
Sixtieth Connecticut

JUNIOR SCIENCE

and

HUMANITIES SYMPOSIUM

at UConn Health, Farmington, Connecticut

March 4, 2023

THE NATIONAL SCIENCE TEACHING ASSOCIATION

under contract with

THE U.S. OFFICE OF THE SECRETARY OF DEFENSE,

THE U.S. DEPARTMENTS OF THE ARMY, NAVY, AND AIR FORCE and

UCONN HEALTH/CT AREA HEALTH EDUCATION CENTER



OBJECTIVES

● To promote research and experimentation in science, technology, engineering, and mathematics

(STEM) at the high school level.

● To recognize the significance of research in human affairs and the importance of humane and

ethical principles in the application of research results.

● To search out talented youth and their teachers, recognize their accomplishments at symposia,

and encourage their continued interest and participation in the sciences, technology,

mathematics, and engineering.

● To expand the horizons of research-oriented students by exposing them to opportunities in the

academic, industrial, and governmental communities.

● To increase the research and development capabilities of the future U.S. workforce.

A part of

THE U.S. OFFICE OF THE SECRETARY OF DEFENSE and U.S. DEPARTMENTS OF THE

ARMY/NAVY/AIR FORCE JUNIOR SCIENCE AND HUMANITIES SYMPOSIA PROGRAM

with support from

UCONN HEALTH/CT Area Health Education Center (AHEC)

and

CONNECTICUT ACADEMY OF SCIENCE AND ENGINEERING
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Program Summary

Sunday, February 26 Judging of Oral and Competitive Poster Presenters

Online Feb. 27–Mar. 3 Pre-week Events (Earn Event Game points to win a gift card!)

Asynchronous timing
View STEM Poster Exhibition and participate in CT-JSHS

alumni-mentored activities online, view lab tour videos, and more!

Asynchronous timing
View recordings of Oral and Competitive Poster Presentations

and prepare questions for symposium presenters.

Saturday, March 4 Symposium

7:45 – 8:40 AM Registration

8:50 – 9:35 AM Welcome & Keynote Address—everyone attends.

Block
#1

9:45 – 10:30 AM
1st Oral Session

Group A
Humanities Activity

Group B

1st Competitive
Poster Session

Group C

Block
#2

10:40 – 11:25 AM
2nd Oral Session

Group B
Humanities Activity

Group C

2nd Competitive
Poster Session

Group A

Block
#3

11:35 AM –
12:20 PM

3rd Oral Session
Group C

Humanities Activity
Group A

3rd Competitive
Poster Session

Group B

12:30 – 12:50 PM
Awards and closing remarks—everyone attends.

Winners and runner-up to represent Connecticut as the National Delegation
will stay after 12:50 to learn details.

12:50 – 1:00 PM Grab a boxed lunch and depart.
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Sixtieth Connecticut

JUNIOR SCIENCE and HUMANITIES SYMPOSIUM

at UConn Health

SATURDAY, MARCH 4, 2023

REGISTRATION

7:45 – 8:40 a.m. Academic Lobby

Water and coffee in Rotunda Hallway

OPENING

8:50 – 9:35 a.m. Rotunda

Recorded Bruce Liang, MD, FACC

Welcome Interim Chief Executive Officer, UConn Health

Executive Vice President for Health Affairs

Dean, UConn School of Medicine

Director, Pat and Jim Calhoun Cardiology Center

Ray Neag Distinguished Professor of

Cardiovascular Biology and Medicine, UConn School of Medicine

(at CTJSHS.com and tinyurl.com/3ka2uaup)

Welcome Anton Alerte, MD

Professor of Pediatrics and Associate Dean for

Primary Care, UConn School of Medicine

Briefing Brittany Knight, PhD

Regional Director, CT-JSHS

Director of Operations, United States

Association for the Study of Pain

Keynote Address Doug Brugge, PhD

Professor and Chair, Department of Public Health Sciences,

UConn School of Medicine

Health Net, Inc. Endowed Chair in

Community Medicine

“Studying Air Pollution from Science Fair to

NIH-Funded Research”
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BREAK/TRANSITION

9:35 - 9:45 a.m. Refreshments

2023 HUMANITIES ACTIVITY: Viral Spillover

Developed by Heather Biancheri, MS, Brookfield High School

BLOCK #1

9:45 – 10:30 a.m.

Activity

Group A:

1
st

Oral Session

(Names are below.)

Group B:

Humanities Activity

Group C:

1
st

Competitive

Poster Session

(Names are below.)

Location Rotunda Friends or

Patterson Hall

Massey Auditorium

First Oral Session Presenters

Theodore Kim

Avon Old Farms School

Mentor: Sunny Kim

Development of Food Waste Fertilizer Using Deciduous Humus to Prevent Bacterial Infection in Organic Crop

Grace Kistner

Bridgeport Regional Aquaculture Science and Technology Education Center

Mentor: Kirk Shadle

Utilizing the Nematocysts of Cassiopea xamachana as a Bioactive Antiproliferative Compound

Claire Liu

Choate Rosemary Hall

Mentor: Dr. Joslyn Mills

Investigating Stress Response Genes in C. elegans to Prevent Huntington’s Disease

Aanchal Poddar

Amity Regional High School

Mentor: Sheida Nabavi

Developing a Multimodal Neural Network for Object Detection and Captioning of Chest X-Rays

Isabella Wu

Choate Rosemary Hall

Mentor: Xin Wang

TopoCan: A Novel Histopathological System for Clinical Prediction with Topology- and Spatial Genome-Informed Deep
Learning
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First Competitive Poster Session Presenters

Natalie Christopher

Manchester High School

Mentor: Dr. Alita Cousins

Short-Term Guided Mindfulness Meditation Compared with a Placebo Stress Supplement in Acute Stress Reduction

Kavya Podila

Ridgefield High School

Mentor: Dr. Carmella Evans-Molina

Examining the Characteristics of Residual Pancreatic Cells and Islets in Type 1 Diabetes

Sylvia Squatrito

Manchester High School

Mentor: Janet Morrison

Spectrophotometric Determination of the Total Polysaccharide Content of Ganoderma lucidum Grown under Different
Conditions

Samantha Verdejo

Ridgefield High School

Mentor: Áine Kapell

The Efficacy of Varying Sound Frequencies on Accelerating Colony Formation and Zymolytic Properties of
Saccharomyces cerevisiae

Heather Wallace

Ridgefield High School

Mentor: Scott Peterson

Engineering a Methodology to Efficiently and Effectively Discover and Classify Micrometeorites

Ryan Wempen

King School

Mentor: Robert V. Palladino

Designing a Simulation for Aerothermodynamic Performance of Transatmospheric Vehicles and Ablative Heat Shield
Designs for Space Exploration Reentry and Hypersonic Missile Defense

BREAK/TRANSITION

10:30 – 10:40 a.m. Refreshments
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BLOCK #2

10:40 a.m. – 11:25 a.m.

Activity

Group B:

2
nd

Oral Session

(Names are below.)

Group C:

Humanities Activity

Group A:

2
nd

Competitive

Poster Session

(Names are below.)

Location Rotunda Friends or

Patterson Hall

Massey Auditorium

Second Oral Session Presenters

Angelina Fogarty

Greenwich High School

Mentor: Andrew Bramante

Rapid, Visual Detection of Benadryl Cocktails via Competitive Amine-Responsive Fluorophores

Ambika Grover

Greenwich High School

Mentor: Andrew Bramante

Design of a Novel, Dual-Functioning, Tissue Plasminogen Activator and Factor XI Inhibiting Anticoagulant Therapeutic
for Rapid Ischemic Stroke Treatment

Ashley Malkin

Greenwich High School

Mentor: Andrew Bramante

Identification of Therapeutics for Neurological Disorders through Development of a Novel Machine Learning System
for Predicting Drug-Gene Interactions in the Glymphatic System

Snigtha Mohanraj

Engineering and Science University Magnet School

Mentor: Alyssa Anderson

Implementing Nontoxic Modified Biochar Enhanced Filtration for the Efficient Removal of Emerging Contaminants in
an Aqueous Solution

Anusha Narang

Darien High School

Mentor: Sarthak Kanodia

Modeling Vegetation Dynamics in Wetlands Using Machine Learning and Temperature Data: A Case Study in
Louisiana’s Plaquemines Parish

Naomi Park

Greenwich High School

Mentor: Andrew Bramante

Concurrent Removal of Rising, Soluble Ocean Carbon Dioxide and Oil-in-Water Contaminants via Multi-Functional
Remediation Framework
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Second Competitive Poster Session Presenters

Anushka Acharya

Amity Regional High School

Mentor: Egbert Castro

Comparing the Efficacy of Various Types of Neural Networks in Predicting the RNA Sequences of Splice Isoforms

Audrey Cummings

Amity Regional High School

Mentor: Dr. Ke Xu

The Effect of Cannabis Use on the Acceleration of Biological Age

Avani Kulkarni

Amity Regional High School

Mentor: Dr. Marina Kounkel

Creating Accurate Models of Mass-Transferring Eclipsing Binary Star Systems to Predict the Conditions Necessary for
Blue Straggler Formation and Evolution

Erika Pinto

Bridgeport Regional Aquaculture Science and Technology Education Center

Mentor: Kirk Shadle

Novel Centrifugal Baffle Design and Arrangement for Spiral Redirection of Heat Exchanger Flow

Jonah Rosenbaum

Bridgeport Regional Aquaculture Science and Technology Education Center

Mentor: Kirk Shadle

Using Magnetic Fields to Direct Crystallization of Calcium Carbonate to Emulate the Growth of Trabeculae Post Bone
Fracture

Velia Russman

Thomaston High School

Mentor: Ruggero Rossi

Power Generation by Different Wastewater Types in Single-Chamber Microbial Fuel Cells

Shauna Schiffman

Choate Rosemary Hall

Mentors:  Jie Zhou, Ali Foroughi Pour, Jeffrey H. Chuang

Unsupervised Autoencoder Models for the Feature Extraction of Multiplex Tumor Images

BREAK/TRANSITION

11:25 – 11:35 a.m. Refreshments
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BLOCK #3

11:35 a.m. – 12:20 p.m.

Activity

Group C:

3
rd

Oral Session

(Names are below.)

Group A:

Humanities Activity

Group B:

3
rd

Competitive

Poster Session

(Names are below.)

Location Rotunda Friends or

Patterson Hall

Massey Auditorium

Third Oral Session Presenters

Paris Bazemore

Manchester High School

Mentor: Jeffrey Labasi

Isolation and Identification of Plastic-Degrading Bacteria from Environmental Water Samples and Zophobas morio

Aditi Gupta

Ridgefield High School

Mentor: Kara Mia Colon

Assessing the Impact of Synthetic Sweeteners on Hunger Perception in Drosophila melanogaster

Antonia Kolb

King School

Mentors: Jake Heinlein and Dr. Shu Hu

Environmental Remediation via Photocatalysis for Partial Methane Oxidation and Oil Photodegradation

Ben Persily

King School

Mentor: Ting Zhou

Utilizing and Optimizing Prime Editing to Target Endogenous Loci (CFTR and SOX2) and Ameliorate Genetic Disorders
in Pluripotent Stem Cells

Yuriy Sandmeier

King School

Mentor: Nicholas Poulton

Knockdown of the Essential 23S rRNA Methyltransferase, rv3579c, Increases the Susceptibility of Mycobacterium
tuberculosis to Macrolides
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Third Competitive Poster Session Presenters

Justin Bernstein

Greenwich High School

Mentor: Andrew Bramante

Creation and Simulation of Function of Claramine-Atorvastatin–Coated Hyaluronic Acid Nanoparticles for Targeted
Dissolution of Atherosclerotic Plaque

Lindsey Darby

Darien High School

Mentor: Lori Ritvo

Analysis of Comprehension Scores of Middle School Students Using Different Forms of Reading (Assisted Reading and
Digital Texts)

Madeline Ferguson

Biotechnology Research and Zoological Sciences High School

Mentor: Cynthia Crudale

Nature’s Remedy: Natural Alternatives to Triclosan-Based Cleaning Products to Combat Antimicrobial Resistance

Shawn Gregory

Wilton High School

Mentor: Dr. Sudheesh Allikka Parambil

Examining the Effects of PFA Water Contamination on Adult Stem Cell Differentiation, Pluripotency, and Integrity Using
Schmidtea mediterranea

Avery Horn

Darien High School

Mentor: Timothy A. Blenkinsop

Utilization of Decellularized Spinach as a Vascular Perfusion System for Organoid Development

Audrey Lin

Greenwich High School

Mentor: Andrew Bramante

Eco-Friendly Removal of Eutrophication-Initiating NH4
+ from Water via SAP-Enhanced, Activated Food Waste Biochar

Adsorption Films 

Anna Moss

Greens Farms Academy

Mentor: Mathieu Freeman

The Safety and Efficacy of Apple Cider Vinegar as a Topical Antibiotic: Its Antibacterial Effects on Pathogenic and
Commensal Staphylococcus and on the Human Epidermal Microbiome

BREAK/TRANSITION

12:20 - 12:30 p.m. Refreshments
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AWARDS CEREMONY AND CLOSING REMARKS

12:30 – 12:50 p.m. Rotunda

Evaluation Submit completed form and receive a raffle ticket

Acknowledgments Brittany Knight, PhD

Regional Director, CT-JSHS

Awards

▪ Poster Presenters

▪ Backyard Scientist Awards

▪ STEM Poster Exhibition:

People's Choice Award

▪ Oral Presenters

▪ CT Delegation to the 61st National JSHS

▪ UConn Academic Excellence Scholarship

▪ Teacher Award

Barnes & Noble Gift Cards

▪ Event Game Winners

▪ Evaluation Raffle

Winners and runner-up to represent Connecticut as the National Delegation

will stay after 12:50 to learn details.

ALL: PLEASE PICK UP A BOXED LUNCH AND WATER AS YOU DEPART.

CHAPERONES: PLEASE RETURN TO THE REGISTRATION AREA TO SIGN

OUT YOUR STUDENT(S).

*****

9 a.m. – 1 p.m.: Barnes & Noble store is open especially for CT-JSHS today!

20% off (some exceptions).
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STEM Poster Exhibitors

Sharmin Akther, Biotechnology Research and Zoological Sciences Magnet High School

Music for the Mind: Overcoming Speech Delay and Autism In Toddlers with Music Therapy

Anchal Bahel, Amity Regional High School

Determining the Availability of Telehealth Consults for Musculoskeletal Surgical Patients with Differing Insurance Plans

Mia Bierowski, Amity Regional High School

Analyzing the Decomposition Rates of Animal Material by Gromphadorhina portentosa (Madagascar Hissing
Cockroach) in Order to Determine the Species Relevance in Postmortem Interval Estimations

Karishma Bulsara, Amity Regional High School

Examining the Relationship Between Pain and Weight: A Qualitative Study

Isabella Crowley and Regan McGrath, Ridgefield High School

The Effect of Exercise on the Mood of Adolescents: A Survey of High School Athletes

Claudia El-Masry, Sacred Heart Greenwich

Predicting Rise in Smoking Due to the Effects of the Coronavirus Pandemic

Isabella Forero and Kaya Indyk, Biotechnology Research and Zoological Sciences Magnet High School

To Be Decided: A Study on Indecision and the Effects of Making a Choice

Michael Grant, Thomaston High School

Measurement of the Craniocervical Junction in Down Syndrome Patients

Emily Gu, Amity Regional High School

Determining the Effect of Drinking Saline Versus Water on Hibernating Thirteen-Lined Ground Squirrels

Daniel Guerrera, Thomaston High School

Effects of Cryoablation on E. coli in Conjunction with DMSO and Glycerol

Shreya Hebbar, Amity Regional High School

The Effect of Emotional Regulation Methods on Burnout Levels in Adolescents

Delaney Jose, Thomaston High School

The COVID-19 Pandemic’s Effect on Mothers and Infant Outcomes during Prepartum, Labor and Delivery, and
Antepartum

Gouri Krishnan, King School

Energy Loss from Wasted Plastic and Lighting Inefficiency Can Be Reduced Through a Combination of Environmentally
Friendly Polymers Created from Biomass and Energy-Saving Electrochromic Windows

Emma Levine, Ridgefield High School

The Effect of Allergens on Asthma

Tyler Lilya, Bridgeport Regional Aquaculture Science & Technology Education Center

A Novel Multi-Trophic Bio-Filter Apparatus to Remove Point Source, Anthropogenic Eutrophication from Waste
Treatment Outflows

Annabelle Lin, Hamden High School

Targeting of STAT3/PD-L1 and CCL5/CXCL10 Signaling for the Treatment of Ovarian Cancer

Emma Quayle, Darien High School

Extent of Coverage as a Measure to Validate the Media Contagion Theory as an Explanation of Mass Shootings
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Valerie Ruiz, Biotechnology Research and Zoological Sciences Magnet High School

Makeup’s Impact on Girls’ Self-Esteem and Productivity in School

Layla Shah, King School

Determining the Pigmentation of Overexpressed BAP1 on 92.1 GFP Cell Lines to Predict Prognosis in Uveal Melanoma

Zijian Wang, Avon Old Farms School

The Identification of Cerebral Hemorrhage through Head CT Images and the Comparison of Three Convolutional
Models’ Accuracy Using Machine Learning

Aadya Wijesekera, Amity Regional High School

Creating a Talking Inhaler Device to Help Patients Improve Inhaler Technique
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Participating High Schools/Programs

Amity Regional High School, Woodbridge

Avon Old Farms School

Baptist Bible Academy, Waterford

Biotechnology Research and Zoological Sciences High School, Bridgeport

Bridgeport Regional Aquaculture Science & Technology Education Center

Choate Rosemary Hall, Wallingford

Conard High School, West Hartford

Connecticut International Baccalaureate Academy, East Hartford

Daniel Hand High School

Darien High School

East Catholic High School, Manchester

East Granby High School

East Lyme High School

Engineering and Science University Magnet School, West Haven

Farmington High School

Frank Scott Bunnell High School, Stratford

Glastonbury High School

Greens Farms Academy, Westport

Greenwich High School

Hamden Hall Country Day School

Hamden High School

Joel Barlow High School, Redding

John F. Kennedy High School, Waterbury

Kent School

Killingly High School

King School, Stamford

Kingswood Oxford School, West Hartford

Madina Academy, Windsor

Manchester High School

Ridgefield High School

Sacred Heart Greenwich

The Taft School, Watertown

Thomaston High School

Torrington High School

Westbrook High School

William H. Hall High School, West Hartford

The Williams School, New London

Wilton High School
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SPONSORS

● Connecticut Academy of Science and Engineering

● Connecticut Science Supervisors Association

● Connecticut Science Teachers Association

● The National Science Teaching Association under contract with the U.S. Office of the

Secretary of Defense; the U.S. Departments of the Army, Navy, and Air Force

● UConn Health/CT Area Health Education Center (AHEC)

● UConn Office of Undergraduate Admissions

DONOR (raffle prizes)

● Barnes & Noble at UConn Health, Farmington

COOPERATING ORGANIZATIONS

● AmeriCorps HealthForward Program (CT AHEC Network)

● Connecticut Science and Engineering Fair

● UConn College of Liberal Arts and Sciences

● UConn Department of Natural Resources

● UConn Graduate School

● UConn School of Dental Medicine

● UConn School of Engineering

● UConn School of Medicine

● Yale-New Haven Hospital
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EXECUTIVE COMMITTEE

● Terri Clark, BA, Connecticut Academy of Science and Engineering, East Hartford

● Petra Clark-Dufner, MA, Program Director CT-JSHS, CT AHEC at UConn Health,

Farmington

● Deborah Day, MS, Suffield High School

● Joy Erickson, MS, Former Regional Director CT-JSHS, UConn, Storrs (retired)

● Robert Erickson, MS, Pratt & Whitney, United Technologies Corporation, East

Hartford (retired)

● Barbara Fischler, MSN, AGNP-C, U.S. Army Nurse Corps (veteran)

● Sandra Justin, PhD, Connecticut Science Supervisors Association

● Brittany Knight, PhD, Regional Director CT-JSHS, U.S. Association for the Study of

Pain

● Frank LaBanca, EdD, Area Cooperative Educational Services, Waterbury

● John Listorti, MAT, Killingly High School, Dayville

● Richard Luddy, PhD, UConn Department of Physics, Hartford

● Robert Pijewski, PhD, Anna Maria College, Paxton, Mass.

● Diane Pintavalle, MA, MS, Glastonbury High School

● Victoria Schulman, PhD, King School, Stamford

● Jon Swanson, MS, E.O. Smith High School, Storrs

● Ralph Yulo, PhD, Eastern Connecticut State University, Willimantic

APPLICATION REVIEWERS, JUDGES, MODERATORS,

AMERICORPS MEMBERS, URBAN HEALTH/AHEC SCHOLARS,

GRAD STUDENTS, CT-JSHS ALUMNI, AND ALL OTHER VOLUNTEERS:

THANK YOU!
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ABSTRACTS

Oral Presenters

Isolation and Identification of Plastic-Degrading Bacteria from Environmental Water Samples and Zophobas morio
Paris Bazemore
Manchester High School
Mentor: Jeffrey Labasi, Manchester High School

Microplastics are plastic particles with a diameter of less than 5 mm. Microplastics can be ingested by animals such as birds,
shrimp, and fish, which can kill them. Additionally, microplastics can be absorbed by predators of these species, enabling them to
travel up the food chain. As microplastics travel up the food chain, their concentration in tissue increases, as does the
concentration of any toxins the microplastics may contain. In some surface waters, up to 50% of environmental microplastics
originate from the treated effluent of wastewater treatment plants. Consequently, it is crucial that methods for degrading
microplastics in wastewater are discovered before the impacts of microplastics on the natural environment worsen. Additionally,
Zophobas morio is a species of darkling beetle from the Tenebrionidae family that is frequently used as reptile food. Z. morio can
survive using plastic as the sole source of carbon in its diet, and the bacteria within the gut of Z. morio is responsible for its ability
to degrade plastic. However, the bacteria responsible for Z. morio’s ability to degrade plastic are unknown. Prior research
reported that the bacterium Ideonella sakaiensis uses a polyethylene terephthalate (PET) hydrolase to degrade PET into
bis-(2Hydroxyethyl) terephthalate (BHET). It is not known whether other bacteria strains can degrade PET or BHET. Therefore, the
objective of this study was to isolate and identify additional strains of bacteria capable of degrading PET or BHET. Bacteria were
isolated from water samples and the intestinal tract of Z. morio and streaked onto plates containing BHET or PET as the sole
carbon source. Our research identified bacteria that degrade BHET and PET, and one of the most promising performers was
designated #3 PB6, a strain that can use BHET or PET as a carbon source. The bacteria isolated were not known previously to
degrade BHET or PET. Going forward it is crucial that methods for degrading plastic are developed to prevent it from accumulating
in the environment. Potentially, the bacteria identified in this study could be used to degrade microplastics found in wastewater.

Efficacy of BeCare MS Virtual Tracking System in Quantifying Symptoms of Multiple Sclerosis
Angelina Dalle Mule
Darien High School
Mentor: Charisse Litchman, BeCare Link

Multiple sclerosis (MS) is an autoimmune disorder of the central nervous system (CNS) that currently impacts an estimated 2.3
million people worldwide. MS can be relapsing-remitting or steadily progressing, with symptoms such as fatigue, muscle spasms,
and memory problems. While there is currently no cure for MS, telehealth is a recent option for the tracking of symptoms that
can aid in treatment regimes. BeCare MS, a remote patient monitoring platform, aims to facilitate symptom tracking and
communication for patients by using self-led games to quantify symptoms. These games each correlate with a different aspect of
the current standard for MS symptom quantification, the Expanded Disability Status Scale (EDSS). Participants were asked to
complete the activities in BeCare MS and then rate how they performed within each game on a scale of 1–10. The purpose of this
study was to compare the accuracy of BeCare MS against how participants felt they performed. The results (n=120) were
analyzed using kernel density estimate (KDE) plots and regression through Python and Excel. There was no correlation between
in-app results and survey responses (r=0.0632). Survey responses showed participants rated themselves higher than in-app
results indicated. The outcomes suggest a cognitive bias may have been involved in the disparity between survey responses and
in-app results. It remains to be determined if cognitive bias such as the overconfidence effect influences self-rating scores.

Rapid, Visual Detection of Benadryl Cocktails via Competitive Amine-Responsive Fluorophores
Angelina Fogarty
Greenwich High School
Mentor: Andrew Bramante, Greenwich High School

Diphenhydramine (DPH) is the newest narcotic used in drug-facilitated sexual assault. The amine is easily accessible in
over-the-counter cold treatments, and now used to create a “Benadryl cocktail” simply by slipping ~250 µg/ml DPH into a
beverage. There is a clear need for a simple, rapid, real-time diagnostic to detect a DPH cocktail in a typical lounge setting. This
research has created a DPH-in-beverage detection card, based on DPH-initiated competition within a dual-fluorescent dye
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system. To begin, a 1:1 (m/m) Fluorescein-isothiocyanate [FITC]:Cellulose acetate-protoporphyrin-IX [CA-PPIX] was created in
ethanol (0.7 g each in 10 ml), and characterized for each dye’s emission maxima (540 nm-green and 630 nm-red, respectively). A
25 µl portion of this 1:1 dye solution is deposited onto a cellulose filter paper, with plastic-card backing, where it dries to the red
CA-PPIX color. As the newly formed DPH-Sensor, when ~2 drops of untainted beverage are added, paper-friendly CA-PPIX remains
adhered to the filter paper, while free FITC liquifies and fluoresces brightly under 405 nm excitation, producing an overall green,
SAFE indicator. Conversely, when 2 drops of DPH-tainted beverage are added, the primary amine conjugates to FITC in solution,
quenching its green fluorescence, so that CA-PPIX luminescence dominates. The DPH-Sensor appears as red, or NON-SAFE. Using
methyl-red indicator and 0.02 M NaOH (included test kit reagents), beverages must first be adjusted to pH-6.9 (yellow), so that
the sensor produces an accurate measure of DPH, absent of all beverage-related interferences. Including a sensor card and
related reagents, the newly devised test kit can detect 250 parts per million DPH in all beverages in seconds, using a smartphone
camera image for result interpretation, at ~$1/test. Use of this same competitive dye system is now being applied as the basis for
a marijuana breathalyzer test, for detection of pyrrole (a secondary amine), found exclusively in marijuana smoke, and therefore
a marijuana smoker’s breath. In its targeted use, exhale interaction of one’s breath with the 2-dye system will turn the visible
color from GREEN to RED when as little as 0.02 µl/breath of pyrrole is detected, which is the breath concentration for a
recreational marijuana user.

Design of a Novel, Dual-Functioning Tissue Plasminogen Activator and Factor XI Inhibiting Anticoagulant Therapeutic for Rapid
Ischemic Stroke Treatment
Ambika Grover
Greenwich High School
Andrew Bramante, Greenwich High School

Stroke is the second leading cause of death worldwide, with 15 million people suffering from its debilitating effects each year. A
majority of strokes (87%) are ischemic, where an artery narrows or becomes wholly blocked due to a thrombus. Tissue
plasminogen activator (tPA) is a protein that activates the conversion of plasminogen to plasmin, an enzyme responsible for the
breakdown of clots. While tPA is the leading emergency treatment for ischemic stroke, it possesses several shortcomings,
including a non-localized nature and increased risk of hemorrhage. Similarly, no existing therapeutic candidates have dissolved
the thrombus and simultaneously deterred the coagulation cascade, the process by which a thrombus is actively built. Herein, a
rapid, clot-specific, and dual-functioning microbubble system utilizing tPA and a Factor XI inhibiting polyclonal antibody was
engineered to create a more effective emergency therapeutic. To begin, fabrication of the magnetic interior nanoparticles was
completed by synthesizing dicumarol-carboxylic-acid–coated Fe3O4 nanoparticles in the first iteration of the interior structure.
Next, SiO2-tPA was fabricated and added to complete the subsequent encapsulation layer of the nanoparticles. After sonication
and synthesis of a microbubble structure, peptides CGSSSGRGDSPA and GRGD were conjugated to the exterior to promote
selectivity for platelets and fibrin and ensure clot-specific adhesion and release. A vertical gel channel system, composed of
fibrinogen, thrombin, and agarose, was developed to validate the clot dissolution as a function of the new therapeutic, which was
2x that of tPA alone. As a final verification component, in vitro clots were created using ~100 μl of whole blood in a 96-well plate.
Successful therapeutic-induced thrombus dissolution was observed via increased absorbance throughout the visible spectral
region due to the liquification of the clot. In the second iteration of the interior anticoagulant component, a Factor XI polyclonal
antibody was used to deter clot formation without disrupting thrombus formation, which is necessary for homeostatic functions.
Comparison of the attenuated total reflectance Fourier transform infrared (ATR-FTIR) spectrum of Factor XI after Fe3O4

nanoparticle treatment with those spectra of Factor XI and the Factor XI antibody revealed spectral changes are evidence of
chemical alteration of the clotting factor, leading to its inactivation in the coagulation cascade.

Assessing the Impact of Synthetic Sweeteners on Hunger Perception in Drosophila melanogaster
Aditi Gupta
Ridgefield High School
Mentor: Kara Mia Colon, Ridgefield High School

The consumption of natural sugars leads to the stimulation of neurological reward pathways in the mesolimbic dopamine system.
The chemical composition of natural sugars allows these pathways to be fully activated. Artificial sugars, a modern alternative to
natural sugars, are unable to fully activate reward pathways in the same manner as natural sugars. The consumption of artificial
sweeteners could cause an increase in consumption in an attempt to fully activate the reward pathway. Previous research has
demonstrated the multitudes of harmful impacts of artificial sweetener consumption. This research compares consumption of
three different synthetic sweeteners to consumption of sucrose, a natural sweetener. Four groups of eight wild-type Oregon-R
strain Drosophila melanogaster were fed either a control 3M sucrose solution, a 5% sucralose solution, a 5% aspartame solution,
or a 5% acesulfame-potassium solution. Flies were monitored over a period of either 1 or 3 days. Food consumption was
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measured using the CApillary FEeder assay. Liquid food media was presented to Drosophila in glass capillaries placed in a vial. As
liquid food is consumed or evaporated, the capillary meniscus declines. Based on the data analysis, Drosophila melanogaster
consumes up to twice as much of the synthetic sweeteners as it does the pure sucrose solution (≅68.09% increase in
acesulfame-potassium, ≅93.75% increase in aspartame, ≅61.84% increase in sucralose). This research aims to shed more light on
the harmful impacts of artificial sweeteners on the brain and body.

Development of Food Waste Fertilizer Using Deciduous Humus to Prevent Bacterial Infection in Organic Crop
Theodore Kim
Avon Old Farms School
Mentor: Sunny Kim, Genuine Research

More than 3,100 tons of food waste in the United States are landfilled annually, contaminating the ecosystem. To alleviate such
problems, environmental advocates suggest converting food waste into manure. However, this process runs the risk of
putrefactive bacteria contamination, causing environmental health challenges. This study aimed to create a novel approach to
swiftly convert food waste into safe fertilizer for agricultural use. The research focused on the deciduous leaves’ decomposition
process, turning into beneficial substances without creating a stench. First, research confirmed that deciduous humus extract
inhibited the growth of putrefactive bacteria such as Escherichia coli. When deciduous humus extract was added to the E.
coli-contaminated soil, the growth of E. coli in the cabbage leaves and the soil was reduced by more than half. When 1% of the
urea solution was administered to the soil with deciduous humus extract, the ammonia component in the soil was rapidly
converted into other types of nitrogen components, confirming swift decomposition. When farm produce including organic radish
sprouts in place of food waste was treated with deciduous humus extract, it dried up and was composted at a rapid rate without
rotting. In conclusion, deciduous humus could not only compost food waste safely and efficiently, inhibiting contamination of
harmful bacteria, but could also be applied in organic farming to prevent potential danger arising from food poisoning bacteria.

Utilizing the Nematocysts of Cassiopea xamachana as a Bioactive Antiproliferative Compound
Grace Kistner
Bridgeport Regional Aquaculture Science and Technology Education Center
Mentor: Kirk Shadle, Bridgeport Regional Aquaculture Science and Technology Education Center

Cassiopea xamachana (upside-down jellyfish) release cassiosomes, structures of mucus covered in an epithelial layer of
nematocysts. These nematocysts are the stinging cells of jellies, which contain their toxins. It is proposed that these toxins may be
used in an antiproliferative/antimicrobial role. To evaluate the antiproliferative/antimicrobial characteristics of these toxins, a
series of trials with yeast and E. coli was conducted. The mucus was collected directly from the jellies, centrifuged at 5,000 rpm
for 30 seconds, and swabbed in a 1 cm diameter circle on plates of E. coli. The plates were then analyzed for a 1 cm diameter
zone of inhibition. Yeast samples of 0.1 g were inoculated with 500 μl of mucus. Total cell count calculations were determined
using a Spec 20 (Lmax 600 nM) every 10 minutes over the course of an hour (Y = 13,803,131.76x + 141,371.40). Accumulating
data suggests that the toxins found within the nematocysts of Cassiopea xamachana are tremendously effective at both killing
and inhibiting the growth of E. coli and yeast cells. No growth (0%) was observed within the 1 cm diameter area on the plate of E.
coli, as well as a 66% decrease in yeast cell count when looking at untreated vs. treated yeast samples. This data proves that the
toxins of C. xamachana are completely effective as antiproliferatives/antimicrobials, and are able to replace common cleaning
products containing harsh chemicals that pose substantial health risks for human and animal health, as well as the environment.

Environmental Remediation via Photocatalysis for Partial Methane Oxidation and Oil Photodegradation
Antonia Kolb
King School, Stamford
Mentors: Jake Heinlein and Dr. Shu Hu, Yale University

Methane is a highly potent greenhouse gas, and its emissions have been accelerating rapidly. Methane can be a large source of
energy, but it is still challenging to harness and utilize. This project aims to improve the oxidation of methane to carbon dioxide
(CO2) to aid in our understanding of photocatalytic methane oxidation. Although not ideal, converting methane to CO2 is still
highly beneficial for the environment because CO2 is less potent than methane. Current methods of methane oxidation are not
scalable and are energy-intensive, but this novel reactor design solves these issues by powering the reaction through blue
light-emitting diodes (LEDs). Utilizing a catalyst system consisting of photo absorber gallium phosphide and cadmium sulfide,
protective coating (Ti,Mn)4:1OX, and co-catalysts palladium silver, there was ~2% conversion of methane to CO2. This ~2%
conversion represents significant progress in removing a highly potent greenhouse gas from the atmosphere. Similarly, this
photocatalytic hydrocarbon oxidation for removing environmental pollutants can be extended to an application in oil spill
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removal. The implementation of photocatalysis-driven hydrocarbon oxidation nanotechnology, such as copper oxide (CuO)
nanosheets functionalized with paramagnetic magnetite (Fe3O4) nanoparticles, provides a nontoxic approach to oil spill removal.
This novel method is a viable alternative to current mitigation techniques because the volume of oil spills is cost-prohibitive for
many removal techniques. This system is specially designed to be environmentally friendly, using nontoxic nanocatalysts CuO
nanosheets for oil oxidation co-functionalized with Fe3O4 nanoparticles. The incorporation of the Fe3O4 magnetic core allows for
facile particle collection with a magnet post-reaction. These two scalable applications of photocatalysis can significantly decrease
environmental pollution and the anthropogenic or human-induced causes of climate change.

Investigating Stress Response Genes in C. elegans to Prevent Huntington’s Disease
Claire Liu
Choate Rosemary Hall, Wallingford
Mentor: Dr. Joslyn Mills, Brown University

Huntington’s disease, a neurodegenerative disorder caused by an accumulation of mutant huntingtin (HTT) protein aggregates, is
known to affect cognitive abilities, motor control, and memory in humans, with no cure as of now. To study the molecular
mechanisms involved in HTT protein aggregation, we use the model organism Caenorhabditis elegans. Studies have shown that
the promotion of longevity in C. elegans prevents the formation of HTT protein aggregates, though the specific processes
involved are largely speculative. Furthermore, certain genes that positively regulate longevity are often activated during stress
responses. To research the connection between these genes and Huntington’s disease, we use RNA interference (RNAi) to inhibit
their expression in EAK103 C. elegans, a strain engineered to contain yellow fluorescent protein (YFP)-tagged mutant human HTT
protein. In our work, we investigate two genes chosen from an initial targeted RNAi screen, pha-4 and daf-16, to study their roles
in decreasing protein aggregation in worms undergoing induced stress. Here, we present evidence that pha-4 is required to
reduce protein aggregates under oxidative stress, and both pha-4 and daf-16 play a crucial role in preventing the onset of
Huntington’s disease through dietary restriction (DR). In addition, we map out a possible signaling pathway between pha-4,
daf-16, and three additional downstream genes (lag-2, sod-2, and rsks-1) based on a reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) analysis. By exploring the relationships between genes involved in regulating longevity to
delay neurodegeneration under stress conditions, our work will lead to further understanding of Huntington’s disease and the
neuropathological mechanisms involved in the disorder.

Identification of Therapeutics for Neurological Disorders through Development of a Novel Machine Learning System for
Predicting Drug-Gene Interactions in the Glymphatic System
Ashley Malkin
Greenwich High School
Mentor: Andrew Bramante, Greenwich High School

Neurological disorders affect millions of people worldwide. The glymphatic system—the brain’s waste clearance system—has
been recently identified as a likely origin for a wide array of neurological disorders including stroke, Alzheimer's disease, and
epilepsy. Since few drugs are known to treat irregularities in the glymphatic system, drug discovery in this area has the potential
to make a meaningful impact on treatment of neurological disorders. In the past decade, machine learning has emerged as a
tool to aid chemists and biologists in the field of drug discovery; however, currently, databases of glymphatic-related genes and
drugs do not exist. The first stage of this research developed the first database of genes with a function related to the
glymphatic system and drugs that interact with their proteins. This was done by compiling information from Gene Ontology,
AlphaFold, DGIdb, and DrugBank and includes 400 newly assembled protein and drug structures. The second stage developed
multiple machine learning models to predict which drugs would interact with genes regulating the glymphatic system. Three
machine learning models were developed/tested—a k-nearest-neighbors (KNN) model, an XGBoost model, and a neural
network. In stage three, 11,575 FDA-approved drugs were evaluated by all three models to identify drug-gene pairs with
significant enough interactions to suggest potential medical use. Of these, 273 drugs were identified by all three models as
having strong interactions with glymphatic-related proteins. The glymphatic-protein database and evaluation tool developed
herein would save as much as six years of drug development time.
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Implementing Nontoxic Modified Biochar Enhanced Filtration for the Efficient Removal of Emerging Contaminants in an
Aqueous Solution
Snigtha Mohanraj
Engineering and Science University Magnet School, West Haven
Mentor: Alyssa Anderson, Engineering and Science University Magnet School

Many water sources contain emerging contaminants that currently lack sufficient regulation but lead to debilitating health and
environmental effects, yet current standard water treatment processes cannot remove most such contaminants from water. This
project researches the usage of doped biochar enhanced by the addition of metal oxide nanoparticles for removing specific
emerging contaminants, namely pharmaceuticals, pesticides, microplastics, and oil, from water. Biomass content derived from
either coconut shell or rice husk, both of which are abundant natural scrap materials, was individually pyrolyzed into biochar.
Further, each biochar sample was separately tested with the enhancement of synthesized Fe3O4 and MnO2 nanoparticles. With
biochar’s advantageous adsorption properties further enhanced by the increased surface area available for sequestration of
contaminants through the addition of metal oxide nanoparticles, it was expected that an efficient contaminant removal method
would be devised. Pharmaceutical and pesticide removals were measured using liquid chromatography mass spectrometry
(LC-MS), microplastic removal was measured using digital WiFi light microscopy, and oil removal was measured using light
spectrometry. Coconut shell biochar enhanced by the addition of Fe3O4 nanoparticles was the most effective design tested,
removing 65.69% of acetaminophen and 50.09% of ibuprofen (pharmaceuticals), 61.05% of glyphosate and 66.31% of DEET
(pesticides), 56.26% of polyethylene terephthalate (PETE) microplastics, and approximately 71.83% of gasoline oil. This
demonstrates considerably efficient removal through this inexpensive, environmentally friendly, easily implementable, and
sustainable method. A prototype of a standard filter with compartments for sand and biochar filtration was developed using 3D
modeling software and will be further refined for real-world implementation.

Modeling Vegetation Dynamics in Wetlands Using Machine Learning and Temperature Data: A Case Study in Louisiana’s
Plaquemines Parish
Anusha Narang
Darien High School
Mentor: Sarthak Kanodia, Inspirit AI

Wetlands ecosystems are vital to the environment because they can act as carbon sinks, filter water, control erosion, and are
centers of biodiversity. Impacts from human activities, such as rising sea levels, have caused a decline in wetlands. In Louisiana,
which hosts 40% of America’s wetlands, wetlands are disappearing at a rate of 75 square kilometers annually. Accurate modeling
of vegetation dynamics in wetlands will help inform environmental laws and guide restoration efforts. The objective of this study
is to determine if Long Short-Term Memory machine learning models (LSTMs) with supplemental temperature data can be used
to more accurately predict vegetation dynamics in wetlands. To monitor changes in vegetation, the Normalized Difference
Vegetation Index (NDVI) was used. NDVI and temperature data were collected on a monthly basis at 10 locations in Louisiana’s
Plaquemines Parish for 21 years through Google Earth Engine’s publicly available datasets. Three types of machine learning
models were built from this data: a baseline Seasonal Autoregressive Integrated Moving Average model (SARIMA), an
NDVI-data–only LSTM model, and a multivariate LSTM model. Results were analyzed with root mean square error. Contrary to
expectations, the multivariate LSTM model performed the worst, while the SARIMA and NDVI-only LSTM models had similar
accuracies, indicating that more supplementary climate data is needed. The SARIMA model provides the most accurate
alternative when data is limited.

Concurrent Removal of Rising, Soluble Ocean Carbon Dioxide and Oil-in-Water Contaminants via Multi-Functional Remediation
Framework
Naomi Park
Greenwich High School
Mentor: Andrew Bramante, Greenwich High School

The oceans absorb nearly a third of all airborne CO2 emissions, while concurrently, 1.3 million gallons of crude oil are spilled into
oceans every year. Both issues continue to detrimentally affect marine biodiversity and the future of human health. This research
provides a highly efficient/practical method for the concurrent removal of CO2 and soluble oil-in-water contaminants through the
creation of a Multi-Functional Remediation Framework (MF-RF) utilizing hypercrosslinked polymers (HCPs) synthesized from
plastic waste. First, styrofoam HCPs were synthesized through a one-pot Friedel–Crafts reaction according to Dong et al. HCPs
alone remediated 88% of the 1.7 g/L-soluble-benzene in seawater (via measure of benzene’s fluorescence). Regarding CO2, 95%
of the contaminant was removed, or 3.12E-5 M [CO2] = [H+] (via pH measure). For the MF-RF, HCP sponges were constructed on
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8 x 1.3 x 0.7 cm of melamine, with polytetrafluoroethylene (PTFE) adhesion, and 450 mg HCP for pollutant removal/capture.
Air-tight modeling of the sponge benzene/CO2 remediation was subsequently constructed. HCP sponges remediated 92% of the
1.7 g/L-benzene contaminant and 95% of the CO2 (3.12E-5 M [CO2] = [H+]). High-load concurrent removal experiments highlight
71% remediation of 1.7 g/L oil and 85% remediation of 3.09E-5 M [CO2]. Realistic oceanic experiments with a 0.1 pH difference
and maximum solubility of benzene highlight 92% remediation of oil, with only 12.6 minutes needed to reach normal pH. Via
recycle/reuse studies, the MF-RF may be reapplied in contaminated water until its capacity is reached (4.076 g oil/HCP sponge
and 7.76E-5 M [CO2]/HCP sponge). Stability studies demonstrate prolonged MF-RF integrity as a marine-safe, easy-to-use oil and
CO2-remediation tool, which is simply lowered into contaminated water, left until saturated, and then lifted out for contaminant
recovery/recycling.

Utilizing and Optimizing Prime Editing to Target Endogenous Loci (CFTR and SOX2) and Ameliorate Genetic Disorders in
Pluripotent Stem Cells
Benjamin Persily
King School, Stamford
Mentor: Ting Zhou, Memorial Sloan Kettering

According to the Cystic Fibrosis (CF) Foundation, more than 70,000 people across the globe suffer from CF, and the life expectancy
of patients with CF drops to approximately age 47. The main cause of CF is the CFTR-F508del mutation, which removes three base
pairs from the CF transmembrane-conductance regulator (CFTR) gene. In order to induce (for research purposes) and correct this
mutation, we used induced pluripotent stem cells (iPSCs), which are patient-derived fibroblasts that are reprogrammed to be
pluripotent. In iPSCs and other pluripotent stem cells (PSCs), SOX2 is an essential marker of pluripotency. To study and edit genes
like CFTR and SOX2, precise and efficient gene editing techniques need to be developed. Prime editing is a powerful and versatile
gene editing tool that is safer than the well-known CRISPR/Cas9 system. Here, we report the successful reprogramming of
fibroblasts into iPSCs and cloning of the prime editing guide RNAs (pegRNAs) required for editing the CFTR gene. We saw much
higher prime editing efficiency in the correction of this mutation than its induction. Additionally, the data show increased
efficiency in the prime editing systems we hypothesized to result in higher editing efficiency for the CFTR mutation. Using a
fluorescent SOX2 tdTomato-TGA insert as a readout, we saw high editing efficiency in two of the targets, and we were able to
identify a pattern among the spacers that led to increased efficiency, namely high guanine/cytosine (G/C) content at the 3’ end of
the spacers was present in the two highest performing pegRNAs. Use and optimization of prime editing in PSCs holds incredible
potential for correcting almost any genetic disorder, as prime editing provides a safe method for correcting nearly any deleterious
mutation, and PSCs provide an easy, controllable method for obtaining any patient-specific cell type. Thus, by combining and
perfecting these technologies, patient cells could be corrected and reintroduced into the patient to treat—and hopefully
ameliorate—almost any genetic condition.

Developing a Multimodal Neural Network for Object Detection and Captioning of Chest X-Rays
Aanchal Poddar
Amity Regional High School, Woodbridge
Mentor: Sheida Nabavi, University of Connecticut

Chest X-ray (CXR) analysis is a standard tool for diagnosing thoracic disorders. In CXR analysis, multiple opinions are valuable, but
training radiologists requires a lot of time, suggesting a need to automate the task. Currently, deep-learning techniques are used
for this purpose. However, these approaches have the downside of being a black box; the viewer has no explanation for the
outcome, raising concerns about whether the model is focusing on the right abnormalities. This work aimed to develop two
models, one which generated a bounding box to classify and segment the abnormality present, and another to generate a
medical report of the CXR. The datasets used for training and testing were the NIH-CXR Dataset (for bounding boxes) and the
MIMIC-CXR dataset (for captioning). After cleaning the data (removing/editing flawed samples, applying image filters,
compensating for over/undersampling, etc.), the YOLOv5 model was fine tuned on NIH-CXR for classification and segmentation. It
was evaluated on the accuracy of classification and the Intersect over Union (IoU) score, which had values of ~80% and ~.7,
respectively. For captioning, each image was assigned tags (which were chosen from a list of frequent words in MIMIC-CXR), and
an attention layer was implemented to help order tags based on their relevance to each other. ChatGPT3 was fine tuned to
generate medical reports from these words. The model was compared to state-of-the-art captioning techniques using BLEU score
and cosine similarity. Processing limitations have delayed completion of the research, but preliminary results indicate it is subpar,
and may improve with more data.
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Knockdown of the Essential 23S rRNA Methyltransferase, rv3579c, Increases the Susceptibility of Mycobacterium tuberculosis
to Macrolides
Yuriy Sandmeier
King School, Stamford
Mentor: Nicholas Poulton, Rockefeller University

According to the Centers for Disease Control and Prevention (CDC), in 2018, roughly 1.7 billion people were infected with
Mycobacterium tuberculosis (Mtb). The long treatment times of Mtb infections (6–12 months) hampers the recovery of patients
and makes treatment unsustainable. To treat tuberculosis (TB) infections, there has been a long-standing interest in using
macrolides, a family of drugs that includes clarithromycin and azithromycin (Z-pack), due to the fact that they are exceedingly safe
and well-tolerated by most individuals. However, Mtb possesses intrinsic resistance to macrolides, generally rendering macrolide
drugs ineffective at treating TB infections. The mechanistic basis for this resistance is little understood; however, we previously
identified rv3579c, a predicted 23S rRNA methyltransferase, to be a novel macrolide-resistance factor in Mtb. Using ms6073, the
homologous gene to rv3579c in M. smegmatis (a nonlethal model of Mtb), we later showed that, with genetic knockdown of
ms6073, M. smegmatis becomes more susceptible to clarithromycin, thereby highlighting a mechanism that could potentially
facilitate successful treatment and elimination of TB in affected individuals. Here, we have expanded this early work by
individually mutating several conserved residues in these proteins to better elucidate the mechanism of action. Moreover, we
tested the susceptibility of ms6073 knockdown in M. smegmatis to 14 additional ribosome-targeting antibiotics to identify
whether specific functions of the ribosome are impaired. Interestingly, only fusidic acid and clarithromycin were able to prevent
growth. We also found that knockdown of ms6073 and rv3579c is bacteriostatic, not bactericidal. Thus, we determined that a
combination therapy of genetic knockdown with drug treatment is necessary to effectively treat infections. With these additional
pivotal findings, we have laid the groundwork for further research to determine whether or not rv3579c can be targeted by
chemical compounds to both inhibit Mtb growth and render the bacteria sensitive to macrolides. In the future, we aspire to use
our findings to prevent the deaths and hospitalizations of countless millions of people.

TopoCan: A Novel Histopathological System for Clinical Prediction with Topology- and Spatial Genome-Informed Deep Learning
Isabella Wu
Choate Rosemary Hall, Wallingford
Mentor: Xin Wang, Stony Brook University

Breast cancer is the most prevalent cancer worldwide. Without a systematic method to quantitatively extract interpretable image
features, current diagnosis and treatment techniques cannot account for cancer heterogeneity, resulting in inaccurate,
nonspecific diagnoses and prognoses. This study proposes TopoCan: a novel computational pathology system leveraging spatial
gene profiling and topology techniques for accurate and low-cost clinical predictions from histopathology samples. In the first
stage, dividing a patient image into patches, emerging spatial transcriptomics techniques are exploited to obtain localized gene
expressions and capture spatial context, interactions, and organization. Furthermore, persistent homology is novelly applied to
extract image topological features (denoted as ITFs) to quantitatively represent cell structure and spatial arrangements. Finally,
directly linking localized gene expression with ITFs through a Topo-Gene Dictionary, the proposed framework correlates topology
with oncogenic genes to identify novel diagnostic and prognostic ITF biomarkers and potential therapeutic targets. In the second
stage, localized gene expression is accurately predicted by enriching image features with topological information through a
multi-input convolutional neural network (CNN), significantly outperforming conventional methods that rely solely on
image-based predictions. In the third stage, the trained CNN model is used to extract localized features from patient images,
which are input together with ITF biomarkers into a multiple-instance learning (MIL) pipeline to more accurately predict clinical
outcomes, such as diagnosis, survival, and immunotherapy response. TopoCan has been developed into a robust platform with a
user-friendly interface for pathologists and clinical use. TopoCan is applicable to any cancer type, and can potentially revolutionize
personalized healthcare.
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Comparing the Efficacy of Various Types of Neural Networks in Predicting the RNA Sequences of Splice Isoforms
Anushka Acharya
Amity Regional High School, Woodbridge
Mentor: Egbert Castro, Yale University

During the process of protein synthesis, messenger RNA must be transformed before through splicing, where non-expressive
portions, introns, are removed and the rest, exons, are recombined. However, it is difficult to predict the RNA sequences of splice
isoforms because all introns are not always spliced out and exons can end up being spliced out. The purpose of this project was to
test which combination of data, when fed into a neural network, can best predict whether exons will be spliced out or included in
the splice isoform. It was hypothesized that a combination of all datasets will best perform since the model can utilize more
information. The independent variable was the data combination fed into the model, and the dependent variable was the
classification metric of each model, which shows how well the model performs in areas such as accuracy and precision. First,
datasets containing important cell information, such as cell type and the initial RNA sequence, were processed, so all data was
converted into numbers to make it easier to work with. Then the model was coded, tested, and trained on different data
combinations. After the classification, metrics were recorded and compared. Results support the hypothesis. Abnormal splicing
may result in abnormal mRNA, leading to mutated protein functions. Predicting the sequences of splice isoforms makes it easier
to identify potentially harmful spliced sequences and create targeted therapies to treat diseases caused by such isoforms, such as
cancer.

Creation and Simulation of Function of Claramine-Atorvastatin–Coated Hyaluronic Acid Nanoparticles for Targeted Dissolution
of Atherosclerotic Plaque
Justin Bernstein
Greenwich High School
Mentor: Andrew Bramante, Greenwich High School

Atherosclerosis, the buildup of lipids as a plaque within the inner lining of the blood vessel wall, leading to reduced vessel
flexibility, is the result of a cut in the layer of activated endothelial cells, allowing for the accumulation of lipids and foam cells
(monocytic macrophages containing high concentrations of lipids) within the artery. It is extremely common and eventually
causes myocardial infarction and stroke, making it crucial to treat. As typically prescribed statins do not always work, invasive
surgery is left as the only other option. Thus, a novel, targeted therapeutic of claramine-atorvastatin–coated hyaluronic acid
(HA) nanoparticles was created. First, HA was conjugated to lithocholic acid to create an amphiphilic polymer that self-assembled
in aqueous conditions in nanoparticles when sonicated. These CD44 (inflammation)-targeting nanoparticles were then coated
with claramine, a protein tyrosine phosphatase 1B (PTP1B) inhibitor, and atorvastatin, as well as fluorescein isothiocyanate (FITC)
for visualization. In order to test the efficacy of these nanoparticles, THP-1 monocytes were differentiated into foam cells with
lipopolysaccharides, phorbol 12-myristate 13-acetate (PMA), cholesterol, and low-density lipoprotein (LDL). Foam cells were
treated with coated nanoparticles, and a 90x decrease in cell proliferation from the control group was observed using a
water-soluble tetrazolium salt (WST-1) viability and cytotoxicity assay, meaning fewer diseased cells were being created and
inflammation decreased. Furthermore, nanoparticles showed selectivity for diseased foam cells and did not enter healthy
monocytes. In addition, through attenuated total reflectance Fourier transform infrared (ATR-FTIR) spectroscopy studies, it was
determined that nanoparticles are stable in aqueous solutions, meaning that they stay intact until they reach the CD44 receptor
for endocytosis and drug delivery.

Short-Term Guided Mindfulness Meditation Compared with a Placebo Stress Supplement in Acute Stress Reduction
Natalie Christopher
Manchester High School
Mentor: Dr. Alita Cousins, Eastern Connecticut State University

The placebo effect is an effect from a drug or treatment that is not attributed to the properties of the treatment itself, and is
therefore due to the patient’s belief in that treatment. This effect is used to elicit similar responses from patients as they would
have had from a real drug. Psychological stress can be reduced in many ways, from anti-anxiety drugs to meditation. In this
experiment, the efficacy of a mindfulness meditation session was compared with that of a blinded placebo herbal stress-relief pill
(bought from Amazon, brand Zeebo). After receiving either a placebo or a guided meditation session (Youtube video),
participants were exposed to a stressful situation in which they performed a five-minute speech and completed an unexpected
math problem. Heart rate and emotional states were measured throughout, using physiological measurements and
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questionnaires. Final results were compared to explore the phenomena of how expectations and outside stress level affected
performance, as well as to explore whether the placebo supplement or the meditation was more effective in stress reduction.
Conclusions show that meditation was more effective in stress reduction in the expectations and reflection aspects of the
questionnaires. Physiological measurements of heart rate do not definitively show meditation as more effective in stress
reduction, indicating that meditation may be psychologically more effective in stress reduction, but not physically. Participants
who were given the placebo supplement rated it more highly when asked how effective they thought it was than when asked
how effective they felt it was.

The Effect of Cannabis Use on the Acceleration of Biological Age
Audrey Cummings
Amity Regional High School, Woodbridge
Mentor: Dr. Ke Xu, Yale School of Medicine

DNA methylation is an epigenetic mechanism that modifies gene function and expression without changing DNA sequence, and
can be used as a measure of biological age. It’s been found that smoking cigarettes accelerates the aging process, which causes
one’s biological age to be greater than one’s chronological age, leading to younger mortality, increases in diseases, and other
issues that develop with age. Cannabis use (CU) also causes DNA methylation, so it’s theorized that CU may also change biological
age. The purpose of this project was to determine whether these changes increase biological age. My hypothesis was that if one
regularly used cannabis, he or she would have a significant increase in biological age compared to chronological age. The
independent variable was CU and the dependent variable was biological age. I coded a linear analysis to test the statistical
relationship between CU and biological age, using epigenetic clocks. Epigenetic clocks are subsets of CpG sites (specific regions of
DNA) selected by a machine learning algorithm that can accurately predict biological age. I used different clocks to analyze how
CU affects biological age. My mentor provided the data from her lab, and I created the statistical analysis. The implications of this
project are understanding how cannabis use affects a user’s mortality and livelihood, and potentially serving as an incentive
against CU. The statistical tests have indicated that for most biological clocks there is not significant acceleration of biological age
as a result of cannabis use.

Analysis of Comprehension Scores of Middle School Students Using Different Forms of Reading (Assisted Reading and Digital
Texts)
Lindsey Darby
Darien High School
Mentor: Lori Ritvo, Darien Public Schools

As reading technologies, assisted reading and digital texts, become more popular, it’s important to understand the differences
and effects each type can have on learning. Recently, studies have shown that nearly 50% of students use at least one audiobook
throughout a year. Audiobooks are professionally taped recordings of texts. Text-to-speech (TTS), however, uses a
computer-automated voice to translate a digital text into audio. There is confusion between these technologies, and
inconsistencies in students’ comprehension scores have been found. Not enough is known about how these technologies
compare to paper and digital reading. The goal of the study is to determine whether a correlation exists between comprehension
and specific combinations of reading assistance. Four methods will be used in this study: aloud print text, adult reader
(audiobook simulation) on paper, aloud digital text, and TTS digital text. The readings and comprehension tests are provided by
Universal Protocol for Accommodations in Reading (uPAR), making the difficulty and content standardized. Graphing methods of
uPAR for individual participants and separate statistical analysis on average comprehension scores will be used to analyze the
data. It’s expected that paper texts, then assisted reading methods (read-aloud or audiobooks), and finally independent digital
texts will have a descending order of average grade-level comprehension. A possible explanation for this result would be the
emphasis on learning to read on paper, rather than with digital texts or assisted reading methods. Results will provide
understanding to educators on how students learn and what should be updated or kept in place to increase digital literacy, the
ability to successfully carry out tasks and learn digitally.
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Nature’s Remedy: Natural Alternatives to Triclosan-Based Cleaning Products to Combat Antimicrobial Resistance
Madeline Ferguson
Biotechnology Research and Zoological Sciences High School, Bridgeport
Mentor: Cynthia Crudale, Biotechnology Research and Zoological Sciences High School

Throughout history, antibacterial products have provided the invaluable service of killing bacteria to make our lives and
procedures safer. However, with the discovery of antibacterial resistance, efficacy and longevity of these antimicrobial products
has been questioned. The aim of this study is to identify potential natural compounds that can be used as alternative
antibacterial compounds. This was accomplished through the usage of the spread-plate method for bacterial plating, and the
agar-well diffusion assay to measure the effectiveness of each compound. The tested compounds included oregano oil, garlic oil,
honey, and echinacea oil. It was found that some of the substances used had substantial performance in killing bacteria, including
garlic oil and echinacea oil. It was also found through the second round of testing that echinacea oil had little impact on the
resistance of the bacteria and was able to perform well even against resistant bacteria. It could be valuable to further test
echinacea oil as an antibacterial product, as well as look into the actual efficacy of oregano oil, as its results were more
inconclusive. The evident ability of these compounds to kill bacteria could be useful in combating antimicrobial resistance and
could provide natural products for sanitization.

Examining the Effects of PFA Water Contamination on Adult Stem Cell Differentiation, Pluripotency, and Integrity Using
Schmidtea mediterranea
Shawn Gregory
Wilton High School
Mentor:  Dr. Sudheesh Allikka Parambil, Yale University

Perfluoroalkyl and polyfluoroalkyl substances (PFAs) are industrial chemicals classified as persistent organic pollutants (POPs) due
to their resistance to environmental degradation, their potential for long-distance transport, and their ability for easy
bioaccumulation. They are prevalent water pollutants worldwide and have been shown to cause neurotoxicity, immunotoxicity,
and deleterious effects in the body. However, there is a dearth of knowledge about how PFA contamination influences stem cells,
the basic units of any living organism. Our study addresses this gap by examining how PFA contamination affects three essential
stem cell traits: pluripotency, differentiability, and self-renewal. We used freshwater planarian Schmidtea mediterranea to study
the effect on stem cells in vivo. The study exposed planarians to various concentrations (10 μM to 1,000 μM) of two PFAs—PFHxA
and PFBA—which were modeled on Long Island Sound water contamination data. By utilizing in vitro assays such as real-time
quantitative polymerase chain reaction (qRT-PCR) and fluorescence in situ hybridization (FISH), our research discovered a
correlation between PFA exposure and expression of stem cell pluripotency genes. The qRT-PCR analysis revealed that low
concentration (10, 50, and 100 μM) PFA exposure decreased transcriptional expression of stem cell genes. In addition, PFAs were
fatal to planarians at concentrations of 1 mM or higher. The study also uses regeneration assays to determine PFA effects on stem
cell differentiation. Future research will include immunofluorescence staining for the postmitotic marker-phosphorylated
histone-3. Ultimately, these results highlight the need for further research and regulation to address the detrimental effects of
persistent contaminants on human health.

Utilization of Decellularized Spinach as a Vascular Perfusion System for Organoid Development
Avery Horn
Darien High School
Mentor: Timothy A. Blenkinsop, Icahn School of Medicine at Mount Sinai

Organoids are powerful tools of research that can accurately replicate a human organ or tissue in a 3D in vitro form. However,
organoids can only reach a certain size before the center becomes necrotic, causing the cells to undergo apoptosis. Therefore, a
method is needed to vascularize organoids, allowing sufficient nutrients and oxygen to reach the cells. Previous methods have
been time consuming and expensive. This study used decellularized spinach seeded with endothelial cells to create a viable
vascular perfusion system for future studies to maintain organoids. This study sought to examine how endothelial cell lines
survive and behave when seeded on the surface and perfused through the vasculature of decellularized spinach leaves. To
determine whether endothelial cells could survive on decellularized spinach, endothelial cell lines were seeded on spinach in a
well plate and were monitored using a live cell dye. Human microvascular endothelial cells were perfused through the
vasculature of the decellularized spinach, and were imaged using immunohistochemistry. The results demonstrated that
endothelial cells were able to survive and become confluent, both on top of the decellularized spinach and inside the
microvasculature. This result is important because it affirms the potential for ornate vasculature development once the organoids
are seeded, allowing them to be maintained for research. Utilizing spinach leaves for organoid maintenance is efficient,
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eco-friendly, and accessible. Optimizing organoid models are important for therapeutic development and may eliminate some of
the need for animal testing, creating a more ethical, accurate, and viable option for biological research.

Creating Accurate Models of Mass-Transferring Eclipsing Binary Star Systems to Predict the Conditions Necessary for Blue
Straggler Formation and Evolution
Avani Kulkarni
Amity Regional High School, Woodbridge
Mentor: Dr. Marina Kounkel, Vanderbilt University

The purpose of this project is to create accurate models of mass-transfering eclipsing binary star systems in order to predict the
conditions necessary for blue straggler star formation, as eclipsing binary stars, when combined due to transfer of mass, form
blue straggler stars. The project involved creating light curves of three different eclipsing binary star systems, two younger
systems and one older system, from the data from the telescopes TESS and ASAS-SN. The eclipses and dips in the light curve were
used to determine various physical parameters of the eclipsing binary stars, such as the masses, radii, and temperatures, among
others. The light curves were cleared of contamination from other nearby star systems by setting apertures on the telescopes and
manual removal of extraneous data. Values of parameters were determined using various equations and principles of eclipsing
binaries, applied in the program PHOEBE using Python. A model light curve was created from the parameters and matched to the
measured light curve, confirming the accuracy of the parameters. Monte-Carlo simulations are being used to determine
confidence intervals of the models/parameters. Successful models have been made of all three star systems, and analysis of
results to determine the relationship between individual parameters of eclipsing binary stars and the behavior of the eclipsing
binary system and blue straggler stars is ongoing. Implications of this study are that there is an increased understanding of the
behavior of eclipsing binary systems and further insight into the root of blue straggler formation.

Eco-Friendly Removal of Eutrophication-Initiating NH4
+ from Water via SAP-Enhanced, Activated Food Waste Biochar

Adsorption Films 
Audrey Lin
Greenwich High School
Mentor: Andrew Bramante, Greenwich High School

From 1980 to 2018, global agricultural ammonia emissions increased by 78%. Ammonia emissions react with water in the
atmosphere, turning into ammonium ions in aquatic ecosystems and contributing to water acidification and eutrophication.
Over time, the low-oxygen waters from the algal blooms cause toxicity effects, a decrease in biodiversity, and can eliminate
essential aquatic organisms. Due to high adsorption capacities, food waste biochars synthesized from fruit pericarp remove
ammonium ions efficiently. Research supports that biochar ozonation increases cation exchange capacity (CEC), and ultrasonic
activation enhances adsorption abilities. The addition of eco-friendly, itaconic-acid-based superabsorbent polymer (SAP)
improves porosity and remediation efficiency through high swelling capabilities. This research seeks to employ
activated/ozonated biochar (AO-biochar) and SAP in a polycaprolactone (PCL) structure for the creation of an optimal NH4

+

adsorption film that can be employed in flowing water systems. Separate testing of AO-biochar and SAP achieved, respectively,
23.91/11.1mg NH4

+ remediated per gram of active ingredient in 20 hours, measured via ATR-FTIR spectroscopy. When 0.15g of
AO-biochar/SAP adsorption film was immersed in 300mL of NH4

+ solution with a robust initial concentration of 50mg/L, NH4
+

concentration was reduced to 0.36mg/L over 50 hours, corresponding to 100mg NH4
+ remediated per gram of film. Subsequent

reuse trials demonstrated a maximum adsorption capacity of 220mg NH4
+ remediated per gram of film. The AO-biochar/SAP

adsorption film is stable, with no structural degradation into running water sources. Once contaminant-saturated, the film can
simply be removed from the water and disposed of.

The Safety and Efficacy of Apple Cider Vinegar as a Topical Antibiotic: Its Antibacterial Effects on Pathogenic and Commensal
Staphylococcus and on the Human Epidermal Microbiome
Anna Moss
Greens Farms Academy, Westport
Mentor: Mathieu Freeman, Greens Farms Academy

Natural alternatives to conventional medicines are gaining popularity, especially through trends on social media. A commonly
used natural remedy is apple cider vinegar (ACV), often used as a topical remedy for many skin ailments. The Google search
results for “apple cider vinegar antibiotic” are more than 104% greater in frequency than those of “Neosporin antibiotic” or

Page 27



“benzoyl peroxide antibiotic,” two of the topical antibiotics most frequently prescribed by medical practitioners. Additionally,
resistance to commonly used antibiotics is a dangerous medical issue that needs to be addressed. Naturally sourced antibiotic
replacements could be a viable option. This experiment aims to conclude whether the trending use of ACV has merit and
whether the compound may function as a safe and effective antibiotic. First, the ACV was tested in vitro on both pathogenic
bacteria (Staphylococcus aureus) and related, but nonpathogenic, commensal bacteria (Staphylococcus epidermidis). Both
pathogenic bacteria and commensal bacteria were chosen to allow for observation of whether ACV kills only bacteria that are
invasive to the human body or whether it also could potentially disrupt a key component of the skin microbiome by killing
commensal bacteria. I found that ACV caused a zone of inhibition in both S. aureus and S. epidermidis. When used undiluted they
had average zones of inhibition of 9.2 mm and 6.6 mm respectively; at 75% dilution, 5.53 mm and 3.56 mm; and at 50% dilution,
4.23 mm and 2.13 mm. No antimicrobial effect was observed at 25% dilution. This showed that ACV can function at certain
concentrations as an effective antimicrobial and that it did kill both pathogenic and commensal bacteria, so it could potentially
harm the microbiome. Historically, high-concentration ACV on skin has been known to cause irritation, so it was decided that the
optimal dilution to use as a topical antibiotic in my next round of experiments on a test subject would be 50% ACV. This dilution
was chosen because it could effectively kill bacteria while simultaneously being gentler on the skin and minimizing the potential
for irritation. The next experiment was performed to test the effect of ACV on the epidermal microbiome. The microbiome is the
community of microbes—bacteria, fungi, and viruses—that live on/in the human body. It should be noted that the microbiome is
relatively stable and the communities of microbes in specific areas usually only change concentrations with alterations to their
environment. Using a commercial microbiome testing kit, the inner right arm of a test subject was tested to observe the
microbiome at baseline and then five minutes after exposure to ACV. This was compared to the control side (left arm) which was
soaked with tap water for five minutes. The results showed that on the experimental arm (right) there was a 6.84% decrease in
the number of bacteria, while the control side had a 3.07% decrease in the number of bacteria after the five-minute soak. More
notably, the arm that was soaked in ACV went from having 152 bacteria species to only 86 species, showing a huge loss in
bacterial diversity. The control’s bacterial diversity stayed relatively constant, only decreasing from 128 to 104 species. The
number of fungi and fungal diversity experienced little change with the application of ACV. No skin irritation was noted upon
exposure to 50% ACV daily over the course of the week, meaning that the solution chosen was reasonable for safety on the skin.

Novel Centrifugal Baffle Design and Arrangement for Spiral Redirection of Heat Exchanger Flow
Erika Pinto
Bridgeport Regional Aquaculture Science and Technology Education Center
Mentor: Kirk Shadle, Bridgeport Regional Aquaculture Science and Technology Education Center

A heat exchanger is a piping system where heat is transferred from one fluid to another without the interaction of fluids. Heat
exchangers can be found within air conditioners, gas furnaces, refrigerators, and in many other household necessities. Not only
are they a household necessity, but they can be found in many industrial environments, as well. An efficient heat exchanger is
needed to minimize waste heat production. Current heat exchanger designs, smooth bore designs, do not exceed an efficiency of
80%. A helical baffle pattern will form a centrifugal force to maximize heat exchanger efficiency up to 90%. With a centrifugal
force, the molecules of the fluid inside are forced against the inner lining of the tubing, increasing the contact points of the fluid
against the piping wall. This centrifugal flow is generated from computer-aided designed baffles inside of a coupling. This design
also eliminates the need to replace current heat exchangers because the couplings can be placed over the inputs on existing
ones. The baffles were created with ellipses along the upper edge of the base design triangle. The ellipses followed a downward
concave, upward concave, and linear pattern. The modified designs were lined 40 degrees from one another and lofted together
to form the arching baffle. Depending on how they were lofted, there were three variations: downward concave baffles, upward
concave baffles, and linear baffles. These major variations were tested first with the angle pitch constant between them. Current
data indicates a possibility of increased efficiency using a centrifugal baffle design coupling. I anticipate an overall heat exchanger
efficiency of 90% with a centrifugal baffled coupling. The centrifugal baffled coupling will be used in both industrial and domestic
applications for the future.

Examining the Characteristics of Residual Pancreatic Cells and Islets in Type 1 Diabetes
Kavya Podila
Ridgefield High School
Mentor:  Dr. Carmella Evans-Molina, Indiana Diabetes Research Center

Type 1 diabetes (T1D) is characterized by autoimmune destruction of pancreatic beta cells. Currently, there is a lack of knowledge
on the progression of beta cell destruction in T1D and how this impacts other pancreatic endocrine cells. To address this gap, I
assessed the hormonal composition of endocrine cells in pancreata from organ donors in the Network for Pancreatic Organ
Donors with Diabetes (nPOD) repository. Using digitized immunohistochemistry images, QuPath software was used to manually
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quantify single endocrine cells positive for insulin, glucagon, somatostatin, or pancreatic-polypeptide, and the composition of
multicellular islets in nondiabetic control, autoantibody-positive (Aab+), and established T1D donors (n=5 each). Islets were
categorized as insulin+/glucagon-, insulin+/glucagon+, or insulin-. Results showed that donors with T1D had a reduced percentage
of islets that were insulin+/glucagon- (p<0.01) and insulin+/glucagon+ (p<0.05), and an increased percentage of insulin- islets
compared to the controls (p<0.01). No differences were observed in the densities of single cells positive for insulin, glucagon, or
pancreatic polypeptide. Contrarily, donors with T1D exhibited an increased density of single somatostatin+ cells compared to
control and Aab+ (p<0.05) donors. T1D is classically viewed as a disease of beta cells. However, this data suggests there are
changes in the distribution of multiple endocrine cell types (beta, alpha, delta) in the pancreas of individuals with T1D. This
research provides an avenue for further exploration of how altered islet architecture may impact hormonal secretion and normal
paracrine interactions between endocrine cells in T1D.

Using Magnetic Fields to Direct Crystallization of Calcium Carbonate to Emulate the Growth of Trabeculae Post Bone Fracture
Jonah Rosenbaum
Bridgeport Regional Aquaculture Science and Technology Education Center
Mentor: Kirk Shadle, Bridgeport Regional Aquaculture Science and Technology Education Center

The process of realigning the trabeculae (internal bone structure) after a fracture, also known as the remodeling phase, can take
up to 5 years. This extended period with a slightly weaker bone leaves patients more susceptible to repeat fractures and other
potentially serious side effects. Facilitating the growth of trabeculae could reduce the amount of time it takes a fracture to heal
and may reduce the risk of complications. Dissolving calcium carbonate using a hydrochloric acid solution and supersaturating it
with distilled water results in a solution that, when crystallized, emulates the growth of trabeculae post bone fracture. Given that
calcium carbonate is diamagnetic, it is predicted that the crystals will form along the magnetic field lines. Test results showed
crystals forming a pattern of many “swirls.” The number of swirls per plate, and the diameter of each swirl, were determined.
There were significantly more swirls in the test group, with an average of 5.5 swirls per plate, compared to an average of 2.883
swirls per plate in the control. However, there was no noticeable or statistical difference between the diameters of the swirls in
the test and control groups. When a plate of iron filings is placed in the same location as test plates, there are noticeable
similarities among the patterns formed by the crystals and those formed by the iron filings. These preliminary data suggest that
magnetic fields can have effects on the crystallization pattern of calcium carbonate and may positively influence the growth of
trabeculae. Additional experiments with real bones may be needed.

Power Generation by Different Wastewater Types in Single-Chamber Microbial Fuel Cells
Velia Russman
Thomaston High School
Mentor: Ruggero Rossi, Pennsylvania State University

Microbial fuel cells (MFCs) are promising technology for sustainable energy production. MFCs convert the chemical energy stored
within various types of microorganisms into electrical energy by electron transport to an anode. MFCs have shown potential to
successfully generate electricity through the treatment of biologically diverse wastewaters. Wastewaters vary in their biological
makeup, each containing differing amounts and species of microorganisms. The electric current production capability of MFCs is
largely dependent on the variance of electron transport capabilities of microorganisms, and ability to form robust biofilms on the
surface of MFC anodes. This study utilizes different kinds of wastewater rich in microorganisms to discover which has the most
optimal electricity generation capabilities. Brewery wastewater excess from production of Belgian tripel was utilized in a
single-chamber MFC setup fixed to 1,000 ohms external resistance. The result was a negligible voltage. Correspondingly, the
power generated by the MFCs with a 7 cm2 electrode size was low in comparison to other wastewaters described in
literature.

Unsupervised Autoencoder Models for the Feature Extraction of Multiplex Tumor Images
Shauna Schiffman
Choate Rosemary Hall, Wallingford
Mentors: Jie Zhou, Ali Foroughi Pour, Jeffrey H. Chuang, The Jackson Laboratory for Genomic Medicine

Multiplex imaging allows for the simultaneous analysis of multiple molecular biomarkers in a spatial context, which can provide a
more comprehensive understanding of the mechanisms underlying cancer. However, automatic extraction of key features from
multiplexed imaging mass cytometry (IMC) images has been mostly unexplored due to a lack of labeled data for training machine
learning models and difficulties in maintaining spatial information using quantitative methods. In this study, we designed an
unsupervised convolutional autoencoder (CAE) model to automatically extract latent space features from melanoma images with
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24 molecular markers using cytometry time-of-flight (CyTOF) IMC. Our model reconstructed 24 molecular channels with
mean-squared error (MSE) reconstruction loss lower than 0.02 for each channel (M=7e3, SD=8.5e-4). By comparing the MSE
reconstruction loss of our model, which has 7 layers in the encoder, with a shallower CAE model with 3 layers in the encoder and
a weighted variational autoencoder, we found that models with deeper layers and without Kullback-Leibler (KL) divergence loss
have superior performance in reconstructing IMC images. Additionally, we observed tissue-level separation through principal
component analysis (PCA) clustering of latent features, indicating that tissue-related features are extracted. Our results
demonstrate the potential of using unsupervised CAE models to reconstruct IMC images and extract latent space features that
can represent multiplexed images while preserving spatial information. Our model can be used for various image-feature–related
applications such as cancer patient stratification.

Spectrophotometric Determination of the Total Polysaccharide Content of Ganoderma lucidum Grown under Different
Conditions
Sylvia Squatrito
Manchester High School
Mentor: Janet Morrison, Trinity College

For more than 200 years, mushrooms have been used for medicinal purposes in Asian regions. Though they bring effective
results, they still weren’t commonly used in Western research until recently. Mushrooms have taken a bigger role in medicinal
research, being tested against many diseases, including cancer. Specifically, Ganoderma lucidum has been shown to be an
effective agent against cancers like inflammatory breast cancer. Studies have proven that the anticancer effects of G. lucidum can
be attributed to the polysaccharides and triterpenes found within the mushrooms. The polysaccharides induce apoptosis, disrupt
cell cycle, and prevent metastasis. In studies, G. lucidum is purchased in a powdered form and the growing conditions of the
mushrooms are unknown. Though polysaccharides of G. lucidum are vital to research, there have been no studies on how
growing conditions affect the total yield of polysaccharides. In this study, two G. lucidum specimens were grown in two different
conditions. The mushrooms were then freeze-fractured using liquid nitrogen and extracted through sonification for 2.5 hours in
95% ethanol. Samples were then filtered, and the ethanol was evaporated to prepare for the spectrophotometer. Samples
consisted of a glucose stock at different dilutions, phenol solution, and sulfuric acid. The samples were then quantified in 96-well
plates in the spectrophotometer and analyzed.

The Efficacy of Varying Sound Frequencies on Accelerating Colony Formation and Zymolytic Properties of Saccharomyces
cerevisiae
Samantha Verdejo
Ridgefield High School
Mentor: Áine Kapell, Ridgefield High School

Yeast are single-celled microorganisms and are at the forefront of multiple scientific studies. Their unique interrelation with
sound has researchers utilizing music to accelerate the growth rate of Saccharomyces cerevisiae (baker’s yeast) because yeast
often takes multiple hours to complete fermentation. Differing sound frequencies have been shown to promote yeast growth.
The experiment tests the effect of low-frequency sounds (50 Hz), high-frequency sounds (15 kHz), Indian classical music (300
Hz–6 kHz), and jazz (300 Hz–2.2 kHz) on yeast growth over 15 minutes. The effect of music on the yeast growth was measured by
the height of a foam layer, which represents carbon dioxide (CO2) production, a product of fermentation. The graduated cylinders
were placed near a speaker, and the sound intensities ranged from 90 to 110 decibels (dB). Across all trials, the growth rate of the
yeast increased by 49.8% with the high-frequency sound. The Indian classical music also showed an increase in growth.
Conversely, the growth rate decreased by 16.7% for the low-frequency sound, and the jazz music slowed yeast growth in
comparison to silence. Only the high-frequency sound and Indian classical music effectively accelerated yeast’s growth rate.
Increasing the productivity of yeast growth can quicken fermentation-specific processes in baking industries. Yeast can also
contribute to humans’ physical health because of biological components in Saccharomyces cerevisiae, like beta glucans which
strengthen the immune system. Discovering the ideal frequency could accelerate fermentation processes and provide an efficient
method to grow yeast for health benefits and fermentation-dependent companies.

Page 30



Engineering a Methodology to Efficiently and Effectively Discover and Classify Micrometeorites
Heather Wallace
Ridgefield High School
Mentor: Scott Peterson, North Hennipen Community College

Micrometeorites (MMs) are minuscule (150–400 μm) geologic forms that originate from asteroids in our solar system. Annually,
40,000 tons of MMs reach Earth’s surface after traveling through interplanetary space. MMs provide insights into the story of our
solar system, our planet, and ourselves. Most MMs are found in remote parts of the globe, such as Antarctica, yet previous
research has proved that they can be found in urban areas. Multiple independent methods of collection have arisen as a result of
this discovery, but there has not yet been research comparing those methods. This study compares the ratio of MMs to debris
(material other than MMs) in samples collected in different conditions (dry vs. wet) from rain gutters on residential homes in
southwestern Connecticut. Samples were collected using a ladder and proper safety equipment, taken back to a laboratory for
processing, and observed under a stereomicroscope for analysis. All potential MMs were matched with a photo guide/MM
encyclopedia and further verified with an expert. With a tested collection method, professional researchers and citizens
alike can find their own material to provide new insight into our place in the universe.

Designing a Simulation for Aerothermodynamic Performance of Transatmospheric Vehicles and Ablative Heat Shield Designs
for Space Exploration Reentry and Hypersonic Missile Defense
Ryan Wempen
King School, Stamford
Mentor: Robert V. Palladino, MIT Lincoln Laboratory

Since the advent of the Mercury, Gemini, and Apollo missions, NASA and its contractors have used computer simulations to
design next-generation space and reentry vehicles. The complexity of designing spacecraft to travel to distant planetary bodies
and re-enter earth’s atmosphere at hypersonic speeds is a complex undertaking, and simulations permit engineers to test novel
designs and new materials. Since no unclassified simulations are available with the capacity to assess all relevant spacecraft
specifications and flight parameters, one was developed to fulfill this need. Utilizing hypersonic computational fluid dynamics and
simulation (MATLAB Simulink) software, this project integrated primary vehicle parameters with a complete atmospheric reentry
profile that included aerothermodynamic heating, hypersonic shock waves, and reentry aerodynamics to determine optimal
vehicle design and reentry trajectory. The simulation uncovered the novel idea of using an ablative reentry heat shield that ejects
to reveal a slender body. This design was tested in the simulation against two real-world missions: 1) a SpaceX International Space
Station return mission, and 2) a Missile Defense silo attack mission. The results showed that an ablative, ejectable heat shield can
fill two current gaps. For commercial and space exploration missions, it can fill the gap between using a thermodynamically
efficient blunt vehicle to minimize heating effects and a slender aerodynamic vehicle for precision landings and vehicle reuse. For
missile defense missions, the reduction of a missile’s infrared signature after heat shield ejection provides a window of
nondetection by enemy satellite-based sensor platforms, thereby exhibiting potential national security applications.
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