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Dear readers,

After a year of developments, we are proud to present the Spring 2017 Columbia Junior Sci-
ence Journal. The current edition of the journal features topics from all over the natural sci-
ences. This year, our main focus regarding the Journal was to extend the reach of the journal 
to universities all over the world. As CUSJ’s mission is to encourage students to involve them-
selves in scientific discovery, we saw no need to restrict our scope to only Columbia Universi-
ty. We received submissions from diverse areas such as biochemistry, astrophysics, and elec-
trical engineering. 

Our team also published the second issue of the Columbia Junior Science Journal, a journal 
meant to introduce high school researchers to the world of research publication. After making 
changes to the previous Columbia Research Scholars Journal to better reflect the mission of 
the journal, we were proud to publish many of the incredible submissions sent in from high 
schoolers from around the United States, and invite several of them to our annual Spring 
Symposium.

In addition to producing the two research journals for high school and college students, CUSJ 
also seeks to foster the undergraduate research community at Columbia University. This year, 
we worked hard to further this goal by hosting several events on campus. In the Fall, CUSJ 
hosted an event to assist undergraduate students in the process of soliciting a research po-
sition. In the Spring, CUSJ hosted Dr. George Yancopoulos, founder of Regeneron and chief 
scientific officer, and held the annual symposium. 

This year’s CUSJ Spring Research Symposium involved a welcome address from Dr. Gasper-
ov, the undergraduate science research adviser at Columbia University, as well as a poster 
session where students presented on their research. The Awards of Excellence this year went 
to Nicholas Page from Rutgers University and Sarah Lundell from Fordham University. 

This Spring, CUSJ also established the CUSJ Colloquium, a bi-weekly undergraduate speaker 
series where students from an array of scientific disciplines presented their research in a com-
fortable peer setting. Students discussed topics in research subjects including two dimension-
al materials, exoplanets, biofilms, viral binding, ophthalmology, and photosynthetic origins 
of life. 

Our publications, CUSJ and CJSJ and the events we hosted this year could not have happened 
without the hard work of our editorial team and the assistance of our faculty board and advi-
sors.  

Natalie Kolba, Editor-in-Chief
Osman Moneer, President

Letter from the Editor
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Abstract—The risks and side-effects associated with current pain 
treatments have prompted the investigation of novel pain-relief 
mechanisms. This study focused on the inhibition of fatty acid 
binding proteins (FABPs), such as FABP5, as a novel therapeutic 
pathway. Although previous studies have named SB-FI-26 as a 
potent FABP inhibitor, the compound has yet to be optimized to 
create a more practical drug candidate. In this study, a novel drug 
candidate (SB-FI-95) with greater binding affinity and selectivity 
to FABP5 was developed in silico, synthesized, and evaluated in 
vitro. Computational and in vitro results ultimately pointed to a 
new class of mono-amide α-truxillic acids with fused ring moi-
eties as potential next-generation pain-relieving agents. 

I. INTRODUCTION
Chronic pain has become a very prevalent public health issue, 

affecting over 100 million people in the United States alone. [1] The 
numerous side-effects associated with the use of over-the-counter 
(OTC) medications for pain-relief have brought about the need for 
novel therapeutic targets. Contemporary research has sought to se-
lectively increase concentrations of anandamide (AEA), an endog-
enous neurotransmitter that exhibits analgesic properties. To do so, 
studies have sought to selectively inhibit FABPs, which serve as in-
tracellular carriers that transport AEA to its catabolic enzyme. This 
mechanism of relieving pain and inflammation would provide a 
much more natural and localized approach that could potentially 
avoid the risk of systemic side effects. 

Previous studies named SB-FI-26, a mono-ester α-truxillic 
acid, as a potent inhibitor, citing the compound’s anti-nociveptive 
and anti-inflammatory effects in vivo due to its inhibitory activi-
ty against FABP5 (epidermal FABP). [2] As such, research has fo-
cused on mono-ester α-truxillic acids, with minimal research on 
mono-amide α-truxillic acids. Nonetheless, SB-FI-26 must be op-
timized in terms of its binding affinity and selectivity to FABP5 in 
order to become a more practical analgesic drug candidate.

II . MATERIALS AND METHODS
A four step approach was employed to develop a novel ther-

apeutic drug candidate. First, novel FABP5 inhibitors were com-
putationally designed. This library of novel inhibitors featured 
mono-esters, mono-amides, and different stereoisomers. Binding 
affinities of these compounds were then analyzed in silico using 
grid-based molecular docking via AutoDock Vina. Subsequently, 
the lead compound from this computational study was chemically 
synthesized and then evaluated in vitro through a fluorescence dis-
placement assay to determine inhibitory activity. [3] 

III . RESULTS AND DISCUSSION
After analyzing over 250 potential inhibitors in silico, 70 hit com-

pounds with greater binding affinity than SB-FI-26 were identified 
and one lead compound, SB-FI-95, was chosen. Computational re-
sults indicated that >75% of the hit compounds were mono-am-
ide α-truxillic acids, such as SB-FI-95, and that >80% of the ‘hit 
compounds’ contained a fused ring moiety, such as SB-FI-26 and 
SB-FI-95. Although stereoisomeric effects were significant for each 
individual compound, no particular stereoisomer exhibited greater 
binding affinity overall. SB-FI-95 scored much higher in binding 
affinity to FABP5 than SB-FI-26 and showed greater selectivity to 
FABP5 in silico.

SB-FI-95 also exhibited a very similar binding geometry as SB-
FI-26, giving promise to SB-FI-95 as a potential FABP5 inhibitor. 
Although not better than SB-FI-26, SB-FI-95 demonstrated good 
inhibitory activity in vitro with a Ki value of 3.4 µM against FABP5.

IV. CONCLUSION AND FUTURE WORK
Practically, SB-FI-95 may not be effective enough to serve as 

an FABP5 inhibitor in its current form; however, further in vitro 
testing should be performed to verify its activity against FABP7, 
another therapeutic target. The data supports the conclusion that 
a greater focus should be placed on mono-amide α-truxillic acid 
derivatives, especially those containing a fused ring moiety, due 
to these specific compounds’ demonstrated affinity for FABP5 in 
silico and in vitro. The continued use of computational methods for 
lead optimization can help narrow the search for more potent, yet 
selective, FABP inhibitors and thereby a new class of next-genera-
tion analgesic agents. 

V. ACKNOWLEDGEMENTS
The author gives thanks to mentor Dr. Iwao Ojima and the 

members of his research group for providing the resources and in-
valuable support necessary to conduct this study. 

VI. REFERENCES
[1] Debono DJ, Hoeksema LJ, Hobbs RD. Caring for Patients With Chron-
ic Pain: Pearls and Pitfalls. J Am Osteopath Assoc 2013;113(8):620-627. doi: 
10.7556/jaoa.2013.023.
[2] Kaczocha, M., Rebecchi, M. J., Ralph, B. P., Teng, Y. G., Berger, W. T., 
Galbavy, W., . . . Ojima, I. (2014). Inhibition of Fatty Acid Binding Proteins 
Elevates Brain Anandamide Levels and Produces Analgesia. PLoS ONE, 
9(4). doi:10.1371/journal.pone.0094200 
[3] Trott, O., & Olson, A. J. (2009). AutoDock Vina: Improving the speed and 
accuracy of docking with a new scoring function, efficient optimization, 
and multithreading. J. Comput. Chem. Journal of Computational Chemistry. 
doi:10.1002/jcc.21334 
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Abstract—This study evaluates the viability and efficacy of ex-
tracting biofuels from spent coffee grounds (SCG) and waste 
pine needles (WPN). The extraction was conducted with a Sox-
hlet extractor using isopropanol and hexane solvents. Conclu-
sively, isopropanol was found to be a more effective extracting 
solvent than hexane, and both WPN and SCG were found to be 
viable sources of biofuel.

I . BACKGROUND
Though biofuels are a renewable form of energy, they cannot be 

produced in limitless quantities due to one main factor: land area. 
As the human population grows, demand for both food and energy 
grows. But, there simply is not enough land available to meet both 
needs. Thus, the cost of food and biofuel increases, as international 
food supply decreases. For this reason, there is currently a debate 
going on within the scientific community regarding the ‘food ver-
sus fuel’ crisis. However, if there is a way to isolate biofuel from 
waste products, the cost of biofuel will decrease and the food sup-
ply will not be affected, granting all people access to plenty of both. 
This research addresses the issue by investigating the viability of 
two cost-effective and easily accessible waste sources, spent coffee 
grounds and waste pine needles, as potential biofuel feedstocks [1, 
2]. Since both SCG and WPN have a high concentration of terpene, 
an energy-dense organic compound, it was hypothesized that SCG 
and WPN would serve as efficient sources of biofuel.

II . METHODOLOGY
The methodology included the extraction, distillation, analysis, 

and transesterification of the biofuels. Extraction was conducted 
with a Soxhlet extractor for 20 runs; each run was 2 hours long. 
The 20 runs consisted of: 5 runs with SCG and isopropanol, 5 runs 
with SCG and hexane, 5 runs with WPN and isopropanol, 5 runs 
with WPN and hexane. Following the extraction, the solvents were 
distilled off and the biofuel was analyzed. The analysis included: 
bomb calorimeter calculation of heat of combustion (kJ/g), infra-
red spectroscopy characterization, calculation of biofuel yield (g/g 
%), and calculation of density (g/mL) of the biofuels. Lastly, the 
biofuels were transesterified into biodiesel. The transesterification 
involved reacting the biofuels with methanol and potassium hy-
droxide to produce biodiesel.

III . RESULTS & DISCUSSION
The extractions with isopropanol resulted in a significantly 

greater biofuel yield than the extractions with hexane. Therefore, 
more extractions were conducted with isopropanol and the result-
ing biofuels were experimentally analyzed. 

As is shown in Table 1, the biofuel yields of both the SCG 
(16.82%) and the WPN (26.15%) were far greater than the biofu-
el yield of corn (2.80%), the most common biomass in the Unit-
ed States. Additionally, the density and biofuel yields of SCG and 
WPN were comparable to those of gasoline, biodiesel, and conven-
tional biofuels [3]. 

S. Sharma is a senior and a research student at Holmdel High School, 
Holmdel, NJ. (e-mail: snehasharma2017@gmail.com) This research was 
funded by the Holmdel Foundation for Educational Excellence.

The data shown in Figure 1 shows that the heat of combustion 
value for WPN biofuel (26.36 kJ/g) is lower than that of the other 
biofuels. However, the heat of combustion value of SCG biofuel 
(38.07 kJ/g) is comparable to that of corn (39.75 kJ/g) and soybean 
(38.37 kJ/g) biofuels. The high combustion value of SCG biofuel il-
lustrates that it burns very efficiently and can feasibly be used in 
vehicles and machinery.

A comparison of Heat of Combustion (kJ/gram) Values

Figure I. The heat of combustion values for the corn, SCG, and WPN biofu-
els were experimentally determined using a bomb calorimeter. The heat of 
combustion value for soybean biofuel was found in the literature. [3] 

When both the SCG and corn biofuel were analyzed using infra-
red spectroscopy, it was found that the IR spectra of both samples 
were very similar; this could explain why the two biofuels had sim-
ilar heat of combustion values.

Conclusively, the study determined that: (1) viable biofuels can 
successfully be extracted from SCG and WPN, (2) isopropanol is 
a more effective extracting solvent than hexane, (3) WPNs have a 
greater biofuel yield than SCG, (4) SCG biofuel has a higher heat of 
combustion value than WPN biofuel. For future studies, more SCG 
and WPN biofuel will be transesterified into biodiesel and evaluat-
ed based on the ASTM D 6751 standards for biofuel.

IV. ACKNOWLEDGEMENTS
Deepest thanks to Dr. Josephine Blaha for her guidance, Prof. Wil-
liams of Rutgers University for his donation of a Soxhlet Extractor, 
Prof. Kang of SIT for her assistance with bomb calorimetry, and 
Prof. Zakhalyavko of Brookdale College for her assistance with in-
frared spectroscopy.

V. REFERENCES
[1] Zeng, WC. “Chemical Composition, Antioxidant, and Antimi-
crobial Activities of Essential Oil from Pine Needle.”
Institute of Food Technologists, Oct. 2012. Web.
[2] Pujol Oriola, David. “The Chemical Composition of Exhausted 
Coffee Waste.” Nov. 2013. Web.
[3] Anderson, Ian. “Performance of Waste Vegetable Oil as a Fuel in 
Diesel Engines.” Worcester Polytechnic Institute. Mar. 2008. Web.
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Abstract—Climate change in the near future is expected to dis-
proportionately harm developing nations. Focusing on weather 
conditions in Mexico, we use Python to cross-reference data from 
the Commonwealth Scientific and Industrial Research Organiza-
tion (CSIRO) and the Coupled Model Intercomparison Project 
(CMIP5) climate models to predict changes in temperature and 
precipitation. Basing our calculations on Mexico’s historical 
weather data from 1985 to 2005, we project our findings over the 
years 2060 to 2080. We find a general increase in average daily 
temperature, as well as a rise in yearly extreme temperatures. 
As for precipitation, we find continuously limited rainfall in 
the north and slightly higher rainfall in the south. Overall, our 
research suggests a combination of high extreme temperatures 
and low rainfall in the future that will especially harm the large 
portions of the population that work outside, yielding adverse 
consequences such as a decrease in viable food production and a 
decline in the health of the public.

I. MATERIALS & METHODS
We used data from General Circulation Models (GCMs) from 

CSIRO and CMIP5. We kept track of a running average (through-
out all the datasets) of temperature and precipitation (both daily 
averages and yearly extremes). When analyzing the CSIRO mod-
el, we calculated averages based on ten different ensemble mem-
bers. Each ensemble member uses slightly different values for at-
mospheric variables. On the other hand, as each model from the 
CMIP5 data set only relies on a single ensemble, we calculated the 
inter-model means of this set.

II . RESULTS
 Our results indicate a higher degree of consistency in the CSIRO 

Mk3.5 model than in those of the CMIP5 data set. 

According to our analysis of the CSIRO Mk3.5 data, the entire 
area of Mexico will see an increase in average daily temperature 
of about 2-4 degrees Celsius within the next five decades. Extreme 
temperatures are expected to rise 4-6 degrees as well. 

On the other hand, precipitation will likely show little change 
with respect to average quantity, geographic distribution, and sea-
sonality, as the bulk of the limited rainfall will continue to occur in 
the southern regions during the summer months. In addition, our 
results indicate that extreme rainfall will remain relatively constant 
at about 25-45 mm in northern Mexico and 50-75 mm in the south. 

III . CONCLUSION
Several studies have shown that developing countries are more 

vulnerable to climate change than other nations (Ravindranath et. 
al, 2002). In particular, the geographical and hydrologic features 
of Mexico, as well as its social and economic state, make the coun-
try highly susceptible to meteorological events. In this region, 
where 13.4% of the labor force relies on agriculture as a source of 
income, higher temperatures could cause greatly reduced yields 
and heighten exposure to occupational hazards such as heatstroke, 
leading to economic and social instability. 

Figure 2:  
Projected change in mean daily precipitation (mm/day)

Not only will crop production in this setting be subject to re-
duced yields due to drought, but several of Mexico’s primary crops 
(such as wheat) will also contain lower concentrations of protein 
and essential minerals due to the higher CO2 levels, thereby pos-
ing a direct threat to human health. Furthermore, the increase in 
temperature in Mexico will likely affect soil moisture and water 
availability, leading to additional problems in agriculture, as well 
as in urban and industrial water supplies, hydropower and wild-
life (Liverman et. al, 1991).  

IV. REFERENCES
[1] Ravindranath, Nijavalli H., and Jayant A. Sathaye. “Climate change and 
developing countries.” Climate Change and Developing Countries. Spring-
er Netherlands, 2002. 247-265.
[2] Liverman, Diana M., and Karen L. O’Brien. “Global warming and cli-
mate change in Mexico.” Global Environmental Change 1.5 (1991): 351-364
[3] USGCRP (2014). Ziska, L., A. Crimmins, A. Auclair, S. DeGrasse, J.F. 
Garofalo, A.S. Khan, I. Loladze, A.A. Pérez de León, A. Showler, J. Thur-
ston, and I. Walls. “The Impacts of Climate Change on Human Health in 
the United States: A Scientific Assessment.” U.S. Global Change Research 
Program. Washington, DC, 2016. 189–216. 

Hyunsun Kim is a senior at Trinity School in New York, NY 
(email: heidik87@gmail.com).
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Abstract—Cargo parachutes were tested under varying condi-
tions to prevent entanglement of the wires connecting each para-
chute to the cargo and to reduce the costs of testing new para-
chutes. By altering the velocity of the upward draft and the mass 
of the cargo, the angle between parachute chord and the fluid 
dynamics of each situation are calculated. 

I. INTRODUCTION
The Parachute Project at Stony Brook University aims to test the 

safety of military equipment by running simulations and thus re-
duce the cost of field testing of such equipment. Utilizing the com-
putational library named FronTier++, it can replicate the actions 
of a real parachute in different conditions. It uses a spring-mass 
model for the simulation of parachute inflation, and the front track-
ing method to model the movement of the canopy surface[1]. It 
has many different applications such as porosity modeling, fabric 
collision, and supersonic inflation of parachutes. This project uses 
this library to analyze the G11 parachutes used in cargo delivery.

The goal of this research is to optimize the G11 cargo parachute 
and reduce the entanglement of parachute chords during its de-
scent. The two key variables found are the velocity of the upward 
draft and the mass of the cargo load.

II . METHODS
     These G11 parachutes start off as a flat, circle of diameter 100 

feet and are often used in parachute clusters. Because each para-
chute in the cluster is used to support and balance the mass of the 
cargo, it critical that they all deploy during the initial inflation pe-
riod. The standard cluster is around 3 parachutes.

Six different payloads starting from 200kg to 1200kg were tested 
and analyzed and the velocity was kept constant at 3 meters per 
second. To test the G11 parachute under different conditions, six 
different fluid velocities were used from 3 m/s to 18 m/s and pay-
load was kept constant at 200kg.

Parachutes were modeled on a three-dimensional graph and the 
different conditions were compared by finding the angle between 
each parachute chord and the Z-axis. For each different cargo mass, 
three different angle measures were obtained because a cluster of 
three parachutes was used. By graphing the average of the three 
angles, the effect of different cargo masses was analyzed.

III . DISCUSSION AND RESULTS
     As the payload increased, the angles of each parachute clus-

ter decreased meaning that each individual parachute experienced 
less movement. The data shows that a heavier payload would 
work better in preventing entanglement. A larger cargo mass also 
reduced the wave-like motion of the strings because the chords ex-
perienced fewer oscillations. 

During the fluid velocity trials, the average angle of each para-
chute chord increased with a higher upward draft on the para-
chute. With higher upward velocity, the force pulling on each para-
chute decreases making them more mobile. The parachutes also 
experience less tension and drag as shown in the velocity vector 
model (Figure 1). Since these red arrows are not found on other 
graphs with higher velocities, a lower upward velocity is better for 
the G11 parachute.

Figure 1: This is the velocity graph of a G11 parachute under tension

Another result of a high fluid velocity is that the parachute 
travels upward instead of downward. This occurrence happens 
because of the parachute’s inflation time. When the parachute is 
not fully inflated, it will travel downward with the cargo. After it 
inflates, the whole system starts to move upward.

IV. CONCLUSION
     This study shows that a larger payload and a smaller fluid 

velocity optimizes the performance of the G11 cargo parachute. A 
larger payload would result in fewer cycles of the wave-like motion 
of the parachute chords. A slower fluid velocity would increase the 
tension experienced by the parachutes and allow for a quick de-
scent for the cargo weight. 

V. ACKNOWLEDGEMENTS
I would like to thank Professor Xiaolin Li and graduate student 

Zheng Gao at Stony Brook University for mentoring me and the 
Army for sponsoring this project. 

VI. REFERENCES
[1] J.-D. Kim, Y. Li, and X.-L. Li. Simulation of parachute FSI using the front 
tracking method. Journal of Fluids and Structures, 37:101–119, 2013.
[2] Chen, Han and Cheng, Meng and Yu, Li and Zheng, Xin-hua. Study of 
velocity effects on parachute inflation performance based on fluid structure 
interaction method. Trans. Yan, Xiao-xue. Shanghai University and Spring-
er-Verlag. Web. 19 Aug. 2015. 

*Research supported by the Army.
J. He is a student at Holmdel High School, Holmdel, NJ 07733 USA.  She 
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Abstract—The purpose of this study was to utilize the Protein 
Pathway Array (PPA) method, a multiplex immunoblot assay 
combined with computational analysis, to analyze the dysreg-
ulation of placental protein signals between normal and Ges-
tational Diabetes Mellitus cases (GDM). This aided in finding 
novel biomarker candidates for the early detection and treatment 
of GDM. Results showed that there was significant dysregula-
tion of 21 proteins involved in GDM placentas as compared to 
those in normal placentas, including 15 upregulated and 6 down-
regulated proteins. These 21 proteins can be used as diagnostic 
biomarkers for GDM earlier in gestation and as potential targets 
for intervention. 

I. INTRODUCTION
Gestational Diabetes Mellitus (GDM), characterized by hyper-

glycemia, occurs in 3-5% of pregnancies. This number is projected 
to rise by up to 20% due to increased obesity [1]. In order to im-
prove detection, a heightened understanding of the pathogenesis 
and biological features of GDM is critical.

The placenta is representative of the interactions between ma-
ternal and fetal bloodstreams and as a result, can serve as a valu-
able tool for studying micro-anatomical perturbations due to GDM 
[2]. Examining proteins involved in placental regulation is help-
ful as the mechanisms that trigger and sustain the disease need to 
be fully elucidated. By using PPA, hundreds of proteins in tissue 
samples can be analyzed for biomarkers whose dysregulation may 
play a role in GDM pathogenesis.

It was hypothesized that there will be significant dysregulation 
of the following proteins involved in GDM as compared to those in 
normal placentas: cell cycle regulators, angiogeneic growth factors, 
cytokines and other proteins involved in inflammatory processes, 
proteins required for cell formation, proteins involved in glucose 
conversion, oxygen moderators, transmembrane proteins, and pro-
teins involved in cell communication.

II . METHODOLOGY
PPA was performed using 40 protein specific or phosphoryla-

tion site-specific antibodies from macroscopically normal tissue of 
the maternal side of the placenta around the umbilical cord. This 
tissue is derived from the decidua basalis, a section of the endo-
metrium that develops into the placental maternal side. 108 trials 
were conducted for each protein. The signals of each protein were 
analyzed with densitometric scanning (Quantity One software 
package, Bio-Rad) [2].

Class comparison analysis was completed in Microsoft Excel by 
using an unpaired Student’s t test with p < 0.05 to identify proteins 
differentially expressed between GDM and normal cases. This was 
followed by use of the Significant Analysis of Microarray (SAM) 
tool, which aided in finding significant genes in a set of microarray 
experiments.

III . RESULTS
21 proteins showed significant differences between normal and 

GDM cases, including 15 upregulated proteins and 6 downregulat-
ed proteins. (Table 1)

The results demonstrated significant alterations in proteins 
involved in multiple signaling pathways. Notably, the upregula-
tion of cell cycle regulators CDK6 and cyclin B1 indicate reactions 
to counteract hematopoietic cell impairment. An upregulation of 
VEGF suggests an increase of angiogenesis, which causes the ple-
thoric anatomy common to the GDM placenta. Stress responses 
may be lower due to cPKCα and Hsp90 downregulation, proteins 
that increase in amount when tissue is damaged and when heat 
stress occurs, respectively. Other components affected include pro-

teins involved in glucose conversion, oxygen level regulation, im-
mune response, cell communication, and transmembrane proteins 
in GDM placental tissue. [1]

IV. DISCUSSION
Regulator subunits, including cyclin B1, controls CDK6, which 

in turn induces VEGF expression [1]. If cyclin B1 is manipulated, 
the other two proteins can be downregulated, leading to GDM pre-
vention. One possible protein that can target cyclin B1 is genestein, 
an enzyme inhibitor involved in gene replication that can cause 
anticancer proliferation effects through G2/M arrest in cell cycle 
progression [3]. 

In addition, another study found that although the use of rapa-
mycin subunits dramatically decreased cPKCα expression, Hsp 
proteins, including Hsp90, were stabilized, allowing for greater 
responses to stress [4]. As a result, the use of rapamycin may also 
serve as another prevention method.

The dysregulated proteins in this study may serve as diagnos-
tic biomarkers and therapeutic targets. Altered signaling pathways 
may be responsible for clinical presentation of GDM and fetal 
growth hindrance as the expression levels of some of the proteins 
are strongly correlated with clinical symptoms.

Practically, SB-FI-95 may not be effective enough to serve as 
an FABP5 inhibitor in its current form; however, further in vitro 
testing should be performed to verify its activity against FABP7, 
another therapeutic target. The data supports the conclusion that 
a greater focus should be placed on mono-amide α-truxillic acid 
derivatives, especially those containing a fused ring moiety, due 
to these specific compounds’ demonstrated affinity for FABP5 in 
silico and in vitro. The continued use of computational methods 
for lead optimization can help narrow the search for more potent, 
yet selective, FABP inhibitors and thereby a new class of next-gen-
eration analgesic agents. 
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by Andrew Fang, Justin Lee

Abstract— 4-Methylimidazole (4-MEI) likely poses as a contribu-
tor in the progression of inflammatory bowel disease (IBD). The 
purpose of the study was to investigate 4-MEI’s ability to pro-
mote IBD development in the human colon on the cellular and 
molecular level. Cytokine expression and cell viability analyses 
of human colon cells were conducted to measure degree of in-
flammation and cell death (N=3). 4-MEI significantly promoted 
expression of pro-inflammatory cytokines IL-1β and TNF-α and 
decreased anti-inflammatory cytokine IL-10 expression, inducing 
inflammation in human colon cells on the molecular level. 4-MEI 
significantly increased cell death of human colon cells, promot-
ing IBD development on the cellular level. Overall, 4-MEI was 
found to contribute towards the progression of IBD and to poten-
tially serve as a threat to public health.

I. INTRODUCTION
Over 1.5 million Americans have been diagnosed with inflam-

matory bowel disease (IBD) [1]. IBD cases have grown exponential-
ly, and annual IBD costs well exceed $11 billion. Investigation of 
environmental triggers in the pathogenesis of IBD is minimal, de-
spite multiple studies suggesting environmental factors as the key 
determinant in autoimmunity initiation associated IBD activation.

Environmental factors derived from diet may play a role in IBD 
pathogenesis. 4-Methylimidazole (4-MEI) is a byproduct of cara-
mel coloring synthesis. Caramel coloring is used predominantly 
in commercial beverages such as cola, resulting in 4-MEI’s wide-
spread consumption [2].

In a previous study, 4-MEI was found to increase incidences of 
chronic inflammation in the gastrointestinal tract (GI) of mice, sug-
gesting its ability to promote IBD development [3]. Many countries 
with high levels of caramel beverage consumption exhibit high IBD 
rates, also indicating a potential correlation between 4-MEI and 
IBD [1,4]. 4-MEI’s mode of activation further suggested its ability 
to promote IBD development [2].

Thus, this study investigated 4-MEI’s inflammatory effects on 
human colon cells to model its effects on the human colon. The 
purpose of the study was to investigate 4-MEI’s ability to promote 
intestinal inflammation and IBD on the cellular and molecular level 
in the human colon.

II . METHODOLOGY
CCD 841 CoN human colon epithelial cell line (ATCC, USA) 

modeled 4-MEI’s effects on the human colon. Enzyme-linked im-
munosorbent assay (ELISA) was conducted to evaluate 4-MEI’s ef-
fects on the expression of pro-inflammatory cytokines IL-1β and 
TNF-α and anti-inflammatory cytokine IL-10. MTT assay was con-
ducted to investigate 4-MEI’s effect on CCD 841 CoN cell viabili-
ty. All trials were conducted in triplicate. Statistical analysis was 
conducted via a Student’s t-test with significance determined at p 
≤ 0.05.

III . RESULTS & DISCUSSIONS
4-MEI treatment significantly increased IL-1β and TNF-α and 

decreased IL-10 expression in CCD 841 CoN cells at a dose-depen-

dent manner (Fig. 1). IL-1β and TNF-α both play major roles in 
IBD development, including activation of immune cells, while IL-
10 inhibits multiple inflammatory processes. Therefore, 4-MEI was 
found to modify cytokine expression to induce inflammation in the 
human colon on the molecular level.

CCD 841 CoN 570nm absorbance was increased by 4-MEI in a 
time and dose dependent manner (Fig. 2). 570nm absorbance sig-
nified cell mortality, thereby showing that 4-MEI exhibited a cyto-
toxic effect in human colon cells, a direct cause of IBD development 
[5]. 4-MEI induced colon cell death to promote IBD progression on 
the cellular level.

Figure 1. Effect of 4-MEI on protein expression of CCD 841 CoN cells. 
*= p<.01.

Figure 2. Effect of 4-MEI concentrations on 570nm absorbance rate of CCD 
841 CoN cells. *= p<.05 **= p<.01.

VI. CONCLUSION
4-MEI was found to contribute towards IBD development. This 

investigation for the first time demonstrated 4-MEI’s ability to pro-
mote inflammatory cytokine expression and to decrease cell viabil-
ity in healthy colon cells. 4-MEI was also found to induce inflam-
mation in a time and dose dependent manner, suggesting 4-MEI’s 
ability to pose as a potent health threat. Currently, there are no 
regulations on 4-MEI levels. Therefore, 4-MEI levels likely need to 
be restricted to reduce public exposure to an autoimmune disease 
trigger.
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Abstract — The blue light receptor of Avena sativa’s phototropin 
1, or LOV2 domain, is a powerful building block for the devel-
opment of optogenetics tools. When inserted into a protein of 
interest, it makes the protein light controllable. LOV2 domains 
have been implemented to create various light-driven proteins. 
However, this technique has not been refined to optimize protein 
manipulation. A LOV2 domain’s degree of spatial and temporal 
control of proteins is, in part, determined by its recovery rate, or 
the rate at which it switches between active and inactive states. 
Activation of the wild type LOV2 domain occurs within a second, 
however, recovery from the active to the inactive state is much 
slower (>1m), limiting its use for applications that require precise 
control. By measuring flavin fluorescence, the recovery rates of 18 
LOV2 mutants were analyzed, and variants with extremely fast 
or slow recovery halftimes were identified. In doing so, we aimed 
to create a diverse library of optimized LOV2 variants that could 
permit for better protein manipulation.

I. INTRODUCTION
Optogenetics is a field that involves the use of light controlla-

ble protein domains to manipulate cellular behavior. Recently, 
researchers have discovered plant light receptors that enable sub-
cellular control of proteins. One such receptor, the Light-Oxy-
gen-Voltage sensing domain (LOV2), undergoes a reversible con-
formational change upon exposure to blue light. When illuminated, 
it enters an inactive conformation, characterized by the formation of 
a metastable covalent adduct between the LOV2 cofactor FMN (fla-
vin mononucleotide) and cysteine-450. The spontaneous decay of 
this adduct causes the domain to revert to its inactive conformation. 
Since the decay of the FMN-cysteinyl adduct is linked to an increase 
in FMN fluorescence, one can measure a LOV2 domain’s recovery 
rate by monitoring its FMN fluorescence. We thus screened for do-
mains that undergo this recovery faster or slower than the wild type 
(wt) by recording each mutant’s FMN fluorescence. These LOV2 
variants are helpful additions to the optogenetics toolkit because 
they provide more precise control over protein activity.

II . METHODS
18 LOV2 variants were generated by random mutagenesis and 

then were transformed into bacteria for screening. An Alpha-Im-
ager gel system was used to activate domains with a 10s blue light 
pulse. This system also recorded the rate at which each domain 
returned to its inactivated state by recording the recoveries of the 
variants’ FMN fluorescence post-illumination. 

In ImageJ, regions of interest (ROIs) were drawn in the central 
region of each colony. Each ROI’s mean grey value was identified. 
In Excel, the data was normalized to remove background illumina-
tion. Solver was then used to calculate the each mutant’s recovery 
halftime, or how long it takes to regain 50% of its initial fluores-
cence (Fig. 1, 2).

III . RESULTS AND CONCLUSIONS
Our research has identified several fast LOV2 mutants, which 

switch from the active to the inactive state in seconds, as well as 
slow mutants, which do so in hours. The fastest recovering mutants 
were x462, x485, x482, and x480 and had halftimes as low as 3s (Fig. 
1), whereas the slowest mutant, x219, had a halftime of 16m (Fig. 2).

Fig. 1. Recovery Half-Times of Fast LOV2 Mutants. (Left)   
Fig 2. Recovery  Half-Times of Slow LOV2 Mutants (Right)

These results provide a means to optimize the LOV2 domain’s 
function as a tool in optogenetics experiments. Our novel, fast-re-
covering domains are advantageous for precise protein manipula-
tion, while the slow-recovering domains are optimal for lengthy 
experiments, since they remain active with minimal illumination. 
By expanding the LOV2 domain library, we hope to encourage oth-
ers to utilize these specialized mutants to improve the quality of 
their own research. However, further testing must be undertaken 
to affirm their efficacy outside of bacterial cells. The results from 
these initial trials will be utilized in mammalian cells to manipulate 
cytoskeletal proteins.
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by Malhaar Agrawal

Abstract—Health disparities among minority populations and 
socioeconomic groups are of concern for equitable health care 
delivery. This analysis sought to identify disparities in incidence 
and mortality of selected cancers in different racial groups in an 
underserved community, and compared those with the United 
States data. Higher mortality was identified for the three selected 
cancers in blacks and hispanics, markedly so in Brooklyn. Nota-
bly, incidence and mortality of prostate cancer was substantially 
higher in blacks and hispanics in Brooklyn.

I. INTRODUCTION
Health disparities in cancer are caused by multiple factors in-

cluding race, ethnicity and socioeconomic status. Socioeconomic 
risk factors include tobacco use, poor nutrition, physical inactivi-
ty and obesity. Income, education and health insurance coverage 
influence access to early detection, treatment and palliative care. 
Such disparities are commonplace in communities with socioeco-
nomic stratification and multiracial diversity such as Brooklyn, 
New York, which is home to a ~55% black and hispanic population, 
as compared to ~30% nationwide.

The study focuses on cancers of breast, colon, and prostate 
which impacts a significant population in the United States. The 
findings from this analysis of selected cancers among different 
racial groups are expected to identify segments of the population 
which should be targeted for efficient health care delivery and im-
proved outcomes. 

II . MATERIALS AND METHODS
SEER (Surveillance, Epidemiology, and End Results) Database 

(2009-2013) was reviewed for incidence and mortality of cancers of 
breast, colon and prostate for non- hispanic whites, and blacks and 
hispanics in Brooklyn and the United States [1]. The data for all age 
groups were recorded (per 100,000). Colon cancer data for males 
and females were combined. Percentage differences were calculat-
ed by the formula:  where V represents absolute number of cases 
diagnosed or those who died [2].

III . RESULTS
The incidence of breast cancer is approximately 15% lower in 

blacks and hispanics in both Brooklyn and the U.S, however, the 
mortality from breast cancer in this group is relatively higher both 
locally and nationwide.  Mortality from colon cancer in all racial 
groups was relatively higher in Brooklyn than in the U.S. Incidence 
of prostate cancer was substantially higher amongst blacks and his-
panics than in non-hispanic whites; it is 75% higher in blacks in 
Brooklyn and 32% higher nationwide. Mortality follows the same 
trend of higher death rates for prostate cancer in blacks both locally 
(112%) and nationwide (45%). 

Figure. Top, age-adjusted incidence (100,000) and, bottom, mortal-
ity (%) of respective cancers among blacks and whites in Brooklyn 
(solid bars) and U.S. populations (hatched bars).

IV. CONCLUSIONS
The challenge of addressing cancer disparities in minority pop-

ulations is demanding and it requires collective efforts undertaken 
by governmental, private and nonprofit organizations, as well as 
researchers. This report highlights health disparities in the black 
and hispanic populations and identifies opportunities for interven-
tions to address disparate disease outcomes.

VI. REFERENCES
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percent-difference-calculator.php
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Abstract—Alternative splicing is an inherent gene regulatory 
mechanism, allowing for a single gene to code for a multitude of 
proteins. Intron retention is a class of alternative splicing varia-
tion that occurs when a region of DNA intended to be spliced out 
and removed before proteins are constructed is instead included 
in the final mRNA transcript, at times drastically modifying the 
final protein construct. This study investigates potential intron 
retention events to reveal hallmarks of the process. This analysis 
revealed that read coverage and the portion of the intron aligned 
can be used to identify and differentiate intron retention events.

I. INTRODUCTION
Alternative splicing allows for a single gene to code for multiple 

unique proteins. Splicing removes large segments of non-protein 
coding regions, known as introns, isolating the exons that are as-
sembled into a final mRNA transcript. Alternative spicing allows 
for the spliceosome to act as a regulatory mechanism in gene ex-
pression through the selection of unique combinations of exons to 
be included in the mRNA transcript. Intron retention (IR) is a form 
of alternative splicing in which the entirety of an intron typical-
ly excluded from the mRNA transcript is included and treated as 
an exon. [1] Intron retention has been linked to multiple disease 
pathologies, including cancers. [2] However, there is currently no 
accepted methodology for the identification of intron retention 
events. By properly identifying intron retention in RNAseq data, 
it will be possible to isolate and understand the biological mech-
anisms responsible for intron retention. [3] and [4] describe IR 
events as identifiable by a consistently low sequencing read depth 
relative to exons within the gene that is unique from baseline se-
quencing noise. By characterizing and correcting for sequencing 
noise, IR events can be identified.

II . METHODOLOGY
This study’s algorithm identifies intron retention by first select-

ing all potential IR events and then classifying these events using 
calculations based on sequencing read depth. For each gene, tran-
scripts containing different combinations of exons were combined 
into a single list, and potential IR events were identified from this 
list as intron regions that were not overlapped by any other exons. 
Depth preprocessing using Samtools provided sequencing read 
depth information for each position of every gene queried. Depth 
refers to the number of RNA-seq reads aligned to a specific posi-
tion. Depth score was computed for each IR event as the sum of 
the depth at each position. For each potential IR event, coverage 
scores were used to quantify the distribution of sequencing reads 
over the intron by calculating the sum of the depths and dividing 
by the length of the intron. Identified introns were queried for in-
tron length, depth, and coverage. The 3-dimensional matrix of all 
identified introns was first processed using principle component 
analysis as a method of dimensionality reduction. These data were 
then analyzed and differentiated using K-means clustering.

Research was conducted at the McKusick-Nathans Institute of Genetic 
Medicine, Johns Hopkins University. Work supported in part by CTY 
Summer Scholarship and NSF Award ABI/1356078 to LF.

III . RESULTS
K-means Clustering – 3 Dimensions  K-means Clustering Transformation

Figure 1: K-means clustering results targeting two clusters.
Figure 2: Points are transformed to show distance from the nearest cluster center.

The above figures show results of K-means clustering. The al-
gorithm incorporated the three dimensions of sequencing read 
depth, intron length, & aligned length. PCA was used to project 
those three dimensions into two, allowing for K-means to separate 
the data into two clusters. Figure 2 transforms the points of Figure 
1 to show this differentiation, as defined by the dashed yellow line. 

IV. DISCUSSION & CONCLUSION
Descriptive statistical analysis and coverage scores revealed 

no clear linear correlations, showing that these sequence features 
alone are insufficient for the creation of linear classification mod-
els. Coverage scores do succeed, however, in highlighting introns 
errantly selected due to sequencing and alignment error. Clear 
peaks at low coverage scores were observed, representing clusters 
of introns with the majority of their sequences unaligned to any 
RNA-seq reads, meaning that these are not IR events. Descriptive 
statistics can be used as a preliminary screening measure for poten-
tial IR events, but are useless in distinguishing the true events from 
background genomic noise. These problems in data analysis were 
addressed through the use of principle component analysis (PCA) 
and K-means clustering. PCA dimensionality reduction drastical-
ly simplifies the multi-dimensional matrix of intron length, depth, 
and coverage used in this study, and allows the data to be more 
accurately clustered, creating a mathematical model for the identi-
fication of IR events. This model can successfully distinguish true 
events from noise, and is the first step in understanding the under-
lying mechanisms that control intron retention events.
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Abstract—Bacterial biofilms can impede the effects of antibiot-
ics in destroying a colony. The bacterial biofilm is composed of 
highly organized layers of cells that operate in a manner compa-
rable to a single unit, whilst surrounded by a mucoid polymer 
lining. This research consisted of surveying 243 wild Pseudomo-
nas aeruginosa isolates and their growth patterns related to bio-
film formation on six different types of media. The data for each 
colony was cross-referenced to its strain’s source to infer how the 
cells act in different environments. This can further corroborate a 
previous understanding of biofilms as well as define clear impli-
cations for future research into infection specific patterns.

I. BACKGROUND
Antimicrobial resistance is a major problem in the modern 

world. Despite the advent of novel drugs like penicillin, bacte-
rial resistance rises due to these drugs’ inhibitory effect on the 
construction of the cell wall. Instead of constantly manufactur-
ing drugs that impose a strong selection for resistance, it is im-
perative to understand the fundamental bacterial mechanisms 
that actually inhibit the effects of antibiotics. 

One of these mechanisms is the formation of biofilms. Bio-
films allow bacteria to perform actions as a single unit. As a unit, 
bacteria are provided with a mechanical barrier from external 
threats such as antibiotics or macrophages [2]. Biofilms also 
allow a colony to transfer nutrients with ease, perpetuating a 
greater overall strength of the colony. High levels of organiza-
tion and cell density allow bacteria to communicate and thereby 
adapt to their surroundings efficiently. This communication is 
known as quorum sensing (QS). QS is done through autoinduc-
ers, or transfer signal molecules, which range from enzymes to 
virulence factors. Pyocyanin, for example, can act as a QS signal 
which not only allows for a more coordinated colony but also 
extreme sickness in the host. 

In this research, bacterial growth was cross-referenced to the 
original source to research the influence of environmental fac-
tors on biofilm formation. 

II . METHODS
Bacterial growth patterns were monitored on six types of 

media. However, only the media that provided information on 
bacterial motility was analyzed in the interest of biofilms. The 
plate relevant to biofilms was created by mixing 42.5g of agar 
and 35g of LB broth into 1 L of water to create a solution known 
as swimming media. The media was poured into 128 x 98 mm 
OmniTray Single-Well plates. To plate the bacteria, 10 μL of 
freezer stock was mixed with 500 μL of LB broth. These col-
onies then grew in a shaking incubator overnight. 4 μL of the 
overnight culture were then transferred to 200 μL of minimal 
media. A pin tool replicator was used to transfer the 243 strains 
onto their respective media plates. The bacteria were then in-
cubated at 37 ℃ for 4 days and photographed daily. Data re-
garding the extent of bacterial growth was documented using 
ImageJ analysis software. The software allowed for the mea-
surement of bacteria radius which was later calculated to area.

Figure 1.  Bacterial growth plot. This graph plots the mean area of P. 
aeruginosa from varying sources with SEM error bars.

I I I . RESULTS
These five locations were chosen to represent the differenc-

es between environmental and clinical strain growth. Notable 
patterns in this data come from the comparison of these two 
environments. Compared to marine strains, those from cystic 
fibrosis isolates had 19.756 mm2 less average area. This statis-
tic helps to prove that biofilms are formed during infection and 
are composed of a closely bound group cells [1]. It would thus 
be expected that bacteria in a biofilm would have less motility 
and dispersion than those from the ocean. Even more impact-
ful is the result that burn and wound isolates do not form as 
thick biofilms as those from a CF patient as demonstrated by 
their greater motility. This result reveals that biofilms can be 
infection specific, and may not be a staple of all illnesses. Fu-
ture research into this inference can serve as valuable tool in 
the efficacy of treatment as more infection specific antibiotics 
can be administered to patients. [1]. Overall, this research will 
aid in the future study of the relationship between antibiotics 
and biofilms, which is imperative to combatting rapidly grow-
ing resistance.
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Abstract—Carbapenemase-resistant Klebsiella pneumoniae 
(CRKP), a nosocomial, community-acquired infection with a 
mortality rate as high as 50%, have become increasingly prev-
alent and difficult to treat. The virulence factors involved in 
pathogenesis of these organisms remain to be fully understood. 
Further characterization of the genomic and molecular basis of 
these factors is thus vital for future diagnostics and antimicrobial 
therapies. This study examined the innate immune response at 
the proteomic, molecular, and phagocytic level to K. pneumoniae 
producing carbapenemases sequence type 258 (ST258) isolates 
infection compared to the serotypic ATCC 43816 (KPPR1) refer-
ence strain. We found that the locally predominant ST258 isolate 
KP35, possessing a novel arcD arginine transporter, increased 
macrophage activation of protein synthesis directly associated 
with the pathways of phagocytosis and nitric oxide/reactive oxy-
gen species production. The normal immune function of phago-
cytosis was elevated in response to KP35 and NR1155 while these 
ST258 demonstrated intracellular persistence. 

I. INTRODUCTION
CRKP sequence type 258 (ST258) isolates, the most prevalent 

sequence type in the clinical healthcare setting, have demonstrated 
high variability in plasmid acquisition, yielding differential cap-
sular composition and antibiotic resistance patterns within iso-
lates[1]. The experiments detailed in this study assessed the genetic 
basis for the altered behavior of a local ST258 isolate, KP35, in rela-
tion to the better studied and more virulent prototypic serotype 2 
K. pneumoniae ATCC 43816 (KPPR1) reference strain. 

The institution where the present work was carried out iden-
tified a clinical ST258 isolate, NR1155, closely related to KP35 but 
missing arcD and possessing differential SNPs and resistance 
genes from KP35[2]. This triggered a question whether KP35, com-
pared to its arcD-negative counterpart NR1155, has similar infec-
tive functions in the in vitro innate immune monocyte model; first 
in the host uptake and intracellular killing response, and second in 
the induction of cellular death. Therefore, it was hypothesized that 
ST258 K. pneumoniae clinical isolates will be more readily phago-
cytosed by macrophages and induce greater host cellular death 
compared to the KPPR1 reference strain. 

II . METHODOLOGY
THP1 macrophages were infected with a multiplicity of 10 of K. 

pneumoniae KPPR1, KP35, NR1155, or control media, respectively. 
Proteomic data of the ST258 isolate KP35 and the published proto-
typic KPPR1 were collected and compared using Ingenuity Path-
way Analysis (IPA) software to detect protein productions in BAL 
fluid of the murine model in response to both respective strains; 
canonical pathway analyses and gene heat maps were consequent-
ly generated by the application. 

Infections’ intracellular bacteria were then enumerated by seri-
al dilutions plated on agar and remaining macrophage cells were 
counted with trypan exclusion for viable concentrations. Finally, 
in ROS assay, macrophage lysate samples taken from the respec-
tive infections were labeled with CM-H2DCFDA reagent and mea-
sured for fluorescence (reactive oxygen species production) using 
the TECAN reader. 

III . RESULTS
Proteomic Pathways: Canonical pathways analysis elucidated 

differentially-activated genes and differences in protein concen-
trations between the isolates: KP35 demonstrated notable increase 
in ratio of protein concentrations associated with Fcγ receptor-me-
diated phagocytosis and production of nitric oxide/reactive oxy-
gen species in host infections. Phagocytic Uptake, Intracellular 
Persistence and Host Survival: Gentamicin protection assays 
performed over a 2 and 6 hour time course indicated that ST258 
isolates are phagocytosed to a greater extent than KPPR1; mini-
mal intracellular killing of ST258 isolates took place at the 6h time 
point compared to the up-regulated macrophage activity against 
the reference strain. The arcD deficient NR1155 markedly reduced 
viable host concentrations and may affect metabolic processes and 
survivability of monocytes. Reactive Oxygen Species: ROS assays 
indicated up- regulation of ROS production in monocytes infected 
with the ST258 isolates, confirming the proteomic analysis. 

Fig. 1. Measurement of 
phagocytic uptake and 
intracellular killing. 
Bacterial burdens of 
THP-1 infected with se-
quence type 258 isolates 
or KPPR1 were quan-
tified by CFU/mL and 
standardized to the mea-
sured inocula growth of 
each strain. ***p<.005 vs. 
prototype KPPR1

IV. CONCLUSION
This study illustrates the distinct changes in host response to 

CRKP ST258 in comparison with the extensively- characterized 
KPPR1 and suggests several mechanisms by which ST258 isolates 
trigger an altered macrophage host response. These characteriza-
tions are paramount for the development of therapeutic strategies 
to combat infections caused by multi-drug resistant K, pneumoni-
ae. A constructed arcD-deficient mutant of ST258 KP35 should be 
utilized in future for competitive index assessment. 

V. ACKNOWLEDGEMENTS
I would like to sincerely thank Dr. Alice Prince, Dr. Danielle 

Ahn, and Matthew Wickersham for providing the resources and 
mentorship to achieve a thorough research process. 

VI. REFERENCES
[1] Lawlor MS, Handley SA, Miller VL. Comparison of the Host Responses 
to Wild-Type and cpsB Mutant Klebsiella pneumoniae Infections . Infection 
and Immunity. 2006;74(9):5402-5407.
[2] Ahn DS, Peñaloza H, et al. Acquired resistance to innate immune clear-
ance promotes Klebsiella pneumoniae ST258 pulmonary infection. JCI In-
sight. 2016;1(17):e89704.

14

Immune Response to Klebsiella pneumoniae Sequence 
Type 258 (ST258) Clinical Isolates

by Ryan Jin 
Prince Lab, Columbia University Medical Center, New York, NY 10032



by Huang, T., Michl, A.N., Owens, M.A., Rainey, R.L., 
Okunbor, J.I., White, D.M., Mushatt, K.A., Heath, S.L., 
Turan, J.M., Merlin, J.S., & Goodin, B.R. 
University of Alabama at Birmingham, Department of 
Psychology

Abstract—This study is the first of its kind to provide evidence 
suggesting that central sensitization may be an important com-
ponent of chronic pain in people living with HIV (PLWH). 

I. BACKGROUND
Chronic pain is defined as pain that persists beyond the period 

of normal tissue healing. It is a common and disabling comorbidity 
among people living with HIV (PLWH). Chronic pain prevalence 
in PLWH ranges from 39-85% which is higher than the general 
population (∼15%). [1] Central sensitization is a condition of the 
nervous system associated with the development and maintenance 
of chronic pain through enhanced processing of painful stimuli. [2] 
However, at this time it remains unclear whether central sensitiza-
tion is a correlate of chronic pain for PLHW. Therefore, the aim of 
the study was to compare an objective measure of central sensitiza-
tion in PLWH with and without chronic pain. 

II . METHODS
Participants were recruited from an urban HIV clinic in the 

Southeast US. Pain was considered chronic if it had persisted for ≥ 
3 months and was at least of moderate severity. Participants com-
pleted an experimental pain testing procedure to assess central sen-
sitization using a temporal summation (TS) of pain protocol with 
repeated heat stimuli delivered from a Thermal Sensory Analyzer 
(Medoc, Ltd., Ramat Yishai, Israel). The TS protocol used a ther-
mal intensity of 48⁰C as peak target temperature. The inter-pulse 
temperature was 38⁰C. Sequences of 5 consecutive heat pulses of 
1 second duration were delivered with inter-pulse intervals of 2.5 
seconds. Participants rated the intensity of pain produced by each 
heat pulse on a 0-100 numeric rating scale such that 0 = no pain and 
100 = the most intense pain imaginable. Analytical methods includ-
ed a repeated-measures Analysis of Covariance, adjusting for age, 
sex, race, CD4 count, and viral load. 

III . RESULTS
A total of 92 PLWH were enrolled: 46 with chronic pain and 46 

without chronic pain. As can be seen in Table 1, the sample was 
comprised mostly of middle-aged African Americans and men. 
Data are presented as absolute CD4 counts and percentage of par-
ticipants with detectable viral loads (>200 copies/mL). There were 
no significant differences in Table 1. Among PLWH with chronic 
pain, primary self-reported pain locations included: 44% back, 30% 
hips/knees, 9% neck, 9% widespread (3 or more sites), 4% shoul-
ders/arms/hands, and 4% feet.  PLHW with chronic pain exhibited 
a significantly greater magnitude of TS of heat pain at 48°C (p = 
.007) compared to PLWH without chronic pain (Fig. 1). These re-
sults are the first of their kind.

IV. CONCLUSIONS
TS of heat pain was significantly greater in PLWH with chronic 

pain compared to PLWH without chronic pain. This suggests that 
central sensitization may be an important contributor to chronic 
pain in PLWH. This is consistent with previous research showing 
central sensitization to be a major driver of pain in other conditions 

such as non-specific low back pain and fibromyalgia. [3] One ex-
planation for this study’s findings may be that envelope proteins 
such as GP120, found on the surface of HIV activate astrocytes and 
microglia in the central nervous system [4], which in turn promotes 
central sensitization. Future longitudinal studies are needed to de-
termine whether central sensitization predicts development and 
maintenance of chronic pain in PLWH.

Figure 1: Difference in temporal summation of heat pain between PLWH 
with and without chronic pain.
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by Tiffeny Chen and Matthew Palmadessa

Abstract—In order to enhance desalination, a coupled parabolic 
tubular and pyramidal solar still system was used with the ad-
dition of nanofluids. Efficiency was confirmed through distillate 
yield, UV-Vis spectroscopy, viscosity, thermal conductivity, and 
cost analysis. It was found that lower concentrations of nanoflu-
ids most effectively enhanced performance because of the in-
creased heat transfer due to Brownian motion. 

I. INTRODUCTION
By 2025, 35% of that year’s projected global population will be 

affected by water scarcity [1]. Solar stills are a potential cheap solu-
tion that utilizes solar desalination to purify water. However, the 
efficiency of the typical solar still is relatively low, ranging from 
30-40%, due to limited thermal conductivity [2].

Thermal conductivity is the measure of how well a substance 
conducts heat. Since metals always possess higher thermal con-
ductivities than water, their suspension in a solar still’s feed water 
should improve heat transfer, thus enhancing efficiency. Studies 
have postulated that smaller concentrations and particle sizes of 
metallic nanoparticles are optimal due to their greater stability in 
suspension [2].

The purpose of this study was to determine the optimal compo-
sition and concentration of nanofluids in a parabolic concentrator 
tubular solar still coupled to a pyramid solar still. The hypothesis 
was that a 0.05% concentration of copper (I) oxide would lead to 
the greatest distillate production due to its high thermal conduc-
tivity and great stability.

II . METHODOLOGY

Figure 1: Solar Desalination System
A: Pyramid solar still B: Tubular solar still C: Feedwater storage

The feedwater storage was linked to the parabolic tubular and 
pyramidal solar stills (Figure 1). Six different compositions of 
nanoparticles were tested in the feedwater of the system over an 
hour.

  Viscosity (1) and thermal conductivity (2) of the nanofluids 
were calculated using spectroscopy [3]. 

µ =viscosity, k =thermal conductivity, f = volume fraction, nf = of nanofluid, 
bf = of base fluid, v = of nanoparticles 

Distillate and salinity were measured using graduated cylin-
ders and Vernier probes, respectively. Statistical analysis was con-
ducted in IBM SPSS 20.0 with One-Way ANOVA Post-Hoc Scheffe 
(p<0.05). 

III . RESULTS

Figure 2: Distillate yields among nanofluids (n=5)
Significant differences (p<0.05) denoted by asterisks

It was found that the 0.05% Cu2O nanofluid was optimal in 
terms of distillate yield and cost efficiency, with the shortest pay-
back period of 0.45 years [2]. Significant differences were found 
between nanofluid groups and control, as well as between different 
concentrations of nanofluids.

IV. DISCUSSION
The system was designed to maximize distillate production; the 

parabolic still concentrates solar irradiation, while the pyramidal 
still reduces shadows.

0.05% Cu2O performed the best because it has the greatest ther-
mal conductivity, as well as the greatest mass percentage, resulting 
in the greatest energy absorption. The nanofluids produced more 
distillate than the control because the addition of solid metallic 
nanoparticles enhanced the overall thermal conductivity. Addi-
tionally, smaller concentrations of nanofluids performed better 
because they have greater random movement and micro-conven-
tion due to the minimal effects of viscosity, which enables greater 
stability and thus better performance in the system. The findings 
show greater desalination rates can be attained by enhancing ther-
mal conductivity of initial feed water in desalination systems.

V. CONCLUSION AND FUTURE RESEARCH
The hypothesis was supported, as 0.05% Cu2O was the most 

productive and cost effective nanofluid. This shows the practical-
ity of implementing solar stills in regions lacking freshwater as a 
cost-effective method of desalination. For further research, per-
formance could be enhanced by using surfactants, which provide 
greater stability for nanofluids.
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by Audrey Laude

Abstract—4D printing is a new technology involving constructs 
that change their properties over time to form 3D configurations. 
Because of these constructs’ ability to keep cells viable, they 
provide a potential solution to the shortage of organ donors. To 
achieve the final goal of 4D printing a heart, a substrate layer 
has to fold up, pulling a hydrogel layer and attached cells with 
it. Poly(N-Isopropylacrylamide) (PNIPAm) was tested as a possi-
ble thermoresponsive substrate. In order to optimize the folding 
process, different thicknesses of hydrogels were tested with the 
PNIPAm. At 37ºC, PNIPAm contracted and folded upwards. The 
bending angle was found to correlate with the hydrogel layer 
thickness, suggesting that it has the flexibility to form any de-
sired angles. This research will allow for the creation of artificial 
hearts that can help with the current shortage of transplants.

I. INTRODUCTION
Heart disease is one of the leading causes of death worldwide. 

In the next 94 seconds, a person will have a heart attack, and in the 
next 84 seconds, a person will die of one. However, there are not 
enough organ donors to save everyone [1]. 4D bioprinting has the 
potential to help solve this; by using biopsied cells to form struc-
tures, bioprinting can potentially provide hearts for transplant [2].

4D bioprinting improves upon 3D printing by adding the di-
mension of time. Printed layers fold up into a 3D configuration 
over time [3]. The goal of the project is to use this technology to 
form a heart. In order to do this, the meridians of a sphere are 
traced and divided to form petal-like patterns. A specific material 
must be used to facilitate folding. One potential thermoresponsive 
polymer is Poly(N-Isopropylacrylamide) (PNIPAm). It is hypothe-
sized that PNIPAm will contract and pull on the hydrogel, causing 
both to bend at an angle that varies with the hydrogel thickness.

II . METHODS
In order to create the bilayer construct, a laser cutter was used 

to create a plastic mold with six rectangular holes. The first layer 
of PNIPAm was poured into the mold and cured with UV light, 
causing crosslinking, the formation of chemical bonds and linked 
polymer chains. The second layer was GelMA, a biocompatible 
hydrogel that can be used to culture cells. Crosslinking a second 
time with both UV light and calcium chloride formed an insoluble 
3D matrix. This process was repeated using 70 mm, 100 mm, and 
150 mm of GelMA. They were incubated at 37ºC, causing PNIPAm 
to contract and pull on the GelMA, resulting in bending. After 24 
hours, ImageJ was used to measure angles of bending.

Figure 1. PNIPAm (yellow) and GelMA (blue) in the bilayer construct 
before and after bending

TABLE 1. NIPAm BENDING

III . RESULTS & DISCUSSION
As the average GelMA layer thickness increased, the bending 

angle decreased. This is because increasing thickness provided 
more resistance to PNIPAm contraction.

Although future experiments should include a larger range of 
thickness to reinforce the trend, this experiment does suggest that 
PNIPAm is a viable material for 4D printing. Folding cardiomyo-
cyte-seeded scaffolds can form complex structures with high ac-
curacy, something that was not previously possible. This allows 
for the engineering of artificial hearts, an alternative treatment for 
heart disease that uses the patient’s own cells to replace damaged 
tissue.

IV. CONCLUSIONS
These results suggest that PNIPAm can be used as an effective 

thermoresponsive material with 4D printing. Printing a layer of 
PNIPAm and a layer of hydrogel creates a construct that can be 
folded up to form a primitive heart-shaped structure. By changing 
the thickness of the layers, the bending can be controlled. Although 
future work would be required to further evaluate the ability of 
PNIPAm to fold into a heart shape, this project shows the potential 
4D printing has for tissue engineering and mitigating heart disease.
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by Jessica Li, Crystal Li, William Peng, Dr. Wei Zhu

Abstract—Alzheimer’s disease (AD) affects more than 5 million 
Americans annually, a figure that has tripled in the past 50 years 
[1]. A major hallmark of AD is the accumulation of amyloid-beta 
peptides [1]. This study investigates the undiscovered association 
between lambda-cyhalothrin (λC), a common chemical in pesti-
cides, and amyloid-beta peptides (Aß). Using cell-viability tests, 
λC combined with Aß was observed to result in a significant in-
crease in neuronal cell death when compared to Aß or λC alone. 
Furthermore, a molecular biological experiment showed that this 
chemical drives the expressions of Beta-secretase 1 (BACE-1) and 
Beta-secretase 2 (BACE-2), enzymes that affect the regulation of 
Aß, showing that λC may stimulate Aß production [2,3,4]. This 
study prompts the reevaluation of pesticides containing λC and 
offers new insights on Alzheimer’s disease mechanisms.

I . METHODOLOGY
HTB-11 human neuronal cells were cultured and incubated with 

treatments of Aß, λC, and Aß + λC. MTT assay, which involves 
the mitochondrial conversion of yellow MTT dye into quantifiable 
purple formazan, was performed at an absorbance of 570 nm to 
indicate cell viability for each treatment, shown in Fig.1. Treated 
cells were also dyed with trypan blue to indicate cell death, shown 
in Fig. 2.

Reverse transcription-polymerase chain reaction (RT-PCR) was 
performed to analyze the effects of λC treatments upon BACE-1 
and BACE-2 mRNA expression in HTB-11 cells.

Figure 1.  Bacterial growth plot. This graph plots the mean area of P. 
aeruginosa from varying sources with SEM error bars.

III . RESULTS AND DISCUSSION
The purpose of this experiment was to determine if λC in con-

junction with Aß proved to be more harmful in causing nerve cell 
death than either alone. In the two cell-viability tests, both Aß and 
λC caused increased cell death compared to the control, so both 
were toxic to cells as predicted; when combined together, they 
caused more death than either substance alone, suggesting that λC 
increases the toxicity of Aß. In Figure 2, the control, which showed 
more cell death than two treatments, may have been contaminated.
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Experiments were conducted with BACE enzymes to determine 
a possible mechanism for λC, since they are heavily involved in a 
crucial Alzheimer’s pathway. BACE-1 promotes the production of 
Aß and BACE-2 degrades Aß, lowering its concentration [2,3,4]. As 
shown in Figure 3, λC increases the expression of BACE-1 after 24 
hours while decreasing the expression of BACE-2, an effect that Aß 
also displays [2,3,4]. This supports the fact that λC is neurotoxic 
because such modulation of the BACE enzymes would increase Aß 
production and λC’s effects on BACE enzymes are parallel to those 
of Aß. The method of action by which λC increases the toxicity of 
Aß may partially be through regulation of BACE enzymes.

IV. CONCLUSION
Our results have demonstrated that λC can worsen the patho-

genesis of Alzheimer’s disease in patients with exposure to λC by 
enhancing Aß accumulation and its effects. Furthermore, these re-
sults suggest the reevaluation of the safety of pesticides that con-
tain harmful substances such as λC to protect Alzheimer’s patients. 
Exposure of patients to λC may result in quicker progression of 
the disease and greater risk of mortality. Increased knowledge of 
the possible association between λC and Aß can lead Alzheimer’s 
patients to avoid λC and potentially prevent accelerated pathogen-
esis of the disease.
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Figure  SEQ Figure \* ARABIC 1: MTT assay testing HTB-11 cell viability; treatment 
of both Aß and λC shows greatest amount of cell death.

Figure 3: Effect of λC on BACE-1 and BACE-2 expression.

Figure 2: HTB-11 cell count; Aß and λC together shows greatest amount of death.



by David Yaffe

Abstract—This article presents an experimental discovery study 
of a potential first step in future computational analysis pro-
grams of Hematoxylin and Eosin (H&E) stained slides. Over the 
past decade, increases in computational power and improvement 
in image analysis algorithms have allowed the development of 
powerful computer-assisted diagnostic tools. These tools are 
used to help an experienced pathologist make an even more ac-
curate diagnosis. But there is a need for the development of a 
fully automatic computational tool that is easy to use and widely 
accessible. There is a stark contrast between the accessibility in 
third world countries, such as Tanzania and Chad compared to 
the U.S [2]. The survival rate of cancer patients is likely reduced 
as the correct diagnosis may not be consistently derived. If a ful-
ly automatic computational analysis tool that is accurate can be 
created, it could increase the survival rate of those who do not 
have access to an expert pathologist. In order to further progress 
towards that end, a tiling approach was tested as a key beginning 
step in future programs because of its many benefits and was 
confirmed by a heat map that was able to discriminate between 
cancerous and noncancerous regions.

I. METHODS AND MATERIALS
The main approach explored was the splitting of whole slide 

images into many thousands of images and analyzing them indi-
vidually rather than as a whole. The motivation behind this was 
that it was thought that this process would: increase efficiency as 
analysis could be done on areas rather than each individual cell, 
patterns could be analyzed within a given tile as well as across tiles, 
and future data could be incorporated more easily such as molec-
ular markers.

A cancerous and noncancerous whole slide image was obtained 
from the TCGA database [3]. Each was tiled into many thousand 
images and then clustered using a dendrogram and k-means func-
tion using 41 features. These features were the defaults from the 
EBImage package and included variable, such as cell radius and 
area. The means of the cells in a given tile were taken and assigned 
to each tile in order to perform this clustering. After the clustering, 
the tiles were plotted on a heat map in order to compare the results 
of the clustering to the original image.

II . EXPERIMENTAL RESULTS
As seen in Figure 1, the red area of the heat map appears vi-

sually representative of the cancerous regions. It was determined 
through the k-means clustering that this red group was largely de-
termined by the size of the cell radius. This is as expected since 
cancerous cells are generally irregularly shaped and larger in size.

III . DISCUSSION
The results obtained confirm that splitting a cancer image into 

many tiles is an effective method for analyzing whole slide imag-
es and detecting cancer with minimal complexity and allowance 
for a breadth of new data, such as molecular pathways. The most 
important part of this study was determining whether the tiling 
method was an efficient and useful way to analyze whole slide im-
ages. Many approaches include either tile only specific parts of the 
image or does not tile at all, analyzing the whole image instead [4]. 

These findings lead to the conjecture that tiling whole slide images 
into patches should be a best practice for any method, regardless of 
whether it is required due to computer processing power. Shown 
through the heat map of the cancerous and noncancerous images is 
that by tiling the images, a representative heat map of the original 
can be achieved even using relatively simplistic machine learning. 
This method was tested on several cancerous and non- cancerous 
slides, and was confirmed visually.

FIGURE 1: HEATMAP OF CANCEROUS IMAGE

On the left is the heatmap of the cancerous biopsy slide and on the right is 
the original whole slide image.

IV. CONCLUSIONS
The technique outlined in this paper may potentially be a key 

component in future programs used in hospitals. Hopefully, one 
day, such programs will be created to diagnosis cancer in a fully 
automatic and fairly accurate way so that access to proper diag-
noses can be accessed by all healthcare professionals all over the 
world.
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by Zachary Leng and Alexander Hom

Abstract—The prevalence of skin cancer continues to be themost 
common kind of cancer and has been associated with deficien-
cy in Nucleotide Excision Repair. All groups of C.Elegans were 
exposed to 15 minutes of UV radiation and the lifespan for all 
groups was tested and pictures of the phenotypical differences 
among the groups were taken. The results showed that radiation 
caused the lifespan of C. Elegans to decrease significantly when 
compared to non-irradiated groups. 

I. INTRODUCTION
Many organisms are exposed to solar ultraviolet (UV) irradia-

tion. Although the vast majority of UV light and UVC rays emitted 
by the sun are blocked by the earth’s ozone layer, penetrating UV 
light, like UVB rays, can still severely damage DNA and is thought 
to be a major cause of skin cancer in humans [1]. Although most 
past experiments used UVC radiation, it was determined that UVB 
was more applicable and would produce similar results to UVC 
[2]. Nucleotide excision repair (NER) is responsible for the remov-
al of a wide range of DNA helix-distorting damage. NER is the 
process of removing strands of DNA that have a cytosine bond or 
a thymine bond. Bonds are formed when one is exposed to UV ra-
diation. In order to extract these bonds, the body naturally cuts out 
this damaged part of DNA, and replaces it with a strand of DNA 
that does not have the thymine or cytosine bond [2]. In humans, 
NER is essential to prevent DNA damage-induced mutation accu-
mulation and cell death which can lead to cancer and aging.

II . MATERIALS AND METHODS
N2 C. elegans were used as a control. RB864, TG1660, and BJS4 

strains with NER deficiency were tested as variable groups. C. ele-
gans were chosen as a model organism due to their genome simi-
larity to humans. All strains used E. Coli as a food source in 10 mL 
of Nematode Growth Medium Agar(NGM). Chunking and worm 
picking was used to transfer worms from one plate to another. 
Age-synchronized, L4 adult stage worms were either exposed to 
or unexposed to UVB radiation. 10µL of Fluorodeoxyuridine was 
also added to plates to prevent reproduction while lifespan was 
being tested. When C. elegans were exposed to UVB radiation they 
were exposed for 15 minutes and without E. coli to prevent shield-
ing that would reduce the UV effect. Lifespan was then recorded 
in days after exposure for each strain. In addition, pictures were 
taken of exposed and unexposed strains of C. elegans to compare 
differences in size and length. IBM SPSS was used to calculate de-
scriptive statistics. 

I II . RESULTS
Non-irradiated N2 strains were found to have the greatest lifes-

pan of approximately 15.0 days on average. This was significantly 
greater than their UV-irradiated counterparts which had an aver-
age lifespan of 12.6 days. BJS4 strains were found to have aver-
age lifespans of 11.0 days while their irradiated counterparts had 
lifespans of 9.0 days on average. TG1660 and RB864 strains had 
average unexposed lifespans of 11.7 and 12.4 days respectively 
while exposed strains had exposed lifespans of 8.5 and 9.7 days on 
average. All non-irradiated strains were found to have significant-
ly greater lifespans over their irradiated counterparts. In addition, 

subtle phenotypical difference in sizes and lengths of C. elegans 
were noticed when comparing irradiated strains with non-irradi-
ated strains. IBM SPSS was used to calculate descriptive statistics.

Fig. 1. Shows the results of the lifespan study for each strain of C. elegans. 
Numbers represent statistical significance found doing a One-Way ANOVA 
followed by post-hoc Scheffe (p<0.05) test.

IV. DISCUSSION
The alternate hypothesis was supported as significant difference 

were found between all irradiated and nonirradiated strains of C. 
elegans. Phenotypical differences were also observed between ex-
posed and unexposed strains with irradiated strains being general-
ly smaller than nonirradiated strains. N2 strains had significantly 
greater lifespans compared to all NER-deficient strains when ex-
posed to or unexposed to Ultraviolet Radiation. This suggests that 
NER may have an impact in survival after radiation damage. This 
may be as a result of an organism’s inability to repair double bonds 
that can lead to cancer when they are NER-deficient [3]. Overall, 
this study suggests NER-deficiency may impair survival after ex-
posure to Ultraviolet Radiation [2]. The results from this experi-
ment will help further information on skin cancer and skin related 
diseases like Xeroderma Pigmentosum.
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by Sidhanth Khatoria

Abstract—According to American Heart Association (2015) car-
diovascular disease is the leading cause of death. [1]. Arrhythmia, 
which is an irregularity of the heartbeat, is a common heart prob-
lem. While there are various allopathic treatments for arrhyth-
mia, most cause negative side effects [2]. Ocimum tenuiflorum 
and Curcuma longa are herbs that contain antioxidants, which 
in lowering the risk of heart irregularities. The purpose of this 
research is to determine if antioxidants help in lowering the high 
heart rate of Daphnia magna. The results show that the herbs 
may be a promising solution in reducing high heart rate.

I. INTRODUCTION
Herbal medicine contains antioxidants which are molecules that 

prevent the oxidation of other molecules, thus preventing cell dam-
age. They are important because they protect the cells from the ef-
fects of free radicals. [3,4]. Free radicals are dangerous because they 
play a role in causing many heart diseases.

Ocimum tenuiflorum (OT), commonly holy basil, is rich in the 
antioxidant Eugenol, which demonstrates potential for lowering 
heart rate. Curcuma longa (CL), commonly turmeric, contains the 
antioxidant curcumin, which is known for treating heart ailments. 
If both are administered together, there may be a potential syner-
gistic effect.

II . METHODOLOGY
D.magna were ordered from Carolina biological and were fed 

Chlorella vulgaris and kept in room temperature spring water 
with indoor lighting. There were five groups. All groups other than 
the control were given caffeine after administration of the herbs. 
The control was given only caffeine. The concentrations for the 
(OT) group were (.05% and .1%) while the concentrations for the 
combined herbs groups of both OT and CL were .025% and .05% 
each. The D.magna were first exposed to OT and/or CL and then 
exposed to caffeine. Heart rate (HR) was measured under the mi-
croscope for one minute and an IPhone 6 was used to video record 
the D.magna (slow-motion feature). The herbs were administered 
for ten minutes while caffeine was administered for 3 minutes. The 
total magnification was 40X.

III . RESULTS & DISCUSSION
It was hypothesized that both groups of OT (.1% and .05%) 

would decrease the heart rate of D.magna when exposed to caf-
feine (.8%). The hypothesis was supported by a two tailed T-test 
using IBM SPSS Version 20. Antioxidants and the heart are relat-
ed (Postulated theory) because a build up of free radicals causes 
plaque in arteries which then leads to a high blood pressure i.e. 
a high HR [5, 6]. Therefore antioxidants decrease the HR. In this 
study caffeine mimicked the increase in HR caused by free radicals. 

*Research Supported by Manhasset Secondary School.

Figure 1: This graph shows the change in HR before exposing D.
magna to water/herbs and after exposure to caffeine. (*) denotes 
P<.05.

The results show that by pre-exposing D.magna to the herbs, 
caffeine was unable to increase the HR whereas when compared to 
just water, caffeine was able to increase the HR. Thus, it is probable 
that the herbs counteracted the effects of caffeine by stabilizing the 
free radicals (Postulated Theory). Another possible reason the HR 
decreased was because of Enhanced Superoxide Dismutase Activi-
ty (SOD). SOD is an enzyme that reduces blood pressure, therefore, 
reducing HR [3]. The P values for caffeine (0.8%), OT (0.1%), OT 
(0.05%), OT+CL (0.025% each) and OT+CL (0.05% each) were 0.02, 
0.03, 0.02, 0.00 and 0.21, respectively. A synergistic effect (P=0.00) 
was noted in the .025% OT+CL group. Although the trend con-
tinued in the .05% OT+CL group, no significance was found. This 
may have occurred because the concentration of CL was very high. 
Since CL is known for treating heart ailments, it was not tested in-
dividually. Overall, OT may potentially be used as an arrhythmia 
curing medicine.

IV. FUTURE STUDIES
Testing the postulated theory by using a more complex organ-

ism such as mice (function similar to humans), as they can easily be 
dissected to determine plaque buildup before and after treatment. 
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by Tiffany (Puxi) Qin, Tiffany Dong, and Trevor Leong

Abstract—Oxidative stress and inflammation are factors contrib-
uting to progressive death of dopaminergic cells in Parkinson’s 
disease (PD). Recent studies demonstrated that morphine’s bio-
synthetic pathway coupled with nitric oxide release has been 
conserved throughout animal and human evolution. Our objec-
tive was to evaluate whether or not morphine alleviated oxida-
tive stress and inflammation in cells, as well as increased cell 
viability, under PD-like conditions. We found that morphine sig-
nificantly inhibited rotenone-induced dopaminergic cell death 
in human nerve cells in addition to finding that naloxone hydro-
chloride (HCl), an opiate antagonist that can block morphine’s 
effect. Our study proposes that morphine stimulates nitric oxide 
signaling mechanism by binding to its receptor, thus providing 
effective protection against oxidative stress and inflammation. 
Therefore, regulation of morphine biosynthesis may yield new 
treatments for Parkinson’s disease. 

I. INTRODUCTION
 PD is the second most common neurodegenerative disorder in 

the United States, affecting over 1 million Americans. PD is com-
monly treated by preventing Lewy-bodies’ formation with L-Do-
pa. One novel treatment is through introducing morphine, an opi-
od, to degenerating neurons [1]. Morphine binds to µ3 receptors on 
cell surfaces and mitochondrial membranes, triggering a signaling 
pathway that results in mitochondria releasing nitric oxide [2], and 
binds to reactive oxygen species (ROS).This may alleviate the ef-
fects of PD by preventing the release of excess ROS by inhibiting 
complex I of the electron transport chain [3]. 

I I . METHODS
Human neuroblastoma cells (HTB-11) were used. Rotenone was 

used to simulate PD, as it is obtainable and reproducible, causes 
cell death by mitochondrial dysfunction [4], and aggregates α-sy-
nuclein proteins [5]. Naloxone HCl, a morphine inhibitor, was used 
to block morphine’s effect on the cell. A MTT assay was performed 
to measure the HTB-11 cells’ viability; cells were treated and in-
cubated for 24 hours. Then, 5µL of MTT was added and the cells 
were incubated for 3.5 hours. The growth media was removed and 
100µL of stop solvent was added, which were then covered in tin-
foil and put on the orbital shaker for 15 minutes; a plate reader 
measured the wavelength of the cells.

III . RESULTS
The fixed wavelength for detection of each well was 570 nm. A 

higher wavelength indicated higher cell viability, due to a direct 
relationship between wavelength and cell viability. Morphine im-
proves the viability of cells with rotenone-induced oxidative stress. 
The cell viability percentages are recorded in table 1. 

Tiffany (Puxi) Qin is a student at Cold Spring Harbor High School. (tqin71@gmail.com).
Tiffany Dong is a student at Hoover High School (tiffanydongg@gmail.com).
Trevor Leong is a student at Ward Melville High School (tleong073@gmail.com).

Table 1. HTB-11 cell viability wavelength in nanometers and percent of 
control. 10µL of rotenone, morphine, and naloxone at 10-5 M were placed 
in different solutions. R & M represent morphine and rotenone. R, M & T 
represents rotenone, morphine, and naloxone HCl. 

IV. DISCUSSION
The results of the study demonstrate that morphine prevented 

excess ROS, increasing cell viability by 7%, proving to be a new 
treatment for PD that may be used in junction or replace the L-DO-
PA treatment. Further studies must be conducted on morphine’s 
effects on α- synuclein, as Lewy bodies are connected to PD and 
must be examined further in order to fully treat PD. In addition, 
future tests on varying doses of morphine can significantly impact 
morphine’s possibility as a treatment for PD.

V. CONCLUSION
The cell viability of R&M was 65.81%, compared to rotenone’s 

viability of 59.36%. Morphine alleviated the oxidative stress ro-
tenone put on the cells and morphine increased the cell viability, 
proving it to be a possible treatment for PD.
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by Ryan Thorpe and Rachel Chang

Abstract—This project focused on creating a graphene-based de-
vice that was capable of detecting low levels of E. coli in a rapid 
time frame. Through the immobilization of lactate oxidase, the 
production of L-lactate from E. coli during respiration created an 
electrical current that could be measured by a potentiostat. This 
biosensor detected <1 CFU (Colony Forming Unit) of E. coli in ~1 
second.

I. INTRODUCTION
E. coli causes 300,000-500,000 deaths annually [3]. Conventional 

detection methods, such as PCR, take 1-2 days and have a detection 
limit of 1,000 CFU’s (colony forming units). Yet, the World Health 
Organization deems that 1 CFU per 100 mL of water is unsuitable 
for drinking. Therefore, a more rapid and sensitive detection de-
vice must be created.

Graphene is a two-dimensional allotrope of carbon that has a 
high conductivity. Its molecular structure contains benzene rings 
which allow π-interactions to occur. π -interactions are noncova-
lent bonds that occur between two aromatic molecules which as-
sist in the stabilization of molecules, such as 1-pyrenebutyric acid 
(PBA) [1]. When PBA binds onto the graphene through π-interac-
tions, its pyrene group attaches to the amine group of lactate oxi-
dase, allowing the lactate oxidase to immobilize onto the graphene 
[1].

II . MATERIALS AND METHODS
First, E. coli K12 was cultured using sterile techniques. The 

graphene wafer, attached to thermal release tape, was ultra-son-
icated and etched in a 0.1 M ferric chloride solution in order to 
remove the nickel and silicon layers on the wafer and isolate a 
layer of graphene. The graphene was then attached to a PET film 
and heated at 130°C, the release point of the tape. This adhered 
the graphene onto the substrate [2]. Graphene was incubated in a 
5mM 1-pyrenebutyric acid solution for 2 hours. Then, lactate oxi-
dase was pipetted onto the substrate and left overnight. This im-
mobilized the enzyme onto the graphene [1]. Finally, water-based 
conductive paint was applied onto opposite sides of the graphene.

To test the biosensor, a titanium/platinum anode and cathode 
were attached to the biosensor and to an EDAQ Potentiostat. 0, 1, 5, 
10, and 15 CFUs of E. coli were incorporated in 100mL of distilled 
water. 10 μL of the sample was placed onto the biosensor, and the 
potentiostat monitored changes in current from the biosensor for a 
15 second duration.

Fig 1. The range of amperage output with differing CFU counts. A One-
Way ANOVA was run followed by a post-hoc scheffe test, with a p value of 
<0.001. (n=50 for each trial)

Fig 2. The amperage of the control group with 0 CFU’s of E. coli (left) com-
pared to amperage of 1 CFU of E. coli (right); x-axis representing time, y-ax-
is representing amperage in nanoamps.

III . RESULTS AND DISCUSSION
50 trials were run per variable group, each lasting 15 seconds. 

The average range for each group was calculated. It was found that 
the average amperage generally increased as the number of CFUs 
increased. Additionally, a One-Way ANOVA and a Post-Hoc Schef-
fe test revealed that the 0 and 15 CFU groups had a significant dif-
ference, with a p-value <0.001. The range currents, when compared 
between groups had a degree of freedom of 4, and an F-statistic 
value of 27.282.

Fig 3. The graphene biosensor 
with the electrodes attached in 
order to read the amperage of 
the 10μL sample.

The purpose of this research was to create a rapid, sensitive 
device for E. coli detection. A graphene-electrode biosensor was 
successfully engineered, and had the ability to accurately detect E. 
coli in water by utilizing lactate, a byproduct of respiration, as ana-
lytical means of detecting E. coli [2]. When the lactate secreted by E. 
coli comes into contact with lactate oxidase immobilized onto the 
graphene, a series of chemical reactions occurs. The lactate oxidase 
catalyzes the lactate into hydrogen peroxide and pyruvate, and 
the hydrogen peroxide undergoes oxidation which frees electrons. 
The graphene then directs these electrons into a current that can be 
measured by the potentiostat [2].

In conclusion, the biosensor can identify 1 CFU of E. coli in 
100mL of water in mere seconds, making it one of the most rapid 
and accurate bio-detection devices of its kind.
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