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Dear readers, 

 

We are so excited to publish our third annual edition of the Columbia Junior Science Journal. We thank all our 

submitters for sharing their work with us. As with every year since CJSJ’s inception, the breadth of the 

submissions has been astounding and the quality outstanding. Inclusive in our journal this year are a report 

from a student working in the lab of Professor Joachim Frank, recipient of the Nobel Prize in Chemistry 

2017, detailing the 70S ribosome structure produced from the combination of solutions of 30S ribosome 

subunits and 50S ribosomal subunits in different microfluidic devices, an analysis of acid-catalyzed 

carbocation formation reaction of perylene monoanhydride diester synthesis, and new findings about 

Notch signaling in Harpegnathos saltator. 

 

The dedication and passion of these high school researchers cannot be missed in their work. We can all 

understand the physical realities of conducting scientific research. For example, Caitlin Brown of Fox Lane 

High School presented her work on using Drosophila to screen for drugs for Noonan syndrome at this 

year’s CUSJ Spring Research Symposium. I was also in a Drosophila lab for time, and we shared the 

experience of waking up early to collect virgin females for our crosses.  

 

I hope that CJSJ will continue to be a platform for high schoolers to share their experiences with others and 

encourage them along their journeys in the sciences. As our society becomes increasingly complex, the role 

of science and scientists will only become that much more important. We look forward to seeing what our 

authors do in the future and how they will contribute to the betterment of our society. 

 

Throughout the entire process of putting this journal together, our editorial board found itself returning to 

the unequal access to research opportunities both at the high school and undergraduate level. While CUSJ's 

conversations and plans have only begun to take shape, we wanted to take this opportunity to call attention 

to these issues for our readers. We hope that in your own ways, you will consider what you can do to 

support an inclusive, diverse pipeline of the future scientists of tomorrow.  

 

Kenneth Pham 

Editor-in-Chief 

Letter from the Editor-in-Chief 
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Abstract — Noonan Syndrome (NS), the common 
RASopathy, can be modeled in Drosophila melanogaster, 
the fruit fly. This genetic disease causes hematological 
abnormalities, developmental delays, and cardiac problems. 
Most patients die before reaching adulthood due to heart 
defects. There is no cure for this disease, but fruit fly 
genomes can be manipulated to model NS and help find 
therapeutic drugs that will cure NS in humans. Six NS 
mutations were inserted into fly genomes, which caused 
them to develop defective wings with ectopic veins. Four 
drugs were given to the flies to see which was most 
successful in rescuing the ectopic vein phenotype. 

I. INTRODUCTION 

RASopathies are a group of genetic disorders caused by 
hyper-activating mutations within the RAS pathway, a 
pathway that cells use to communicate to each other for cell 
proliferation and death. Noonan Syndrome (NS) occurs in 
approximately one in 1,000 children. Most NS patients die 
before reaching adulthood due to hypertrophic 
cardiomyopathy (HCM) or pulmonary valve stenosis. 
Although there is currently no cure for the disease, several 
treatment regimens are available, shown to partly reduce side 
effects of NS. 

The research goal was to use transgenic fruit fly models 
of NS to identify therapeutic drugs which would work best in 
reducing lethality and organ malformation associated with 
the disease. Transgenic fly models were made by adding NS 
mutations to the fly genome, which caused them to develop 
defective wings with ectopic veins. NS mutations cause over-
activation of the RAS pathway; thus, the ideal NS drug would 
be one that decreases such activity [1]. The objective was to 
test potential drugs on the flies and look for wing rescue, 
which would indicate that the drug was successful. It was 
hypothesized that the 7447 drug at 1 µ M would be the most 
effective therapeutic compound in rescuing the ectopic vein 
phenotype due to its success in past experiments. 

II. METHODS 

To create a fruit fly model, NS mutations were inserted in 
the fly genome using a GAL4/UAS system, a tool used to 
create offspring with desired mutations. In this mating cross, 
female flies had the GAL4 driver, while the male flies had the 
UAS gene of interest. When the flies mated, the GAL4 protein 
activated transcription of the target UAS gene, and the 
offspring had a specific NS mutation [2]. Female flies were 
crossed with six male fly lines: UAS RasV12, phl, UAS hRAF 
S259A, UAS mek E203K, UAS mek Y130C, and UAS mek 
F53S. Each male fly line was crossed with three sets of female 
flies to allow for three trials per fly line. Once the offspring of 
the crosses developed into adults, their wings were dissected 
and observed under a microscope. When it was confirmed 
that all offspring developed ectopic wings, the next phase of 
drug testing began. Four drugs (331, 535, 3717, 7447) at 
optimal concentrations (1 µ M, 10 µ M, or 100 µ M) were 
added to fly food and administered to offspring flies that had 
ectopic wings. Varying concentrations were used to 
determine if 100 µ M would be too powerful and kill the fly, 
or if 1 µ M would be too weak and have no effect on the fly. 

Once the offspring developed into adults, their wings were 
observed to see if the drugs rescued the ectopic wings. 
 

III. RESULTS AND DISCUSSION 
 

 
Figure 1: Percentage of wings rescued by the top four drugs at 
optimal concentrations on UAS hRAF S259A fly line. 7447 at 1 
µM was the most successful drug, rescuing 56.5% of wings. 
 

The drug screen experiment indicated that the 7447 drug 
at 1 µ M was the most successful drug in rescuing the ectopic 
wing phenotype caused by NS mutations, particularly in the 
UAS hRAF S259A fly line. As shown in Fig.1, 56.5% of fly 
wings were fully rescued by the 7447 drug, and they had no 
ectopic veins present. Flies with no veins indicated that the 
drug was able to regulate RAS pathway activity, while flies 
with two to three veins were the most severe, meaning the 
drug had little to no effect on the pathway. This data shows 
that the 7447 drug is likely to regulate RAS pathway activity 
and would be the best drug for humans with NS.  

This research will guide chemists in developing 
improved versions of NS drugs for fly models, and eventually 
humans, that will have the same chemical structure as the 
7447 drug and are aimed at preventing fatal side effects of 
NS, such as HCM. All four drugs will be tested on induced 
pluripotent stem cells and mammalian models of NS to see if 
the results correspond with this experiment. The ultimate 
goal is to find a cure for NS in humans. 
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Abstract — The aim of this study was to identify regulatory 
relationships between genomic variants and gene 
expression associated with liver hepatocellular carcinoma 
(HCC). Specifically, an integrative analysis combining gene 
expression and copy number variations (CNVs) in HCC 
tumor-normal matched samples was performed on RNA-
seq and whole-genome sequencing data, respectively, 
identifying 11 CNV-driven genes. Through these analyses, 
it was possible to extract biomarkers associated to HCC. 

I. INTRODUCTION 

Liver hepatocellular carcinoma (HCC) is the second 
leading cause of cancer mortality worldwide, yet the genomic 
underpinnings of HCC remain poorly understood [1]. 
Recently, copy number variations (CNVs), large deletions, 
amplifications, or complex rearrangements of the genome 
ranging from 1k to 1M base pairs, have been found associated 
to cancer through activation of oncogenes or inactivation of 
tumor suppressor genes [2]. With the advent of new 
computational tools, there has been an increase in RNA 
sequencing (RNA-seq) and whole-genome sequencing (WGS) 
data available for differential expression analysis and CNV 
detection, respectively [1]. Combining differential expression 
analysis and CNV detection, it is possible to identify CNV-
driven genes showing differential expression between tumor 
and normal samples that may be clinically useful candidate 
genes for diagnosis, prognosis, and drug targets. 

II. METHODS 

Raw counts were derived from 11 paired HCC tumor-
normal samples from The Cancer Genome Atlas database [1]. 
Differential expression analysis was performed on the RNA-
seq data using R package DESeq2 [3]. The differentially 
expressed genes (DEGs) were annotated for related Gene 
Ontology (GO) terms, which describe biological processes 
and molecular functions, and ConsensusPathDB pathways. 
Subsequently, the algorithm BIC-seq2 was implemented on 
the WGS data to identify CNVs overlapping with previously 
identified DEGs [4]. 
 

III. RESULTS AND DISCUSSION 
 
Out of the 20,502 original genes investigated, 941 genes were 
DEGs (Bonferroni < 0.05). DEGs were enriched for GO terms 
and pathways for xenobiotics metabolism, mitotic 
cytokinesis, and the epoxygenase P450 pathway. BIC-seq2 
identified 11 CNV-driven DEGs: six with copy number gains 
and five with copy number losses (Table 1). Five CNV-driven 
DEGs have established associations to cancer: CUL7 and 
CUL9 are associated with genomic integrity mediated by p53, 
a key tumor suppressor gene, FANCE is an oncogene 
involved in DNA repair, SYNE1 is involved in mutational 
interactions with survival genes in cancers, and ZC3H3 is 
downregulated by the mutant p53/let-7i axis (Fig. 1). 

 
 
 
 
 
 

TABLE I. Copy Number Changes in CNV-Driven DEGs 

 
Figure 1: Gene Expression Changes in Four CNV-Driven DEGs 
 

IV. CONCLUSION AND FUTURE WORK 
 

Through differential expression and CNV analysis, 
biological events, pathways, and genes have been found 
associated to HCC that could potentially be used for cancer 
drug and treatment development. The integrative analysis 
supports the role of CUL7, CUL9, FANCE, SYNE1 and 
ZC3H3 in cancer, and presents the other CNV-driven DEGs 
as candidate cancer susceptibility variants for future study. 
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 Abstract — Perylene monoanhydride diester is a compound 
used to produced organic semiconductors, which is used in 
electronics. Currently, the most common type of semiconductor are 
silicon semiconductors, but they are expensive to produce. 
Therefore, to lower the cost of electronics, this study produced 
perylene monoanhydride diester more efficiently using acid-
catalyzed carbocation formation reaction. 

 
I. INTRODUCTION 

 
Semiconductors are useful in electronics [1]. Currently, most 

electronics utilize silicon semiconductors, but these are expensive, 
therefore, other options need to be tested [2]. An alternative to silicon 
are perylene semiconductors, which have been used in electronic 
devices [3]. Perylene monoanhydride diester, which produces perylene 
semiconductors, has been previously produced using acid-catalyzed 
hydrolysis at a yield of 74% in five hours at a temperature of 95oC [3]. 
This could be improved; but, this is hard because the produced 
perylene monoanhydride diester can synthesize an unwanted 
compound called perylene dianhydride if it remains in the reaction.  

II. METHODS 

Two reactions were tested, the first is saponification, which used a 
solution of potassium hydroxide (KOH), water, and perylene tetraester 
dissolved in tetrahydrofuran. The KOH concentration was 5.33 g/L, 
the water concentration was .046 g/L, and the perylene tetraester 
concentration was 15.03 g/L. This solution was heated at temperatures 
that were between 60oC to 70oC. The desired compound was trimester 
monocarboxylate, and it was determined how much of this compound 
was produced by using thin-layer chromatography. This was 
performed by putting a drop of a solution onto a glass plate, which is 
put into a jar containing chloroform. Then, through capillary action the 
different compounds in the solution are separated based on polarity. 
The percentage is measured using the different shapes, sizes, and color 
intensities of the compounds. Once enough trimester monocarboxylate 
was made, acetic acid was added at a concentration of 10.23 g/L to the 
solution to begin the synthesis of perylene monoanhydride diester. In 
total, saponification took 247 hours to complete. 

The second reaction, acid-catalyzed carbocation formation reaction 
(see Figure 1) used a solution of perylene tetraester, phenol, and 
alkylbenzenesulfonic acid dissolved in octane. The perylene tetraester 
had a concentration of 46 g/L, the alkylbenzensulfonic acid had a 
concetration of .602 g/L, and the phenol had a concentration of   10 
g/L This was heated for ten minutes at a temperature of 80oC, and a 
yield of 60%. 

Figure 1: Acid-catalyzed carbocation formation reaction. This reaction 
synthesizes perylene monoanhydride diester, which is produced in the last step 
of the reaction. If the same reaction occurred on the other side of the starting 
compound, which is perylene tetraester, perylene dianhydride would be 
produced. 
 

III. RESULTS AND DISCUSSION 
 
    Overall, the acid reaction was much more efficient than 
saponification because it had a higher yield (see Figure 2) and it 
took less time. Additionally, using online prices, the acid 
reaction was cheaper by $2,406.87 per gram produced [4-5]. 
This price gap occurred because the purified water used in 
saponification is expensive. The only drawback is that the acid 
reaction had a hotter temperature. The acid reaction is better 
than the background reaction because of its quick reaction 
speed and lower temperature [3]. These results cannot be 
directly compared to silicon because perylene monoanhydride 
diester produces the competing semiconductors. 

 

Figure 2: Yield Graph. 
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Abstract — Sound data used in modern bioimaging 
techniques such as MRIs require high clarity in addition to 
fast processing methods for raw data. However, many 
image processing techniques suffer from artifacts caused by 
inefficient filtering. In this study, computer simulations 
were developed to find filters with more efficient noise 
rejection and better image resolution. Fourier 
transformations were performed on MRI data from a 
human brain using simulations of various low-pass filters 
(LPFs) such as square, Gaussian, and round to determine 
which LPFs offer the clearest image with the most efficient 
audio. Based on advantages of different LPFs, a new filter 
with different capabilities and benefits was proposed. 

I. INTRODUCTION 

     An MRI operates by scanning a body with coils to detect 
waves that are released from the subject’s hydrogen atoms. The 
resulting images produced by MRI are accurate and clear, and 
an abundant amount of frequency data is obtained from the 
MRI process; however, not all of the frequency information is 
needed to determine the final image [1]. 
     Often, the transformation from the raw data (K-space) to 
image data requires a large amount of time due to fact that the 
inverse Fourier transformation (IFT) used to transform data 
takes every frequency point to determine the final output 
image [2]. However, if an efficient filtering function is 
employed to filter out unnecessary information, the resulting 
filtered data reduces the input used to determine output 
images while increasing clarity [3]. Filters such as a square 
function can be applied to the full K-space to reduce frequency 
domain, thus reducing processing time (Fig. 1). This study 
proposes to find a more efficient low-pass filter in order to 
increase image resolution while decreasing time required to 
produce the image. 

 
Figure 1: Multiplication of K-space on an MxN matrix using a 
square function causes reduction in frequency domain. 

II. METHODS 

K-space was constructed from an MRI image of the human 
brain using MATLAB software. In this experiment, 12 different 
K-spaces were obtained from 12 corresponding MRI coils. They 
were then transformed to 12 human brain images using IFT. 
Finally, a comprehensive brain MRI image was obtained by 
taking a Root Mean Square (the square root of the arithmetic 
mean of the squares of frequency data) of the 12 MRI images. 

Square, Gaussian, and circle filter functions were tested and 
examined to compare image quality. The Gaussian and circle 
filters’ wider width over the frequency domain can include 
more high frequency points, thus giving the image clearer 

edges along with reducing size. However, in addition to the 
desired reduction in K-space, many filters had the unwanted 
effect of smoothing out definition. For this reason, we 
experimented with several modified filters, reducing the high-
frequency cutoffs in each case to filter noise. From this, a filter 
function was proposed (1), where width is determined by 
frequency domain and n is variable, providing advantages 
over classical filter functions by allowing the domain to be 
adjusted by n. 

 	𝑦 = 	1 − | '
()*+,-//)

|1 (1) 

As the exponent n changes, this filter function changes shape 
as shown (Fig. 2). After experimentation, we chose an optimal 
value of n = 6, having least wavy normalized response. 

Figure 2: Proposed filter function with graphs and corresponding 
MRI image for various n values: n = 1 (left), n = 3 (center), and n = 6 
(right). 

III. RESULTS AND DISCUSSION 
 

The proposed filter function is an estimated 20-30% more 
efficient than classical filters, saving around 6-9 minutes on a 
30-minute processing time, for example. The best efficiency 
occurred when the exponent n in the proposed filter function 
(1) was between 2 and 10, but a new algorithm is needed to 
find the exact number. This example shows how organized 
programming and proficiency using basic software can create 
2D visualizations of MRI images and could also be used to 
create 3D MRI images to observe inner volumes. Using this 
technique could aid scientists and medical practitioners in 
efficiently examining data from MRIs and similar technology. 
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    Abstract— Notch cell signaling is a well-known and an 
important cell-signaling pathway, responsible for processes 
including differentiation and cell fate specification as well 
as linked to multiple diseases. This study attempts to 
increase knowledge of eusocial insect colony structure and 
determine the effect of Notch signaling on reproductive 
behavior of Harpegnathos saltator workers by inhibiting 
the Notch pathway with DAPT. Results from this 
experiment indicate that inhibition of Notch is correlated 
with reproductive development in H. saltator. This 
correlation and the mechanisms behind it will facilitate the 
study of other eusocial insects. In addition, the association 
of the Notch pathway with diseases like cancer may yield 
important information regarding the role of Notch in 
animals. Future research should focus on exploring 
eusociality in H. saltator and expanding upon the 
understanding of Notch.  

I. BACKGROUND 

Like other eusocial insects, the Harpegnathos saltator ant 
colony consists of a reproductive queen and nonreproductive 
workers. However, in the absence of a natural queen, H. 
saltator workers undergo a unique transition, activating their 
ovaries and becoming gamergates, or pseudo-queens. The 
Notch cell signaling pathway was discovered in the wing of 
Drosophila, and is involved in differentiation, proliferation, 
and apoptosis in multiple organisms. The pathway’s 
importance is corroborated by links drawn to various 
diseases, primarily cancer [2]. Specifically, Notch is linked to 
numerous tumors, from neoplasms to melanomas to 
carcinomas [3]. As a result, the study of Notch is a subject of 
interest to many researchers. A recent study has 
demonstrated that inhibition of Notch overcame the 
repressive effect of queen honey bees, causing the workers to 
become reproductive [1]. This raises the question of how 
inhibition of the Notch cell signaling pathway affects 
reproductive activity in H. saltator workers.  

II. METHODS 

The experiment was conducted with a H. saltator colony of 
twenty-five individuals from the same origin colony. The 
colony contained three sections: the source, experimental, and 
control group. Both the experimental and control group 
contained five age-matched callow workers. Experimental 
individuals are denoted by a two-letter name beginning with 
G, while control individuals by a two-letter name beginning 
with Y. The second letter of the name is determined by the 
color of each individual ant. DAPT (N-[N-(3,5-
Difluorophenacetyl)-L-alanyl]-S-phenylglycine t-butyl ester) 
was dissolved in a dimethyl sulfide (DMSO) solvent and 
introduced into the food and water source of the colony to 
inhibit the signaling pathway. Colony air was kept arid and 
ants were only provided treated water and crickets to ensure 
exposure to treatment. Control and treated ant ovaries were 
fixed, stained with DAPI and phalloidin, and mounted to 
produce confocal images. Finally, a qPCR was run with Notch 
gene bHLH2 and reference gene GAPDH to determine the fold 
change in bHLH2 expression [4].  
 

 
Figure 1: Comparison of fold change in bHLH2 due to treatment. 
Differences between CT values of bHLH2 and GAPDH are compared in 
treated and control individuals to determine the fold change due to 
treatment in bHLH2 expression [4]. Fold changes largely display a 
decrease in bHLH2 expression. 
 

III. RESULTS AND DISCUSSION 
 

The majority of treated and control ants had slight 
development, with either 1 or 2 egg chambers visible. However, 
control ants YG and YY had 2 and 4 egg chambers visible, 
respectively. That treated individuals GG and GW show a 
decrease in expression compared to YG, but an increase in 
expression compared to YY, demonstrates the negative 
correlation between bHLH2 expression and ovarian 
development. Furthermore, treated ant GY had 4 egg chambers 
visible, further establishing this correlation. 

This experiment has several implications. For one, 
demonstrating that Notch inhibition triggers reproductive 
development introduces a valuable method of starting oogenesis 
in H. saltator and facilitating future research on gamergates. 
Furthermore, understanding the effect of Notch on H. saltator 
provides insight into the role of Notch on a molecular level. 
Clarifying Notch’s biological role in this way enhances our 
knowledge of Notch in diseases like cancer. Finally, studying 
Notch in the gamergate transition allows for insight into H. 
saltator colony structure and eusociality as a whole. With this in 
mind, future research should focus on determining the molecular 
mechanisms behind Notch inhibition.  
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Abstract — As urban populations are reaching nearly 63% 
of the world population, renewable energy and space-
efficient agricultural sustainability are essential for 
extended development [1]. In order to generate clean energy 
and to promote agricultural efficiency, a hydroponic system 
was constructed with an interior plant-microbial fuel cell: 
enabled via the decomposition of glucose by E. coli into free 
electrons, and then transported by hydroponic water 
effluent. This novel design was most efficient with 80 
colony forming units (CFU) of E. coli and the addition of 
bio-catalyst Graphene oxide, generating a maximum of 1.9 
W/m2 and promoting space-efficient, self-sufficient 
agricultural development. 

I. INTRODUCTION 

Currently, only about 15% of US energy production is 
renewable, by use of solar, wind, and hydroelectric energy, 
and approximately 41% of the world has access to clean water 
for agriculture, largely due to root-decomposition by 
microbes [1]. Despite this, expansion of hydroponic (water-
based cultivation) systems and research on alternative 
methods of generating clean energy, such as the microbial 
fuel cell (MFC), have yet to be implemented into developing 
societies. 

Plant-microbial fuel cells (MFCs) work as microflora 
decompose plant-photosynthesis byproducts, enabling free 
electrons to be transferred to electrodes, thus generating 
electricity [2]. 

The purpose of this study was to design a combined 
hydroponic-PMFC system used to determine maximum 
agricultural and energy efficiency. The hypothesis was that 
the addition of conductive biocatalyst Graphene oxide (GO) 
and E. coli would enable maximum electrical generation. 

II. MATERIALS & METHODS 

To construct the system, polyvinyl chloride piping was 
altered based on an “ebb and flow” technique, with two drip 
tubes and one connector to a 0.04 kg/s water pump [3]. The 
membrane-less PMFC was then implemented with an anode 
and cathode constructed with carbon fiber sheets. Electrodes 
were placed submerged below the equilibrium level of water 
and by plant roots, enabling maximum electron-surface 
contact. (Figure 1) 

 
 
Figure 1: Schematic of Dual-Drip Hydroponic Chamber and 
Electrodes 
 

The model plant catalyst tested in this study, aquatic and 
medicinal Bacopa monnieri, was grown in the hydroponic 
chamber with varying levels of E. coli pollution and GO.  

E. coli was grown in an agarose-Luria broth solution and 
introduced to the system via sterile inoculating loop 
techniques, with concentrations varying from 20-80 CFU. GO 
was coated onto electrodes via flat brush with 0.04 mL/cm. 

Power and input energy were measured using a Vernier 
LabQuest2 and Vernier probes. Statistical analysis was 
conducted in IBM SPSS v20 with One-Way ANOVA Post-Hoc 
Scheffe and in R with a Three-Way T-Test. 

 
III. RESULTS 

 
Figure 2: Power Density Based on Variable Concentrations.  
Significant differences (p<0.05) denoted by asterisks. 

 
IV. DISCUSSION & CONCLUSION 

 
A novel hydroponic system with energy generating 

capabilities was successfully created with high cost efficiency 
with a maximum power density of1.9 W/m2 with a cost of 
only $6.08 for the entire system. The experimental design 
significantly enhanced plant growth by 34% as compared to 
the control. This may be attributed to the ability for the 
system to move root-decomposing bacteria over time. In the 
future, solar disinfection could be incorporated to restrict 
bacterial growth within the system. The designed hydroponic 
system may be implemented in urbanizing regions requiring 
cultivation in microbe-polluted water as well as clean energy. 

Conclusively, additional electron-transferring bacteria 
attributed to greater energy efficiency by ±2.43% CFU added 
due to greater photosynthetic decomposition.  The hypothesis 
was supported as GO enhanced overall efficiency due to 
macronutrient properties. 
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Abstract — Lewy Body Dementia (LBD) is a family of fatal, 
incurable neurodegenerative diseases characterized by aggregation 
of alpha synuclein (SNCA). A current model for neuron death in 
LBD relies on aggregation of SNCA leading to loss of SNCA 
mediated dopamine transporter protein (DAT) inhibition, and 
subsequent lethal dopamine influx [5]. The nature of the SNCA-
DAT interaction and its role in neuron survival, however, has not 
been resolved [1, 6]. Therefore, this study aims to determine the 
effect of SNCA knockdown on neuron survival and intracellular 
dopamine in order to discern the nature of the SNCA-DAT 
interaction, and thereby the accuracy of this model. Neuroblastoma 
cells underwent SNCA knockdown, and viability, intracellular 
dopamine, and gene expression were assessed. It was found that 
SNCA knockdown had a transient yet significant cytotoxic effect 
coinciding with a short-term significant increase in intracellular 
dopamine. After cytotoxicity ceased, upregulation of protein 
phosphatase 2A (PP2A) proteins and protein kinase C iota (PRKCI) 
was observed. SNCA knockdown was also found to increase 
susceptibility of cells to DMSO-induced apoptosis, which may 
explain why Parkinson’s disease, a type of LBD, is associated with 
exposure to toxins [3]. These results suggest that SNCA does inhibit 
DAT, but that PP2A and PRKCI may regulate DAT when SNCA is 
absent, and that therefore lack of SNCA-DAT interaction may not 
be a major contributor to neurodegeneration in LBD. 

I. METHODS 

BE(2)-M17 neuroblastoma cells (ATCC) were employed as a 
model for dopaminergic neurons and were transfected with a GFP 
anti-alpha synuclein (SNCA) shRNA plasmid or a GFP scrambled 
DNA (control) plasmid (both Origene) using Lipofectamine 3000 
(Invitrogen). Transfected cells were maintained in Opti-MEM, 
DMEM/F-12 (regular nutrient medium) or 3% DMSO DMEM/F-12 
(apoptotic stimulus medium) (all Invitrogen). Annexin V-PE 7-AAD 
flow cytometry assay (Beckman Coulter) was used to assess cell 
viability and apoptosis post transfection. A dopamine ELISA 
(Genway) and the GeneChip Human Gene 2.1 ST Array Strip 
(Affymetrix) were used to assess intracellular dopamine and gene 
expression of cells maintained in Opti-MEM post transfection. Isotype 
controls were used to determine gates for flow cytometry; data from 
GFP positive (transfected) cells were thereby isolated for further 
analysis. Significance was determined using a two tailed unpaired 
student’s t-test, p<0.05 was considered significant. Notable changes in 
gene expression were defined as those with fold changes of 
magnitudes greater than 1.8. 

II. RESULTS 

As shown in Fig. 1, SNCA knockdown lead to initial significant 
increases in cell apoptosis and intracellular dopamine, as well as a 
significant decrease in cell viability. These significant differences, 
however, were then lost, and subsequent notable upregulation of 
protein phosphatase 2A (PP2A) proteins and protein kinase C iota 
(PRKCI), proteins known to interact with dopamine transporter 
protein (DAT) [4], was detected. This suggests that SNCA may 
function to inhibit DAT, and PP2A and PRKCI may inhibit DAT 
when SNCA is absent. These roles for PP2A and PRKCI in Lewy 
Body Dementia (LBD) have not previously been discussed. 
Furthermore, these results thereby imply that a current model [5] for 
neuron death in LBD may not be functional, as lack of SNCA does not 
lead to a lasting increase in cell death. 

 

 
Figure 1: The effect of SNCA knockdown on cell viability, apoptosis, and 
intracellular dopamine. Bars represent means. +/- standard error of the mean 
(SEM) is represented with error bars. * corresponds to p<0.05, n=3 samples 
per data point except for day 2 SNCA shRNA, where n=2 for apoptosis and 
viability data. Standard deviation, standard error of the mean, and the 
student’s t-test are statistically valid for populations as low as n=2 [2]. 
 
Fig. 2 shows that cells with SNCA knockdown were significantly 
more susceptible to DMSO induced apoptosis. 

 
Figure 2: The effect of SNCA knockdown on susceptibility to apoptotic 
stimulus. Cells were analyzed 4 days post transfection, 2 days post apoptotic 
stimulus addition. Bars represent means. +/- standard error of the mean 
(SEM) is represented with error bars. * corresponds to p<0.05, ** corresponds 
to p<0.01, n=3 samples per data point. 

 
III. CONCLUSIONS 

 
These results suggest that PP2A and PRKCI may take over DAT 

inhibition when SNCA is absent, and that the model asserting that 
lack of the SNCA-DAT interaction could lead to the 
neurodegeneration seen in LBD [5] may be flawed or incomplete. This 
opens up a new area for research involving LBD, PP2A, and PRCKI, 
as well as emphasizes the need for a functional model of neuron death 
in LBD. Additionally, it was found that SNCA knockdown increased 
susceptibility of neurons to DMSO induced apoptosis, which may 
explain why exposure to certain toxins is associated with instances of 
Parkinson’s disease [3], a type of LBD. 
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Abstract — In this study, NodulePredict, an automated system for 
lung cancer diagnosis, was developed to segment lung nodule 
regions from CT scans and predicts whether they are cancerous. U-
Net segmentation was used to isolate nodule regions from CT 
scans, in a series of six models. Using the best-performing feature 
set, an XGBoost classification pipeline was then developed to 
predict whether isolated nodules were cancerous, using individual 
nodule predictions to arrive at an overall scan-wise cancer 
probability. 

I. INTRODUCTION 

CT scans are used to produce cross-sectional images of a patient’s 
internal structure, and they are particularly useful for cancer 
diagnosis. However, the process of analyzing these scans slice by slice 
is time-consuming and a machine-learning based approach can yield 
greater accuracy and efficiency. Thus, the purpose of NodulePredict is 
to serve as a decision-support system to aid oncologists in lung cancer 
detection and diagnosis. 

II. MATERIALS 

To create a fruit fly model, NS mutations were inserted in the fly 
genome using a GAL4/UAS system, a tool used to create offspring 
with desired mutations. In this mating cross, female flies had the 
GAL4 driver, while the male flies had the UAS gene of interest. When 
the flies mated, the GAL4 protein activated transcription of the target 
UAS gene, and the offspring had a specific NS mutation [2]. Female 
flies were crossed with six male fly lines: UAS RasV12, phl, UAS 
hRAF S259A, UAS mek E203K, UAS mek Y130C, and UAS mek 
F53S. Each male fly line was crossed with three sets of female flies to 
allow for three trials per fly line. Once the offspring of the crosses 
developed into adults, their wings were dissected and observed 
under a microscope. When it was confirmed that all offspring 
developed ectopic wings, the next phase of drug testing began. Four 
drugs (331, 535, 3717, 7447) at optimal concentrations (1 µ M, 10 µ M, 
or 100 µ M) were added to fly food and administered to offspring flies 
that had ectopic wings. Varying concentrations were used to 
determine if 100 µ M would be too powerful and kill the fly, or if 1 µ 
M would be too weak and have no effect on the fly. Once the 
offspring developed into adults, their wings were observed to see if 
the drugs rescued the ectopic wings. 

III. METHODS 

NodulePredict was developed in three phases: preprocessing, 
segmentation and classification. During the first phase, balanced data 
was preprocessed by applying annotated nodule masks indicating the 
location of lung tissue. To further isolate lung tissue, a novel 
Hounsfield Unit-based filtering algorithm was developed with a 395-
405 HU range and normalized slice number for each patient to 256. A 
randomized training/testing set of 65 scans/25 scans was then 
created. During the segmentation phase, six U-Net models were 
tested with varied hyperparameters including learning rate, 
optimizer, activation function, and number of layers [2].  The Dice 
coefficient was used as the objective function to rank each model’s 
relative performance. Additionally, for each model, a feature set 
consisting of model weights was extracted for use in the classification 
phase. During the classification phase, four XGBoost models were 
designed and tested with varied learning rate, optimizer, and decay 
(gradient-boosting) value. Since this step involved actual nodule-wise 
and scan-wise predictions, both raw accuracy and binary logarithmic 

loss (to measure false-positive rate) were used to rank each model’s 
relative performance. 

IV. RESULTS 

Individual raw CT scan slices were transformed into segmented 
ROI regions consisting of only lung tissue via the preprocessing 
pipeline. Using the resulting dataset for segmentation, Model 6 (9 
layers, 0.0001 learning rate, Adam optimizer, and Leaky ReLU 
activation layer) achieved the highest Dice coefficient of 0.64 (Fig. 1). 

 

 
Figure 1: Mean Dice coefficients for all nodule mask segmentation models. 
 

The best-performing classification model in terms of naive 
accuracy was Model 3, with an accuracy of 0.83 (Figure 2). Model 3 
also had the least overfitting of any model (3.93/4.50 
training/validation loss ratio). Model 1 had the lowest false-positive 
rate with 0.59 mean log-loss (Fig. 2). 

 

 
Figure 2: Classification phase XGBoost model performance. 

V. CONCLUSION 

During the course of this study, a deep learning pipeline for lung 
cancer diagnosis was developed, with a peak segmentation Dice 
coefficient of 0.64, diagnostic accuracy of 82%, and log loss (false 
positive rate) of 0.59. Future work will focus on testing 
NodulePredict’s learning architecture on larger datasets and 
introducing synthetic data into the segmentation pipeline. Ultimately, 
NodulePredict promises to streamline the lung cancer diagnostic 
process by serving as a valuable decision-support tool for oncologists. 
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Abstract — Stem cell based tissue engineering offers a therapeutic 
alternative that promotes the regeneration—rather than the 
replacement—of dental tissue. Dental pulp stem cells (DPSCs) possess 
tremendous in vitro regenerative potential on graphene-polymer 
scaffolds. Whereas current studies focus on 2-dimensional substrates, 
our study presents graphene-loaded poly(4-vinylpyridine) as a cost-
effective, electrospun, and 3-dimensional (3D) fibrous scaffold that 
mimics the natural extracellular matrix and supports DPSC 
biomineralization and differentiation. Confocal microscopy, energy 
dispersive X-ray spectroscopy, scanning electron microscopy, and real-
time polymerase chain reaction indicate poly(4-vinylpyridine) as a 
viable 3D scaffold that promotes the osteogenic differentiation of 
DPSCs by templating mineralized collagen-rich structures. 

I. INTRODUCTION 

Bioengineers develop in vitro scaffolds for DPSCs, which 
extensively proliferate and differentiate through osteogenic pathways to 
form bone [1]. Traditional in vitro substrates are not representative of in 
vivo, 3D scaffolds. Therefore, new methods, such as electrospinning, are 
increasingly popular to synthesize biocompatible fiber scaffolds [2]. Poly 
(4-vinylpyridine) has polymer applications in drug delivery and may be 
a viable, antimicrobial scaffold [3]. P4VP can also be processed as fibers 
and thin films [3]. However, challenges remain in adding substances, 
such as graphene, that promote the viability of P4VP substrates that 
template DPSCs. Recent electrospinning studies have shown the ability 
to disperse graphene in polymer matrices. Hence, our study 
synthesized six 2D and 3D scaffolds with and without graphene via 
electrospinning and spincasting: two cost-effective, low-risk techniques. 
Consequently, we studied the effects of P4VP/graphene fiber 
morphology on DPSC osteogenesis. 

II. METHODOLOGY 

In a multi-step approach, scaffolds were synthesized and 
characterized. First, we spuncast and electrospun P4VP/graphene thin 
films and 3D fibrous scaffolds, optimized by surface intercalation. 
Secondly, atomic force microscopy (AFM) and scanning electron 
microscopy(SEM) showed defect-free fiber and thin film structures. 
DPSCs were cultured in α–MEM media (Invitrogen) for 28-day 
analysis. Lastly, confocal microscopy, SEM/Energy Dispersive X-ray 
Spectroscopy (EDX), and real-time polymerase chain reaction(RT-PCR) 
analyzed the morphology and biomineralization of DPSCs, and 
assessed the upregulation of osteocalcin, a marker of osteogenic 
differentiation [1]. 

 

III. RESULTS & DISCUSSION 
 

Confocal microscopy, SEM, EDX, and RT-PCR analyzed the 
morphology and osteogenesis of DPSCs (Figs 1-3). Figs. 1a-f show 
elongation of actin filaments, suggesting that cells respond to 
underlying surface curvature and form unique growth patterns along 
P4VP fibers. The addition of graphene maintained healthy DPSC 
morphology in Figs 1d, 1e, and f. 

As DPSCs differentiate into a mineralized matrix of bone, they 
calcify, producing calcium phosphate deposits and upregulated 
osteocalcin levels [1-2]. Through SEM and EDX, Fig. 2 confirmed this 
biomineralization, calculating that (Ca3(PO4)2) weight was greater than 
40% for all scaffolds except the P4VP thin film. Fig. 2 shows DPSCs  
seeded on the P4VP microfiber and secreting proteins, specifically 
structured collagen, that template (Ca3(PO4)2) deposits [4]. Periodicities of 
collagen fibrils in Fig 2 were 65±5 nm, confirming Type I collagen 
periodicities in a previous study [4]. Fig 3 shows significantly 

upregulated osteocalcin levels in P4VP/graphene nanofibers and thin 
films. (p<0.0001) All samples increased osteogenic differentiation 
between days 14 and 28, suggesting that DPSCs grew favorably on all 
six biocompatible scaffolds.  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IV. CONCLUSION & FUTURE WORKS 
 

Our study successfully demonstrated that cost-effective P4VP 
fibers can template a rich deposition of mineralized collagen matrices 
and support osteogenesis of DPSCs. We controlled DPSC 
differentiation through varying P4VP morphology and electrical cues. 
Without differentiation inducing factors such as dexamethasone, we 
stimulated osteogenesis in flat and 3D settings in vitro, mimicking an in 
vivo stem cell niche. In the future, electrospun polymer fibers may be 
implanted in mice, as the goal is to personalize scaffolds for tissue 
regeneration. Such studies would enhance the applications of novel 
electrospun fibers for therapeutic osseointegration and regenerative 
stem cell treatments. 
 

V. ACKNOWLEDGEMENTS 
 

We thank our mentors Dr. Miriam Rafailovich and Dr. Marcia 
Simon for providing the necessary resources and support to conduct 
this study. Research supported by the NSF and Morin Foundation at 
Stonybrook Garcia. 

 

VI. REFERENCES 
 

[1] d’Aquino, Riccardo, et al. "Dental pulp stem cells: a promising tool for bone 
regeneration." Stem cell reviews 4.1 (2008): 21-26. 
[2] Baker, Simon C., et al. "Characterisation of electrospun polystyrene scaffolds 
for three-dimensional in vitro biological studies." Biomaterials 27.16 (2006): 3136-
3146. 
[3] Kavitha, Thangavelu, et al. "Poly (4-vinylpyridine) -grafted graphene oxide for 
drug delivery and antimicrobial applications."Polymer International 64.11 (2015): 
1660-1666. 
[4] Alexander, Benjamin, et al. "The nanometre-scale physiology of bone: steric 
modelling and scanning transmission electron microscopy of collagen–mineral 
structure." Journal of the Royal Society Interface 9.73 (2012): 1774-1786.  

Evaluating the Effects of Graphene-Loaded Poly(4-vinylpyridine) Electrospun Fibrous 
Scaffolds on the Biomineralization and Differentiation of Dental Pulp Stem Cells in vitro 

 Sahith Vadada, Rushikesh Patel, and Vedant Singh 
 

9 

Figure 1: Confocal microscopy 
of DPSCs on thin films (a/d) 
and electrospun fibers (b,c,e,f)	

Figure 2: SEM(30,000x)/EDAX analysis shows 
templated Type I collagen and (Ca3(PO4)2) deposits  
 

Figure 3: RT-PCR 
analysis of OCN 

expression 
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Abstract— Time-resolved cryo-electron microscopy has 
revolutionized biology by imaging biomolecules such 
proteins and deadly viruses. A microfluidic device is used 
to mix two reacting biomolecules, before they are imaged. 
This study examines the differences between two 
microfluidic devices: polydimethylsiloxane (PDMS) and 
silicon. The PDMS microfluidic device could potentially 
replace silicon devices in labs to study biomolecules. PDMS 
device is less expensive and easier to manufacture. The data 
showed that the PDMS device produced consistent and 
repeatable results. The study concluded that the time 
frames of the PDMS device must be increased to match the 
performance efficiency of the silicon device. 

I. INTRODUCTION 

Time-resolved cryo-electron microscopy is a scientific break-
through that has revolutionized biology by capturing images of the 
biomolecules in action. The mixing-spraying is a method [1,2,3] 
that involves mixing and reacting two biomolecules inside a 
microfluidic device (Fig. 1A). Afterward, the biomolecules are 
sprayed onto a grid, frozen, and then imaged. These images are 
analyzed and processed with the single-particle cryo-EM method 
[4]. Several previous studies [1] have demonstrated effective use of 
the silicon device. However, Polydimethylsiloxane (PDMS) devices 
are less expensive and easier to manufacture. This study compared 
performance of PDMS and silicon devices to evaluate viability of 
PDMS as an alternative to silicon devices.   

II. METHODS 

Solutions 30S and 50S ribosome subunits were reacted in the two 
microdevices and to produce 70S ribosome solution. 900 images 
(micrographs) were obtained, from which 617 good micrographs 
were screened. From these micrographs, 42,000 2D particles were 
computationally autopicked using RELION. RELION picked 2D 
images based on pixel intensity and orientation [5]. The 2D images 
were subjected to 3D classification, where 2D images of 50S 
ribosome subunit and 70S ribosome structures were separated, and 
then averaged together to create 3D structures (Fig. 1B). 3D 
classification was repeated four times by providing 50S ribosome 
subunit references to sustain the variability of the number of 2D 
images during each run. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: (A) The two solutions of the biomolecules are mixed within 
the microfluidic device, and sprayed onto the grid [1]. 
(B) 3D structures of  30S, 50S, and 70S ribosome. 
 

III. RESULTS 
 

The 3D structures created for ribosomes using the PDMS 
device were consistent and repeatable over the four runs. 
For the ~60ms time frame, the PDMS device created 20% 
70S ribosome whereas the silicon device created 33% [1]. 
This showed that the PDMS device was slower than the 
silicon device in creating 70S ribosome. 
 

IV. CONCLUSION & FUTURE WORK 
 

This study showed that the PDMS device is a viable 
alternative to the silicon device at the ~60ms time frame. 
The convenience and affordability of the PDMS device will 
lead to a widespread use of cryo-EM, furthering the 
understanding of the structures of biomolecules, proteins, 
and deadly diseases. As future work, the time frames of the 
reaction in the PDMS device must be increased, such as the 
148ms, 200ms, and 580ms time frames, to produce 
population densities similar to that of the silicon device.  
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Abstract — This study examines the kinetics and 
mechanistic progression of the electrochemical oxidation of 
formate. Due to its high energy density, formate shows 
promise as both an electrochemical fuel for portable 
applications and a means of storing energy from renewable 
sources. We show that an electrocatalyst composed of 
carbon supported palladium-nickel alloy nanoparticles is 
both active and CO poisoning tolerant. Potentially due to a 
potential shift in rate determining step, Pd3Ni/C exhibits 
high peak current densities with more reversible behavior 
than other catalysts including Pt and Pd. 

I. INTRODUCTION 

Rising global temperatures are being attributed to excess 
greenhouse gases in the Earth’s atmosphere, generated by the 
use of nonrenewable energy sources such as coal and natural 
gas. Because of the large disparity between humanity’s 
energy demand and peak energy production by renewable 
sources, reliable methods/devices to generate and store 
power easily are becoming increasingly necessary. The 
formate oxidation reaction is especially interesting because it 
holds potential for renewable energy conversion and storage 
in the form of a reversible fuel cell. Current technological 
challenges, however, include the development of a novel 
catalyst architecture that can efficiently and selectively drive 
both the cathodic and anodic reactions. 

II. MATERIALS & METHODS 

The Pt/C control catalyst (20 wt.% Pt/C) was purchased 
from E-TEK. The Pd/C and Pd3Ni/C catalysts were 
synthesized through a solvothermal reduction process using 
organic precursor salts. Following formation, the size selected 
nanoparticles were supported on high surface area carbon 
supports (XC-72R) [1]. Catalytic electrodes were prepared 
from catalyst inks which were dried on glassy carbon 
supports. The activity was tested in a standard three-
electrode electrochemical cell. 

 
III. RESULTS & DISCUSSION 

 
Figure 1 includes the cyclic voltammetric response of 

three catalysts in a bicarbonate electrolyte containing a small 
concentration of formate ion. Of merit in this figure are the 
high peak current densities for Pd3Ni/C as well as the ratio of 
forward and reverse potential sweep peak current densities in 
comparison to Pt/C and Pd/C. Both of these metrics indicate 
a significant increase in activity and poisoning tolerance for 
Pd3Ni/C. In Figure 2 the rate of current density decay at a 
fixed overpotential is plotted for Pd3Ni/C and Pd/C to 
compare capacity for operational durability in a fuel cell, an 
intended application of this technology. It is clear that the rate 
of decay is significantly slower for Pd3Ni/C; and at the end of 
the testing period, while Pd/C activity has reached zero, 
PdNi/C activity is still well above it. Both the increased 
activity and CO tolerance as indicated by the extended 
electrolysis performance is hypothesized to be due to the 
electronic and geometric effects imparted by the presence of 
an alloying component (Ni) in the atomic layers below the 
catalyst surface [2]. These properties are proven here to have 
a positive impact on the formate oxidation reaction by 
optimizing the binding strength of key reaction intermediates 

while reducing the negative effects of strongly adsorbed 
poisons such as CO. Additionally, this electronic modification 
of the catalytically active atoms potentially results in a shift in 
the formate oxidation reaction mechanism, changing the rate 
determining step and thereafter propagating the reaction 
through a more favorable progression.  

In summary, this study determined that certain 
advantageous properties of Pd3Ni/C, including its higher 
intrinsic activity and an altered mechanism, allow it to 
display more favorable performance metrics than its peer 
catalysts, the Pt group metals. 

 

 
Figure 1: Testing for peak current density, which is indicative of 
intrinsic activity of the catalysts. Graphs are cyclic voltammograms 
of Pt/C (green), Pd/C (orange), PdNi/C (purple) nanoparticle 
catalyst recorded in a 0.1 M KHCO3/0.01 M NaHCOO electrolyte 
purged with argon. 
 

 
Figure 2: Potential hold experiment to observe potential operational 
viability and durability in future fuel cell. Graphs compare decay 
behavior for Pd/C (brown) and PdNi/C (pink) nanoparticle catalysts 
recorded in a 0.1 M KHCO3/0.01 M NaHCOO electrolyte purged 
with argon. 
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Abstract — The study’s goal was to indicate the 
inhibition of therapeutic substances through the blood 
brain barrier and examine the three components of 
transcytosis including binding, endocytic uptake and 
release of agents across the cell. Additionally, to 
investigate the effect of lysosomal storage in brain 
endothelial cells upon endocytosis and transcytosis of 
antibodies and nanocarriers actively targeted to the 
clathrin pathway. Our findings identified that the 
transferrin receptor nanocarrier indicates more 
internalization of therapeutics in the cell, demonstrating 
its potential to deliver. 
 

I. INTRODUCTION 
 

Lysosomal Storage Disorders(LSDs) exists in groups of 
various forms as inherited metabolic disorders resulting 
from defects in lysosomal function. Presently, treatment of 
lysosomal storage disorders is dependent on enhanced 
targeting methods to deliver therapeutics. The enzyme 
replacement therapy has been utilized to achieve 
intracellular delivery through either passive uptake from 
extracellular fluid or active targeting of cell surface 
receptors [2]. However, this method is inadequate in 
treating the target tissue of the brain as large hydrophilic 
molecules are unable to cross the blood brain barrier. The 
procedure we carried out relied on clatherin mediated 
endocytosis to deliver therapeutic drugs and carriers 
associated with ligands [3]. Extensive studies have 
implicated that the cellular uptake pathway has been 
utilized for specific delivery to target tissues and has been 
associated in conjugation of the receptor with therapeutic 
drugs [1]. Therefore, transferrin receptor (TfR) mediated 
endocytosis would serve as crucial component in 
employing this pathway as its characteristics allow ions of 
therapeutic interest to bind to transferrin at iron sites. Our 
work compared the effectiveness transferrin receptor 
antibody and transferrin receptor nanocarrier to indicate 
the effect of lysosomal storage disorder in brain 
endothelial cells upon the endocytosis and transcytosis as 
they were actively targeted to the clathrin pathway. 

 
II. MATERIALS & METHODS 

 
HBMEC cells were grown on a coverslip. The HBMEC 

cells were treated with small moolecules to mimic a LSD. 
Chloroquine, 30ug/ml: increases the pH of the lysosomes 
making the enzymes in the lysosomes inactive leading to 
lipid accumulation similar to LSDs. Imipramine, 20uM: 
inhibits acid sphingomyelinase causing accumulation 
inside the cells. The cells were then fixed with 
paraformaldehyde and surface versus internalized 
antibodies were stained with red and green colored 
secondary antibodies respectively. 

 
III. RESULTS & DISCUSSIONS 

 
The binding of antibodies affected the lower uptake of 

both TfR and TfR nanocarriers. In the case of nanocarriers, 

there is less effect on the binding to the cell surface 
possibly since nanocarriers have multiple antibodies on 
the surface which facilitate binding and start of 
endocytosis (Fig. 2). Internalized vesicles seem to be 
spread in the periphery of the cell rather than in the 
lysosomes as seen for the untreated control cells. Hence, 
the uptake is not affected, but the trafficking of 
nanocarriers through the cell might be affected. These 
results correlate well with the transcytosis studies done 
which show a lower transport of anti-TfR antibodies 
across the endothelial cells while the transport of NCs is 
not as severely affected (Fig. 1). In conclusion the 
transcytosis of nanocarriers is less affected than antibodies 
possibly since the lysosomal route is blocked resulting in 
particle movement towards a transcytosis path. Therefore, 
reducing the amount reaching the lysosomes but leading 
particles to cross the blood brain barrier. 

 

 
 
Figure 1: Internalization of TfR antibodies upon chloroquine 
and imipramine cells (Left). *=p<.05 
 
Figure 2: Internalization of TfR nanocarriers upon chloroquine 
and Imipramine cells (Right). *=p<.05 
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Abstract — The GGGGCC hexanucleotide repeat expansion of the 
C9orf72 gene is the most common genetic cause for amyotrophic 
lateral sclerosis (ALS). This study examined the cloning of various 
149 repeat expansions of C9orf72 and studied their stability in 
yeast. Conclusively, results demonstrated significant, undesirable 
shrinkage in cloned repeat expansions and low stability of the 
repeat expansions in yeast, thus furthering our understanding of 
yeast models in ALS research. 

I. INTRODUCTION 

The GGGGCC hexanucleotide repeat expansion located in the 
first intron of the C9orf72 gene is the most common genetic cause for 
ALS / frontotemporal dementia. The repeat expansion is 
hypothesized to cause repeat-associated non-AUG translation (RAN-
translation) that results in toxicity by aggregation of dipeptide repeat 
proteins (DRPs), contributing to ALS [1]. There is currently a lack of 
research into the exact mechanism by which the C9orf72 gene 
partakes in RAN-translation. Thus, this study aimed to better 
characterize the mechanisms of the repeat expansion in the cloning 
process using 149-repeat expansions of C9orf72 (C9149R). 

Yeasts are favorable models for studying genetic disease due to 
their relative simplicity and high conservation of gene and protein 
translation with humans [2]. As genetic yeast screens are often 
executed over an 18-day period, this experiment observes the 
stability of repeat expansions in yeast over various time periods to 
determine if they are optimal for screening. It was hypothesized that 
stability of the repeat expansions in yeast would be low, as yeast is 
good at homologous recombination; this mechanism, which repairs 
harmful breaks in DNA by exchanging nucleotide sequences 
between two similar DNA stands, was expected to shorten the 
expansions’ lengths and lessen their stability. 

II. METHODS 

        Cloning of yeast C9149R plasmid: 149 repeats of the C9orf72 repeat 
expansion (C9149R) were ligated into empty yeast p416 vectors 
under galactose-inducible (GAL1) or Glyceraldehyde-3-phosphate 
Dehydrogenase (GPD) promoters. The plasmids were transformed 
into Stbl3 E.coli, grown overnight, and then DNA was purified using 
a Qiagen mini-prep kit [3]. To find C9149R clones that retained the 
correct size (1230 bp), clones were run on 1% agarose gel (1% AGE) 
with the original C9149R as a positive control for non-retracted 
repeat size. 187 clones were screened in total. 
        C940R Stability in Yeast: 2-repeat (C92R) and 40-repeat (C940R) 
expansion plasmids were transformed into yeast and later grown in 
liquid media of SRaf-Uracil (-URA), SD-URA, and SGal-URA. Yeast 
DNA was harvested at five different time points: day 1, 2, 5, 7, 8. 
Three different protocols were used in order to maximize efficacy of 
DNA mini-preparation: Qiagen kit with glass beads [3], Zymo kit 
with unfiltered spin columns [4], and Zymo kit with filtered spin 
columns. 

Figure 1: Representative results of 187 clones. (a) 1% AGE of 149R 
control; Three clones of GAL1 C9149R and of GPD C9149R. (b) 149R 
control; Two clones of GAL1 and of GPD C9149R.  

 
Figure 2: (a) 1% AGE of C92Rs and C940Rs mini-prepped with Qiagen 
kit; (b) left four mini-prepped with Qiagen kit and right four with Zymo kit 
+ unfiltered spin columns. RD refers to being restriction digested at repeat 
expansion cut sites Xhol & HindIII-HF. (c) all four mini-prepped with 
Zymo kit + filtered spin columns. 
 

III. RESULTS & DISCUSSION 
 

Cloning of yeast C9149R plasmid: As hypothesized, results in 
Figure 1 consistently showed that in comparison to the 149R control, 
the length of 149R clones had shrunk in both GAL1 and GPD yeast 
vectors. The shrinkage is suggested to lie in the process of DNA 
replication, as the DNA polymerase can slip from DNA strands due 
to the abnormally large repetitive nature of 149R. The high GC 
content of GGGGCC expansion is also thought to cause slippage, as 
GC bonds are stronger than AT bonds, making it harder for DNA 
polymerase to get through. 

C940R Stability in Yeast: Figure 2a demonstrates smearing and 
low visibility. This occurrence is potentially attributed to undesired 
elements such as genomic DNA, proteins, and ribosomes not having 
been filtered properly. Because genomic DNA tends to be fragile, 
vortexing with glass beads may have fractured it into multiple 
fragments, leading to smearing in Figure 2a. This speculation is 
affirmed by the presence of intense DNA concentrations at the 
bottom of the gel in Figure 2b for clones mini-prepped with 
unfiltered spin columns, whereas these concentrations are not visible 
in Figure 2c after filtered spin columns.  

IV. CONCLUSION 

This study demonstrates that significant shrinkage occurs when 
C9149 repeat expansions are cloned in yeast, suggesting that repeat 
expansions are rather unstable in yeast. The results also affirm low 
stability of repeat expansions in yeast regardless of time period of 
replication. Unlike bacterial DNA, yeast DNA purification seems to 
require a gentler rupture of cell walls and more extensive filtration. 
Future steps must be taken to determine ways to lessen DNA 
polymerase slippage, making yeast an even more desirable medium 
for genetic studies.  
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Abstract — Human Immunodeficiency Virus (HIV) is a 
retrovirus that globally affects all ages, sexes, and races. As 
of December 2015, approximately 36.7 million people 
worldwide are living with HIV. The goal of this study was 
to (1) sequence the near full length of HIV-1 virus and (2) 
discover heterogeneity of HIV-1 in the infected individuals, 
whether the subtypes evolved independently or as evolved 
as recombinants of subtypes (CRFs). By evaluating samples 
from Cameroon as a model to study HIV-1 diversity, we 
used infected plasma samples and characterized near full-
length HIV strains. In order to accomplish this goal, several 
steps were taken, including nucleic acid extraction, reverse 
transcription of RNA, polymerase chain reaction (PCR), and 
gel electrophoresis. Next-Generation Sequencing (NGS) 
technology was utilized to sequence the DNA. Our results 
yield that out of the 3 HIV-infected linked samples 
evaluated: one male sample was infected with CRF02_AG, 
which includes a CRF and subtypes A and G, and two of his 
partners were infected with a recombinant known as 
F2/CRF02. CRF02 virus from the male partner recombined 
with F2 infected female partners and evolved as F2/CRF02 
recombinants. This study provides a useful tool in order to 
thoroughly understand the HIV epidemiology and 
pathogenesis, HIV diagnosis, and produce effective vaccine.  
 

I. INTRODUCTION 

HIV type 1 (HIV-1) is a global pandemic that affects over 
6,850 people every day worldwide. The HIV virus is 
composed of four groups: M, N, O, and P. The M group 
comprises of sub-subtypes (A-K) and circulating recombinant 
forms (CRFs), which are highly diversified strains that 
contain more than one subtype. Previously, it has been 
reported that West central Africa is an epicenter for 
circulation of diverse HIV-1 subtypes [1]. Blood specimens 
from Cameroon were collected in order to study the viral 
genetic diversity of the HIV-1 virus and how the HIV-1 virus’ 
subtypes evolve in the infected host. Currently, the CRF, 
CRF02_AG, which is composed of subtypes A and G, is the 
most dominant strain in Cameroon. Recombinants of 
CRF02_AG may form as the virus evolves. The evolution of 
HIV-1 recombinants poses a threat to diagnostics, vaccines, 
and treatment. Therefore, there is need for continuous 
surveillance for these emerging viruses’ and its recombinants.  

II. METHODS 

Our laboratory is evaluating samples from Cameroon as 
a model to study HIV-1 diversity. The rationale for selecting 
Cameroon is that these blood specimens may contain 
complex HIV strains and other retroviruses. Cameroon in 
West Central Africa is known to harbor multiple genetically 
diverse and recombinant strains and CRF02_AG continues to 
be the pre- dominant strain for over a decade. However, 
emergence of recombinants of CRF02_AG may be likely as 
the epidemic evolves in this region which may affect 
diagnostics, vaccine and therapies.  

In order to accomplish this goal, the nucleic acids were 
extracted from the plasma and reverse transcription of the 
RNA was performed to obtain full length HIV-1 cDNA. First- 
strand cDNA was synthesized into total RNA and PCR was 

performed to amplify these DNA fragments; in order to 
confirm the Amplicon size, gel electrophoresis was conducted 
with 1% Agarose gel. MiSeq NGS technology was used in 
order to complete whole-viral genome sequencing and 
provide a comprehensive view of the entire genome. 
Ultimately, data analysis was completed to process/annotate 
the data, report genomic variants and biological context.  
 

III. RESULTS 
 
Through this investigation, we were able to discover the 
heterogeneity of HIV-1 in the infected individuals. The 
genotypes CRF02 and F2 both co-evolved within two 
partners.  

 
 
        In Figure 3, each of the patient samples was blasted 
against HIV-1 reference sequences in distinctive colors. Fig. 
3A displays Sample 1; the high concentration of pink shown 
displays CRF02/F2 as the predominant subtype. Fig. 3B 
displays Sample 2, which also displays the recombinant 
CRF02/F2 as the dominant subtype, while Fig. 3C displays 
Sample 3, with subtype F2 as the lead subtype. Samples 1 and 
2 are CRFs, while Sample 3 is a pure genomic form of the F2.  
        The recombinant in the female partner (F2/CRF02) may 
be contributed by the male partner. It is important to note 
that in the male partner: only the preliminary subtype in the 
patient (CRF02) dominated, instead of the recombinant 
CRF02/F2 as in the female patients. In this study, it was 
observed that subtypes F2 and CRF02 evolved independently 
in the female partners. Finding the genotype of infected HIV 
patients can help acquire and target new drugs and vaccines 
engineered to a specific genotype, such as F2 or the 
recombinant form F2/CRF02.  
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