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This experiment evaluated the potenƟal anƟcancer properƟes of garlic, ginger, and turmeric by measuring the ability 
of these spices to inhibit yeast growth. The hypothesis was that extracts of spices would result in less yeast growth 
than their controls. Discs of sterile filter paper were saturated with an extract of the spice and applied to each yeast-
inoculated agar plate with a disc soaked in water (control) and no disc (negaƟve control). Discs were incubated at 
20h, 30h, 40h, and 48h; aŌer total inhibiƟon zones and amount of growth were quanƟfied. As expected, garlic 
produced the largest total inhibiƟon zone (~5 mm), followed by the moderate inhibiƟon from turmeric (~3 mm), and 
mild but consistent inhibiƟon from ginger (~2 mm). As with control plates, there was no inhibiƟon at all visible from 
the negaƟve controls. This indicates that there are bioacƟve substances present in each of the spices (i.e., allicin from 
garlic, gingerol from ginger, and curcumin from turmeric) that are responsible for their ability to inhibit cell 
proliferaƟon, thus leading to the bigger picture of the potenƟal role for these spices as natural anƟcancer 
treatments. 
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Rheumatoid arthriƟs is a chronic autoimmune disease driven by excessive tumor necrosis factor- a (TNF-a) signaling. 
Although anƟ-TNF monoclonal anƟbodies such as infliximab are highly effecƟve, their clinical durability is limited by 
immunogenicity (how harshly our body reacts) leading to anƟ-drug anƟbody formaƟon and reduced therapeuƟc 
efficacy. This immune recogniƟon is caused by the murine variable regions located on the structure of infliximab. This 
study presents a computaƟonal framework for the raƟonal humanizaƟon and deimmunizaƟon of infliximab to reduce 
predicted immunogenicity without denaturing anƟgen binding structure. Using MHC class II binding predicƟon tools, 
I was able to idenƟfy immunogenic T-Cell epitope cores within infliximab's variable regions. Anchor residues were 
selecƟvely mutated while ensuring that the complementarity-determining regions (CDRs) were preserved. For 
variants of the anƟbody were formed through this process: Deimmunizing Parent, Deimmunizing Human, 
ConservaƟve Parent, ConservaƟve Human. Targeted deimmunizaƟon produced significant reducƟons in predicted 
MHC-II binding across mulƟple HLA alleles, with the deimmunized variant showing the greatest overall reducƟon. 
AŌer concluding which strand produced the most significant reducƟon I used structural modeling through AlphaFold 
and PyMOL to confirm conserved CDR geometry and overall structural similarity to the original anƟbody. These 
results demonstrate that computaƟonal epitope-focused deimmunizaƟon is a viable strategy for improving the safety 
and durability of therapeuƟc anƟbodies. 
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Contemporary glioblastoma mulƟforme (GBM) therapies do not possess sufficient therapies that uƟlize both 
precision and accuracy to eradicate deadly tumors without prevenƟng tumor escape or accidentally eliminaƟng 
healthy cells. This project presents T4, a quantum-inspired neural network and computaƟonal framework that tracks 
down three GBM-specific and prevalent biomarkers of EGFRvIII, MMP-2, and miRNA with opƟmized thresholds in 
order to acƟvate an siRNA soluƟon only when all three of them are found within the cell being detected. The 
thresholds were tuned with quantum-inspired opƟmizaƟon through QAOA simulated on classical hardware. A 
therapeuƟc index without dimensions, which was defined with the raƟo of the probability that T4 would acƟvate in a 
simulated GBM Ɵssue in contrast to healthy Ɵssue distribuƟons, saw a major increase from 42x via a single-lock 
system to 287x via a dual-lock system to 2,847x in a triple-lock system. Physics-inspired neural networks were also 
uƟlized to enforce diffusion-constrained spaƟal acƟvaƟon, which demonstrates enhanced signalling from within the 
tumor’s core. Moreover, we evaluated molecular feasibility with protein-protein and ligand-receptor docking 
simulaƟons with SwissDock and scienƟfic values through the Protein Data Bank and confirmed favorable interacƟons 
for each locking component in our soluƟon through our theoreƟcal mulƟ-lock system. Through our research and 
results, we were able to create a robust computaƟonal design plaƞorm for evaluaƟng mulƟ-biomarker and logic-
gated nanotherapeuƟcs before any costly and potenƟally pyrrhic experiments take place. 
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Over 55 million people live with demenƟa globally, a new case every 3 seconds, cosƟng $1.3 trillion. In the U.S., 
Alzheimer's affects 7.2 million, cosƟng $384 billion yearly. Yet 99% of clinical trials fail because paƟents with 
biologically disƟnct neuroinflammaƟon receive idenƟcal treatments. While amyloid and tau biomarkers guide 
diagnosis, current tools fail to straƟfy paƟents by microglial immune biology, a criƟcal driver of neurodegeneraƟon. 
Thus, this research presents a Microglial DysfuncƟon Index ( MDI ) derived from single - nucleus RNA sequencing data, 
using machine learning to straƟfy paƟents into biological subtypes, and proposes a cerebrospinal fluid ( CSF ) 
biomarker pipeline for paƟent straƟficaƟon. Using the SeaƩle Alzheimer's Disease Brain Cell Atlas public dataset ( 84 
donors, 240,651 microglial nuclei from MTG, 36,601 genes ) , three pathway scores were computed: HomeostaƟc, 
Disease - Associated Microglia ( DAM ) , and Inflammatory. These scores were integrated into the MDI. By applying K - 
means clustering, an unsupervised machine learning algorithm, four paƟent subtypes were idenƟfied and validated by 
alignment with neuropathology and cogniƟve outcomes. Pearson correlaƟon analysis tested clinical associaƟons. MDI 
demonstrates predicƟve validity for pathology severity, correlaƟng with composite pathology ( r = 0.501, p = 0.0003 ) 
and tau burden ( r = 0.435, p = 0.002 ) . Inflammatory - Dominant paƟents show 37% faster cogniƟve decline than 
HomeostaƟc - Preserved paƟents, reaffirming the MDI's biological and clinical relevance. This key MDI genes signature 
is translatable to a pracƟcal CSF biomarker panel ( TREM2, IL - 1β, TNF - α, IL - 6 ) for targeted therapeuƟcs. UlƟmately, 
this research delivers an acƟonable, scalable straƟficaƟon framework that enables precision treatment matching, 
potenƟal double therapeuƟc response rates and alter disease progression, with applicaƟons across 
neurodegeneraƟve disease. 
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this project invesƟgated how plauqe buildup in arteries affects blood flow. a model artery was created using clear 
tubing and different materials were used to sƟmulate plaque. water flow was measured with and without plaque 
present. results showed that as plaque increased, blood flow slowed. this expirament demonstrates how plaque 
buildup can resƟrct circulaƟon and increase the risk of heart dieses. 
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Cerebral Aneurysm Ruptures are life-threatening events associated with high mortality and prolonged neurological 
disability. Modern clinical assessments rely heavily on aneurysm size and morphology, which oŌen fail to accurately 
predict rupture risk. The size an aneurysm ruptures at is subjecƟve, with some rupturing at small sizes while others 
maintain stable flow at larger sizes, revealing the need for improved predicƟve tools. Research developments in 
ComputaƟonal Fluid Dynamics (CFD) have shown that certain hemodynamic factors such as wall shear stress or 
pressure play a criƟcal role in aneurysm growth and rupture. However, CFD simulaƟons require extensive 
computaƟonal resources to run on a large scale and cannot easily integrate into everyday clinical workflows. 
Machine Learning models can also potenƟally provide accurate insight regarding rupture predicƟon, however they 
are only trained on morphological features and may overlook criƟcal physics based mechanisms during rupture. This 
project addresses this issue by integraƟng AneuX, a morphological aneurysm dataset, with AneuG-flow, a 
hemodynamics based dataset with data derived from CFD, in order to train and develop a physics based machine 
learning model to accurately gauge rupture risk. To implement this approach, a feature level data fusion strategy was 
used to combine clinical and CFD derived hemodynamic features, preserving both structural and physics based 
informaƟon. A Random Forest classifier is then used to train the merged data and evaluated via straƟfied train-test 
splits. Performance was assessed using receiver operaƟng characterisƟc analysis, with the fused model 
outperforming models that only incorporated morphological data. 
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Alzheimer’s disease neuropathology does not fully predict cogniƟon, suggesƟng the existence of biological 
mechanisms underlying cogniƟve resilience. Using publicly available SEA-AD single-nucleus RNA sequencing donor 
objects from prefrontal cortex, we applied a donor-level pseudobulk framework (mean expression across nuclei per 
donor) to avoid cell-level pseudo-replicaƟon. Donors with advanced neuropathology were straƟfied by cogniƟve 
performance (N = 43; 25 resilient, 18 impaired; Braak stage ~V in both groups). In astrocytes, predefined molecular 
programs represenƟng reacƟve/inflammatory responses, structural reacƟvity, and homeostaƟc support showed 
weak associaƟons with cogniƟve resilience under pathology-matched condiƟons, suggesƟng that astrocyte 
transcripƟon may reflect disease burden more strongly than cogniƟve outcome in this corƟcal region. To test 
whether resilience signals are cell-type-specific, we are extending the same donor-level analyƟcal pipeline to 
microglia, enabling direct comparison of glial programs under idenƟcal experimental and staƟsƟcal controls. 
ScienƟfically, these findings refine exisƟng models of Alzheimer’s disease by demonstraƟng that not all disease-
responsive cell types necessarily encode resilience-related signals once neuropathology is controlled. This work 
establishes a rigorous and extensible donor-level framework for evaluaƟng cell-type–specific mechanisms of 
cogniƟve resilience in large-scale human brain transcriptomic atlases. 
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Stroke is a leading cause of death in the United States, affecƟng more than 795,000 individuals and contribuƟng to 
approximately 5.5 million fataliƟes globally. Despite its significant impact, effecƟve rehabilitaƟon and treatment 
methods for stroke remain limited. This study invesƟgated the role of Integrin alpha 6 (ITGA6) in cancer angiogenesis 
and the promoƟon of neurovascular regeneraƟon in zebrafish embryos to determine if this molecule could be a 
potenƟal therapeuƟc strategy for stroke. With the use of AI and human transcriptomics datasets, the correlaƟon 
between the expression of mulƟple genes (hypoxia, ECM remodeling, TIP-EC, endothelial content, and angiogenic 
hallmark) and ITGA6 were invesƟgated. In the glioblastoma dataset, which shows high levels of angiogenesis, the 
expression of ITGA6 exhibited a strong correlaƟon with the gene groups. Conversely, in pancreaƟc ductal 
adenocarcinoma, known for its poor angiogenic properƟes, the correlaƟon of ITGA6 were found to be weak posiƟve, 
negaƟve and negligible, depending on the situaƟon. To further invesƟgate the role of ITGA6 in neurovascular 
regeneraƟon, zebrafish models were employed, by inducing strokes through geneƟc alteraƟons of the ITGA6 gene. In 
the homozygous mutants (Itga6-/-), there were significant neurovascular defects, including a reducƟon in central 
arteries, malformaƟon of the basilar artery, and abnormaliƟes in the primordial hindbrain channels. These findings 
underscore the criƟcal role of ITGA6 in neurovascular development and regeneraƟon, and indicate that ITGA6 holds 
promise as a potenƟal therapeuƟc agent to enhance recovery in stroke paƟents. This breakthrough could 
significantly impact stroke rehabilitaƟon protocols and improve paƟent outcomes. 
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Parkinson's disease (PD) is an illness which affects over 11 million people worldwide, and is characterized by the 
progressive loss of dopamine producing neurons. Catechol-O-methyltransferase (COMT), an enzyme which is 
responsible for the metabolism of dopamine, further deteriorates the already low amount of dopamine that the PD 
paƟent has. This project invesƟgated if there were any natural inhibitors of COMT that can be uƟlized to lessen 
dopaminergic degradaƟon and increase dopamine levels within the PD paƟent. A set of 200 natural compounds were 
screened in silico through means of molecular docking to see how well they would dock against the catalyƟc site of 
human COMT(PDB ID: 6I3C), using AutoDock Vina. The compounds were then graphed based on anƟcipated binding 
affinity, from highest to lowest, with consideraƟon of the mean and standard deviaƟon of the ligands. Three 
compounds, nordihydroguaiareƟc acid, phenol, and triamcinolone, stood out as potenƟal novel, natural inhibitors of 
COMT, with the three highest binding affiniƟes (all over -9.7). Although the in silico research does not confirm the 
ability to biologically inhibit COMT, the finding of these compounds as potenƟal inhibitors presents a new, potenƟally 
cost-effecƟve therapeuƟc strategy to treat PD, as they show potenƟal as preliminary candidates for further research. 
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With the goal of assessing whether or not humanity is winning the war against cancer, this project invesƟgated the 
progress the U.S. has made in the pursuit for cancer treatments over the last 38 years. It is hypothesized that 
humanity has made significant progress in advancing treatments for cancer. Using reputable sources and data 
regarding the mortality rates of leukemia, prostate, pancreaƟc, and breast cancer ranging from 1985 to 2023 were 
collected. With the ANOVA test, the data was examined to determine if mortality rates had increased or decreased. 
These ANOVA tests resulted in a P-value of 0, which demonstrates how the mortality rates have changed in relaƟon 
to each year within the decades.This proves that the hypothesis was supported, and that humanity has made 
significant progress in advancing treatments for cancer. If further research was put into this project in the future, it 
would study the varying rates of mortality and their root causes. 
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The human gut contains trillions of microbes that contribute to our overall health—not only by aiding digesƟon, but 
also by influencing how our nervous system funcƟons as we age. When nerve cells grow older, they may lose their 
ability to work properly, affecƟng memory, movement, and sensaƟons such as touch or pain. Primary sensory 
neurons, which carry signals from the body to the brain, are parƟcularly vulnerable to age-related decline. Yet 
scienƟsts sƟll do not fully understand the role gut microbes play in this process. To explore this connecƟon, I used a 
computer tool called Ingenuity Pathway Analysis to examine which biological pathways are affected. I analyzed gene 
expression in sensory neurons from both normal mice and germ-free mice raised without any gut microbiota. The 
germ-free mice showed large shiŌs in gene acƟvity—more than 1,000 genes were either acƟvated or suppressed 
differently. Many of these genes are associated with cellular senescence, suggesƟng that gut microbes help regulate 
how nerve cells age and may be important for maintaining their health. These findings will help idenƟfy signaling 
pathways that support healthy nerve funcƟon and may reveal new targets for improving the health of sensory 
neurons. Because the gut microbiome is also linked to condiƟons such as Alzheimer’s and Parkinson’s disease, the 
molecules idenƟfied in this study could offer valuable insights into other degeneraƟve disorders as well. 
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This project focuses on simulaƟng cancer cell migraƟon to beƩer understand how cancer spreads through biological 
Ɵssue. Using a Cellular PoƩs Model, the simulaƟon represents cancer cell growth, division, death, and movement in 
response to chemical signals in the environment. Cell movement is guided by chemotaxis, a biological process in 
which cells migrate toward higher concentraƟons of signaling molecules. Two movement models are explored: a 
classical random walk and a quantum-inspired walk. By tuning parameters such as chemotacƟc sensiƟvity, diffusion 
rates, and movement bias, the simulaƟon examines how different movement strategies influence cell direcƟonality, 
persistence, and overall invasion paƩerns. This project is useful for studying the mechanisms behind cancer 
metastasis, where migraƟng cancer cells spread from a primary tumor to other parts of the body. By comparing 
movement models, the simulaƟon provides insight into how cancer cells navigate complex environments and may 
help improve computaƟonal tools used in cancer research and treatment planning. 
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Ria Aggarwal 

Private/The Village School 

Muscular atrophy in space refers to the loss of muscle mass and strength due to reduced gravitaƟonal load on muscles 
in the microgravity environment. Microgravity can negaƟvely impact the cellular processes of muscles. For example, 
the ubiquiƟn-proteasome pathway (UPP) significantly exacerbates muscle atrophy under such condiƟons. C-terminus 
of Hsc70-interacƟng Protein (CHIP) is a co-chaperone that is part of UPP and works with molecular chaperones, such 
as heat shock proteins (HSPs), to regulate the molecular triage and also tags proteins headed for the degradaƟon 
pathway with ubiquiƟn. Under microgravity, CHIP is upregulated as the environment reduces protein synthesis, 
sƟmulates inflammaƟon, increases reacƟve oxygen species, and hinders mitochondrial funcƟon, which all promote 
degradaƟon. The aim of this project is to design and simulate collagen-based arƟficial muscles that can be used to 
integrate into the regular muscles for strengthening. Collagen-integrated arƟficial muscles can mimic natural muscle 
contracƟons, enhancing muscle strength. In this study, a collagen-based arƟficial muscle system was computaƟonally 
designed and evaluated for both muscle-strengthening and targeted drug delivery applicaƟons. Molecular docking 
simulaƟons were performed to analyze the stability of the collagen fibers under simulated mechanical pulling 
condiƟons. Moreover, CHIP-HSPs and CHIP-nanobody interacƟon modeling were performed using HDOCK. The results 
deduced that nanobody II formed the most hydrogen bond interacƟons and exhibited the strongest binding affinity to 
CHIP. This indicates that under microgravity, nanobody II can aid in stabilizing the interacƟon between CHIP and HSPs, 
protecƟng proteins from cellular stress. This research will help develop novel methods to make spaceflight safer 
through regeneraƟve implants or engineered arƟficial muscles for a controlled delivery of therapeuƟc drugs, 
ulƟmately miƟgaƟng muscle atrophy. 
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Cancer research oŌen prioriƟzes common cancer types, leaving rare but aggressive cancers understudied. This 
project focuses on T-cell malignancies, a group of rare cancers characterized by rapid progression and poor 
outcomes. Since abnormal T-cell growth is central to these diseases, idenƟfying ways to limit T-cell proliferaƟon is 
criƟcal. Previous studies show that Purine Nucleoside Phosphorylase (PNP) is essenƟal for T-cell survival and division. 
This project aimed to idenƟfy novel PNP inhibitors that could reduce T-cell proliferaƟon and serve as potenƟal 
treatments for T-cell malignancies and autoimmune diseases. We hypothesized that screening 200 natural organic 
compounds using computaƟonal molecular docking would idenƟfy compounds with strong binding affinity and 
specificity to PNP. Using AutoDock Vina, the PNP receptor and all ligands were prepared in PDBQT format and docked 
using standardized configuraƟon files. Docking simulaƟons were analyzed with a custom Python script. Binding 
affinity values and molecular interacƟons were evaluated to idenƟfy promising inhibitor candidates. The results 
revealed several compounds with high binding affinity to PNP, including Dioscin and AC-73. These compounds 
demonstrated favorable interacƟons with key PNP acƟve-site residues, suggesƟng strong inhibitory potenƟal when 
compared to exisƟng inhibitors used currently as therapy. This study demonstrates that in-silico screening is an 
effecƟve, low-cost method for idenƟfying potenƟal drug candidates. The findings provide a foundaƟon for future 
experimental validaƟon and highlight the potenƟal of computaƟonal approaches in developing treatments for rare 
cancers and immune-related diseases. 
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Diabetes mellitus is a chronic condiƟon that requires consistent and oŌen Ɵring acƟons to maintain effecƟve insulin 
management and assist in regulaƟng healthy blood glucose levels. This project invesƟgates and compares different 
delivery insulin systems used by diabeƟcs in order to figure out which systems are more efficient in regulaƟng blood 
glucose levels and possibly reducing complicaƟons for paƟents. We used a system and knowledge from published 
works to simulate the different insulin systems to collect data. Each system was evaluated on its efficiency, ease of 
use, and its impact on daily lives. We then compared the systems to finalize our results. From 5 minutes and 1 second 
to 30 minutes and 5 seconds, the Automated Insulin Delivery system was the fastest, while the slowest was the 
tradiƟonal patch out of our 5 different systems. The Automated Insulin Delivery system also contributed to 
conƟnuous glucose monitoring and liŌed the worry about stress. With these highlights, it is important to noƟce that 
newer insulin technologies can aid with diabetes management, but a key factor that must also be considered is 
personalizaƟon within the paƟent, and whether it suits their lifestyle. 
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Taanya Virigineni 

Tomball ISD/Tomball Stat Academy 

Endometriosis is a chronic inflammatory disease characterized by the growth of endometrial-like cells outside of the 
uterus. Ectopic cell lesions oŌen resulƟng in pelvic pain, inferƟlity, and damage to reproducƟve or abdominal organs. 
Current treatment opƟons are limited, as surgical intervenƟons are marked with high lesion recurrence rates, 
imaging technology fails to detect small lesions for localized removal, and hormonal therapies reduce symptoms 
without addressing the underlying lesion growth. Despite the eƟology of endometriosis remaining unknown, 
emerging clinical evidence suggests that lesion growth may be due to immune evasion. This literature-based dual-
target nanoparƟcle design combines exisƟng research on immunotherapy for endometriosis and drug delivery to 
offer a non-surgical, non-hormonal, and minimally-invasive approach to treat endometriosis. The nanoparƟcles 
silence the overexpression of the surface protein CD47 on ectopic cells using siRNA to stop immune evasion, and 
iniƟate efficient macrophage phagocytosis using the immunomodulator R848. To limit off-target aƩacks, the model 
uƟlizes dual-targeƟng technology rather than imaging, taking overexpressed proteins matrix metalloproteinase-9 
(MMP-9) and CD47 overexpression as biomarkers for delivering the therapeuƟc payload only to ectopic lesions. The 
suggested delivery method is ultrasound-guided intraperitoneal injecƟon during the menstrual phase for maximum 
targeƟng potenƟal. By addressing major limitaƟons in current endometriosis care, this nanoparƟcle design aims to 
provide a novel treatment approach based on restoring immune funcƟon to reduce the presence of ectopic lesions, 
rather than managing symptoms of the disease. Keywords: endometriosis, nanoparƟcle, CD47, MMP-9, siRNA, 
macrophage, phagocytosis, R848. 
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Tvisha NiƟn 

Fort Bend ISD /Clements High School 

At high alƟtudes, due to a reduce in oxygen, erythropoieƟn is released. This increases red blood cell producƟon and 
hematocrit levels. This results in secondary polycythemia, which increases blood viscosity and its oxygen carrying 
capacity. Elevated viscosity can cause a slower blood flow which can lead to an increased risk for strokes, thrombosis, 
or hypertension. This experiment will invesƟgate how changes in viscosity influence blood flow. Water-glycerin 
mixtures will be created to mimic the different viscosiƟes and then computer models will be used to simulate blood 
vessel flows. These findings will then be compiled onto a trifold that will invesƟgate the negaƟve effects of higher 
viscosiƟes. 
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Tanushri Vijay 

Conroe ISD /AST: Academy of Science and Technology 

Autoimmune encephaliƟs (AE) is a rare neurological disorder that is oŌen challenging to diagnose early due to its 
heterogeneous neuropsychiatric presentaƟon, a phenomenon known as the clinico-radiological paradox (Peer et al., 
2017). Early recogniƟon of disease acƟvity or flare-ups is criƟcal, as delays can worsen neurological outcomes. Speech 
biomarkers have successfully idenƟfied early dysfuncƟon in other neurological disorders, suggesƟng their potenƟal 
uƟlity in AE. This project invesƟgates whether machine learning–based analysis of speech biomarkers can serve as a 
non-invasive framework for detecƟng neurological changes relevant to AE. Using publicly available, fully de-idenƟfied 
speech datasets associated with neurological disorders as proxy data, acousƟc features related to pitch, jiƩer, 
shimmer, voice stability, and temporal variaƟon were extracted and standardized. Supervised machine learning 
models (logisƟc regression, random forest, and simple neural networks) were trained to classify healthy versus 
neurologically affected speech, with performance assessed using accuracy, sensiƟvity, specificity, F1-score, and ROC 
AUC. Feature importance analyses idenƟfied the vocal characterisƟcs most predicƟve of neurological impairment. All 
analyses were performed computaƟonally using open-source Python libraries, and no human subjects were directly 
involved in this study. Results indicate that speech-based models can reliably differenƟate neurological from healthy 
speech, with features such as jiƩer, shimmer, and voice breaks emerging as parƟcularly informaƟve. Although AE-
specific speech data were not available, this validated analyƟcal pipeline establishes a framework for integraƟng 
speech and neuroimaging biomarkers, providing a scalable, non-invasive approach that could improve early 
detecƟon, monitoring, and management of AE flare-ups in future clinical applicaƟons. 
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Shalom Stanly Immanuel 

Cy-Fair ISD/Cypress Ranch - HS 

Technology is developing at an exponenƟal rate, especially with AI learning being more prevalent in the field of 
medicine. It is important to test the effecƟveness of the resources to best assist imaging for early cancer detecƟon, 
especially with cancers caught later on, such as pancreaƟc and esophageal cancer; Since early detecƟon oŌen 
dramaƟcally improves paƟent outcome and chance of survival. This project will review the primary research 
literature on how scienƟsts can improve the detecƟon /monitoring of various gastrointesƟnal cancers using machine 
learning/AI. It will note current limitaƟons for detecƟng esophageal, pancreaƟc, and colorectal cancers using 
standard imaging methods. It will then review how types of AI may improve the accuracy of detecƟon, especially for 
early-stage cancers. The poster will then idenƟfy the top method for detecƟng using a meta-analysis of already 
available data. Current challenges and limitaƟons of these technologies will be discussed. 
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David Reyes, Gaurav Vatnani, Tanush Vatnani 

Katy ISD/Cinco Ranch - HS 

Neurons communicate through changes in membrane voltage. Voltage imaging records these signals at high speed, 
but most analysis focuses on visualizaƟon rather than predicƟon. This project tested whether machine learning can 
predict neuronal bioelectric states from voltage imaging features and whether the same predicƟon can run on low 
power hardware. Bioelectric state was defined as a binary acƟvity label based on voltage trace behavior. Public 
voltage imaging demo data from the CaImAn VolPy framework was used. Neurons were segmented and voltage 
traces and spike events were extracted. For each neuron, three features were computed: mean dFF, variance of dFF, 
and spike count. An interpretable classifier was trained to predict the state label. Due to the small dataset size of 4 
neurons, leave one out cross validaƟon and a permutaƟon test were used. The model achieved a leave one out 
accuracy of 1.0, while the permutaƟon p value was ≈0.34, reflecƟng limited staƟsƟcal power at this specific scale. 
PCA showed noƟceable separaƟon between the two states. Counterfactual tesƟng showed that increasing spike 
count could flip predicted states for certain neurons. The trained model was deployed on a Raspberry Pi and 
produced idenƟcal predicƟons and probability outputs, with inference compleƟng in under one second. This work 
presents a reproducible pipeline for bioelectric state predicƟon using voltage imaging data and demonstrates that 
biological predicƟons can be performed on low power hardware. 
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Thoshika Srinithi Dayalan Gokulakrishnan 

Conroe ISD /AST: Academy of Science and Technology 

AffecƟng 130 million people around the world and causing vision-loss for over 25% of those individuals, diabeƟc 
reƟnopathy (DR) has risen to become the leading cause of blindness for the working age people. DR is an eye disease 
caused by damaged blood vessels in the reƟna due to high blood sugar from poorly controlled diabetes over a long 
period of Ɵme. Currently, advanced early detecƟon of DR is available, however detecƟon alone doesn’t fix the issue 
because there have been no non-invasive therapeuƟcs that can slow the progression of DR in the early stage. This 
project aimed to invesƟgate how Betaine, an amino acid consisƟng of glycine with three methyl groups, can reduce 
the progression of NPDR (non-proliferaƟve early stage DR) by lowering the levels of the criƟcal biomarkers: ROS, 
AGEs, neuronal degeneraƟon, systemic stress. The researcher hypothesized that the 10 mM Betaine concentraƟon 
will reduce the biomarker levels and by tesƟng different concentraƟons of Betaine, the worms treated with greater 
amounts of Betaine will show decreased progression of NPDR than untreated groups. In the in-vivo experiment, NGM 
plates were seeded with E. Coli OP50 and C. elegans were cultured and chunked into groups. Experimental groups 
were exposed to 50mM glucose to simulate a NPDR environment, and treated with 5mM and 10mM Betaine. The 
researcher concluded that the 10mM Betaine more effecƟvely reduced the biomarker levels, thus displaying less 
progression of NPDR. These findings pave the path for offering a potenƟal therapeuƟc that can be promisingly 
explored to stop the progression of NPDR. 
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Rhea Morani, Savannah Le 

Houston ISD/Carnegie Vanguard HS 

Epidermal growth factor receptor (EGFR) is an oncogenic driver linked to poor prognosis in many of the most common 
and lethal cancers. Overexpressed in 40–89% of non-small cell lung cancers, 25–82% of colorectal cancers, and 90% of 
head and neck cancers, it correlates with reduced survival through metastases and chemotherapy resistance. Thus, EGFR 
is an aƩracƟve target for drug delivery and molecular inhibiƟon; however, nontoxic and effecƟve targeƟng remains 
limited. Nucleic acid aptamers offer a promising soluƟon, binding to target proteins like extracellular EGFR with high 
specificity, low immunogenicity, and low systemic toxicity. However, tradiƟonal aptamer discovery via wet-lab SELEX is 
resource- and cost-intensive, oŌen taking months to yield a single viable candidate. ComputaƟonal design addresses 
these obstacles and greatly accelerates the process by generaƟng thousands of sequences in silico with applied 
constraints, then using machine-learning (ML) to select for high-affinity, precise binders. This study aims to develop a 
constraint-based aptamer design and ML ranking pipeline to idenƟfy EGFR-binding RNA aptamers. Extracellular EGFR 
structural data were sourced from the RCSB Protein Data Bank, and validated EGFR–aptamer interacƟon pairs were 
obtained from UTexas Aptamer Database and Aptamer Base. AptaTrans, a pre-trained aptamer–protein interacƟon 
model, was fine-tuned on pairs in order to score candidates. To ensure aptamer stability and binding potenƟal, CASTp 
analyzed EGFR structural data and idenƟfied key binding caviƟes to generate 1,000 RNA aptamers (25–40 nucleoƟdes, 
40–60% GC content). The top 10 candidates were ranked with an ML pipeline opƟmizing AptaTrans scores and minimum 
free energy, then validated through molecular docking using HADDOCK with biologically relevant metrics to determine 
the best aptamer. Further in vitro and in vivo studies may advance these candidates toward targeted drug delivery and 
cancer therapeuƟcs. 
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Sahen Tapar 

Tomball ISD/Tomball Memorial - HS 

MicroplasƟcs are now found in nearly every human, present in lungs, airway fluids, blood, and placental Ɵssue. 
InhalaƟon is a major exposure route, and chronic accumulaƟon is linked to oxidaƟve stress, airway remodeling, 
impaired immunity, and increased risk for diseases including COPD, pulmonary fibrosis, and lung cancer. Yet the 
molecular basis of microplasƟc-induced respiratory injury remains unmapped; most studies examine one plasƟc type 
at a Ɵme using basic differenƟal expression, limiƟng insight into conserved regulatory failure and clinically relevant 
targets. This project develops the first systems-level, graph-based framework to define shared biological structures 
underlying microplasƟc stress. Three RNA-seq datasets (63 samples, 14,024 shared genes) were unified and denoised 
using PCA. AŌer stringent filtering, 8.46 million correlaƟons were reduced to a high-confidence 9,829-gene, 408,913-
edge structural graph. A two-layer GCN-based Graph Autoencoder achieved strong link predicƟon performance (AUC 
0.9766, AP 0.9684, F1 0.9336), indicaƟng the learned structure captures meaningful biology. Explainable graph 
learning with PGExplainer, Leiden clustering, and pathway enrichment resolved six conserved stress modules spanning 
ciliogenesis, metabolic/autophagy stress, RNA processing, DNA repair, checkpoint control, and moƟlity/adhesion. A 55
-gene structural biomarker panel signature (MSRS), derived from PGExplainer-prioriƟzed genes within Leiden 
modules, quanƟfied a conƟnuous stress axis that separated samples across all datasets. TherapeuƟc reversal analysis 
using L1000FWD idenƟfied FDA-approved agents, including naproxen and zileuton, that parƟally reverse the 
conserved transcriptomic signature and converge on metabolic inflammatory hub. This framework provides the first 
mechanisƟc map of microplasƟc respiratory injury and delivers clinically relevant tools for diagnosƟcs, exposure risk 
scoring, and future translaƟonal prioriƟzaƟon. 
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Cancer is a leading cause of morbidity and death, both in the US and worldwide. Screening methods, such as 
mammograms and Pap smears, have resulted in earlier diagnosis, improved treatment outcomes, and decreased 
mortality for their respecƟve cancers. However, many cancers sƟll lack affordable, accessible screening tests. Studies 
show that circulaƟng tumor DNA, short DNA fragments released by cancer cells into the bloodstream, can be used to 
detect cancer-related mutaƟons. This project aimed to develop proof-of-concept for a low-resource ctDNA tesƟng 
kit, targeƟng KRAS G12D, a clinically relevant mutaƟon commonly found in pancreaƟc, colorectal, and lung cancers. 
By combining custom-designed DNA probes and primers, isothermal amplificaƟon, and lateral flow signal detecƟon, 
this research invesƟgated whether single-nucleoƟde mutaƟons could be accurately idenƟfied without advanced 
laboratory infrastructure. The kit was tested on a wild-type human cell line (BxPC-3), two mutant-type cell lines (SNU-
899 and MIA PaCa-2), and water to evaluate its accuracy. The detecƟon system showed high specificity and 
sensiƟvity, demonstraƟng the feasibility of ctDNA tesƟng as a point-of-care or at-home cancer screening tool. 
ApplicaƟons of this research have the potenƟal to increase the screening detecƟon of addiƟonal cancers while also 
expanding access to underserved communiƟes, thereby decreasing cancer-related morbidity. 
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Type 2 Diabetes (T2D) is a chronic metabolic disorder characterized by impaired insulin sensiƟvity, elevated 
postprandial blood glucose levels, and increased oxidaƟve stress. PharmaceuƟcal inhibitors such as acarbose are 
effecƟve in managing postprandial hyperglycemia but may be limited by side effects and accessibility, prompƟng 
interest in plant-based complementary therapies. This study evaluated the a-amylase inhibitory acƟvity and 
anƟoxidant capacity of turmeric (Curcuma longa) essenƟal oil (EO) as a potenƟal adjunct in T2D management. 
Turmeric EO was analyzed using three spectrophotometric assays: a-amylase inhibiƟon relaƟve to acarbose, a-
amylase inhibiƟon in combinaƟon with acarbose to assess enhanced effects, and DPPH free radical scavenging 
acƟvity relaƟve to ascorbic acid. Serial diluƟons of turmeric EO ranging from 12.5 to 400 µg/mL were prepared, and 
enzyme inhibiƟon was quanƟfied using the dinitrosalicylic acid method, while anƟoxidant acƟvity was determined by 
absorbance reducƟon in the DPPH assay. Results showed that turmeric EO exhibited measurable a-amylase inhibiƟon 
across all tested concentraƟons, though inhibiƟon was not strictly dose-dependent. The combined treatment of 
turmeric EO and acarbose produced slightly greater a-amylase inhibiƟon than turmeric EO alone, suggesƟng a 
modest synergisƟc effect. Preliminary results suggest dose-dependence of Turmeric EO as an anƟoxidant (12.5-50 
ug/mL vs. 200-400 ug/mL). These findings suggest that turmeric essenƟal oil may support glucose regulaƟon and 
reduce oxidaƟve stress when used alongside convenƟonal therapies for Type 2 Diabetes, though further in vivo and 
clinical studies are needed to confirm efficacy and long-term safety. 

1. As a part of this research project, the student directly handled, manipulated, or interacted with (check all that 
apply): 

2. This abstract describes only procedures performed by me/us, reflects my/our own independent research, and 
represents one year’s work only. 

3. I/We worked or used equipment in a regulated research insƟtuƟon or industrial seƫng. 

4. This project is a conƟnuaƟon of previous research. 

5. My display board includes non-published photographs/visual depicƟons of  
humans (other than myself): 

6. I/We hereby cerƟfy that the abstract and responses to the above statements   
are correct and properly reflect my/our own work. 

Category: 

  Medicine and Health 

 

  Human parƟcipants    
           

  Vertebrate animals    microorganisms     rDNA    Ɵssue 

potenƟally hazardous biological agents  

X yes   no 

X yes   no 

  yes X no 

  yes X no 

X yes   no 

InvesƟgaƟng the AnƟoxidant Capacity and Amylase InhibiƟon 
of Turmeric Extract in Key Pathways of Type 2 Diabetes 



Abstract: Science and Engineering Fair of Houston 

3386 

Shaopan Gao 

Fort Bend ISD /Clements High School 

Obesity is a global epidemic associated with health condiƟons such as diabetes and cancers. Many drugs have been 
approved for treaƟng obesity, but many of these drugs have efficacy or side effect challenges. There remains a 
medical need to develop a safe and long-term anƟ-obesity drug. In this project, I aim to develop a safe and effecƟve 
drug for obesity prevenƟon targeƟng pancreaƟc lipase inhibiƟon by using nutriƟonal components. I plan to use a 
computaƟonal screening approach to idenƟfy acƟve pancreaƟc lipase inhibitors from about 1,000 nutriƟonal 
components. Then, I will perform an in vitro assay using the pancreaƟc lipase to test the acƟvity of the top three 
idenƟfied compounds, thereby validaƟng this computaƟonal model. I will use the validated computaƟonal model to 
screen more potent compounds in public compound libraries containing hundreds of thousands of compounds. I 
hope that my idenƟfied compounds can be used on animal models in future studies. 
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Drug misuse, including prescripƟon opioid overdoses, is a significant public health concern. Specifically, one person 
dies every 5 minutes due to drug overdoses. These concerns highlight the importance of improved methods to 
idenƟfy high-risk prescribing paƩerns. In this project, a tradiƟonal rules-based approach that originated from 
established clinical guidelines was compared to a machine learning model to learn to idenƟfy and predict overdose 
risk using the prescripƟon data. The datasets contained mulƟple factors such as prescribing volume, opioid dosage, 
and co-prescripƟons, and even details regarding the providers. These factors were merged as features to test their 
influence on the model. The models were trained and evaluated based on their accuracy, precision, recall, F1 score, 
and ROC-AUC. The rules-based model achieved perfect recall but struggled to correctly disƟnguish between high- and 
low-risk cases. The machine learning model, however, was the opposite. The machine learning model had higher 
accuracy and was able to strongly discriminate between high- and low-risk cases. Furthermore, the analysis of the 
features helped show that MME (Morphine Milligram Equivalent) was the strongest predictor for overdose risk. The 
findings from this project help suggest that data-driven approaches such as this one have great potenƟal for 
supporƟng overdose prevenƟon and intervenƟon. 
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The placenta is a temporary organ that develops in the uterus of pregnant women to provide the developing fetus 
with oxygen and nutrients while removing waste through the umbilical cord. In preterm infants, organs are 
underdeveloped, which can lead to a number of physiological problems. Thus, arƟficial placenta systems have been 
theorized to support and improve prognosƟc outcomes for preterm infants post-pregnancy. Current research in 
arƟficial placenta systems have demonstrated promise in large animal models, but have yet to translate to human 
clinical use. This is largely due to the lack of a systemaƟc opƟmizaƟon of oxygenator microchannel design for gas 
exchange efficiency and hemocompaƟbility. In this study, a computaƟonal fluid dynamics (CFD) framework was 
developed to evaluate and opƟmize oxygenator architectures that vary in geometry, flow rate, and other features. 
Four geometric configuraƟons based on biological design were assessed. Steady-state incompressible laminar flow 
simulaƟons were performed at three physiologically relevant inlet velociƟes, and passive scalar transport was 
simulated to assess CO2 behavior. The results of the study reveal design recommendaƟons that can increase gas 
transport efficiency while controlling pressure drop and wall shear. 
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INTRODUCTION: PredicƟng the 3D structure of proteins is essenƟal for understanding biological systems and 
developing new therapeuƟcs. TradiƟonal computaƟonal methods oŌen require massive Ɵme and processing power 
for large proteins, while quantum-inspired algorithms can evaluate mulƟple folding pathways simultaneously, 
offering a faster and more efficient approach. AIM: This project designs and evaluates a hybrid quantum-simulated 
framework that enhances both the speed and accuracy of protein folding predicƟons compared to classical methods. 
METHODOLOGY: A custom web-based plaƞorm built with React, TypeScript, and Three.js simulated both classical 
and quantum-inspired algorithms. FiŌy protein sequences from the Protein Data Bank were analyzed to measure 
execuƟon Ɵme, energy minimizaƟon, and structural accuracy using RMSD (Root Mean Square DeviaƟon). RESULTS: 
The quantum-simulated model achieved a 41× speedup for large proteins of up to 2,000 residues and improved 
structural accuracy by 38%, reaching an average RMSD of 2.1 angstroms compared to 3.4 angstroms for classical 
methods. The results demonstrated near-linear performance scaling, confirming the theoreƟcal quantum advantage. 
CONCLUSION: This study shows that quantum-inspired computaƟon can significantly accelerate and refine protein 
structure predicƟon, providing a powerful foundaƟon for future advances in drug discovery, syntheƟc biology, and 
personalized medicine. 
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PancreaƟc cancer is one of the most deadliest cancers in the US because it is oŌen diagnosed late and current 
treatments do not work well. Current standard of care therapies such as chemotherapy and radiaƟon usually provide 
only limited benefit, and many paƟents survive only a few months aŌer diagnosis. One of the major causes of 
treatment failure is the heterogeneity of pancreaƟc tumors, and the lack of targeted therapies. Personalized cancer 
therapies that boost paƟent’s immune response and eliminate cancer cells have successfully improved paƟent 
survival in several cancers, but have not yet been tested for pancreaƟc cancer. Gene fusions are an unexplored 
source of such immunogenic targets in pancreaƟc cancers that can be used as a cancer vaccine. My project focuses 
on developing a personalized cancer vaccine to treat pancreaƟc cancer by targeƟng gene fusions found only in cancer 
cells. Specifically, I worked with one such gene fusions- FGFR3-TACC3, which creates a new protein that is not found 
in healthy cells in human body. I was able to idenƟfy i) fusion juncƟon between FGFR3 and TACC3, ii) novel open 
reading frame and iii) tumor-specific neopepƟdes generated by this gene fusion. Next, using OpƟtype and 
NetMHCpan, I obtained a list of paƟent HLA specific highly immunogenic neopepƟdes. These neopepƟdes can be 
used as a cocktail of pepƟde vaccine for personalized treatment of pancreaƟc cancer. 
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Intracerebral hemorrhage is strongly associated with chronic hypertension and arterial narrowing, yet the 
mechanical reasons for this increased rupture risk are not fully understood. Cerebral arteries are composed of three 
mechanically disƟnct layers, suggesƟng that disease condiƟons may affect each layer differently. In this study, we 
tested the hypothesis that hypertension combined with arterial blockage causes a disproporƟonately large increase 
in hoop stress and a corresponding reducƟon in safety factor in the media layer compared with the inƟma and 
advenƟƟa. A three-layer analyƟcal model based on Lamé equaƟons was used as a controlled experimental tool to 
isolate the effects of pressure and lumen narrowing. SimulaƟons were performed under normal and hypertensive 
pressures, with and without blockage, using literature- based geometry and material properƟes. Finite element 
analysis was used to independently verify analyƟcal trends. The results show that hypertensive pressure amplifies 
the mechanical effect of blockage, producing the largest stress increases and lowest safety factors in the media layer. 
These findings support the hypothesis and provide a mechanical explanaƟon for the increased rupture suscepƟbility 
of cerebral arteries under combined pathological condiƟons. 
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Background Over 800 million people worldwide have diabetes, and the most common form is type 2 diabetes (T2D), 
making up 85% to 90% of all cases. Diabetes is a condiƟon where your body cannot use insulin properly and/or does 
not produce enough insulin and leads to numerous organ complicaƟons, among these is chronic kidney disease. 
Studies have shown that 40% of diabeƟc paƟents develop CKD. The objecƟve of this study is to perform a meta-
analysis to analyze a pooled prevalence of CKD in diabeƟc paƟents globally based on various previous human studies 
and further invesƟgate the role of Sodium-Glucose Cotransporter 2 (SGLT2) inhibitor in renal protecƟon. 
Methodology Various previous publicaƟons were searched using databases such as PubMed, Embase, and google 
scholar according to inclusion and exclusion criteria. A flow chart was created based on PRISMA guidelines. The meta
-analysis was conducted using Meta.mar soŌware and was computed to present pooled prevalence rate with 95% 
confidence interval. Results In this study, 20 studies were included with 161457 paƟents. For the prevalence of CKD 
in diabeƟc paƟents worldwide the results from the meta-analysis showed 25% prevalence (IV, 0.25 with 95% CI 0.21: 
0.30) with high heterogeneity (I^2=99.6%, p=0) due various factors such as age, treatment modaliƟes, and etc. 
Therefore, to reduce the heterogeneity in the second study only diabeƟc paƟents using SGLT2i were included and 
performed another meta-analysis. In this meta-analysis, diabeƟc paƟents using SGLT2i had lower eGFR decline and 
reduced Urine albumin creaƟnine raƟo (UACR) levels. Conclusion The prevalence of CKD in diabeƟc paƟents 
worldwide was high, especially in T2D paƟents. The SGLT2i are potenƟal therapeuƟc modaliƟes to protect the renal 
funcƟon. 
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MulƟple sclerosis (MS) is a chronic autoimmune disease in which a subset of paƟents transiƟon from relapsing-remiƫng 
MS (RRMS) to secondary progressive MS (SPMS), a stage marked by sustained neurodegeneraƟon and limited 
therapeuƟc opƟons. Despite its clinical importance, the molecular mechanisms underlying this transiƟon remain 
incompletely understood. This study employed an integraƟve mulƟ-omics approach to idenƟfy progression associated 
molecular signatures disƟnguishing RRMS from SPMS. Whole blood transcriptomic data were analyzed to quanƟfy gene 
expression differences between disease stages. Genes were ranked by absolute expression change, and pathway 
enrichment analysis revealed coordinated dysregulaƟon of immune acƟvaƟon, interferon signaling, leukocyte migraƟon, 
and translaƟonal control pathways, indicaƟng system level transcripƟonal reprogramming during progression. 
Supervised machine learning models trained on progression associated gene expression profiles demonstrated 
staƟsƟcally significant discriminaƟon between RRMS and SPMS samples, supporƟng the presence of structured 
molecular signal rather than random variaƟon. To provide mechanisƟc context, transcriptomic findings were interpreted 
alongside independent epigenomic analyses of CD4+ and CD8+ T cells. Progression associated differenƟally methylated 
regions were intersected with cell type specific regulatory annotaƟons, revealing disƟnct regulatory architectures. CD4+ 
T-cell changes localized exclusively to distal enhancer regions, whereas CD8+ T-cells exhibited both promoter and 
enhancer-associated alteraƟons, suggesƟng fundamentally different regulatory strategies across immune cell types. 
Together, these findings demonstrate that MS progression is characterized by coordinated transcripƟonal and immune 
cell specific regulatory remodeling. This integraƟve framework provides a systems level approach for studying stage 
specific mechanisms in complex autoimmune disease. 
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Understanding drug diffusion is crucial because predicƟng a drug's absorpƟon and distribuƟon throughout the body 
can determine the overall therapeuƟc effect as well as the need for regulaƟon. Agar, having properƟes of soŌ 
biological Ɵssue, makes for a useful analog. This project invesƟgates how the viscosity of the carrier affects the 
diffusion rate of simulated drug molecules through an agar matrix. I hypothesized that as the viscosity of the carrier 
increases, diffusion distance will decrease because it will lead to a lower diffusion coefficient. Agar plates were 
poured and solidified as Ɵssue analogs. Different drug analog soluƟons were placed into wells cut into each plate. 
Diffusion radii were measured using calipers at fixed intervals of Ɵme and then recorded. CondiƟons were kept 
constant except for the viscosity of the carrier. Smaller viscosiƟes of carriers produced significantly larger diffusion 
zones than carriers of larger viscosiƟes. The results supported the hypothesis that diffusion rate decreases with 
increased viscosity of carriers. This model demonstrates how viscosity of the carrier influences drug transport in soŌ 
Ɵssue. This has the potenƟal to inform delivery strategies or early-stage drug formulaƟon. 
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Skin cancer is the most common type of cancer in the world, with more than 3.3 million Americans diagnosed each 
year and taking more than 65,000 lives yearly worldwide. While the survival rate for melanoma is greater than 99% 
when detected early, Ɵme-consuming biopsies or unaffordable ultrasound machines make diagnosis inaccessible in 
low-income or disadvantaged areas. There is a clear need for a device that can diagnose and evaluate skin cancers in 
real-Ɵme, allowing for more efficient referral prioriƟzaƟon and shorter wait Ɵmes. MulƟspectral imaging (MSI) is a 
novel imaging technique that uƟlizes a combinaƟon of visible and infrared light to penetrate 1-3 mm into the skin, 
capturing subsurface trends for effecƟve, on-the-spot diagnosis. A custom portable MSI device was engineered for 
maximum user efficiency and usability, featuring an OLED screen, scanning module, and custom power supply 
system, all controlled with a Raspberry Pi processor. The researcher then partnered with a local surgical dermatology 
clinic to evaluate the scanner's usability and potenƟal for clinical use. A proof-of-concept ConvoluƟonal Neural 
Network (CNN) model was then trained on a robust dataset of 8,000 images, consisƟng of real scans, synthesized 
images, and augmented data. This hybrid training approach addresses the lack of quality training data common in 
medical research and simulates clinical trials. The CNN model was measured to have an accuracy of greater than 
98%, with a 0.2% error rate on the 1,600 scans it was tested on. With a total cost of under $150, this scanner 
surpasses current soluƟons in both affordability and Ɵmeliness, remarkably reducing the Ɵme and cost barrier to life-
saving early skin cancer detecƟon. 
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Coronary artery disease (CAD) is the leading cause of death worldwide. TradiƟonal biomarkers such as LDL 
cholesterol idenƟfy long-term risk but oŌen fail to detect CAD before structural changes or clinical symptoms occur. 
NontradiƟonal biomarkers, including Lipoprotein(a) (Lp(a)) and Interleukin-6 (IL-6), may provide earlier signals of 
subclinical disease, enabling Ɵmely intervenƟon. This project invesƟgates whether Lp(a) and IL-6 can idenƟfy early 
CAD in individuals with well-controlled LDL cholesterol and compares their predicƟve ability to tradiƟonal markers. 
Publicly available datasets, including the NaƟonal Health and NutriƟon ExaminaƟon Survey (NHANES), were analyzed 
to assess associaƟons between biomarker levels and early CAD indicators, using regression models adjusted for age, 
sex, BMI, and comorbidiƟes. To validate findings and test robustness, a Monte Carlo simulaƟon was conducted, 
generaƟng 10,000 hypotheƟcal paƟent profiles based on real dataset distribuƟons. SimulaƟon scenarios examined 
how variaƟons in Lp(a) and IL-6 influence predicted CAD risk. Preliminary results indicate that elevated Lp(a) and IL-6 
levels are associated with increased likelihood of subclinical CAD, even when LDL cholesterol is within recommended 
ranges. SimulaƟon modeling confirms the stability of these associaƟons across diverse paƟent profiles, suggesƟng 
that these nontradiƟonal biomarkers may detect CAD earlier than convenƟonal lipid measurements. This study 
highlights the potenƟal of integraƟng Lp(a) and IL-6 into early CAD screening strategies. IdenƟfying high-risk 
individuals before clinical symptoms or tradiƟonal marker changes could inform earlier prevenƟve intervenƟons, 
reduce cardiovascular events, and improve long-term outcomes. 
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Due to rapid tear clearance, delivering ocular medicaƟon is highly inefficient. Only an esƟmated 5% of drugs even 
reach the ocular surface, necessitaƟng frequent dosing and strict paƟent compliance. This project invesƟgated how 
chitosan coaƟng applied to hydrogel contact lenses affects drug release kineƟcs under simulated tear condiƟons, 
specifically how the coaƟng could reduce iniƟal burst release and prolong the drug delivery. Contacts were emerged 
into one of three disƟnct environments (Chitosan/PBS/riboflavin, riboflavin/PBS, PBS), with the release of riboflavin 
tested. Subsequently, contacts were placed in PBS, and the release of riboflavin was analyzed over the Ɵme intervals 
of 0, 5, 15, 30, and 60 minutes. The PBS-only soluƟon was used as the negaƟve control. Visual observaƟons were 
insufficient to quanƟtaƟvely discriminate between the burst release in the chitosan-coated and uncoated lenses. In 
order to counter the limitaƟons of the qualitaƟve experiment, a model was developed in order to produce 
quanƟtaƟve data. The modeling framework was derived from Fick’s second law by using diffusion constants. The 
data demonstrated that the original Chitosan coaƟng partly suppresses the burst release effect by including a 
diffusion barrier. AddiƟonally, alginate further exemplifies this phenomenon by demonstraƟng greater burst 
suppression due to its denser polymer structure. The research indicates that a polymer-based coaƟng could be 
instrumental in increasing drug residence on the ocular surface, advancing the efficacy of topical ocular medicaƟons. 
Future applicaƟons could reduce dependence on eye drops, lower medicaƟon costs, and improve chronic and 
postoperaƟve care through drug-eluƟng lenses. 
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Skin cancer is among the most common cancers worldwide, with an esƟmated 1.5 million new non-melanoma cases and 
about 330,000 melanoma cases each year (GLOBOCAN 2022). Outcomes depend on early detecƟon, yet diagnosis can be 
delayed by limited access to dermatology specialists and variability in dermoscopic image interpretaƟon. This project, 
Derma Shield, applies AI and machine vision to detect, segment, and classify skin lesions from dermoscopic images to 
support noninvasive early risk assessment. De-idenƟfied dermoscopic image datasets were used to develop a mulƟstage 
pipeline. Images were standardized through normalizaƟon, including grayscale conversion and contrast enhancement. A 
hybrid feature strategy combined deep representaƟons from convoluƟonal neural networks with texture descriptors 
from gray-level co-occurrence matrices (GLCM), capturing both overall lesion structure and fine textural detail. Several 
architectures were benchmarked, including a baseline CNN, VGG-19, and ResNet-50. Models were assessed using 
standard metrics: accuracy, precision, recall, F1-score, and confusion matrices to analyze classificaƟon, performance and 
misclassificaƟon paƩerns. ResNet-50 performed best, achieving ~98% classificaƟon accuracy. The segmentaƟon/
localizaƟon module reached ~96% accuracy in outlining lesion boundaries. Confusion-matrix analysis idenƟfied lesion 
categories prone to misclassificaƟon, moƟvaƟng improvements such as dataset balancing, richer augmentaƟon, and 
class-specific tuning. Derma Shield demonstrates that a hybrid AI framework combining deep learning and GLCM can 
serve as a decision-support tool for skin-lesion screening, thereby improving healthcare outcomes in underserved 
communiƟes and complement dermatologist workflows. Future work will validate performance on more diverse 
datasets, audit fairness across demographic subgroups, and incorporate explainability methods (e.g., gradient-based 
heatmaps) to enhance interpretability. 
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Despite recent advances in genomic medicines for the treatment of geneƟc disorders, broad accessibility remains a 
significant challenge due to extremely high drug prices, oŌen reaching several million dollars per paƟent. In 
parƟcular, adeno-associated viral vector (AAV)–based genomic therapies involve complex and costly development, 
manufacturing, and delivery processes. This challenge is especially pronounced within the rare disease community, 
where the limited paƟent populaƟon prevents economies of scale from reducing costs. While orphan drugs provide a 
comparaƟvely lower-cost alternaƟve, they typically require lifelong administraƟon to manage disease symptoms 
rather than offering a one-Ɵme curaƟve approach. In this study, we systemaƟcally conducted an unbiased analysis of 
the major cost components contribuƟng to genomic medicine pricing by developing cost models using publicly 
available datasets. Our analysis revealed a previously underrecognized cost component that significantly contributes 
to overall drug prices, likely due to conƟngent and operaƟonal factors. These findings provide valuable insights for 
policymakers, insurance providers, healthcare insƟtuƟons, paƟents, and other stakeholders, and may support 
informed discussions aimed at improving the affordability and accessibility of genomic medicines. 
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Trastuzumab deruxtecan (T-DXd) is an anƟbody-drug conjugate that has revoluƟonized treatment for metastaƟc 
breast cancer. However, ~50% of paƟents do not respond to T-DXd therapy. Mechanisms underlying resistance 
require further exploraƟon. Pilot studies indicate that S100P and S100A8/9 are overexpressed in T-DXd 
nonresponder paƟent tumors. Preliminary studies also indicate that blocking S100-RAGE interacƟons improves T-DXd 
sensiƟvity in mouse models. This study aims to validate a) S100 proteins as a T-DXd resistance biomarker, and b) 
S100-RAGE interacƟons as a modulator of T-DXd response. Fluorescent staining of paƟent tumors indicates 
differences in RAGE expression and localizaƟon between T-DXd responder and nonresponder paƟents. Linear mixed 
modeling of log-transformed data idenƟfied several FDR-significant differences (BH-adjusted p < 0.25). Cytoplasmic 
RAGE signal was greater in resistant Ɵssues, especially among HER2+ Ɵssues (β = 1.16, adjusted p = 0.07). However, 
nuclear RAGE signal was greater in responsive Ɵssues (β = 3.46, adjusted p = 0.09), indicaƟng that RAGE translocaƟon 
may contribute to differences in T-DXd therapy outcome. Unexpectedly, cytoplasmic S100P signal was 3-fold lower in 
nonresponder paƟents (β = -1.11, adjusted p = 0.006). Hence, S100P may have a more complex relaƟonship with T-
DXd resistance than previously thought. Current work involves using the IncuCyte live-cell imaging plaƞorm to 
monitor cell viability and T-DXd response in vitro over Ɵme. InhibiƟng RAGE, S100P, and S100A8/9 is expected to 
increase sensiƟvity to T-DXd therapy. Future implicaƟons of the results include the uƟlity of RAGE-S100 signaling as a 
potenƟal T-DXd resistance biomarker and as a therapeuƟc target for resistant paƟents. 
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PancreaƟc ductal adenocarcinoma (PDAC) is one of the deadliest cancers, with over 90% of cases driven by mutaƟons 
in the KRAS gene. The most common mutaƟon, KRAS G12D, causes conƟnuous growth signaling that leads to 
aggressive tumors and resistance to treatment. MicroRNAs (miRNAs) are short RNA molecules that regulate gene 
expression through sequence-specific binding, and recent advances in arƟficial intelligence enable systemaƟc design 
of RNA-based therapies. KRAS G12D has long been considered “undruggable” because its structure prevents effecƟve 
targeƟng by tradiƟonal drugs. ExisƟng miRNA design approaches struggle to selecƟvely inhibit the mutant KRAS gene 
without also affecƟng the normal (wild-type) allele, which is essenƟal for healthy cell funcƟon. We developed a 
biologically grounded, AI-driven computaƟonal framework to design allele-specific syntheƟc miRNAs that selecƟvely 
target KRAS G12D while minimizing effects on the wild-type allele. A transformer-based generaƟve model trained on 
known human miRNAs produced candidate sequences, and a second model predicted efficacy using experimentally 
validated miRNA–target interacƟons combined with thermodynamics-inspired training labels derived from RNA 
binding free energy (ΔG). Candidate miRNAs were evaluated using thermodynamic selecƟvity analysis and 
transcriptome-wide off-target screening across more than 200,000 human transcripts. The framework idenƟfied 29 
miRNA candidates with strong predicted acƟvity against KRAS G12D, reduced wild-type binding, low off-target risk, 
and no predicted interacƟons with essenƟal genes. Overall, this work demonstrates how biologically grounded AI can 
accelerate the design of safer, mutaƟon-specific RNA therapeuƟcs for pancreaƟc cancer and precision oncology. 
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ABSTRACT: Many everyday products lack proper regulaƟon, posing potenƟal risks to consumers. We recently 
discovered that commonly used products, especially cosmeƟcs and hygiene items, are not always verified as safe. 
Companies someƟmes prioriƟze profit over safety, leaving the average person unaware of potenƟal hazards. Unless 
individuals consistently research product labels and ingredients, millions may unknowingly use harmful products for 
extended periods, leading to health issues. So, to address this problem, we conducted a study where parƟcipants 
provided informaƟon on the personal care products they use. Products were inspected for the presence of harmful 
chemicals based on their ingredients and known health risks. ParƟcipants also completed a survey about their 
product choices, research habits, and percepƟons of safety. This project aimed to check and inform parƟcipants 
about the safety of their personal care products while highlighƟng the urgent need for regulatory standards. This 
work emphasizes the need for an insƟtuƟon/organizaƟon dedicated to regulaƟng the safety of products used on the 
body. The researchers wanted to observe the following: What is the average score for cosmeƟc/hygienic products a 
person uses in their daily life? The researchers believe that about half of the products our parƟcipants use (potenƟal 
results from the survey) may contain harmful substances, with over half of them gaining at least 2 points for at least 
having 1-2 substances that fall under the 1st-2nd category. The average score was 5. Our hypothesis was proven right 
but redoing the study is recommended. More informaƟon is in the full study. 
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Triple-NegaƟve Breast Cancer (TNBC) is an aggressive type of breast cancer that currently has few treatment opƟons. 
Single-cell RNA sequencing (scRNA-seq) can locate differenƟally expressed genes (DEGs) across metastaƟc tumor 
microenvironments (TME) and provide insight into organ-specific TME adaptaƟons of TNBC that remain unclear. 
scRNA-seq data of primary and metastaƟc (liver, brain, and lymph nodes) tumor sites from the Gene Expression 
Omnibus were processed using R and the Seurat package. The cells were then normalized and idenƟfied as malignant 
through copyKAT which infers copy number variaƟons (CNVs) to classify cancer cells. We conducted differenƟal gene 
expression analysis, which compared the metastaƟc sites to the primary TME using Wilcoxon rank-sum tests with 
thresholds including log base 2 fold change of at least ± 0.25 and had an FDR-adjusted P-value less than 0.05. Our 
differenƟal gene expression analysis results revealed 3 commonly upregulated genes (RPS26, GSTK1, NDUFA13) from 
comparing all three metastaƟc TME to the primary TME that served as the control. AddiƟonally, the same comparison 
showed 432 commonly downregulated genes, including literature-validated genes such as XIST, CSTA, and SFRP1. Site-
specific analysis showed brain metastaƟc sites had upregulated ATP synthesis genes, while liver sites had 
immunoglobulin gene upregulaƟon, implying possible immune infiltraƟon. Genes including GSTK1 and NDUFA13, 
found to be commonly upregulated, were found to be highly expressed in malignant cells, which may represent 
metastaƟc drivers supporƟng protein synthesis or potenƟal biomarkers. Downregulated genes, including CSTA, can 
potenƟally suppress metastasis at the primary TME and be subject to further study. Our study outlines shared and site
-specific TME adaptaƟons in metastaƟc TNBC and raises potenƟal therapeuƟc targets to limit metastaƟc progression. 
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Household surfaces are frequent points of contact and can act as reservoirs for microorganisms, making effecƟve 
cleaning pracƟces essenƟal for limiƟng microbial spread. Because household cleaning agents vary widely in pH—a 
chemical property known to influence protein stability and cellular membranes—this study invesƟgated whether 
cleaner pH affects sanitary effecƟveness on common household surfaces. Four household cleaners with measured pH 
values ranging from mildly acidic to basic (Rose/Meyer: pH 6.25; Green: pH 8.5; Pink: pH 8.7; Lemon: pH 9.0) were 
evaluated on four frequently contacted surfaces: a kitchen table, bathroom sink, stairwell hand railing, and student 
desk. Each surface was swabbed before and aŌer cleaning, and samples were cultured on nutrient agar for 72 hours. 
Sanitary effecƟveness was assessed by comparing bacterial colony growth before and aŌer cleaning. Results 
indicated that the cleaner with the highest pH (Lemon, pH 9.0) consistently demonstrated the greatest reducƟon in 
bacterial growth, with no colonies observed on the kitchen table and desk and minimal growth on the bathroom sink. 
Cleaners with moderately basic pH values showed variable effecƟveness, while the mildly acidic cleaner (Rose/
Meyer, pH 6.25) generally resulted in higher colony counts, though colonies were smaller in size. Overall, the findings 
suggest a trend in which more basic cleaners were associated with greater reducƟons in bacterial growth, supporƟng 
the hypothesis that pH influences the sanitary effecƟveness of household cleaning agents. 
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Pimchanok Pawithakul 

Conroe ISD /AST: Academy of Science and Technology 

Polyphenols are natural compounds researched for their anƟoxidant abiliƟes. Among these are catechins, a type of 
flavonoid derived from natural sources. Epigallocatechin gallate (EGCG) is a catechin predominantly sourced from 
green tea. This project focuses on EGCG’s ability to inhibit α-amylase, a digesƟve enzyme that hydrolyzes complex 
carbohydrates into simple sugars. By inhibiƟng amylase, EGCG can reduce enzyme acƟvity, leading to lower 
postprandial glucose levels through slowing carbohydrate breakdown. This project invesƟgates if common food 
addiƟves and simulated gastrointesƟnal digesƟon can impact EGCG inhibitory acƟvity. It’s hypothesized that milk and 
lemon juice will reduce EGCG’s effecƟveness in α-amylase inhibiƟon, while honey may enhance its effect; digesƟon 
condiƟons may cause instability due to the changes in pH levels. This project uƟlizes an enzyme assay to experiment 
under in vitro condiƟons. SoluƟons were prepared and added to respecƟve tubes, then leŌ for enzyme acƟvity to 
occur before adding iodine to test for residual starch. Absorbance values were recorded using a spectrometer at 620 
nm. A one-way ANOVA was conducted and idenƟfied the results as staƟsƟcally significant. Overall, purified EGCG 
displayed stronger inhibiƟon than green tea, and common food addiƟves and simulated digesƟon condiƟons 
significantly impact the inhibitory acƟvity of EGCG. Honey enhances inhibiƟon, while acidic stomach condiƟons, 
lemon, and milk hinder it. These findings suggest that EGCG can be opƟmized for treatments to manage blood 
glucose levels. Purified EGCG or formulated green tea can be applied to real-world applicaƟons, potenƟally 
supporƟng the management of diabetes, especially for individuals with resistance to insulin. 
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Berlin Rosenbaum 

Clear Creek ISD /Clear Creek High School 

The connecƟon between oral health and neuroinflammaƟon has gained increasing aƩenƟon, as inflammatory 
mediators from the mouth may influence microglial acƟvaƟon in the brain. This project invesƟgates how different 
oral-health-related syntheƟc saliva environments affect biofilm formaƟon, acidity, and predicted microglial 
acƟvaƟon. Five saliva condiƟons will be examined: a healthy control, sugar-enriched soluƟon (simulaƟng a high-sugar 
diet), acidic mouthwash (pro-inflammatory), baking soda (alkaline, protecƟve), and fluoride (neutral, protecƟve). 
Each soluƟon will undergo 12 replicates measured over 24–48 hours. Dependent variables include pH (inflammatory 
potenƟal), biofilm mass (via blue dye staining), and plaque surface coverage area determined using ImageJ analysis. 
Data will be compiled and analyzed in MicrosoŌ Excel, where a predicƟve microglial acƟvaƟon model will be 
constructed. The model assigns weighted contribuƟons to three variables—biofilm thickness (0.5), pH (0.3), and 
coverage area (0.2)—based on empirical studies linking biofilm properƟes and acidity to neuroinflammaƟon. It is 
hypothesized that sugar and acidic condiƟons will generate denser biofilms and lower pH values, resulƟng in higher 
predicted microglial acƟvaƟon scores, while baking soda and fluoride will demonstrate protecƟve effects. 
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Iman naeem 

Harmony Public Schools - South District/Harmony Science Academy - Beaumont 

The heart’s anatomy involves four chambers (leŌ atria, right atria, leŌ ventricle, and right ventricle) and the four 
valves, which operate as two pumps: The lungs receives deoxygenated blood from the right side since it has low 
oxygen, while the body receives oxygenated blood from the leŌ side. It has an electrical system controlling the valves 
that guarantee one-way flow. The whole process of blood flow in the heart begins from the right atrium, which 
receives deoxygenated blood since it already circulated through your body (superior vena cava & inferior vena cava). 
Then, the blood conƟnues to go through the tricuspid valve and then into the right ventricle (to the lungs), which 
officially picks up fresh oxygen. Next, it conƟnues to the leŌ atrium with oxygenated blood (from the lungs) through 
four pulmonary veins, and finally, finishes the process by blood flowing through the mitral valve and then into the leŌ 
ventricle, which is the heart’s strongest pump responsible for sending oxygenated blood to the rest of the body via 
the aorta. I am making a model which is going to show how oxygenated and deoxygenated blood travels through our 
heart chambers and ventricle, as it describing up there. 
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Zayaan Adrish 

Private/The Village School 

Background: An esƟmated 262 million people live with asthma worldwide. Air pollutants such as PM2.5, and NO2 
have been linked with poor asthma control. High pollen counts and weather events such as extreme weather, cold 
spells, heat waves have also been linked to asthma related outcomes. Methods: We aimed to analyze how seasonal 
variaƟons influence the relaƟonship between asthma-related ED visits, PM2.5, NO2, pollen counts and ambient 
temperature in New York City (NYC). This was retrospecƟve Ɵme-series analysis of publicly available data between 
January 1st 2023 and December 31st 2024 and was done in five NYC boroughs. Poisson Ɵme-series model was 
performed to analyze the associaƟon of asthma-related ED visits with PM2.5, NO2, pollen counts and daily average 
temperature. Results: A total of 124,719 asthma-related ED visits occurred during the study period. Age ranges include 
0-4 years, 5-17 years, 18-64 year and 65+years. Complete data available for 721 of 731 days (98.6%). In the overall 
analysis, PM2.5 was associated with increased asthma-related ED visits, with a 1.38% increase per IQR increase (95% 
CI, 0.97%–1.79%). Higher ambient temperature was inversely associated with ED uƟlizaƟon (−5.83% per IQR increase; 
95% CI, −9.48% to −2.03%). Season-straƟfied analyses significant heterogeneity among the variables. Higher PM2.5 
was associated with asthma-related ED visits during summer, whereas higher NO₂ was associated with ED visits during 
winter. Temperature showed inverse associaƟon with asthma-related ED visits during spring. Pollen levels had 
variable and generally inconsistent associaƟons across seasons. Conclusion: Our study shows that PM2.5 is associated 
with asthma-related ED visits during summer whereas NO2 predicts ED visits during winter. Ambient temperature had 
an inverse relaƟonship with asthma-related ED visits, but the effect of pollen was inconsistent. These findings highlight 
need for targeted public health strategies. 
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FaƟma Rizvi 

Private/AL-HADI SCHOOL OF ACCELERATIVE LEARNING 

In this experiment, three different generic medicaƟons were compared to their brand-name versions by determining 
their dissoluƟon Ɵmes. The medicine with the lowest dissoluƟon Ɵme would be the one that works the fastest, and 
therefore, would be more efficient. 
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Srijan MasheƩy 

Houston ISD/DEBAKEY HIGH SCHOOL FOR HEALTH PROFESSIONS - HS 

Sepsis is a life-threatening organ dysfuncƟon caused by infecƟon, and delays in recogniƟon and treatment 
substanƟally increase mortality risk. Digital sepsis alert systems integrated into electronic health records have been 
associated with reduced hospital mortality, shorter length of stay, and improved adherence to guideline 
recommended sepsis bundles in emergency departments. However, many systems generate frequent alerts with 
limited specificity, contribuƟng to informaƟon overload and alarm faƟgue that can undermine their clinical impact. 
This project addresses a related but under studied problem: when staffing is limited and many alerts fire 
simultaneously, how should alerts be prioriƟzed so that the sickest paƟents are seen first? A syntheƟc hospital ward 
with mulƟple paƟents and Ɵme evolving vital signs was simulated using simple sepsis trajectories and vital sign 
paƩerns inspired by early warning tools. A rule based detector resembling common sepsis screening criteria 
generated alerts whenever composite vital sign scores exceeded a threshold. Three alert handling strategies were 
compared: first-in-first-out (FIFO) queuing, ranking by current sepsis score only, and a novel trend-aware priority score 
that also used recent changes in vital signs, Ɵme since first alert, and baseline risk flags. Primary outcomes were Ɵme 
from simulated sepsis onset to first clinical response and the proporƟon of true sepsis paƟents represented among 
the top ranked alerts at each Ɵme step. Across repeated simulaƟons, the trend aware prioriƟzaƟon algorithm reduced 
average delay to first response and improved representaƟon of true sepsis cases in the highest priority alerts 
compared with the two baseline strategies. These findings suggest that improving which sepsis alerts are handled first, 
not only whether alerts are generated, may enhance the effecƟveness of digital sepsis alert systems in resource 
constrained seƫngs. 
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Oluwademiladeogo Sokale 

Clear Creek ISD /Clear Springs High School 

The purpose of my project is to invesƟgate the physical and geneƟc differences among top athletes. More 
specifically, my research quesƟon was, "what physical and geneƟc aƩributes set apart top sprinters, swimmers, and 
weight liŌers from regular people." I hypothesized that the biggest differences would be found in athletes physical 
aƩributes, specifically their lung capacity, fast twitch muscle fiber percentage, and their body proporƟons. To test my 
hypothesis, I did research into the different types of genes, and how they affect a persons aƩributes, then, I 
researched what genes are more dominant in athletes compared to regular people, then what physical aƩributes, for 
example lung capacity, do athletes need to be successful. AŌer the general stage of research, I repeated this process 
but for the individual sports, sprinters, swimmers, and weight liŌers, to find specific differences across these three 
disciplines. The result showed that the biggest geneƟc contributors to athleƟcism are the ACTN3 gene and the ACE 
gene. In addiƟon to this, an individual's muscle characterisƟcs, neuromuscular efficiency, and cardiovascular 
funcƟons are the biggest physical contributors to athleƟcism. This supports my hypothesis because, I predicted that 
physical traits would have a bigger impact on one's athleƟcism, although the geneƟc component is sƟll crucial to 
one's athleƟc success, without a capable body, the geneƟc material can only do so much. Future invesƟgaƟons could 
explore how to manipulate DNA to increase the athleƟc geneƟc material concentraƟon within an individual . 
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MANASHWIN NELLURI, MANAS TELIKEPALLI 

Conroe ISD /AST: Academy of Science and Technology 

Parkinson's disease affects over 10 million people globally. It is driven by the misfolding of the protein a-synuclein 
(asyn). While asyn's flexibility is funcƟonal, it enables pathological aggregaƟon through the coagulaƟon of undesirable 
conformaƟons into insoluble, toxic oligomers contribuƟng to cell death in dopamine-producing neurons. Current 
treatments fail to target asyn without compromising cell funcƟon. This project aimed to computaƟonally engineer 
asyn variants that preserve funcƟon while minimizing aggregaƟon risks. We developed a loop-based computaƟonal 
framework to design chimeric asyn variants using stabilizing features from homologous beta-synuclein. We evaluated 
100 generated candidate sequences each loop using a custom deep graph neural network trained to predict 
aggregaƟon, toxicity, disorder, phase-separaƟon, and insolubility. Top candidates underwent validaƟon via molecular 
dynamics to assess membrane/VAMP2 binding, and kineƟc Monte Carlo simulaƟons to quanƟfy aggregaƟon. AŌer 
three iteraƟons, engineered variants significantly reduced aggregaƟon levels from 80% to 30%, while funcƟonal 
binding free energies remained stable at approximately -30 kJ/mol and -17 kJ/mol for the membrane and VAMP2 
respecƟvely. SimulaƟons revealed that these variants also acƟvely inhibited aggregaƟon past specific mass fracƟon 
thresholds. Neural network predicƟons further indicated significant reducƟons in toxicity, aggregaƟon propensity, 
insolubility, and phase-separaƟon propensiƟes, with model accuracies exceeding 77%. These findings demonstrate 
that protein funcƟon can be decoupled from toxicity, enabling two novel strategies: protein-delivery drugs to suppress 
aggregates in paƟents and preventaƟve gene therapy for at-risk individuals. These represent some of the first ever 
proposed molecular intervenƟons for Parkinson's Disease and may extend to other synuclein-related neurological 
disorders. 
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