the nested microplate, I then
selected for lettuce seedlings that possessed red leaves and thus a higher nutritional
value.
My goal is surprisingly simple: to make better plants faster in a high-throughput,
scalable, cost-effective, and non-destructive way. With creativity, grit, and my trusty
alarm clock, I’ve dedicated the last three years to achieving this goal.

Sophia was awarded 4th Place in Plant Sciences at the 2018 International Science &
Engineering Fair.
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MEET THE 2018 DVSF GRADE 12 BRONZE MEDALIST—Shehbeel Arif, Central High School,
Philadelphia, Pennsylvania. He researched "Prostate Cancer Diagnostic Device: the
Application of Multiplex Lateral Flow Immunoassay for the Detection of Prostate-Specific
Antigen (PSA).”
Shehbeel shares about his research experience in his own words:

What if I told you that you can detect cancer with a pregnancy test. Crazy, right? Well,
let me tell you that this idea may not be as far-fetched as it may sound. For the last six
months, I have been developing a device that uses the same biological principles in a
pregnancy test to detect prostate cancer. Why prostate cancer? Well, prostate cancer
has the second highest mortality rate in men. As of right now, prostate cancer
detection is extremely difficult, has a lot of uncertainties, and is expensive. With this
Prostate Cancer Diagnostic Device, it is now possible to detect prostate cancer with
greater accuracy and specificity—all at a fraction of the cost!

Shehbeel was awarded 3rd Place in Biomedical Engineering at the 2018 International Science
& Engineering Fair.
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11th Grade Fair

MEET THE 2018 DVSF GRADE 11 GOLD MEDALIST—Nehali Gupta, Parkland High School,
Allentown, Pennsylvania. She researched "DKA Diagnosis: A Novel Method for the Detection
of Early Onset Diabetic Ketoacidosis."
Nehali describes her motivation here:

School--the one routine that each and every student dreads on a daily, weekly,
monthly basis. I personally am no exception. But when I wake up every morning, at
an ungodly 6:30 AM, I remember one thing that keeps me going for the next 24 hours:
learning something new. But I mean that in the least cheesy way possible, if you can
imagine it. Though the never-ending tests, essays, and projects are easily draining
enough to make me contemplate my coursework from time to time, the thrill of
understanding a new derivation of Faraday's Law, finally figuring out, "Ah, that's how
Napoleon expanded France so strategically," or realizing that the present subjunctive
in Spanish is more familiar than imagined; each of these and more motivate me to
make the best of the opportunities I have, opportunities that not everyone else does.
One of the most meaningful of these opportunities was just being able to pursue a
spark of imagination from my biomedical sciences class to a professional laboratory,
which has led me to where I am today.
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MEET THE 2018 DVSF GRADE 11 SILVER MEDALIST—Sathya Edamadaka, High Technology
High School, Lincroft, New Jersey. He researched "RMPC: A Novel Cost-Effective Approach
to Raising Photovoltaic Efficiency through Tunable Plasmonic Nanostructures." Sathya will
be representing Delaware Valley Science Fairs at the International Science and Engineering
Fair for the second time.
Sathya explains his project here:

Solar power remains the most promising form of renewable energy that will
accelerate society's shift from carbon-heavy fossil fuels to sustainable energy
solutions. However, current commoditized solar panel efficiency is quite low, on
average ranging from 7 to only 19%. Upon further analysis, I found that one of the
main issues with these panels that precipitates inefficiency is the occurrence of
radiative recombination, a detrimental process that detracts from current produced
by the panel and that releases heat, causing thermodynamic losses.
To solve this problem, I created a two-part system comprised of a novel solar panel
and a luminescent solar concentrator (LSC). My panel is more efficient than
commoditized solar panels because of my novel morphology with nanoparticles that
I implemented; these new, tunable nanoparticles produce a magnetic field when hit
with light that reduces the occurrence of radiative recombination. On the other hand,
I created an LSC that collects light along its surface and emits it at higher intensities.
The reason why no light concentrator has become commercially viable is their
chronic instability and high degradation over long periods of time (10-20 years). I
solved this problem by using different, ultra-stable nanoparticles that also facilitate
resonance through their tunable LSPRs.
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I theoretically analyzed (with an application of the finite-difference time-domain
discretization technique), fabricated, and characterized my designs. After rigorous
data analysis, I found that my system had increased solar cell efficiency by up to 56%.
Ever since my theoretical project last year, I've been yearning to create a highly
efficient design that was able to be fabricated. I'm extremely happy that I was able to
do that this year!

Sathya’s awards at the International Science & Engineering Fair:

1st Place in Physical Energy, Best of Category ($5,000 scholarship, $1,000 to school,
$1,000 to DVSF), $10,000 Naval Science Award, IEEE Foundation 1st Place $10,000
Presidents’ Scholarship, and $1,000 from Qatar Foundation, R&D, naming of a minor
planet in his honor by Lincoln Near-Earth Asteroid Research (LINEAR) of MIT Lincoln
Laboratories

MEET THE 2018 DVSF GRADE 11 BRONZE MEDALIST—Ryan Luo, Biotechnology High
School, Freehold, New Jersey. He researched "The Use of Al Algorithms to Automatically
Identify Premature Atrial Contractions from Electrocardiogram Recordings."
Here is Ryan’s story about how he got his idea:

Although my project explored some complex concepts regarding biomedical
engineering, it still amazes me how simple my project idea came to be. I was just
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reading articles about irregular heartbeat detection when I discovered my project
idea. I wasn't deliberately searching for it at all. That's the beauty of science. An idea
can pop up when you least expect it. I think this is why science has progressed so far
in recent centuries. With the innovative technology backing us up, there really is
nothing stopping anyone from creating something that can help the world. My project
focuses on detecting one specific type of heartbeat irregularity that previously could
not be commercially detected automatically. Initially, I thought "how could this
project possibly be of any use? I can only locate one type of irregular heartbeat." As
time went on, I realized that these small steps are essential for reaching the bigger
picture.

10th Grade Fair

MEET THE 2018 DVSF GRADE 10 GOLD MEDALIST—Rhea Malhotra, Moravian Academy,
Bethlehem, Pennsylvania. She researched "Biochemical Interactions of Cardiac Ion-Blocking
Agents and Channelrhodopsin-2 in Optogenetic Pacing In Vivo Cardiovascular Diseases."
Rhea’s story:

I don’t talk about my first experiment, because it ended in horror.

Well, if horror means a 6th grader in tears because lima beans refused to ever even
sprout, then yes. But even though botany may not have been my forte, the next year I
found refuge in the fume hoods of a cell biology lab. I built my “everyday afterschool”
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home snuggled within the darker microscope corner of the lab where I would gaze
over the paintings of actin filaments, CD44 microtubules, and Hoerchst stained nuclei
under DAPI fluorescence. I was the Van Gogh of mesenchymal stem cell imaging,
splattering the canvas of a petri dish with neon cytoskeletal protein. I studied the
synergistic effects of osteoarthritic anti-inflammatory agents on chondrocytic
differentiation to regenerate cartilage and the manipulation of neural extracellular
matrix on dopaminergic expression for the treatment of Parkinson’s disease.

I began to work at the edge of optics and cardiology, utilizing novel therapeutics to
understand physiochemical interactions. The entire process of discovery, especially
in such a novel field genuinely excites me. I don’t know if my aspirations of clinical
research are set in stone or if I will find another path, but my passion will always lie
within medicine.

Rhea’s awards at the International Science & Engineering Fair:

1st Place in Biochemistry, Best of Category ($5,000 scholarship, $1,000 to school,
$1,000 to DVSF), and grand Experiential Award European Union Contest for Young
Scientists (all-expense-paid trip), naming of a minor planet in her honor by Lincoln
Near-Earth Asteroid Research (LINEAR) of MIT Lincoln Laboratories
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MEET THE 2018 DVSF GRADE 10 SILVER MEDALIST—Ariel Baiano, Marine Academy of
Technology & Environmental Science, Toms River, New Jersey. She researched "How Does
Poor Posture Affect the Human Body."
Ariel shares her story in her own words:

“Sit up straight! Stop your slouching!” We’ve all heard it before. What might have
seemed like tiresome nagging, however, may have held more significance than you
thought. If you’ve ever experienced back pain, fatigue, poor self-image, or perhaps
even more serious issues like disc degeneration – the explanation may lie in your
posture. I’m a high-school sophomore with a passion for anatomy and functional
medicine. From September 2017 to March 2018, I investigated the effects of poor
posture on the human body, and my findings completely blew me away. My study
supported the conclusion that poor posture can cause severe muscle fatigue and disc
compression within the spine! Completing my research required me to build six 3:4
scale human spines, which seemed like an impossible task. After many arduous
months of planning, development, and revision, however, I was able to make my crazy
idea a reality by taking advantage of new technologies, such as 3D printing, and
coming up with creative and low-cost solutions, such as using cupcake-pipettes in my
hydraulics system. The success of my research proved to me, and hopefully to those
reading this, that anyone can turn a seemingly impossible idea into reality with hard
work, patience, creativity, and dedication. I hope my work inspires others to stand up
straight and take their health and wellbeing into their own hands!
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MEET THE 2018 DVSF GRADE 10 BRONZE MEDALIST—Pranav Garimidi, Conestoga High
School, Berwyn, Pennsylvania. He researched "Exploring Dynamics of Real Matrices."
Pranav describes his experience as he learned the research skills that led her to a winning
project:

I've always had a passion for math. The ability of numbers to represent how things
around us function has amazed me and pushed me to discover more about how math
can be used around us. In 8th grade, my teacher introduced me to dynamical systems.
These functions described how certain behaviors evolve over time. They described
how things like weather, biological populations, or economic systems acted as time
went on. Then in 10th grade, I was reintroduced to some new possibilities in the field.
My teacher showed how replacing traditional real variables with variables composed
of matrices introduced new types of behavior into these systems. With my teacher's
guidance, I looked into some of these new behaviors on my own and discovered new
properties that were different from traditional functions. These insights allow us to
better understand how different models can evolve.
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9th Grade Fair

MEET THE 2018 DVSF GRADE 9 GOLD MEDALIST—Prathysha Kothare, Parkland High
School, Allentown, Pennsylvania. Prathysha researched "Unfolding the Mysteries of VWF
Year 2: Computational Validation of A2 Domain Unfolding.”
Science followed me throughout life. I recall one day hanging on the edge of my seat
in the university lecture hall as my father discussed the wonders of chemical
engineering … then later drawing anatomic heart diagrams in fifth grade because I
was in awe of the complex organ ... and then always solving the extra math problems
in the back of the book because I loved the challenge. STEM followed me wherever
my mind drifted, and when it came time to define a long-term research project, I
sought to discover a topic upon which I could apply all of these scientific branches.
Luckily my passion for cardiovascular studies led me to researching the hemostatic
regulatory responses. I soon came across the von Willebrand Factor blood clotting
protein and, before I knew it, I was exploring the mechanisms of one of this protein’s
domains using both experimental and computational studies.
My advice to budding scientists would be to simply let your curiosity lead the way
and never limit the scope of your research. Through my work, I was able to apply
mathematics, computer science, biology, and chemistry into an engaging project that
I am extremely passionate about. The late hours and simulation crashes undoubtedly
frustrated but never deterred me… because I knew I was doing what I loved. I am
honored to be an INTEL finalist, but I am more honored to be living in a generation
where the sky is the limit for the young minds of science around the world!

Prathysha was awarded 3rd Place in Biomedical Engineering at the 2018 International
Science & Engineering Fair.

14

MEET THE 2018 DVSF GRADE 9 SILVER MEDALIST—Ankhitha Manjunatha, Parkland High
School, Allentown, Pennsylvania. Ankhitha researched “The Hofstadter Butterfly on a Ring
Lattice.”
Ankhitha tells us about the project:

I was introduced to theoretical physics and the quantum hall effect after I read about
the multiple Nobel prizes in physics won for such studies. The emerging field
immediately intrigued me, as I could combine my interests of math, physics, and
computer science, and not have to face the barriers set forth in a physical laboratory.
My project essentially consisted of developing a simpler yet effective way to model
the energy eigenvalues of electrons in a 2D lattice subject to a magnetic field by
mapping the ultracold atoms on a 1D ring lattice instead of a 2D lattice. This was
principally accomplished by the implementation of a dimensional reduction on the
equation of the sinusoidal lattice potential. First, I replicated the model in a discrete
case which was an idealized mathematical model of the physical situation, and then a
continuous case that represented more realistic conditions to be possibly
manipulated in the lab. The application of this project could provide a possible
pathway to finally implement this seminal model in physics that has only been known
for 40 years in theory.
The process of conducting my Hofstadter Butterfly research took months. At the
beginning, the field of theoretical physics seemed daunting to me as I was just a 9th
grader who was taking AP Physics 1 at high school, and I was not as well versed as a
Quantum Mechanics graduate in college. So even before I started experimenting I had
to learn more about the fundamental principles of the field pertaining to the
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Hofstadter Butterfly and the mathematics which would further it, and I simulated my
project in the multi-paradigm numerical computing environment, MATLAB. MATLAB
is a programming language in itself so one of the biggest challenges in my experiment
was transferring the mathematics of tridiagonal matrices and eigenvalues into
MATLAB code. I started off the first area of my research by developing the
mathematics behind the idealized discrete case, as well as research on the matrix’s
localization transition as a sub-study. Once I was successful in reproducing the
Hofstadter Butterfly accurately on the discrete 1D ring lattice, I completed the
continuous case and found its optimal parameters.

Completing this project gave me a lot of exposure to this complex field, and I hope to
learn more in my future experiments. But besides the science, analytical skills, and
knowledge I gained from this experience, I gained determination and passion towards
this topic. Ultimately, this was a very valuable experience that has positively impacted
me, and I hope to continue science fair throughout my high school career.

MEET THE 2018 DVSF GRADE 9 BRONZE MEDALIST—Tanya Mehta, Parkland High School,
Allentown, Pennsylvania. As one of the youngest medalists, Tanya pursued her passion for
uncovering the mysteries of human physiology and translating the learning into targeted
therapeutics for cancer in her project on “Targeting Apoptotic Pathways by Regulating
Caspase-3 with Chemo-Preventive Agents for Cancer Therapeutics.”
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In her own words, Tanya shares her story:

Starting from an early age, I have had a deep interest in health sciences and medicine. Being
able to contribute towards enhancing the mechanistic understanding behind the onset of
diseases and knowing that there is an opportunity to help and improve lives of people
globally is an idea that continues to motivate me. I believe that all big things are built upon
foundation of fundamentals. Medicine has its roots in biochemistry and cell biology. New
innovations in biotechnology and therapeutics have opened up vast possibilities in both the
prevention and treatment of human diseases. My scientific journey has taken me to
biochemistries of different human systems. Primary focus of my experimental research
study was on apoptosis, a biological process of programmed cell death, which is believed to
be the underlying cause for development and progression of cancer. Caspase-3 (Cysteinedependent aspartate-directed protease) enzyme plays a key role in cellular apoptosis
induced by various genetic, biochemical, and physical factors. Regulating activity and
selectivity of Caspase-3 can be leveraged towards targeted apoptosis for cancer treatment.

Towards the goal of identifying potential ways to slow down symptoms associated
with cancer, I chose to study biochemistry of Caspase-3 enzyme in relation to
promoting apoptosis by extrinsic direct activation with chemo-preventive agents.
Chemo-preventive agents help in regulation of pro-apoptotic proteins (Bax) or antiapoptotic proteins (Bcl-2), and direct activation of Caspase-3 via electrostatic and
allosteric interactions with the cysteine active site. I had a good foundation in
enzymatic chemistry from my previous research projects, but this project was
challenging in the sense that it was focusing on in-vitro analysis of very complex
multi-step cellular mechanisms. To quantify the activity of Caspase-3 towards slicing
polypeptide segments in protein chains, I performed experiments with human
Caspase-3 acting on substrate DEVD-pNA (Aspartate-Glutamate-Valine-Aspartate;
para-Nitro-Aniline) and reaction rate was measured by real-time microplate
spectrophotometry. Based on extensive experimentation to cover a variety of
promoters, and range of reaction conditions, it was very rewarding to demonstrate
the value of chemo-preventive agents in accelerating apoptosis. These findings can
lead to better strategies to prevent, slow, or avoid fatal outcomes of cancer.
I am very excited and honored by the opportunity to present my research at ISEF,
benefit from the interactions with other finalists, judges, and experts to further my
learning and take the next step in my adventure into the world of science, technology,
and medicine. It is really an amazing feeling!!
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Team Fair

MEET THE 2018 DVSF TEAM MEDALISTS—Adam Zhang and Jonathan Cheng of Methacton
High School, Norristown, Pennsylvania. Jonathan and Adam worked together to research
“Urine as an Alternative to Blood for Cancer Liquid Biopsy and Precision Medicine.”
Jonathan and Adam describe the progression of their project:

Our project is the culmination of two summers of lab internship, hard work, and a
desire to dive deeper into the medical field. Our main research goal was to use urine
to investigate hepatocellular carcinoma, a very deadly form of liver cancer that is one
of the fastest growing diseases in the USA.

We started off as two novice, curious students interested in science fair; and, although
it was daunting and tiring at first, the knowledge and experiences we gained were
well worth the effort. It was an amazing opportunity to work with and learn from
talented scientists. In developing our project we gained valuable skills ranging from
running assays to developing analysis techniques. Most importantly, we learned how
to effectively communicate our ideas with other researchers, and by doing so,
developed interview and public speaking skills.
S. Romine
05012018
ISEF Awards 05182018
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MEDALISTS’ ABSTRACTS
Karthik Yegnesh
"Braid Groups on Triangulated Surfaces and Singular Homology."

The mathematical field of algebraic topology studies the association of algebraic data to
topological spaces, which are generalizations of geometric shapes. Since its creation in the
early 20th century, algebraic topology has shown to be a powerful tool in both pure
mathematics (in particular in geometry and topology) and in data science (e.g detecting
patterns in large data sets).

My research finds a new connection between two different algebraic structures that can be
associated to a surface, namely its homology groups (counts holes in the surface) and its
surface braid groups (describes the movement of particles on the surface). In particular, I
constructed a natural surjective group homomorphism from surface braid groups on any
closed orientable surface to its first singular homology group with integral coefficients. I
proved that if the surface is triangulated (approximated by gluing together triangles), then
the kernel of this map is generated by elementary braids which arise from the triangulation
of the surface. My results indicate that triangulations of surfaces determine useful
information about the structure of their surface braid groups, and that this information is
influenced by the homology groups of the surface. Furthermore, my results have applications
in algebraic/geometric topology, group theory, braid theory, and theoretical physics.

Sophia Swartz
"Molecular-Based Genotypic Selection for Anthocyanin in Lactuca sativa, Year Three."

The overall goal is to identify a non-destructive real-time PCR-based method allowing for
rapid genotypic selection in Lactuca sativa (lettuce) seedlings at an early stage of
development. The obligate self-pollination aspect in lettuce complicates the propagation of
traits of commercial interest. A novel nested microplate was developed to facilitate the
sampling of root cap cells as a source of DNA for genotyping. The model gene was LsANS (L.
sativa anthocyanidin synthase), which is functional in red-leaf lettuce and non-functional in
green-leaf lettuce. Analysis of the LsANS transcript by RT-qPCR found that red-leaf cultivars
have a higher level than green-leaf cultivars. Cultivars were crossbred to hybridize for a
functional LsANS gene. Only 1% of crossbred cultivars produced seeds, demonstrating the
need for a scalable and cost-effective selection tool. Next, the nested microplate was
improved by germinating the seeds under an LED light for a 16-hour photoperiod to yield
91.6% germination within six days. The genotyping workflow using real-time PCR followed
by high-resolution melt analysis (HRM) was refined by confirming that plant PCR inhibitors
in the receiving medium do not affect PCR melting temperatures (Tm). Only 43.9% of samples
with known genotypes were correctly identified using PCR (<40 cycles) and HRM (Tm
difference > 0.4°C) parameters. Fluorescence microscopy of the receiving medium confirmed
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insufficient shedding of root cap cells. Current research focuses on developing techniques to
increase the amount of accessible DNA in the lower plate. These studies show that the
traditional breeding process can be considerably streamlined on a high-throughput scale.

Shehbeel Arif
"Prostate Cancer Diagnostic Device: the Application of Multiplex Lateral Flow Immunoassay
for the Detection of Prostate-Specific Antigen (PSA)”

Prostate cancer (PCa) is the second most common cancer found in men globally and
has the highest mortality rate in men when compared to other cancers. However,
early diagnosis of PCa has led to a decrease in the mortality rate. Nevertheless,
current PCa diagnostic methods are expensive and highly invasive. Recently, the
incorporation of microfluidics in PCa diagnostics has led to a drastic decrease in costs-but these decrease in costs have also led to a decrease in accuracy of these devices,
not to mention the lack of quantifiable results. In this research, a diagnostic device is
developed using the principles of Lateral Flow Immunoassay (LFA) to detect PCa
biomarkers within a sample of blood. The three PCa biomarkers that were used in the
device were free Prostate Specific Antigen (PSA), total PSA, and PSA/ACT. Through
molecular engineering principles, gold nanoparticles (GNP) were conjugated to PSA
antibodies through EDC/NHS chemistry for the purposes of: 1) act as a vehicle to
carry PSA and anti-PSA to the immobilized anti-PSA test site, 2) utilize GNP’s unique
optical property of local surface plasmon resonance to enhance the colorimetric
results of Horseradish Peroxidase (HRP). Using ELISA, the proposed biochemical
mechanism was tested and validated. In preliminary testing, the manufactured LFA
device has demonstrated colorimetric results. A correlation was also determined with
the intensity of color and the concentration of PSA, which establishes the potential for
quantification."

Nehali Gupta
"DKA Diagnosis: A Novel Method for the Detection of Early Onset Diabetic Ketoacidosis."

Ketosis is a metabolic state in which some of the body’s energy supply comes from
ketone bodies, a product of the breakdown of stored triglycerides. Uncontrolled
ketosis leads to an excessive accumulation of ketoacids, and a new stage, ketoacidosis,
which most often affects Type I diabetes patients in the form of diabetic ketoacidosis
(DKA). Symptoms and signs of DKA develop very quickly, often within 24 hours. If left
untreated, DKA can become fatal. Currently, there are tests that doctors can run to
test for DKA, and due its quick development, there are home-tests that can be run on
blood and urine in order to detect DKA. However, ketones are present in other bodily
fluids, such as sweat. The KetoPatch is a disposable, noninvasive, and cheaper
alternative to urine tests and blood meters. To test the function and effectivity of the
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KetoPatch, it was first constructed with sodium nitroprusside (SNP), sodium
hydroxide (NaOH), alpha-ketobutyric acid (-KBR), which simulated the presence of
ketones in sweat and a filter gauze to separate its contact from the skin. The
KetoPatch was then tested to see if it produced a color change that could be
qualitatively measured. Then, the SNP, NaOH, and -KBR were reacted together at
different concentrations, representative of the levels present at different stages of
diabetic ketoacidosis, and the intensity absorbance of their product, the pinkmagenta complex, was measured using a UV-Vis spectrophotometer. The control,
NaOH, was observed to have an absorbance of 1.8278 Au, the level representative of
borderline DKA had 7.1494 Au, and the level representative of DKA had 31.0258 Au.
This was because the KetoPatch mimics the chemical reaction in urine test strips,
which allows the presence of acetoacetic acid to be detected by SNP, and yields a pinkmagenta complex visible to the eye. The results of this project show that the
KetoPatch is an effective tool that can be used to detect DKA, and may also have a
contribution in detecting Type I Diabetes in the younger demographic.
Sathya Edamadaka
"RMPC: A Novel Cost-Effective Approach to Raising Photovoltaic Efficiency through Tunable
Plasmonic Nanostructures."

In this integrative research, two tunable plasmonic nanostructures were used to significantly
increase the short circuit current output (Jsc), total current produced (A), maximum optical
generation rate (Gmax) in a novel organic solar cell (OSC), and the concentration factor in a
novel luminescent solar concentrator (LSC). The first nanostructure is a raspberry-like
metamolecule (RMM), an isotropic, gold-nanoparticles/polystyrene-core colloidosome,
hypothesized to significantly improve the OSC due to its unusually strong magnetic resonance
and broadband absorption spectra, changed by altering the size and packing density of the
gold nanobeads. The second nanostructure is a gold nanorod (AuNR), dispersed in a glass
medium, hypothesized to significantly improve the LSC due to its tunable extinction cross
section peak (by changing its aspect ratio). Both particles are inexpensive to synthesize and
utilize. 5 different sizes of RMMs were simulated. A finite-difference time-domain
discretization technique with nonuniform boundary conditions was used for optoelectronic
analysis simulations. The OSC component of the RPAL(RMM-Photovoltaic and AuNR-LSC
system) was fabricated using a novel, hybrid method combining an induced Marangoni effect
to uniformly disperse RMMs and spin coating to apply active P3HT:PCBM and base layers.
Optical properties were determined using ellipsometry, atomic-force and dark-field
microscopy. Extinction, absorption, and scattering cross sections, as well as Jsc, A, and Gmax,
were analyzed. A 56.31% improvement of Jsc in the RPAL over a control OSC with a similar
morphology without RMMs was observed, as well as a 31.13% improvement in a RPAL with
a Si-based active layer over Si-based cells, proving the immediate utility to current and
photovoltaics.
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Ryan Luo
"The Use of Al Algorithms to Automatically Identify Premature Atrial Contractions from
Electrocardiogram Recordings."

Analyzing electrocardiogram recordings is a time-consuming process that requires a doctor’s
keen observation. Electrocardiograms, which show a person’s heartbeat waveforms, are
essential for identifying heart diseases hinted by abnormal heartbeat patterns. Some of these
patterns can be detected using modern-day computer algorithms. However, there is no
commercially available detection method for Premature Atrial Contractions (PAC). PACs are
quickened heartbeats that have distorted or hidden “P” waves. While generally harmless,
PACs in large quantities can lead to various heart problems. To accurately locate PAC patterns
in electrocardiograms, the student did the following: (1) downloaded ECG recordings from
the MIT-BIH-AR Database and developed a MATLAB computer program to observe them; (2)
designed numerous detection algorithms based on observations and implemented them in
the MATLAB program; (3) evaluated detection results using detection rate (Se) and accuracy
(+P). While improvements were made, the student noticed some PACs that were inaccurately
detected by primitive algorithms were actually premature ventricular contractions (PVC),
another type of irregular heartbeat. The difference is that PVCs do not have P waves while
PACs have distorted or hidden P waves. The student then added a PAC/PVC differentiation
method using the architectural design of a convolutional neural network to identify whether
a P wave exists before each heartbeat. The final algorithm consists of a heartbeat detection
method and a functional PAC detection method. The algorithm has a PAC detection rate of
59.6% with an accuracy of 71.8%. The student successfully created an automatic PAC
detection method with satisfactory performance, which reduces ECG observation time spent
by doctors.

Rhea Malhotra
"Biochemical Interactions of Cardiac Ion-Blocking Agents and Channelrhodopsin-2 in
Optogenetic Pacing In Vivo Cardiovascular Diseases."

Optical Coherence Tomography is a novel 3D-imaging modality, however there has been
limited research utilizing OCT regarding the physiological impacts of ion-blocking drugs,
namely Class I, III, and IV antiarrhythmics. OCT technology allows for analysis in the
Drosophila model of cardiovascular disease. The primary categories of cardiac drugs consist
of the following: sodium blockers, calcium blockers, potassium blockers along with betablockers and ace inhibitors. After a drug delivery protocol was optimized, three ion-blocking
agents were dissolved into normal sugar based food at 0.1% and 0.01% of normal human
dosage, consisting of: Amlodipine Besylate (Ca²⁺), Dofetilide (K⁺), and Flecanide Acetate
(Na⁺).
Data analysis consisted of GPU and SegUI processing of heart rate and heart area at Instar
Stage III and adult. Ultimately, the hypothesis was partially supported regarding the
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suppressed chronotrophy of Calcium blockers while proarrhythmic characteristics were
generally observed in Sodium and Potassium channel blocked samples, which could be
attributed to elevated dosage considering the mass of the model organism. This
experimentation aspires to improve modern means of cardiovascular therapy through OCT
analysis with implications for optogenetics technology.

Combining standard chemical therapeutics with novel bio-optics could yield new
understanding on the potential of optogenetics in medicine for cardiovascular disease
treatment. This experimentation can shed light on therapies for coronary artery disease and
other major chronic illnesses of the heart with 3-dimensional live graphics. This research
continues to look into the possibilities with optogenetics and further understanding the
physiological implications of antiarrythmic biochemical agents.

The drosophila optical model showed to be an effective way to analyze the chronotropic
properties of ion channels and can be implemented to gather life-saving data using OCT
technology. This research continues has unlimited clinical application in pharmaceutical
research before drugs are used in other mammalian species or human populations. This
technique can save lives and reduce the cost and time of developing drugs by quickly and
easily identifying experimental molecules with cardiotoxic effects and enhance general
physiological understanding of the drugs to begin with.

Ariel Baiano
"How Does Poor Posture Affect the Human Body"

Kyphosis is the excessive curvature of the thoracic spine along the sagittal plane,
creating a hunchback or slouching appearance. It is a pressing issue in modern society
due to anatomical issues and negative habits, such as reliance on electronics, and can
result in many complications including muscle fatigue and spinal disc damage. To
analyze the effects of poor posture on the human body, an experiment was conducted
in December 2017 by building six 75% scale human spine models with elastic bands
stretched across vertebrae, representing muscles, and fluid-filled pipettes in place of
cartilaginous discs. Three spines remained in proper anatomical as controls while the
remaining three spines were altered in forward head deviation to simulate increasing
severities of kyphosis. At each position, band lengths and disc fluid displacement
were measured. Changes in bands lengths, converted to force using a spring scale,
represent changes in muscle usage while changes in fluid displacement represent disc
compression. Statistical analysis revealed that as posture is worsened, muscles in the
back are overused while anterior muscles are weakened. It also revealed that poor
posture causes disc compression and disc damage. Overall, this experiment showed
that poor posture has significant negative effects on the entire vertebral column.
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Pranav Garimidi
"Exploring Dynamics of Real Matrices"

The dynamics of polynomials in the space of 2X2 real matrices of the form
Q(Z) = Z^2+C with a constant C consisting of identical and distinct real eigenvalues
are observed. These results are compared with how the dynamics of these maps with
C having complex eigenvalues behave, with a focus on cycles that are not confined by
the invariant plane. The dynamics are experimentally compared by computing Julia
sets for different values of C. Observing the sets created by C with complex
eigenvalues and C having identical real eigenvalues yields identical results. Whenever
a cycle off the invariant plane occurs in the complex case, a cycle off the invariant
plane occurs in the identical real case. On the other hand, dynamics in spaces of
distinct real eigenvalues do not match up with the case of complex eigenvalues.

Prathysha Kothare
"Unfolding the Mysteries of VWF Year 2: Computational Validation of A2 Domain Unfolding”

Von Willebrand Disease debilitates over 4 million people in the US alone. Most
subtypes are induced by genetic mutations of the von Willebrand Factor (vWF), a
multimeric glycoprotein responsible for hemostasis. In normal conditions, vWF’s
mechanosensitive A2 domain unfolds upon blood vessel rupture and initiates
clotting. It also triggers enzyme ADAMTS13 to cleave vWF multimers. The 1541 A2
mutation studied in this project induces severe hemophilia via unknown
mechanisms. The research question was whether in vitro experimentation via optical
tweezers (OT) and molecular simulations could quantify the unfolding forces for the
wildtype (WT) and mutant. Expression of a Ca2+ ion in A2 was also researched for its
in potential monomer stabilization. The hypotheses stated that, if the 1541 mutation
was expressed, A2 would unfold prematurely or at lower forces, while Ca2+ would
increase the unfolding force. In vitro, OT was used to pull 1541 and the WT using laser
traps to determine relaxation force and maximum protein extension. Secondly,
CHARMM, NAMD, VMD, and SOL computational platforms were used to model A2
induced to simulated shear flow, and to understand beta-sheet conformation,
unfolding force, and extension rate. Key modeling conclusions were that the average
unfolding forces for Ca2+ and 1541 variants were 237% and 66%, respectively, when
compared to that for the WT. Furthermore, OT suggested 1541’s premature double
unfolding, leading to a contour length 78% that of the WT. Thus, both
experimentation and simulations confirmed 1541’s greater unfolding susceptibility,
explaining its hemophilic behavior. Research conclusions thereby paved the way to
identifying complex disease mechanisms and optimizing simulation parameters to
explore other mechanosensitive proteins.
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Ankhitha Manjunatha
“The Hofstadter Butterfly on a Ring Lattice”

The Hofstadter Butterfly is a distinct fractal pattern in quantum physics that describes the
energy eigenvalues of electrons subject to a magnetic field in a two- dimensional (2D) lattice.
As part of this project, an alternative way to create the Hofstadter butterfly spectrum was
studied with a ring-shaped 1D discrete lattice which was translated to a continuum physical
model involving a bichromatic sinusoidal potential. The project was theoretical in nature,
where neutral ultracold atoms trapped in this ring-shaped potential were modeled and
described with quantum mechanics, and specifically with the Schrödinger equation. The
discrete lattice model was described by the relevant Hamiltonian matrix and the eigenvalues
found by numerical diagonalization. The study examined how the variation of the different
lattice parameters like inter-site coupling strength, onsite modulation potential, and lattice
depth affected the spectrum in the continuum model, and found the optimal parameters. For
the physically realistic continuum model, the study found that the coupling strength has an
inverse relation to the lattice depth, which was computed through the overlap integral.
Consequently, the optimal butterfly spectrum was found to occur for higher values of the
lattice depth when the onsite modulation strength was proportionately decreased. This
study demonstrated that the Hofstadter model can be implemented with realistic potentials
on a 1D ring-shaped lattice, and also determined the necessary optimal spectral conditions.
The results of this project can provide a simpler yet effective way to fully implement this
seminal model in physics that has been known for 40 years in theory.
Tanya Mehta
“Targeting Apoptotic Pathways by Regulating Caspase-3 with Chemo-Preventive Agents for
Cancer Therapeutics”
Slowing down of apoptosis, a biological process of programmed cell death, is believed to be
the leading cause of cancer. Caspase-3 (Cysteine-dependent aspartate-directed protease)
enzyme plays a key role in cellular apoptosis induced by various genetic, biochemical &amp;
physical factors. The primary goal of this experimental research was to identify chemopreventive agents and optimal delivery conditions that could enhance the activity of
Caspase-3. Resulting activity control can be leveraged towards targeted apoptosis for cancer
therapeutics. To quantify the activity of Caspase-3 towards slicing polypeptide segments in
protein chains, in- vitro experiments were performed with human Caspase-3 acting on
substrate DEVD-pNA (Aspartate- Glutamate-Valine- Aspartate; para-Nitro- Aniline) with 5
different chemo-preventive agents: Curcumin, Ellagic Acid, Sulforaphane, Catechin, &amp;
Quercetin. The reaction rate was measured by real-time microplate spectrophotometry.
Additionally, reaction conditions were varied to understand the effect of pH and ionic
concentration on the enzymatic activity. The results from this study demonstrated the
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effectiveness of chemo-preventive agents in promoting activity of Caspase-3 for DEVD
hydroxylation by up to 20 times compared to control. Curcumin provided the strongest
promotion. Chemo-preventive agents help in regulation of pro- apoptotic proteins (Bax) or
anti-apoptotic proteins (Bcl-2), and direct activation of Caspase-3 via electrostatic and
allosteric interactions with the cysteine active site. Increase in the ionic concentration
diminishes the electron transfer between the peptide chain and enzyme, resulting in the
reduction of Caspase activity. Bioactive chemo-preventive agents show great potential to
promote the Caspase activity and can provide effective solution to slow down the spreading
of cancer.
Adam Zhang and Jonathan Cheng
“Urine as an Alternative to Blood for Cancer Liquid Biopsy and Precision Medicine”

Liquid biopsy is a powerful tool to provide cancer genetics via detection of
biomarkers like circulating tumor DNA (ctDNA) in blood to reduce cancer death
through precision medicine and has shown potential in the early detection of cancer.
However, urine analysis of ctDNA, a completely noninvasive and possibly more
practical procedure for cancer screening, has not been thoroughly explored. Using
hepatocellular carcinoma (HCC) as a model, we examined if urine can be an
alternative to blood for liquid biopsy. Our study indicated that high molecular weight
(HMW) urine DNA showed over 95% genome coverage concordance and insignificant
differences in variants compared to peripheral blood mononuclear cell (PBMC) DNA,
indicating it can provide a comprehensive germline sequence of individuals for
analysis. Quantification of TP53 and CTNNB1 genes by qPCR assays in matched
plasma and urine samples showed that the plasma samples generally had more DNA.
However, detection of mutations in these genes as HCC genetic biomarkers in urine
achieved higher sensitivity (31%) than in plasma (22%) for HCC patients, suggesting
more detectable HCC ctDNA in urine. To integrate more genetic markers and improve
urine screening sensitivity, enrichment of targeted genes for duplex sequencing and
custom-built software for fast Next Generation Sequencing (NGS) data analysis are in
progress. Lastly, efficient urine DNA collection and preservation methods were
developed for a practical urine screening kit. In conclusion, our data suggests that
urine can replace or complement blood for liver cancer liquid biopsy and precision
medicine with potential applications to other cancers as well.
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