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This year has been an amazing year for the Science Research Program. 
Audrey Hecht was one of the INTEL Science Talent Search semi-final-
ist for her excellent paper on the Dopamine Transporter. The INTEL 
STS is one of the most prestigious competitions and is paper-based. 
She placed 5th place in the Junior Science and Humaninties Sympo-
sium (JSHS) and 4th Place at the Westchester Science and Engineering 
Fair (WESEF). Audrey has done a fantastic work under the guidance of 
her mentor Dr. Matthias Quick at Columbia University. 
Dylan Gambardella won First Place at JSHS in the speaker category, 
allowing him to go to the JSHS New York State finals. He placed 2nd 
in the environmental science category at WESEF, allowing him to pro-
ceed to the I-SWEEEP competition (International sustainable world 
energy, engineering, environment project olympiad), a renowned in-
ternational competition with over 66 countries and 385 projects com-
peting. In Houston, he won the Gold Medal at I-SWEEEP in his cat-

egory. Dylan obtained First Place at the Tri-County 
competition in Environmental Sciences and will 
compete at the New York State level end of May. 
Dylan worked under the direction of Dr. Lung-Chi 
Chen at the New York University Langone Medical 
Center, showing how air pollution may trigger type 
2 diabetes.
Both students did amazing work and will be con-
tinuing their research once in college. They have 
established many business and scientific connec-
tions useful for their professional achievements 
and have acquired invaluable skills which will al-
low them to be successful in future studies. Many 
Science Research Program alumni have continued 
their work once in college and have benefited from 
this outstanding experience.
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ABSTRACT
This study explores the 
potential pulmonary and 
cardiometabolic effects 
of Fine Particulate Mat-
ter (PM2.5) on a mouse 
model. More specifically, 
this research investigates 
pulmonary, diabetic (glu-
cose levels, aortic rings, 
and insulin responses), 
and genetic factors. Stud-
ies have shown that higher 
levels of PM2.5 are linked 
with increased Diabetes 
prevalence, although ex-
perts have yet to clearly 
identify the underlying 
cause. Possible epigenet-
ic/genetic modifications 
may occur or result from 
PM2.5 exposure and may 
be a possible link between 
air pollution and Diabe-
tes. This experiment in-
volves the use of an FVB/
NJ inbred mouse model, 
with acute PM exposures 
taking place twice weekly 
for a total of three weeks. 
Mice were divided into 
three groups for the pur-
pose of this experiment. 

Two groups were exposed 
to PM2.5, urban (Manhat-
tan/Bronx NY) and rural 
(Goshen/Tuxedo/Wallkill 
NY) samplings, respec-
tively, while the third 
served as the control (ex-
posed to water). The ob-
jective of this experiment 
was to examine the induc-
tion of pulmonary, meta-
bolic, and related genetic 
adverse health effects 
(genes related to and asso-
ciated with insulin resis-
tance) attributed to acute 
exposures to PM2.5 for the 
22-day period. Research-
ers determined, using a 
RT² Profiler™ PCR Array 
Mouse Insulin Resistance, 
that certain genes are ex-
pressed through urban and 
rural pollution exposures 
by comparing the genetic 
results of the groups of 
mice simultaneously and 
analyzing for variations 
in gene expression. Dif-
ferences in gene markers 
were noted and will be 
further investigated in fu-
ture research. Pulmonary 

and metabolic changes 
also demonstrated the ad-
versarial effects of PM2.5 
exposure.

The specific aims of this 
proposed study are to:
1. Assess pulmonary in-
flammation in response to 
exposure to urban and ru-
ral air pollution.
2. Assess metabolic per-
turbation indicative of 
overt diabetes in response 
to exposure to air pollu-
tion.
3. Assess if exposure to air 
pollution alters the expres-
sion of insulin resistance 
related genes in mice.

INTRODUCTION and 
RESEARCH STRAT-
EGY
Significance
The proposed study is rel-
evant to one of the most 
prevalent health hazards.
Each year, more than 
twenty five million Amer-
icans (approximately one 
out of every twelve peo-
ple) are directly affected 
by Diabetes Mellitus 
(American Diabetes As-
sociation, 2011). Diabetes 
is a set of diseases, identi-
fied by high blood glucose 
levels, which result from 
the body’s inability to 
produce and/or effectively 
use insulin. The disease 
can be broken down into 
two main groups: Type 
I and Type II. These two 

variations of the disease 
differ greatly, each having 
distinct characteristics de-
spite similar phenotypes 
(i.e. lethargy, increased 
urination, excess thirst, 
weight loss, blurred vi-
sion, frequent infections 
and slow wound heal-
ing), such that they are al-
most not the same disease 
(American Diabetes As-
sociation, 2011). For the 
purposes of this study, we 
will be focusing on Type 
II Diabetes, as the auto-
immune components of 
Type I exclude exogenous 
particulate induction as a 
likely factor in develop-
ment.
Diabetes Type II is of-
ten called “Adult Onset 
Diabetes,” as it is mainly 
found in grownups. This 
type of Diabetes is known 
as “insulin resistant,” and 
can be caused by genetic 
factors (as in Type I) and 
by inadequate insulin se-
cretion from the pancreas 
due to beta cell dysfunc-
tion.  Insulin resistance is 
attributed to elevated lev-
els of free fatty acids in 
plasma, and often  leads 
to decreased rates of glu-
cose transport into muscle 
cells. This allows glucose 
to remain in the blood to 
a degree of hyperglyce-
mia sufficient to cause 
pathologic and functional 
changes in various target 
tissues (American Diabe-

Evaluating the Potential and Mechanisms of Diabetes Mellitus Induc-
tion in Response to Acute Ambient Particulate Pollution Exposure, 
by Dylan Gambardella. INTEL STS Paper excerpt.
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tes Association, 2004). 
Insulin resistance can 
also cause hepatic glu-
cose production to el-
evate and an increased 
breakdown of fat (Khar-
dori, 2011). In addition 
to predisposed genetic 
factors cited throughout 
the literature, this type 
of Diabetes can also be 
attributed to exogenous 
and environmental fac-
tors, such as an unhealthy 
diet, a lack of physical 
activity, and surprisingly 
pollution from the envi-
ronment (American Dia-
betes Association, 2004). 
Type II accounts for the 
majority of  Diabetes 
incidence worldwide 
and over ninety percent 
of Diabetes cases in the 
United States (American 
Diabetes Association, 
2011).
Air pollution is a known 
but emerging factor in the 
prevalence of Type II Di-
abetes, as correlation but 
not causation between 
the two has been estab-
lished (Pearson, 2010). A 
specific type of air pollu-
tion, fine particulate mat-
ter, is considered to be 
especially dangerous to 
humans. Fine particulate 
matter (PM) can be made 
up of toxic organic com-
pounds, dust, dirt, soot, 
smoke, or heavy metals. 
PM is formed by burning 
plants, processing metals, 
and through automobile 
exhaust. Dr. W.E. Wilson 
describes the formation 
of particulate matter in 
detail: “The particle for-

mation process includes 
nucleation of particles 
from low-vapor pressure 
gases emitted from sourc-
es or formed in the atmo-
sphere, condensation of 
low-vapor pressure gasses 
on existing particles, and 
coagulation of particles,” 
(Wilson, 2002). 
PM2.5 categorizes all par-
ticulate matter pollutants 
under 2.5µm, and is con-
sidered to be particularly 
harmful (Environmental 
Protection Agency, 2010). 
In a study conducted by 
MS O’Neill in 2006, long-
term exposure to PM2.5 
was found to be associated 
with a higher risk of rela-
tive mortality among peo-
ple with diabetes, when 
compared with the gen-
eral population. Research 
from 2010 
showed that 
ambient fine 
particulate 
matter was 
found to in-
duce insulin 
resistance in 
mice, caus-
ing symp-
toms simi-
lar to Type 
II Diabetes 
(Sun, 2010). 
The Envi-
r o n m e n t a l 

Protection Agency credits 
the great health risks posed 
by PM2.5 to its ability to 
lodge deep within one’s 
lungs and circulatory sys-
tem. This is due to its min-
ute width (approximately 
1/30 the average width of 
a human hair).
Air pollution has long 
been considered detri-
mental to one’s overall 
health (Brook, 2004). Re-
cent studies have shown 
the effects of particulate 
matter on various bodily 
functions. In 2004, it was 
concluded, using data pro-
vided from the American 
Heart Association, that 
short-term exposure to 
PM led to an increased 
number of hospital admis-
sions and cardiovascular 
mortality (Brook, 2004). 

In addition, PM exposure 
has been observed to alter 
the platelet activation pro-
cess in humans, leading to 
homeostatic irregularities 
(Cozzi, 2007). Fine partic-
ulate matter particles can 
also reach the circulatory 
system, causing obstruc-
tions and effecting blood 
flow (O’Neill, 2006). This 
type of blockage can lead 
to the formation of blood 
clots, which are known 
to be the leading cause of 
strokes (American Stroke 
Association, 2012). Fine 
particulate matter is capa-
ble of interfering with the 
lungs, as well, by deposit-
ing particles in the lower 
airways (gas exchanging 
portions of the lung), ef-
fectively disrupting the re-
spiratory system and lead-
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ing to numerous breathing 
problems (O’Neill, 2006).
Though scientific research 
has demonstrated a rela-
tionship between Diabe-
tes Mellitus and various 
components of air pollu-
tion, experts have yet to 
find the underlying cause. 
Transcriptional and post-
transcriptional genetic 
influences (i.e. epigenetic 
changes) could possi-
bly be feasible biological 
mechanisms that underlie 
the association between 
Diabetes prevalence and 
air pollution. Exposure 
to particulate matter may 
affect one’s epigenetic 
makeup, conceivably 
modifying gene regula-
tion, subsequently leading 
to the expression of possi-
bly destructive genes, re-
sulting in health concerns 
such as Diabetes.
This study explores the 
pulmonary, metabolic, 
and genetic impacts of 
fine particulate matter on 
patients using a mouse 
model. (...)
DISCUSSION and 
CONCLUSIONS 
Findings demonstrate 
an association between 
PM2.5 exposure and ad-
verse pulmonary and 
metabolic effects, sug-
gesting that acute ambient 
air pollution may contrib-
ute to the development of 
Diabetes or pre-diabetic 
conditions, especially in 
urban environments. The 
outcomes from the pul-
monary and metabolic 
aspects of this study are 
consistent with previously 

completed experiments.
Advances in technology, 
specifically the creation 
of the PCR Array, have al-
lowed for insight into the 
underlying genetic link 
between air pollution and 
Diabetes. To the knowl-
edge of this writer, this 
study is the first of its kind 
to test for the expression 
of multiple genes known 
to be related to insulin 
resistance as a result of 
acute ambient particulate 
pollution exposure. In ad-
dition, this study is the first 
to compare the expression 
results of mice exposed 
to urban pollutants with 
those of mice exposed to 
rural pollutants.
The results of the RT² Pro-
filer™ Insulin Resistance 
PCR Array showed that 
18 genes were expressed 
only in the group of mice 
exposed to rural pollution. 
It had been expected that 
certain genes might only 
be expressed in the urban 
group (which was the case 
for 3 genes), as the pollu-
tion samples from Man-
hattan and the Bronx are 
known to contain higher 
concentrations of PM2.5 
than the rural pollution 
sampling, however this 
researcher did not antici-
pate multiple genes being 
expressed exclusively in 
the rural grouping. The 
high number of genes 
solely expressed in the ru-
ral group can stem from 
two possible causes:
1) The rural pollution 
(Goshen, Tuxedo, and 
Wallkill) is comprised of 

certain elements 
and materials that 
are lacking in the 
urban pollution, 
and these com-
ponents increase 
susceptibility to 
insulin resistance 
in mice.
2) Mechanical er-
rors occurred dur-
ing either the RNA 
extraction, cDNA 
conversion, or ac-
tual array work.
To confirm these 
findings, future 
researchers may 
wish to run the 
exposures and ar-
ray work again, or 
create a study re-
searching particle 
composition. Such a study 
would require measuring 
the amounts of all ele-
ments present in pollution 
samples.
While the PCR array re-
sults, coupled with the 
pulmonary and metabolic 
data, indicate that exposure 
to ambient urban PM2.5 
particles can result in un-
favorable bodily impacts, 
the data also suggests that 
exposure to ambient rural 
PM2.5 particles can have 
adversarial health effects, 
as well. Considerable lev-
els of neutrophils existed 
within the BAL fluid of 
the mice in this group, and 
LDH measures were not 
ideal, either.
Given the limited time 
frame of this study, certain 
known side effects of Dia-
betes, including weight 
gain, may not have had 

enough time to fully de-
velop to the point of quan-
tification. A similar study 
with an extended duration 
would help to determine if 
the results that are sugges-
tive of the development of 
Diabetes or pre-diabetic 
conditions through pro-
longed exposure are prop-
erly labeled as such. 
In addition, taking a closer 
look at the genes that were 
expressed in the PCR array 
by targeting each individ-
ually would provide more 
information concerning 
their roles in the induction 
of Diabetes Mellitus. Ex-
perimental timeframe may 
play a role in gene expres-
sion profile variation, thus 
limiting any potential tem-
poral variances and should 
be considered as well in 
future studies.
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Interaction of a Tricyclic Antidepressant with Specific Sites in the Neu-
rotransmitter Transporter Homolog LeuT, INTEL STS Semi-Finalist Pa-
per excerpt, by Audrey Hecht
Abstract
Today, over 20 million 
Americans use antidepres-
sants. Therapeutic antide-
pressants such as the tricy-
clic antidepressant (TCA) 
clomipramine (CMI) are 
psychoactive drugs that 
inhibit neurotransmitter 
reuptake from the synapse 
back into the presynaptic 
neuron. These drugs spe-
cifically target neurotrans-
mitter: sodium symporter 
(NSS) proteins such as 
the transporters for dop-
amine, serotonin, and nor-
epinephrine (DAT, SERT, 
and NET, respectively) 

which use the Na+ and 
Cl- electrochemical gra-
dient to power the trans-
port of their respective 
substrate into the presyn-
aptic neuron. Using the 
bacterial NSS homolog 
LeuT from Aquifex aeoli-
cus, crystallization stud-
ies demonstrated tricyclic 
antidepressants bound to a 
specific site in the protein 
called the extracellular 
vestibule located farther 
away from the substrate 
binding site (termed the 
primary or S1 binding 
site). Since the drug bind-
ing site does not overlap 

with the S1 site, these data 
directly argue against a 
competitive drug inhibi-
tion mechanism. A recent 
study (Shi et al., 2008) 
concluded that in addition 
to the centrally-located S1 
binding site there is a sec-
ond substrate (S2) binding 
site that directly overlaps 
with the drug binding site 
in the extracellular ves-
tibule. It is proposed the 
mechanism of TCA inhibi-
tion is based on competi-
tion of TCA with substrate 
binding to the S2 site. 

Introduction
The interactions between 
nerve cells or neurons in 
the brain play a central 
role in human behavior 
as they control emotions 
and cognitive responses 
to environmental factors. 
Sensory neurons transmit 
information from recep-
tors located throughout 
the body that detect exter-
nal stimuli such as smells, 
sights, sounds, textures 
and taste, as well as inter-
nal stimuli such as muscle 
tension, carbon dioxide 
levels, and blood pressure. 
Received by dendrites, the 
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branched projections on 
one end of the neuronal 
cell, these stimuli ‘travel’ 
along specialized neuron 
extensions, called axons, 
as electrochemical sig-
nals, i.e., action potentials, 
throughout the central 
nervous system. Near the 

end of the axon, the 
neuron splits into sev-
eral branches, called 
the axon terminals. 
At the extreme end of 
each axon terminal is 
the presynaptic termi-
nal (Fig. 1). Together 
with the postsynaptic 
terminal located at 
the end of a dendrite 
of another neuron, 
these structures build 
the so-called synapse 
(Fig. 2). At the syn-
apse, nerve impulses 
are carried from one 
neuron to another 

by means of chemical 
messengers called neu-
rotransmitters. These 
neurotransmitters pass 
signals between neurons 
in the brain, thereby form-
ing networks that regu-
late emotion and behavior 

(Campbell & Reece, 
2005). 
Upon the release of neu-
rotransmitters from syn-
aptic vesicles located in 
the presynaptic terminals 
of the transmitting cell 
into the synapse, they bind 
to receptors on the post-
synaptic membrane, lo-
cated on the receiving cell 
(see Fig. 2 for a schematic 
representation). Binding 
of the neurotransmitter 
to the receptors leads to 
a cascade of events at the 
postsynaptic nerve end-
ing that is responsible for 
the propagation of a nerve 
impulse. This sequence of 
molecular events is termi-
nated by the reuptake of the 
neurotransmitter back into 
the presynaptic terminal, 
where it is recycled back 
into the communicating 
cell, thereby preventing 
the continued interaction 
of the neurotransmitter 
with the postsynaptic re-
ceptors. Different neu-
rotransmitters, such as the 
monoamines (dopamine, 
serotonin, or norepineph-
rine) bind to specific re-
ceptors (Campell & Re-
ece, 2005). For example, 
the neurotransmission 
of dopamine (DA) influ-
ences behavioral, interac-
tive, cognitive, physical, 
and emotional reactions. 
Dopaminergic neurotrans-
mission ends with the re-
moval of the neurotrans-
mitter dopamine from the 
synapse by the reuptake of 
dopamine by the dopamine 
transporter, DAT. DAT to-
gether with other transport-

ers such as SERT, NET, 
and GAT (transporters for 
serotonin, norepinephrine, 
and GABA, respectively) 
belong to the SLC6 gene 
family, encompassing the 
human members of the 
neurotransmitter:sodium 
symporter (NSS) fam-
ily (Chen et al., 2004). 
These symporters use the 
electrochemical sodium 
ion (Na+) gradient across 
the presynaptic mem-
brane as source of energy 
to transport their respec-
tive substrate into the cell 
(Campell & Reece, 2005).  

Structure-function rela-
tionship of SLC6 trans-
porters
The human transporters 
that mediate the presyn-
aptic reuptake of mono-
amine neurotransmitters 
such as dopamine, sero-
tonin and norepinephrine 
belong to the SLC6 gene 
family, a subgroup of the 
neurotransmitter:sodium 
symporter (NSS) family. 
SLC6 proteins regulate the 
levels of extracellular con-
centrations outside of the 
cell by mediating the re-
uptake of neurotransmit-
ters across the cell mem-
brane of the presynaptic 
neuron (Fig. 2). The SLC6 
transporters mediate the 
co-transport of neurotrans-
mitters in a Na+ and chlo-
ride ion (Cl-) dependent 
mechanism (Chen, et 
al., 2004).  In addition to 
their functional similarity, 
SLC6 proteins are antici-
pated to possess a similar 
structure as they share a 

!

Figure 2. The dopamine synapse. Dopamine 
(DA) is accumulated in vesicles in the 
presynaptic neuron and released in the synaptic 
cleft where it can bind to DA receptors located 
in the postsynaptic neuron. Clearance of DA 
from the synapse is achieved by re-uptake of 
DA into the presynaptic neuron by the 
dopamine transporter (DAT). Psychoactive 
drugs, e.g. cocaine or amphetamines, inhibit 
the re-uptake leading to increased levels of DA 
in the synapse. 
!

Figure 1. Schematic representa-
tion of the nerve cell (neuron).
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high degree of similarity in 
their amino acid sequence. 
It was expected that these 
proteins consist of hydro-
phobic α-helices that span 
the membrane in zigzag 
fashion and are connected 
with hydrophilic loops. 
However, the properties of 
a protein also differ based 
on the composition of its 
amino acid residues, in 
particular, it is anticipated 
that the neurotransmit-
ter translocation pathway 
within the different NSS 
members is formed by 
the similar positioning of 
α-helices in the proteins. 
On the other hand, subtle 
differences in the residue 
arrangement are respon-
sible for the specific trans-
port of a particular neu-
rotransmitter (Anderson 
Wang & Lewis, 2010). 

Biogenetic studies on 
SLC6 transporters using 
LeuT 
An innovative break-
through in the understand-
ing of the structure-func-
tion relationship of NSS 
members came from the 
Gouaux laboratory by de-
termining the high reso-
lution crystal structure of 
the Aquifex aeolicus NSS 
homolog LeuT (Yamash-
ita et al., 2005), the first 
NSS member for which 
crystallographic structure 
data are available. LeuT, 
a leucine transporter (Fig. 
3), has become the pri-
mary template for study-
ing SLC6 transporters due 
to its sequence similarity 
with its human counter-

parts. The advantage of 
LeuT as useful NSS model 
system over mammalian 
NSS members is due to 
the fact that bacterial ho-
mologs are more amenable 
to genetic manipulation in 
order to facilitate genetic 
engineering to produce 
large amounts of pure pro-
tein required for crystalli-
zation. Many detailed bio-
chemical studies have been 
carried out to elucidate the 
molecular mechanism of 
NSS proteins using LeuT 
as a model system. LeuT 
co-crystallized with TCAs 
(tricyclic antidepressants) 
provide a glimpse of how 
drugs act on NSS at the 
molecular level (Singh et 
al., 2007). Recently, the 
serendipitous crystalliza-
tion of the SLC6 Droso-
phila melanogaster dop-
amine transporter (dDAT) 
revealed a similar structur-
al configuration as LeuT 
(Penmatsa et al., 2013). 
However, several modi-
fication were required to 
obtain diffracting crystals 
of dDAT , leading to a 
transport-inactive protein 
variant that complicate the 
interpretation of the effect 
of the TCA (nortriptyline) 
identified in the primary 
substrate site in dDAT. 
Using the high-resolution 
LeuT crystal structure as 
template for computational 
simulations in conjunction 
with biochemical and ra-
diotracer flux and binding 
studies, comprehensive 
studies can be performed 
that to date provided un-
precedented information 

about the mode of action 
of these medically impor-
tant proteins (Shi et al., 
2008). 

Alternative modeling 
of the LeuT transport 
mechanism with a sec-
ond binding site
Studies carried out by the 
Quick lab proposed an in-
novative transport mecha-
nism involving the bind-
ing of the 2 Na+ (in the 
so-called Na1/Na2 sites) 
required for the transport 
of leucine (i.e., 2 Na+: 1 
leucine molecule) across 
a membrane (Shi, et. al, 
2008). Previous stud-
ies done in the Quick lab 
showed that the binding 
of Na+ is required for the 
conformational changes 
that occur within the pro-

tein allowing it to shift 
from the “outward-facing” 
conformation position 
(where binding sites are 
exposed to the synapse), to 
the “inward-facing” con-
formation (where binding 
sites are exposed to the 
cytoplasm and the sub-
strates are released) creat-
ing the transport (Quick 
et. al, 2006). More recent 
studies using steered mo-
lecular dynamics (SMD) 
simulations together with 
ample of substrate bind-
ing and transport studies 
(Shi et. al, 2008) suggest 
that in order for Leu to be 
transported, the substrate 
must bind to LeuT in the 
primary (S1) binding site 
(observed in crystalliza-
tion, see Fig. 3) and sec-
ond substrate (S2) binding 

!

Figure 3. Three-dimensional structure of the NSS 
homolog LeuT. The 3D structure of LeuT of A. 
aeolicus is shown with helices 1 – 12 in cartoon 
representation and transparent surface display; the 
centrally bound substrate, leucine, is shown in ball 
representation highlighted in red.  
!
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!

Figure 4. Three dimensional structure of 
LeuT illustrating Leu binding in the primary 
and secondary binding, along with the 
interacting amino acid residue L400. 

site located about 11 Ang-
strom (Å) over the S1 site 
(Fig. 4). The S2 site over-
laps with an extracellular 
vestibule that was shown 
to bind human drugs (see 
paragraph below). The 
S2 site is comprised of 2 
parts: a hydrophobic pock-
et composed of Leu29, 
Tyr107, Ile111, Trp114 
Ala319, Phe320, Phe324, 
and Leu400 which ac-
commodates the Leu hy-
drophobic side chain, and 
a polar region composed 
of the Asp404 and Arg30 
(Fig. 4). Allosteric inter-
action between the net-
work of the two Na+ and 
two Leu sites, particularly 
the binding of Leu in the 
S2 site, is responsible for 
triggering the release of 
Na1 and S1 into the cy-
toplasm (Shi et. al, 2008; 

Quick et al., 2009).
 
LeuT Binding TCAs
Until very recently, stud-
ies done with drugs used 
in the treatment of psychi-
atric disorders concluded 
that these psychoactive 
compounds compete with 
substrate for binding in 
the S1 site. However, re-
cent crystallographic evi-
dence reveals that some of 
these drugs, such as TCA’s 
(tricyclic antidepressants) 
bind to an extracellular 
vestibule (Singh et al., 
2007; Zhou et al., 2007). 
Since this extracellular 
vestibule and the S2 site 
in NSS overlap (see Fig. 
4), it has been postulated 
that the inhibitory action 
of TCA’s is based on the 
disruption of the transport 
mechanism by blocking 

access of substrate to the 
S2 site (Shi et. al, 2008). 
When Leu and 2 Na+ are 
binding with LeuT simul-
taneously with a TCA, 
the position looks almost 
identical to the original 
crystal structure because 
Leu and Na+ cannot bind 
to secondary site in the ex-
tracellular vestibule. The 
binding of a TCA (such 
as clomipramine, CMI), 
while it occupies the sec-
ond binding site, produces 
the same effect as mutated 
or dysfunctional second-
ary binding site (Fig. 4, 
Fig. 5) with respect to the 
transport of Leu, therefore 
consistent with the behav-
ior of transport inhibitors 
(Shi et. al., 2008). 

Statement of Purpose
Previous studies have 
shown that the interaction 

of CMI with LeuT impairs 
substrate transport by this 
NSS member. Due to the 
fact that CMI was found 
in a location that physi-
cally overlaps with the S2 
substrate binding site it 
was postulated that bind-
ing of CMI binding pre-
vents substrate binding to 
the S2 site, thereby ablat-
ing substrate transport. 
Using direct radiolabeled 
Leu binding studies it is 
hypothesized that CMI in-
hibits transport by directly 
competing with substrate 
binding to the S2 site but 
not with the S1 site and 
that higher Leu concentra-
tions can (partially) over-
come the inhibitory effect 
of CMI. To dissect these 
molecular events, binding 
of Leu was measured in 
the presence or absence of 
CMI to Leu-WT and two 

!

Figure 5.Three dimensional structure of LeuT 
bound with Leu (yellow) in the respective 
binding site, and CMI (purple) binding in the 
extracellular vestibule overlapping with the 
secondary binding site. Amino acids F253 (in 
the lower right ‘holding’ Leu) and L400 (upper 
left near CMI) are interacting amino acids. 
represented in red.    
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different mutants, each 
with a mutation of an ami-
no acid that interacts with 
Leu in the S1 or S2 site 
(LeuT-F253A and L400S, 
respectively, Fig. 5).   
(...)

Results and Discussion
Fig. 6 shows that in the 
absence of CMI LeuT-WT 
was able to bind more Leu 
than the mutants, regard-
less of whether the assay 
was performed at 3H-Leu 
concentrations of 100 nM 
or 1,000 nM. At 100 nM 
3H-Leu, both mutants 
could only achieve nearly 
50% binding when com-
pared to WT (note that the 
raw data were normalized 
with regard to the highest 
WT value). This is consis-
tent with the hypothesis 
that the mutations within 
the primary and second-
ary binding sites of LeuT 
selectively impair binding 
to a particular site. Similar 
results were observed at a 
concentration of 1,000 nM 
3H-Leu, only with slight-
ly more variation; when 
CMI was added to 1,000 
nM concentration the 
percent of binding in WT 
and F253A appear to be 
slightly higher by roughly 
10% than when CMI was 
added to the 100 nM con-
centration.   
Adding CMI simultane-
ously with Leu caused the 
amount of substrate bind-
ing to WT to drop by ap-
proximately 50% due to 
the interaction of CMI in 
the S2 site. At 100 nM, the 
mutants showed a greater 

differentiation in per-
cent of binding between 
each other and WT than 
they did in the absence 
of CMI. The activity of 
L400S became consistent 
with WT at 1400 mins, at 
about 50% of Leu bind-
ing, whereas the activity 
of F253A remained lower, 
maxing out at only 20% 
binding at 1600 mins. The 
differentiations observed 
in binding that occurred 
between the mutants can 
be explained by their po-
sitioning when interacting 
with the substrate. F253A 
is located in the primary 
binding site (see Fig. 4), 

the positioning of F253A 
when Leu is binding sug-
gests a heavy involvement 
required for the substrate 
to bind (in Fig. 5, it almost 
appears to be embracing 
the Leu). L400S on the 
other hand (see Fig. 5), al-
though does appear to be 
interacting with binding 
occurring in the extracel-
lular vestibule, there is not 
as heavy competition in 
F253A. Because F253A 
has a greater involvement 
in the binding of Leu than 
L400S, when it is mutated, 
less binding can occur.    
From these data collected, 
it is plausible to assume 

CMI competes with Leu 
binding in the S2 site. 
The data shows that Leu 
binds 50% less effectively 
to WT in the presence of 
CMI because when S2 is 
occupied with the inhibi-
tor, Leu can only bind to 
the protein in the S1 site. 
Experiments with mutants 
F253A and L400S in the 
absence of CMI where the 
S1 or S2 binding sites were 
disabled showed 50% less 
binding than WT. When 
Leu and CMI were simul-
taneously added to WT, 
a 50% decrease in bind-
ing was observed making 
it a valid assumption to 

Fig. 6. 3H- Leu binding to LeuT-WT, -F253A, and -L400S. 3H-Leu binding was tested at concen-
trations of 100 nM (149 Ci/mmol; panel A and B) or 1 µM (9 Ci/mmol; panel C and D) in the pres-
ence (panel B and D) or absence (panel A and C) of 1 mM CMI. 50 ng of purified protein variants 
(LeuT-WT, l; -F253A, l; R-L400S, p) were used per 100-µL assay. Data points represent the 
mean ± s.e.m. of triplicate determinations. CMI was added with 3H-Leu (simultaneous addition).
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suggest CMI impairs the 
binding of Leu the same 
way disabling the S2 does 
in non-mutated LeuT pro-
tein.  
Based on the results from 
adding CMI simultaneous-
ly with Leu, it may also be 
concluded that although 
CMI does impair the bind-
ing of Leu through direct 
competition at S2, when 
tested at concentrations 
of 100 nM and 1,000 nM 
Leu can still partially bind 
to LeuT, although there is 
a significant 50% decrease 
in binding. To test wheth-
er higher concentration of 
Leu can ‘overcome’ the 
inhibitory effect of CMI in 
the S2 site we performed 
a similar experiment in 

which the effect of CMI 
on binding of 0.1, 1, and 
2.5 µM Leu was assessed. 

Figure 7. Leu binding to 
LeuT-WT, -F253A, and 
-L400S in the absence of 

CMI (panel A), 1 
mM CMI (panel 
B), or 5 mM CMI 
(panel C). 3H-
Leu binding was 
tested at concen-
trations of 0.1 µM 
(149 Ci/mmol), 1 
µM (9 Ci/mmol), 
and 2.5 µM (9 Ci/
mmol) to purified 
protein variants. 
Each graph shows 
data normalized 
with respect to 
WT binding at 2.5 
μM 3H-Leu in the 
absence of CMI 
(panel A). 

In the second ex-
periment, the re-
sults of 3H-Leu 
binding at various 
concentrations to 
the proteins in the 
absence of CMI 

(Fig. 7, panel A) were 
consistent with findings of 
the previous experiment 
(Fig. 6 A and C); mutants 
exhibit roughly 50% of 
the level of binding ob-
served for WT at their re-
spective 3H-Leu concen-
tration because one of two 
(either S1 or S2) sites are 
impaired by a mutation, 
thus resulting in 50% of 
binding. 
Panel B is also consistent 
with the results from the 
previous experiment− 
when 1 μM CMI is added 
to WT, there is a 50% de-
crease in binding in WT for 
each 3H-Leu concentra-
tion when compared to its 
respective percent binding 
in absence of CMI (black 
bars only, Fig.7 panel A 
compared with panel B). 
For the L400S mutant, the 
addition of 1 mM CMI has 
no effect. This observa-
tion supports the hypoth-
esis that Leu binds only in 
the S1 site because L400S 
already has an impaired 
S2 site caused by the mu-
tation; binding of CMI to 

the extracellular vestibule 
that overlaps with the S2 
site exhibits no inhibitory 
effect. The 50% reduced 
binding observed occurs in 
the L400S’s intact S1 site. 
This also causes L400S-
mediated binding to re-
semble WT binding in the 
presence of CMI where 
only one out of two sites is 
available to properly bind 
Leu. Panel B also shows 
major decreases in binding 
of F253A in the presence 
of CMI at 0.1 µM − this 
mutant has a dysfunction-
al S1 site, and in the pres-
ence of CMI, both the S1 
and S2 sites are impaired 
to bind Leu. However, 
when the concentrations 
of 3H-Leu are increased to 
1 µM and 2.5 µM, Leu can 
achieve higher percentag-
es of binding to F253A. It 
is possible that when CMI 
is bound to the S2 site in 
F235A, the higher concen-
tration of 3H-Leu “floods” 
the mutated S1 site, which 
would result in higher lev-
el of binding, although ad-
ditional testing is required 

Figure 7. Leu binding to LeuT-WT, -F253A, and -L400S in the absence of CMI (panel A), 1 mM 
CMI (panel B), or 5 mM CMI (panel C). 3H-Leu binding was tested at concentrations of 0.1 µM 
(149 Ci/mmol), 1 µM (9 Ci/mmol), and 2.5 µM (9 Ci/mmol) to purified protein variants. Each 
graph shows data normalized with respect to WT binding at 2.5 μM 3H-Leu in the absence of CMI 
(panel A).
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to investigate this claim. 
 
Panel C further indicates 
that CMI binds in the S2 
site and therefor does not 
prevent Leu from binding 
in the S1 site because when 
the concentration of CMI 
is raised to 5 mM, per-
centages in binding of Leu 
to the proteins remains the 
same when compared to 
1 mM CMI (panel B). As 
indicated by L400S, the 
percentages remain static 
at roughly 50% of total 
binding, therefor suggest-
ing higher concentrations 
of CMI do not prevent Leu 
binding to the S1 site and 
is specific to Leu binding 
to the S2 site. 

Conclusion 
By understanding the spe-
cifics of the functional 
binding patterns of Leu, 
more can be reveled about 
the mechanism that would 
allow for the manipula-
tion of protein interaction. 
Investigation and further 

discovery about the bind-
ing mechanism of NSS 
provides a glimpse of 
how psychoactive drugs 
such as TCA’s and other 
drugs are influencing the 
human body at the mo-
lecular level. With a bet-
ter understanding of the 
mechanism by which psy-
choactive drugs act on the 
NSS transport mechanism 
further advancements to-
wards improving medical 
treatment for patients with 
disorders such as depres-
sion or addiction can be 
developed.  Understand-
ing this mechanism can 
also lead to treatments for 
diseases that mirror this 
kind of molecular trans-
port modal, which could 
potentially be targeted by 
other drugs and used for 
future treatments.           
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Nanoparticles: Synthesis of a Low Cost Complex Multifunctional and 
Surface-Switchable Nanoparticle Platform for Metastasized Cancer 
Treatment, by Jazz Munitz (Junior)
Abstract
In recent years, the field 
of Nano medicine has 
attracted much interest 
by the bio-medical com-
munity. (Jarzyna et al., 
2009) Nano medicine, or 
the “development and ap-
plication of nanoparticles 
for biomedical purposes”, 
reaches a broad range of 
fields of study, using par-
ticles ranging from 2-100 

nm in size.  Fields of re-
search such as iron oxides, 
quantum dots, as well as 
gold nanoparticles are be-
ing recognized and utilized 
for their abilities in “diag-
nostics as well as thera-
peutics”. In recent years, 
Nano medicine has been 
the center of the scientific 
community resulting in 
many new advances in the 
fields of facilitated mo-

lecular imaging, (Jarzyna 
et al., 2009) targeted drug 
delivery, as well as treat-
ments for many diseases 
facing our society of hu-
manity in today’s time.  
The combination of these 
nanoparticles with tumor-
targeting affinities, smart 
release systems, and drugs 
that have cancer-kill-
ing abilities are a viable 
scheme for cancer treat-

ment.
Introduction
Many discoveries in other 
bio-medical fields have 
made the success of this 
research possible.  One 
discovery, the enhanced 
permeability and retention 
effect, or EPR, is a strange 
and useful phenomenon 
when developing and con-
structing nanoparticles 
for the use of tumor tar-
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geting.  The EPR effect, 
discovered by Matsumura 
and Maeda in 1986, de-
scribes a process in which 
“large gaps exist between 
endothelial cells in tu-
mor blood vessels”.  In 
order for tumors to grow 
at rates that surpass rates 
of growth demonstrated 
by normal body cells, 
they must gain nutrients 
in larger volumes.  The 
tumor cells stimulate the 
growth of new blood ves-
sels through the vascular 
endothelial growth factor, 
or VEGF, as protein tu-
mor cells, as well as nor-
mal cells produce in order 
to stimulate the process 
of both vasculogenesis as 
well as angiogenesis. Both 
processes stimulate the 
growth of new blood ves-
sels.  In normal body cells, 
and body function VEGF 
is used to grow new blood 
vessels when old ones 
have been broken down or 
damaged through regular 
exercise or injury.  How-

ever, tumor cells 
utilize this pro-
cess to gain more 
nutrients than the 
normal cell, in 
order to stimu-
late rapid growth, 
while other cells 
receive fewer nu-
trients, contribut-
ing to the disease. 
Through the over-
use of VEGF, 
vascular diseases 
and disorders can 
develop, further 
adding to the dam-
age tumor cells 
can cause on the 

body. Although drugs, 
like bevacizumab can 
contribute to the stopping 
of tumors growing blood 
vessels, (Fang, Nakamura, 
& Maeda, 2010) the EPR 
effect proves very use-
ful in finding and treating 
tumors through the use of 
nanoparticles. 
Matsumura and Maeda 
observed and recorded, 
“Most solid tumors there-
fore exhibit enhanced 
vascular permeability, 
which will ensure a suf-
ficient supply of nutrients 
and oxygen to tumor tis-
sues for rapid growth.  
The EPR effect considers 
this unique anatomical-
pathophysiological nature 
of tumor blood vessels 
that facilitates transport 
of macromolecules into 
tumor tissues...this EPR 
effect-driven drug deliv-
ery does not occur in nor-
mal tissues.” (Fang, Na-
kamura, & Maeda, 2010) 
In developing a drug that 

can target, and in future 
advancements in the field, 
treat the tumor tissue, it is 
crucial that cells targeted 
are only tumor cells, as 
in both fields of study, 
healthy cells are not use-
ful to image, or kill.  The 
EPR effect gives nanopar-
ticle developers and re-
searchers an understand-
ing of how to develop a 
particle that will reach the 
tumor cells, and not nor-
mal healthy cells.  
A successful nanoparticle 
was developed by the 
Nanomedicine team at the 
Mount Sinai Trans Molec-
ular Imaging Institute, the 
Clinical Institute in Den-
mark, the Angiogenesis 
Laboratory at VU Univer-
sity Medical Center, the 
Department of Gene and 
Cell Medicine and Mount 
Sinai School of Medicine, 
and the Monzino Cardi-
ology Center in Milan, a 
Cy5.5-PEG-DSPE lipid 
based particle was devel-
oped for an enhanced im-
aging catalyst.  Through 
the utilization of the EPR 
effect, previous research 
in Nano emulsions, and 
understanding of size and 
its relation to various tu-
mors, a usable particle 
was developed. (Jarzyna 
et al., 2009)
In the beginning research 
of Nanomedicine and its 
uses in tumor imaging 
and treatment, one great 
boundary had to do with 
the originally thought to 
be lack of control over 
particles once they were 
administered into the 

body.  With surgery, and 
other externally controlled 
treatments for removing 
tumors, doctors can see 
and control the processes 
and functions happening 
in the body during the 
treatment.  However, with 
treatments on the Nano 
scale, the processes taking 
place once the drug has 
been administered cannot 
be controlled by doctors. 
Therefore, during devel-
opment of said drug, the 
particle must be designed 
in a specific and precise 
way, assuring that the par-
ticle can find the tumor 
and perform its function 
without human assistance 
and control. In the devel-
opment and synthesis of 
the previously discussed 
particle, researchers and 
developers instituted vari-
ous timed out processes 
in order for the particle to 
function properly. (Cor-
mode, Jarzyna, Mulder, & 
Fayad, 2010) 
Developed by researchers 
at the Translational and 
Molecular Imaging Insti-
tute, SyMo-Chem in the 
Netherlands, Cardiovas-
cular Research Center and 
Mount Sinai School of 
Medicine, The Laboratory 
of Nano medicine and Bio-
materials, Department of 
Anesthesiology, Brigham 
& Women’s Hospital, 
Harvard Medical School, 
Department of Chemical 
Engineering at the Massa-
chusetts Institute of Tech-
nology, in Cambridge, the 
Department of Vascular 
Medicine, in Amsterdam, 
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the complex multifunc-
tional and surface-switch-
able nanoemulsion plat-
form is a first of its kind. 
The challenges previously 
discussed with nanoparti-
cle development and utili-
zation has been overcome 
due to many inventions 
and new implementations 
demonstrated in this par-
ticle. “To deal with the 
aforementioned limita-
tions of ligand function-
alized nanoparticles we 
have developed a meth-
oxy-polyethylene glycol 
(PEG)-lipid that can be 
cleaved by matrix metal-
loproteinase-2 (MMP2).” 
[An enzyme released by 
tumor cells during the me-
tastasis process] “Incor-
poration of this cleavable 
PEG-lipid into a multi-
functional nanoemulsion 
platform renders nanopar-
ticles with a surface-swit-
chable coating…shielded 
by the cleavable PEG-lip-
ids…chosen MMP2 cleav-
able sites as the enzyme 
is highly expressed at…
solids tumors and athero-
sclerotic plaques.” PEG-
lipid coating will then be 
removed after an accumu-
lation or particles around 
site of tumor causes the 
coatings to be removed 
when exposed to MMP2.  
Thus, the next step in the 
release of the substance 
suspended within the soy-
bean oil will follow suit. 
(Gianella et al., 2011).
Another obstacle in the 
synthesis of such a nano-
particle lies in the produc-
tion of such. Due to the 

size of said particle, many 
are needed for a single 
administration of such a 
drug into a patient.  In or-
der to mass-manufacture 
the particle, developers 
of the surface-switching 
nanoemulsion developed a 
self-assembling construc-
tion, allowing for efficient 
production of particle. To 
do this, they utilized the 
amphiphilic properties of 
phospholipids, which form 
the barrier of the particle. 
A phospholipid is a mol-
ecule that has amphiphilic 
properties, meaning that it 
is both hydrophobic and 
hydrophilic. The structure 
of the phospholipid con-
tains a hydrophobic tail, 
and a hydrophilic head.  
The head is hydrophilic, 
since it is polar, which 
makes it attracted to the 
polar nature of water. The 
hydrophobic tail points 
itself toward the inside 
of the particle, because 
it contains oil, which is 
nonpolar. The reason the 
tail is hydrophobic and 
nonpolar is because of the 
carbon chain that forms 
the tail, and the occasional 
double bond resulting in 
the “kick” 3d shape.  The 
hydrophilic head points 
itself outwards towards 
the water environment. 
The polarity is caused by 
the phosphate groups that 
give the head a charge. 
The polarities of the phos-
pholipids lock themselves 
together forming a fatty 
barrier containing the soy-
bean oil, and proteins sus-
pended within.  The size 

of the over-all particle can 
be altered by adding or re-
leasing the volume of oil 
inside, and correspond-
ingly adding or getting rid 
of the number of phospho-
lipids present that forms 
the barrier. (Jarzyna et al., 
2009)
A self-assembling, sur-
face switchable and mul-
tifunctional nanoemulsion 
particle opens up many 
doors for the future of this 
research and opportunity 
in the field of utilizing 
nanoparticles for the use 
of tumor imaging, as well 
as therapy.  This particle, 
the most recent in Nano 
medicine endeavors of its 
kind, can be replaced with 
different drugs or sub-
stances suspended 
in the soybean oil, 
to be delivered to 
the tumor tissues.  
Due to the flexibil-
ity of the particle, 
both structurally 
and from an oppor-
tunity stand-point, 
further advance-
ments in therapy 
and imaging can 
be developed.  Due 
to the dual func-
tioning nature of 
this particle, as it 
can be utilized for 
both imaging and 
treatment, from 
the time of admin-
istration, through 
the treatment, and 
post-therapy, the 
particles move-
ment and work 
can be observed 
through CT and 

MRI imaging.  (Jarzyna et 
al., 2009)
Where this particle stands 
out from others in its class, 
is that it includes a “a li-
pophilic therapeutic…ren-
ders this platform thera-
nostic.” This means that 
in the case of the utiliza-
tion of stem cells or other 
patient-specific, tailored 
treatment, such a person-
alized drug or therapy 
could be instituted in syn-
thesis, and administered 
through the particle. An-
other breakthrough with 
this new platform has to 
do with its possible future 
and ability to treat dis-
eases other than cancer. If 
the enzyme and cleavable 
agent were to be switched 
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to a pair suited for other 
diseases, the nanoemul-
sion could be altered in 
synthesis, or in size, (as it 
can currently be stable in 
sizes 30, 60, and 95 nm), 
in order to fulfill the spe-
cific hydro-environments 
of other diseases in oth-
er regions of the body.  
(Jarzyna et al., 2009)
The incorporation of vari-
ous natural compounds 
can facilitate the arrest 
of cancer cells, and can 
eradicate the disease from 
the body. In this study, the 
natural compound used 
(name of compound re-
tracted due to proprietary 
information) exhibits spe-

cific biochemical and bio-
logical abilities and struc-
ture which make it suitable 
for a cancer drug. This 
compound is extremely 
hydrophobic, a necessary 
characteristic that allows 
it to be integrated in the 
hydrophobic PLGA core 
of monolayer micelle 
nanoparticles. This com-
pound has a natural ability 
to induce cell apoptosis 
through the facilitation 
of the “caspase cascade” 
by which cells essentially 
commit suicide by de-
stroying structure, genetic 
information, and all other 
components. This process 
can be instigated by a sin-

gle caspase introduction, 
meaning that very little 
volume of the compound 
is necessary in each nano-
particle to induce cancer 
cell death. This in turn 
will drive cost of therapy 
production down, increas-
ing the availability of this 
therapy to all patients re-
gardless of financial hin-
drances. 
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The Promise of Gasification as an Alternative Energy Resource and the 
Potential for the Use of Gasification Byproducts. 
by Aidan Datené (Junior)
Introduction
In the United States, 
about 225 million tons 
of municipal solid waste 
(commonly referred to as 
garbage) is generated an-
nually.  One third of this 

waste is either recycled or 
composted.  Landfilling 
or incineration manages 
about 150 million tons of 
municipal wastes.  Land-
filling faces increasing 
opposition because of its 
drastic effect on the envi-
ronment (Sallam, 2012).   
Increasing demands for 
fuels and electricity have 
coupled with this fear, 
and a heightened aware-
ness of the influence of 
various pollutant species 
(including greenhouse 
gases) on the global cli-
mate system has created 
the incentive to develop 
alternative energy sourc-
es (Sallam, 2012). The 
consumption and deple-
tion of Earth’s natural 
resources (minerals, 

fossil fuels, and ecosys-
tems) has contributed to 
global warming and loss 
of biodiversity.  The 21st 
century coming of age sci-
ence of industrial ecology 
is defined as the “re-think-
ing and re-designing [of] 
industrial activities with 
full knowledge of their 
environmental impacts 
(Themelis, 2007),” and 
is primed to find sustain-
able ways of handling the 
billions of tons of waste 
solids created by humans 
(Themelis, 2007).    
Gasification is becom-
ing a prominent alterna-
tive to landfilling and 
basic methods of incin-
eration (Butterman, Cast-
aldi, 2008).    Gasification 
breaks down the composi-

tion of biomass (biomass 
is carbon based with or-
ganic molecules), plastics, 
mixed waste materials, 
and municipal solid waste, 
and creates a desirable 
“syngas gas” or synthetic 
gas along with byproducts 
including ash and char 
(Leonard, 2012).   Gasifi-
cation is a thermochemi-
cal process that consists 
of two main stages, not in-
cluding the refinement of 
products (Klein, Theme-
lis, 2003).  Pyrolysis, the 
first stage, occurs at tem-
peratures below 600°C 
(1112 °F).  Pyrolysis is 
the initial gasifying of the 
feedstock, allowing vola-
tile components (parts of 
organic compounds) to be 
released (Klein, Themelis, 
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2003).  This devolatiliza-
tion process produces 
volatile gases, char, and 
ash materials (Pantelides, 
2006).  In the second stage, 
the carbon in the ash and 
char are introduced to and 
treated with a co-reactant, 
oxygen, steam (water va-
por), or carbon dioxide, 
resulting in the produc-
er gas “syngas” (Klein, 
Themelis, 2003).  The 
exothermic reaction in the 
gasification char and ash, 
between the carbon and the 
co-reactant, provides ther-
mal energy that drives the 
pyrolysis phase.  The re-
actions that create syngas 
are either endothermic or 
exothermic, and their rates 
depend on pressure, tem-
perature, the co-reactant, 
and co-reactant concentra-
tion.  The product gas can 
be used as fuels in steam 
boilers, reciprocating en-
gines, and combined cycle 
turbines (Klein, Themelis, 
2003).  
Gasification products can 
be controlled; removing 
metal ions, tars, and oils 
during the thermochemi-
cal process and during 
the product’s refinement, 
results in a reduction of 
carbon dioxide emissions 
(Themelis, 2007).  Recov-
ering energy from munici-
pal solid waste in Waste 
to Energy Plants (such as 
gasification facilities) can 
reduce landfilling as well 
as air and water emissions, 
further lessening depen-
dence on fossil fuels for 
power generation (Klein, 
Themelis, 2003).  The pro-

duced syngas is primar-
ily composed of hydrogen 
and carbon monoxide, de-
sirable molecules in creat-
ing fuel.  During oxidation 
of biomass the Boudouard 
reaction (C+CO2 to 2CO), 
the Water Gas Shift reac-
tion (CO+H2O to H2 + 
CO2), and the reverse Wa-
ter Gas reaction (C+H2O 
to H2+CO) take place, 
resulting in the gain of 
creating preferable mol-
ecules for energy produc-
tion when refined (GREN-
WHICH).  Refinement 
includes fuels, notably 
gasoline, and electricity 
among others (Butterman, 
Castaldi, 2008).  
The gasification process is 
a self-sustainable process.  
Studies have concluded 
that gasification has ben-
eficial capital gains and is 
an ecologically ample pro-
cess.  According to a recent 
study, the gasification pro-
cess has been seen to cost 
less per kWh of electric-
ity generated than that of 
combustion plants (Klein, 
Themelis, 2003).  This 
attests to gasification’s 
higher efficiency of con-
verting thermal to electri-
cal energy once feedstock 
components are converted 
into synthetic gas (Klein, 
Themelis, 2003).  These 
are encouraging numbers 
that can cause a prevalent 
use of the process in place 
of other, biomass to ener-
gy plants. 
Gasification of biomass is 
a growing because of its 
positive attributes.  Bio-
mass maintains a carbon 

neutral status, 
meaning it main-
tains a zero carbon 
footprint (Butter-
man, Castaldi, 
2009).  This makes 
biomass a prime 
candidate for gas-
ification because 
there would be no 
carbon emissions 
in any form, when 
biomass is oxi-
dized during py-
rolysis (beginning 
phase of gasifica-
tion). Predictions 
made from current 
studies suggest 
that if 20% of liq-
uid fuels were pro-
duced from a car-
bon neutral source, 
such as biomass, 
there would be a 
resounding 15% 
reduction in CO2 
emissions (Butter-
man, Castaldi, 2009).  To-
tal global CO2 emissions 
amount to nearly 29.5 bil-
lion metric tons annually.  
One third of these emis-
sions come from burning 
gases in the transportation 
sector equivalent to 1.4 
billion metric tons, which 
so can be averted through 
fuel replacement alone 
(Butterman, Castaldi, 
2009).  A resounding sta-
tistic, “for a typical auto-
mobile producing 6 tons of 
CO2 /per year, this would 
be equivalent to removing 
308 million vehicles from 
the road annually (Butter-
man, Castaldi, 2009)” pro-
vides great optimism for 
the future of gasification 

with biomass as the world 
looks to control its impact 
on the environment.   
Biomass fuels are glob-
ally available (Butterman, 
Castaldi 2007).  Biomass 
does not have the inter-
mittency associated with 
wind and photovoltaics 
(wind and solar converting 
methods), and they con-
stitute nearly one quarter 
of the fuel available from 
municipal waste.  Biomass 
fuels currently provide 3% 
of the U.S. energy produc-
tion.  Nearly one third 
of the renewable energy 
sources in the United 
States can be attributed to 
woods, grasses, and agri-
cultural forestry wastes, 
and residues (Butterman, 
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Castaldi 2007).  On the 
basis of a recent study, 
biomass has been found to 
be capable for supplying 
5% of the nation’s power 
by 2030.  Biomass derived 
fuels have the potential to 
provide 20% of the U.S. 
transportation (Butter-
man, Castaldi 2007).    
Currently there are lim-
ited uses for the byprod-
ucts of gasification, ash or 
char (Morf, 2012).  These 
byproducts of the gasifi-
cation process are gener-
ally discarded in a landfill 
(CEWEP).  Recently char 
and ash have been used in 
construction applications 
or as an alternate cover 
for landfills (CEWEP).  
However, the majority 
is still discarded.  Stud-
ies by Morf (2012), Gori 
(2009), Sallam (2008), 
and Klinhoffer, Castaldi, 
and Nzihou (2012), focus 
on sundry uses for these 
byproducts and their ben-
eficial properties.    
Char is a residue that is 
produced during the py-
rolysis phase in gasifica-
tion (Klinghoffer, Castal-
di, Nizhou, 2012).  Char is 
composed of material from 
the original feedstock that 
was not successfully con-
verted to syngas for fuel 
production.  Char has been 
tested for catalytic proper-
ties and performance in an 
effort to replace commer-
cial catalysts by efficiency 
serving as a cheaper al-
ternative (Klinghoffer, 
Castaldi, Nizhou, 2012).  
This was tested under the 
hypothesis that char is de-

pendent on gasification 
conditions.  When char 
samples of biomass gasifi-
cation are treated with dif-
ferent co-reactants, they 
release various amounts 
of carbon (which has been 
used in catalytic applica-
tions), and can chemically 
convert tars to useful prod-
ucts by breaking down 
the sample’s composition 
(Klinghoffer, Castaldi, 
Nizhou, 2012).  Results 
found were favorable; all 
parts of the hypothesis 
were confirmed, and op-
timistic results have char 
replacing commercial 
catalysts under certain 
conditions (Klinghoffer, 
Castaldi, Nizhou, 2012).  
Analyzing chars that were 
created under different 
temperatures with differ-
ent co-reactants, (reactants 
such as water and carbon 
dioxide were selectively 
added to the pyrolysis 
phase), demonstrated that 
the surface area of char 
could be modified by 
changing gasification con-
ditions.  Results continued 
to show that char was able 
to break down hydrocar-
bons methane, propane, 
and to an extent, nitrogen 
(Klinghoffer, Castaldi, 
Nizhou, 2012).  The char 
proved high efficiency 
when breaking down ali-
phatic bonds present in 
methane and propane.  
This performance was 
measured against two 
commercial catalysts and 
the char had superior re-
sults between 500 and 900 
degrees Celsius (sample 

H2O-750-60).  When not 
under these temperature 
constraints, both H2O 
and CO2 samples under 
500 degrees did not pro-
vide adequate results, and 
above 900 degrees Celsius 
H2O samples experienced 
sintering; the breaking 
down of the sample’s mi-
coporous network while 
those that were produced 
under CO2 did not pro-
vide satisfactory results 
(Klinghoffer, Castaldi, 
Nizhou, 2012). 
Recent advances in re-
covering precious metals 
and rare earth elements 
from bottom ash have 
been cultivated from mu-
nicipal solid waste (Morf, 
2012).  Efforts to recover 
these metals and elements 
have recently increased.  
This is not a relatively 
new concept.  Law and 
Gordon (1979) found that 
there were considerable 
amounts of silver concen-
trations in bottom ash (38 
± 8 mg/kg).  In 1996, Si-
mon wrote a cover article 
for a Swiss paper stressing 
the economic potential for 
valuable metals that are 
present in bottom ash, 
“which showed 40-400 
times higher levels of Ag 
[silver] compared to earth 
crust levels (Morf, 2012)” 
Although promising at the 
time, concentration levels 
were considered too low 
to make a recovery of the 
elements and the metals 
that made the product eco-
nomically feasible (Morf, 
2012).  
In recent years, research 

has continued to find eco-
nomically sound methods 
of recovering metals and 
rare earth metal elements 
because of the correlation 
with an increase demand 
for these metals (Morf, 
2012).  Among investi-
gated techniques, there 
is a magnetic separation 
method and an eddy cur-
rent separation method 
used to generate iron metal 
fractions and non-ferrous 
fractions (metals that are 
light weight, have a higher 
conductivity than ferrous 
metals, and do not cor-
rode) (Morf, 2012).   The 
conclusions of the study 
proved that it is feasible to 
recover metals but in small 
concentrations (direct re-
covery).  However, there 
were unexpectedly large 
annual amounts of het-
erogeneous solid waste in 
the substance flow, which 
hindered the ability to ex-
tract precious metals and 
rare earth elements (Morf, 
2012).  This is an area that 
needs further research into 
finding ways to facilitate 
effective methods of ex-
tracting precious subsidies 
while maintaining an eco-
nomic equilibrium.  Poten-
tially high market values 
for these metals and ele-
ments provide optimism.  
A large reduction on en-
vironmental impact by 
means of future waste and 
resource management sys-
tems  may be achieved for 
economic revenue orches-
trated by the high trading 
value of such metals as 
gold and silver, provided 
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that efforts to develop re-
covery techniques are sus-
tained (Morf, 2012).
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The Effect of Mindfulness-Meditation Practice on Anxiety Levels 
Among High School Students, By Jordan Hudock. (Junior)
Hypothesis:
Participation of high 
school student in mindful-
ness meditation practice 
will reduce the average 
level of anxiety in stu-
dents.
 
Purpose:
With the nonstop, always 
on the go, modern lifestyle 
almost all of us face, ev-
eryday anxiety has become 

an epidemic.  In America, 
reportedly seventy-seven 
percent of all people are 
not able to cope with this 
stress or manage it in their 
daily lives (Millar, 2010). 
An even more shocking 
ninety-seven percent of 
college students report that 
they experience anxiety on 
a daily basis as described 
in the same study (Mil-
lar, 2010).  If something 

beneficial, not only to the 
students’ stress levels, but 
also to their concentra-
tion and awareness levels, 
could be implemented in 
school systems, shouldn’t 
it be?  Study after study 
shows meditation to sig-
nificantly alleviate anxiety 
symptoms (Orme-Johnson 
et al., 2013) along with a 
reduction in sleepiness 
throughout the day and 

an increase in focus and 
awareness (Lee et al., 
2007).  If this simple prac-
tice could be implemented 
in schools’ physical edu-
cation classes, imagine 
the widespread benefits 
that would take hold.  This 
study will be done to col-
lect concrete data on med-
itation’s benefits when in 
the school setting.
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Background:
Anxiety levels can be 
classified using psycho-
logical, physiological, 
or biological responses 
or lack thereof.  When a 
person is experiencing 
anxiety, psychological re-
sponses include feelings 
of worry, nervousness, or 
unease, typically about an 
impending event or some-
thing with an uncertain 
outcome (Roth, 1994).  
Key examples of physio-
logical response to anxiety 
include a lack of focus, an 
inability to unconsciously 
remain still, rapid breath-
ing, trembling hands, cold 
hands and feet, a rapid 
heartbeat, a dry mouth and 
overall restlessness (So et 
al., 2001).
During periods of anxiety, 
the muscle demands high-
er levels of glucose and 
oxygen running through 
the bloodstream.  For this 
to be possible the heart has 
to pump faster and blood 
pressure must increase.  

The entire process 
starts when sensory 
cells alert the hypo-
thalamus of a poten-
tial danger.  Cells in 
the hypothalamus 
transmit a signal to 
the pituitary gland, 
which releases 
the adrenocorti-
cotropic hormone 
(ACTH) to the ad-
renal glands (So et 
al., 2001).  ACTH 
signals to both ad-
renal glands to pro-
duce more cortisol.  
ACTH molecules 
bind to receptors 

on the surface of adrenal 
cells, which initiates a 
complex process that turns 
cholesterol into cortisol.  
When produced, this hor-
mone is pumped into the 
body and attaches to its 
receptors.  At this point, 
cortisol can interact with 
other cells to increase the 
sensitivity of the heart and 
blood vessels.   This leads 
to the effects of epineph-
rine and norepinephrine. 
These hormones stimulate 
receptors in heart cells, 
which increase the rate 
of the heartbeat and the 
force with which the heart 
muscles contract (Shapiro 
et al., 2008).  Cortisol also 
ensures that the blood 
vessels are receptive to 
epinephrine and norepi-
nephrine. These hormones 
attach to specific proteins, 
which cause the narrowing 
of blood vessel walls. This 
brings about an increase in 
blood pressure and allows 
blood to be sent to essen-

tial organs and muscles.
Meditation is commonly 
associated with reducing 
the symptoms of anxiety. 
It is a form of contempla-
tion, reflection, or height-
ened awareness.  Altera-
tions in brain function 
during meditation have 
been recorded using single 
photon emission comput-
ed tomography, electro-
physiology, PET and func-
tional magnetic resonance 
imaging (Travis, 2001).  
Although results differ 
slightly between forms 
of meditation, overall re-
sults indicate intensified 
signals in brain regions 
related to attention control 
and affect regulation, with 
an increase in dopamine 
release.
One study, entitled Effects 
of Transcendental Medi-
tation practice on brain 
functioning and anxi-
ety reactivity in college 
students, was executed 
to determine the effects 
transcendental meditation 
practice had on brain func-
tion and anxiety levels in 
college students (Oman et 
al., 2008).   This trial in-
vestigated the effects of 
Transcendental Medita-
tion (TM) on broadband 
frontal coherence, prepa-
ratory brain responses, and 
power ratios, all of which 
were measured using the 
Brain Integration Scale.   
Fifty college students par-
ticipated in a pretest, then 
were assigned to learn 
either TM immediately 
or after a ten-week post-
test. Analyses revealed 

significant increases in 
Scale scores for students 
who began learning TM 
immediately, but decreases 
in students whose learning 
was delayed.  There were 
significant reductions in 
sleepiness among imme-
diate-start students with 
no change in delayed-start 
students. The trial showed 
no changes in habituation 
rates in immediate-start 
students, but significant 
increases in delayed-start 
students. These data sup-
port the value of TM prac-
tice for college students 
and, therefore, it would 
be interesting to research 
whether or not these ef-
fects translate into benefits 
for high school students, 
the subjects of this study.
Another study, done in 
2007, was focused on de-
termining the effects that 
meditation practice had on 
brain function and anxi-
ety levels in participants 
diagnosed with anxiety 
compared to healthy par-
ticipants (Lee et al., 2007).  
During this trial, forty-
eight participants with 
anxiety disorder were as-
signed randomly to either 
an eight-week meditation 
program or an eight-week 
education course.  Those 
in the meditation group 
practiced meditation over 
that period of time while 
the education was instruct-
ed on how one should re-
spond to one’s anxiety.  
Results were measured 
every other week using 
the Hamilton Anxiety Rat-
ing Scale (HAM-A), the 
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Hamilton Depression Rat-
ing Scale (HAM-D), the 
State–Trait Anxiety In-
ventory (STAI), the Beck 
Depression Inventory, and 
the Symptom Checklist-
90—Revised (SCL-90
-R).  This study’s results 
show a larger decrease in 
anxiety within the media-
tion group than the educa-
tion group, the therefore 
supporting this paper’s 
hypothesis that medita-
tion is an effective allevia-
tor of anxiety symptoms.  
The results also show an 
increase in attentiveness 
among meditation-group 
participants.
A third study that spe-
cifically demonstrates 
this paper’s hypothesis is 
called: Randomized trial 
of a meditation-based 
stress reduction program 
and cognitive behavior 
therapy in generalized 
social anxiety disorder 
(Koszicki et al., 2007). Its 
trials sought to see how 
well meditation worked 
in anxiety compared with 
established psychotherapy 
interventions.  Fifty-three 
patients diagnosed with 
generalized social anxi-
ety disorder participated 
in either and eight-week 
meditation program or 
twelve sessions of group 
therapy targeted at the 
disorder.  The meditation 
group showed significant 
improvement in their self-
measured anxiety at the 
end of the trial period, 
supporting the hypothesis 
that meditation could be 
used to alleviate symp-

toms of anxiety among 
high school students.
Various studies were done 
to support the theory that 
meditation significantly 
reduces anxiety levels.  
One such example is a 
recent study by Richard 
Davidson and colleagues 
(Davidson et al., 2013).  
This study was based on 
the research that opening 
oneself up to rather than 
resisting possibly pain-
ful experiences can actu-
ally steer one’s mind away 
from anxiety.  Being open 
to these types of experi-
ences is a documented re-
sult of meditation. For this 
reason, Davidson sought 
to discover whether or not 
meditation would steer 
peoples’ minds from stress 
in this way.  During this 
study, functional magnetic 
resonance imaging (fMRI) 
was used in meditators to 
dissociate neural activa-
tion patterns linked with 
pain.  Compared to non-
meditators, meditators 
experienced significantly 
less unpleasantness.
Anxiety is extremely 
prevalent in school sys-
tems and meditation is a 
potential tool that could 
be used to alleviate symp-
toms.  Schools could take 
a few minutes each day 
to integrate meditation 
into classes in productive 
ways.  As demonstrated 
in the above four studies, 
this would likely lower the 
anxiety levels of students 
and improve their abilities 
to concentrate and think 
clearly throughout the 

day.
This paper inves-
tigates the role 
mindfulness-med-
itation practice 
plays in alleviating 
anxiety symptoms 
among high school 
students.  It is hy-
pothesized that par-
ticipation of high 
school students in 
mindfulness medi-
tation practice 
will decrease the 
students’ average 
anxiety level.  The 
above four litera-
ture reviews exhib-
it and support that 
hypothesis.  This 
study will differ 
from the directly 
above-mentioned 
involving college 
students (Oman et 
al., 2008) because, 
with high schools 
students, there is an age 
difference, difference in 
maturity level, difference 
in the pressures students 
face (social and educa-
tional), among other vari-
ables.
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Role of the Tau Proteins in the onset of Alzheimer’s Disease, by Clio 
Lieberman (Sophomore).
Introduction 
Alzheimer’s disease af-
fects 30 million people 
worldwide. It is an ad-
vance form of dementia, 
which includes an early 
onset (EOAD) and a late 
onset (LOAD) form. 
EOAD is thought to be 
genetic, while LOAD is 
thought to be caused by 
many different proteins in 
the brain. The first hypoth-
esis is the amyloid-beta 

hypothesis, caused by the 
39-42 amino acid chain of 
the amyloid precursor pro-
tein. Another hypothesis 
is the tau protein hypoth-
esis, which is caused by 
hyperphosphorylated 383-
441 tau proteins in the AD 
adult brain.  This leads to 
cognitive damage, caus-
ing memory loss, speech 
impairment, inability to 
perform basic motor func-
tions, and synaptic loss.

 
Amyloid beta hy-
pothesis
The first hypothesis 
is the amyloid-beta 
hypothesis, caused 
by the 39-42 amino 
acid chain of the 
amyloid precursor 
protein. The ag-
gregated form of 
the amyloid-beta 
oligomers attack 
the cell, effectively 
destroying it. The 
amyloid precursor 
protein is cleaved 
by BACE-1, which 
is composed of 
two proteases, b-
secretase and y-
secretase. Amyloid 
beta proteins are 

essential in normal ag-
ing, but in normal aging, 
BACE-1 uses a-secretase 
and y-secretase to cleave 
APP. APP is the amyloid 
precursor protein, a “type 
one membrane glycopro-
tein” (Nalivaeva et Turn-
er, 2013). A-secretase and 
b-secretase cleave APP 
at different places on the 
peptide. When a-secretase 
cleaves APP, it can be ab-
sorbed into the cell. When 
b-secretase cleaves APP, it 
is too large to be absorbed 
into the cell, and the oli-
gomers aggregate and at-
tack the cell. 
APP is used in normal 
aging as well. In the “de-
veloping brain, APP is 
required for neuronal 
precursor cells to migrate 
correctly in the nascent 
cortical plate” (Nativaeva 
et Turner, 2013), regulates 
“synaptic vesicle exocyto-
sis” (Nativaeva et Turner, 
2013), maintains the use 
of calcium in neurons, 
which is used in synaptic 
transmission. The main 
problem in Alzheimer’s 
disease is the destruction 
of neurons when APP is 
not cleaved properly. An-

other problem is the ac-
cumulation of APP when 
there is an overproduc-
tion of the protein or 
when neprilysin (NEP), 
the APP degrading pep-
tidase, malfunctions or is 
down regulated. Amyloid 
beta proteins are toxic and 
insoluble, which makes it 
very hard to remove if ne-
prilysin malfunctions.
Amyloid beta proteins 
also caused malfunctions 
in the blood brain barrier 
(BBB), and disrupts ce-
rebral blood flow (CBF). 
AB causes leakiness in 
the BBB, which can let 
toxic macromolecules 
into the brain. According 
to Abbott et al. (2010), 
“leakage of these large 
molecular weight serum 
proteins into [the] brain 
across a damaged BBB 
can have serious patho-
logical consequences.” 
When there’s too much 
leakiness in the BBB, it 
can let macromolecules 
through that are toxic, 
such as glutamate, which 
is toxic when in the brain 
(Bamburg and Bloom 
2009). This can disrupt 
normal neuronal func-
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tions, like tight junctions 
in the neurons. This leads 
to cognitive loss in the AD 
brain. 

Tau hypothesis
Tau proteins in the brain 
have six isoforms, rang-
ing from 383-441 amino 
acids in length in the hu-
man adult brain (AnaSpec 
2013). Tau can self-assem-
ble into filaments (Bam-
burg and Bloom, 2009), 
which comprise neurofi-
brillary tangles. When self 
assembled, they “detach 
from the microtubules, 
thereby destabilizing mi-
crotubules and compro-
mising axonal transport” 
(Hampel et al., 2010). 
They are also comprised 
of microtubule binding 
sites, which “form[s] the 
core structure” (Bamburg 
and Bloom, 2009) of the 
tau protein. These aggre-
gated fibers are hyper-
phosphorylated, with at 
least 30 phosphorylation 
sites (Bamburg and Bloom 
2009), which can compro-
mise microtubules. “[P]
hosphorylation at those 
sites might represent a 
switch from an intracel-
lular environment that is 
non-permissive for tau 
self-assembly to one that is 
permissive” (Bamburg and 
Bloom 2009). This means 
that when tau is phospho-
rylated, it becomes active, 
and that when tau fails to 
self-assemble in absence 
of phosphorylation, it 
does not affect the cell. 
Tau also breaks down mi-
crotubules, which can af-

fect synaptic activity and 
axonal transport. 
Tau also affects mitochon-
dria in cells. It completely 
changed the structures of 
mitochondria, which be-
come, “shorter organelles 
that undergo enlargement, 
cristae disorganization, 
and complete loss of inner 
structures and… decrease 
of mitochondrial mass” 
(Amadoro et al.,). The 
abnormal mitochondria 
are then removed by lys-
osomes in affected cells 
(Amadoro et al., 2014). 
This leads to a reduction 
in the ATP produced in a 
cell, which slows down 
and impairs important cel-
lular reactions. This can 
lead to cell death and cog-
nitive loss. 

Tau and AB interactions
Tau and amyloid beta 
proteins are both possible 
causes of AD in the brain, 
and many scientists be-
lieve that “AB-oligomers 
as well as…AB-extracts 
from human AD brain in-
duce AD type of tau hy-
perphosphorylation in cul-
tured neurons” (Bamburg 
and Bloom 2009). It has 
been shown that AB may 
induce hyperphosphory-
lation in cells, leading to 
tau-induced cell death, 
like releasing toxic tau-
related proteins in the CSF 
(Hampel et al., 2010). This 
means that hyperphospho-
rylated tau in the AD brain 
may be caused by amyloid 
beta proteins in the cell. 
Amyloid beta proteins and 
tau are not mutually exclu-

sive of each other, 
but may interact to 
damage cells, as 
well as mitochon-
dria. These are de-
scribed as “round-
ish and pale with 
patchy matrices, 
sometimes swollen 
and suffering from 
the total disappear-
ance of their inner 
cristae” (Amadoro 
et al., 2014), and 
also as “irregular 
and interrupted 
i n t e r m e m b r a n e 
space” (Amadoro 
et al., 2014). The 
destruction may 
result in cell death, 
since mitochondria 
would not be able 
to make enough 
ATP to perform 
normal life func-
tions. 

Glycogen synthase ki-
nase 3
Glycogen synthase ki-
nase 3 (GSK3) interacts 
with both tau and APP by 
modifying both of their 
substrates, promoting the 
phosphorylation of tau, and 
causing BACE-1 to use b-
secretase to cleave APP. 
This promotes abnormal 
cleavage of APP, which 
is toxic for the brain. This 
means that GSK3 induces 
the hyperphosphorylation 
of tau, meaning that it can 
destabilize microtubules 
in the brain, and cleaving 
of toxic AB, causing cell 
and mitochondrial death 
in neurons, with “intra-
cellular components are 

released into the extracel-
lular space” (Hernandez 
and Avila, 2008). This 
can potentially be toxic to 
the surrounding neurons, 
causing cognitive impair-
ment, which not only af-
fects the neuron affected 
specifically by AB, but the 
neurons surrounding it as 
well. GSK3 may also pro-
mote the overproduction 
of amyloid beta proteins, 
amplifying cell death in 
the AD brain. 

Conclusion 
Amyloid beta proteins and 
phosphorylated tau are 
both abnormal forms of 
normal proteins found in 
non-AD brains. Amyloid 
beta proteins are made of 
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b-secretase cleaved APP 
instead of a-secretase 
APP, while tau is made of  
hyperphosphorylated 383-
441 amino acid chain in 
the adult brain. Abnormal 
forms of these proteins 
attack the cell, including 
the mitochondria, causing 
neuronal death. An affect 
of this cell death is cogni-
tive impairment, including 
memory loss, speech defi-
cits, motor loss, dementia, 
and synaptic loss. 
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Deja Vu by Matt Kenny (Junior)
One of the most common 
and intriguing phenom-
enons in known as deja 
vu. This spontaneous feel-
ing of having done, seen, 
heard, or felt something 
before has an unknown 
cause, despite its com-
mon occurrences. A major 
contributing factor to this 
is the fact that deja vu epi-

sodes will occur sponta-
neously, meaning that re-
searchers do not have the 
ability to collect data on 
the brain activity that goes 
on during a genuine deja 
vu episode. Therefore, in 
order to understand the 
actions of the brain during 
an episode, the brain needs 
to be manipulated so that 

a deja vu episode 
can be simulated.
There are two ba-
sic ways that can 
be used in order to 
simulate deja vu. 
The first is electri-
cal brain stimula-
tion through the 
use of pathologic 
methods. This 
method is quite 
consistent in its 
producing of deja 
vu in the partici-
pant. Using these 

electrical stimulations, the 
activity that goes on dur-
ing deja vu is simulated 
(Adachi 2010). While the 
data is quite generic and 
will not show any origi-
nality through different 
participants, electrical 
stimulation is quite consis-
tent in its ability to work. 
However, there are many 
limits to the type of people 
that can be experimented 
on with this method. Only 
those with certain diseases 
of the brain, more specifi-
cally Temporal Lobe Epi-
lepsy and Schizophrenia, 
are usually used as partici-
pants due to the fact that 
the stimulation is more 
consistent in creating a 
deja vu episode when par-
ticipants have these brain 
abnormalities (Radvan-
sky 1998).The reality for 
these participants is that 

they will face harsh con-
sequences for taking part 
in these experiments. This 
is one of the main reasons 
as to why it is so necessary 
for another way in which 
deja vu can be provoked 
to be found. For example, 
those with Temporal Lobe 
Epilepsy are very likely to 
experience a seizure after 
the deja vu episode which 
was caused by the elec-
trical stimulation. This is 
the main reason as to why 
many scientists are search-
ing for alternatives to elec-
trical stimulation that still 
allows them to simulate 
deja vu (Brown 2008). 
A second way in order to 
create a deja vu episode in 
any participant is through 
the process of creating 
false memory in the brain. 
This process is quite com-
plicated and the steps for 
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creating this false memory 
need to be followed very 
strictly in order to be suc-
cessful in creating a deja 
vu episode. This process 
involves showing one 
scene to a participant, and 
then showing them another 
scene that is only slightly 
altered. Because the sec-
ond scene seems relative-
ly similar to the original 
scene, the participant will 
feel as if they have seen 
this scene before, and will 
therefore experience deja 
vu (Brown 2008). This 
method leads to no known 
consequences for any par-
ticipants, because in this 
case, the deja vu episode 
that the patient experienc-
es is real. While electrical 
stimulation shows the ac-
tivity that goes on in the 
brain during deja vu, the 
participant does not truly 
experience deja vu. In the 
method involving evoking 
false belief, the partici-
pant is simply being set 
up to experience deja vu. 
While the scene the par-
ticipant is seeing is fake, 
the activity in their brain 
is not (Moulin 2010). Still 
the brain activity will be 
recorded and can be used, 
but the data will always be 
relatively the same, with-
out some abnormalities 
that could easily be seen 
in true cases of deja vu.
The only problem with the 
method involving false 
belief is that it is nowhere 
near as consistent in creat-
ing a deja vu episode as 
electrical stimulation is. 
Therefore, many scientists 

studying of deja vu will 
still decide to use pathol-
ogy and electrical stimula-
tion in order to create this 
deja vu activity (O’Connor 
2012). In order to force 
scientists to turn to the 
use of of stage simulation 
rather than electrical stim-
ulation, false belief needs 
to be perfected so that it 
has a higher consistency 
rate.
The opportunities that are 
potential when there is 
an ability to gather data 
on deja vu are immense.  
For example, deja vu may 
have a relation to seizures 
(Serendip 2009). This 
theory is supported by the 
fact that most people with 
diseases of the brain that 
are related to seizures will 
usually experience deja vu 
before a seizure occurs.
Deja vu is seen, by some, 
as being a “mini-seizure” 
rather than being its own 
phenomenon. Therefore, 
being able to stop deja 
vu from happening could 
be very useful in learning 
how to stop seizures from 
happening in those with 
certain diseases, such as 
epilepsy and schizophre-
nia.
Many feel upset after go-
ing through the experi-
ence of deja vu. For that 
reason,it would be impor-
tant to stop it at certain 
times, as some may even 
go as far as suffering from 
depression in rare cases, in 
which deja vu occurs very 
frequently. Understanding 
the neurological process 
behind deja vu would al-

low us to monitor 
and record data on 
it. If deja vu can be 
stopped, then the 
feeling of confu-
sion and sadness as 
a reaction can be 
taken away. Also, 
a precursor of an 
oncoming seizure 
is a feeling of deja 
vu (Adachi 1999). 
There may be a 
possibility that 
deja vu is a cause 
of a seizure or gen-
erates it. Therefore, 
by knowing how 
deja vu arises and 
stops, there may 
be a way to stop or 
diminish temporal 
lobe epilepsy con-
sequences. Also, 
another theory 
may be that the 
feeling of deja vu 
is simply the beginning 
of a seizure. Therefore, 
this theory would then go 
on to state that deja vu is 
simply a smaller version 
of a seizure. This would 
coincide with the fact that 
not everyone experiences 
deja vu, meaning that not 
all people experience sei-
zures.
The most believed and 
trusted theory as to how 
deja vu works is the opti-
cal pathway delay theory, 
which states that there is 
a malfunction between 
the eyes actually seeing 
what is going on and the 
brain processing this into 
a memory. Another theory 
to the deja vu phenomenon 
is the “cellphone” theory. 

This theory states that 
when a person is focusing 
on one specific thing, they 
are still able to see the sur-
rounding objects through 
their peripheral vision. 
The person seems con-
scious of the object being 
there without fully focus-
ing on it. Then, when the 
person fully focuses on 
the object, they feel as if 
they remember it from 
somewhere else (Obringer 
1998). This hypothesis 
is interesting because it 
poses the question: could 
it be possible for some-
one to provoke deja vu? If 
so, then scientists would 
be able to provoke it and 
would be able to generate 
models to study deja vu 
efficiently; Currently, deja 
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vu cannot be studied due 
to the fact that it only aris-
es about once a year and 
the time in which this phe-
nomenon will take place 
cannot really be predicted. 
Therefore, with this hy-
pothesis, we could collect 
data about it, and further 
understand how this com-
mon phenomenon really 
does work. However, this 
theory is challenged con-
stantly because of the fact 
that to this date no scien-
tist has been able to pro-
voke deja vu.
It is necessary for scien-
tists to find another way to 
provoke deja vu because 
of all the potential findings 
that could come from that 
data. Deja vu has so many 
potential connections to 
many things, including 
Schizophrenia, Temporal 
Lobe Epilepsy, and much 
more. Without another 
way to provoke deja vu, 
scientists will struggle 
with many other fields.
When considering one’s 
brain stimulation and 
function, it is necessary 
to respect the effect that a 
person’s spatial environ-
ment has on he/she. Spa-
tial awareness can be de-
fined as a person’s ability 
to properly identify and 
comprehend information 
about an environment sur-
rounding them. The most 
effective way to evaluate 
one’s spatial awareness is 
through situation models. 
Situation models serve 
as reproductions of vir-
tual spatial environments 
(Radvansky 2006). By 

properly designing these 
situation models, it is pos-
sible through experimen-
tation to stimulate certain 
parts of the brain that a 
specific spatial environ-
ment will have an effect 
on.
Humans may also have a 
difficulty in deciphering 
new information when en-
tering new spatial environ-
ments: it may lower one’s 
ability to properly com-
prehend the world around 
he or her. Gabriel Rad-
vansky exemplifies this 
in his paper, titled Walk-
ing Through Doorways 
Causes Forgetting. In his 
experiment, Radvansky 
proves that the rapid and 
sudden entering of a com-
pletely new environment 
forces humans to have to 
identify a whole new set 
of preliminary and direct 
objects, causing them to 
forget previous ones (Rad-
vansky 2006).
These situation models 
will go to great lengths in 
amplifying studies on deja 
vu. By designing the prop-
er sequence of scenes and 
simulations, the potential 
is there to find a way to 
stimulate certain func-
tions of the brain, so as 
to provoke deja vu. This 
alternative to less ethical 
provoking of deja vu has 
the ability to serve quite 
effectively.
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The Effects of the Wnt Calcium Pathway on Astrocytic Gliotransmis-
sion, by Robert McIllrath (Junior)

Abstract
The Wnt/ Ca2+ pathway 
is directly responsible for 
the amount of calcium 
ions available within as-
trocytes. Calcium ions are 
necessary for gliotrans-
mission, which can cause 
changes in rates of neuro-
genesis in the hippocam-
pal dentate gyrus, a region 
of the brain famous for 
continuing neurogenesis 
during adult life. 
If calcium ions necessary 
for gliotransmission are 
acquired through the G-
Protein dependent PLC 
enzyme of the Wnt/ Ca2+ 
pathway, then blocking 
the Fz receptors of the 
Wnt pathway using ei-
ther Cer or FrzB will lead 
to a reduction in rates of 
gliotransmission. Also: if 
gliotransmission increases 
the rate of neurogenesis 
then, when stimulating/ 
increasing gliotransmis-
sion rates, Brdu staining 
in the hippocampal den-
tate gyrus will reveal a 
comparative increase in 
adult young neurons com-
pared to that un-stimulated 
gliotransmission rates.

Introduction
Astrocytes and gliotrans-
mission 
Astrocytes are cells within 
the brain long thought to 
be exclusively function-
ing as protective cells for 
neurons. In the past few 
years a concept, known 
as gliotransmission, has 

gained popularity in the 
scientific community. 
Gliotransmission is a pro-
cess by which neuroglia (a 
broad category of neuronal 
cells, containing astro-
cytes, oligodendrocytes, 
etc.) can communicate 
and send electrochemical 
signals to modify neuronal 
signaling (Nedergaard et 
al., 2003). Upon the P2Y1 
receptor in the astrocyte 
receiving molecules of 
ATP vesicles contain-
ing glutamate release the 
gliotransmitter and enter 
the synaptic cleft, thereby 
causing the synapse to fire 
(Nedergaard et al., 2003). 
 Several recent stud-
ies have gone on to con-
clude that this gliotrans-
mission process is integral 
in the differentiation of 
neuronal stem cells, de-
termining whether they 
become oligodendrocytes, 
astrocytes, or neurons 
(Song et al., 2002). Go-
ing by these studies the 
addition of glutamatergic 
gliotransmission increases 
the likelihood for neuronal 
stem cells to differentiate 
into neurons. (Song et al., 
2002) The region of the 
brain with the highest rate 
of young neurons in adult-
hood is in the hippocam-
pal dentate gyrus. 
The process of gliotrans-
mission requires calcium 
ions in order to cause the 
release, of gliotransmitters 
(Bezzi et al., 2001). The 
calcium ions are known to 

cause regulated exo-
cytosis of gliotrans-
mitters that then go 
on to modulate syn-
aptic activity (Zorec 
et al., 2011).

The WNT non-ca-
nonical Ca 2+ path-
way:
The non-canonical 
Wnt/ calcium path-
way is used to deliver 
calcium ions inside 
the cell (Huelsken 
& Juergen, 2002). 
Wnts, secreted glyco-
proteins, bind to frizzled 
seven-transmembrane 
span receptors coupled 
to G proteins (Huelsken 
& Juergen, 2002). These 
glycoproteins, which are 
chains of simple sugars, 
bind to specific recep-
tors on the astrocytes that 
trigger the Wnt/ Ca2+ 
pathway (Kohn & Moon, 
2005). The activation of 
the Fz receptor causes 
Phospholipase C (PLC) to 
cleave membrane-bound 
phosphatidylinositol 4,5-
biphosphate (PIP2) into 
diacyl glycerol (DAG) and 
inositol 1,4,5-triphosphaye 
(IP3) (Kohn & Moon, 
2005). IP3 proceeds to 
diffuse through the cy-
tosol and cause calcium 
channels of the endoplas-
mic reticular membrane to 
release calcium ions (De, 
2011). 
These calcium ions nor-
mally lead to the activation 
of phosphatase calcineurin 

causing the dephosphory-
lation of the transcription 
factor NFAT (Huelsken & 
Juergen, 2002). However 
the calcium ions could be 
involved in the calcium 
ion dependent action in 
gliotransmission, which is 
the hypothesis previously 
stated. In the past astro-
cytes have been reported 
to have the Wnt/Ca2+ as 
their exclusive access to 
calcium ions (Agulhon 
et al., 2012). There is lit-
tle supporting evidence 
claiming the existence of 
voltage gated calcium ion 
channels being present in 
astrocytes, and using G-
Protein antagonists the 
calcium ion levels are se-
verely depleted (Agulhon 
et al., 2012). The Fz pro-
teins can be blocked via 
secreted factors such as 
Cerberus (Cer) and FrzB 
in order to block calcium 
from entering astrocytes 
(Huelsken & Juergen). 
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Until recently, the capa-
bilities of the avian brain 
have been underestimat-
ed. Modern studies now 
focus on the astounding 
competence of the previ-
ously underrated species 
(Happ, 2013). Facial rec-
ognition, a skill thought 
to be specific to humans, 
seems to be possessed by 
some birds as well (Soto, 
2011). Corvids, pigeons, 
and other fowl with high 
brain to body ratios have 
been able to identify hu-
man faces from one an-
other, based on the bird’s 
preference of discrimina-
tion (Bhatt , 1988; Bogale, 

2010; Soto, 2011). Despite 
the building amount of re-
search investigating the 
reason as to why birds can 
tell two people from one 
another based on their fa-
cial features, much is still 
unknown about the extent 
of this ability and its ana-
tomical basis. 
Birds have been discred-
ited for their intelligence 
due to Ludwig Edinger’s 
assumption in the 1800’s 
that the avian brain had 
no gyri, leading other 
scientists to be disinter-
ested with the supposedly 
primitive species (Happ, 
2013). Edinger reasoned 

that the winkle-free brain 
indicated that birds relied 
on instinct rather than 
processing thoughts and 
acting upon them (Happ, 
2013). Past the barrier 
of supposition, the com-
parison of the human and 
the bird brain shown that 
they have similarities in 
functions, yet a different 
anatomical organization 
(Happ, 2013; University 
of California Television, 
2008). The pallium ex-
emplifies this, it being the 
outer layer of the brain 
in all vertebrates that has 
sections with functions 
specific to the species 

(Weiner, 2013). Marzluff, 
Miyaoka, Minoshima and 
Cross found that when 
American crows (Corvus 
brachyrhynchos) viewed 
familiar human faces, their 
mesopallium and nidopal-
lium activated (Marzluff, 
2012). The mesopallium is 
used for imprinting, mem-
orizing and recognizing 
birdsongs, while the nido-
pallium makes decisions 
(Weiner, 2013). Their dis-
coveries shed more light 
on the enigmatic topic of 
avian neurology. 
Posamentier and Abdi 
traced facial recognition 
in humans to the occipi-

Avian Facial Recognition and Discrimination, Jane Milcetic (Sopho-
more)

Neurological impacts:
Gliotransmission is said 
to have impacts on den-
dritic morphology in the 
adult young neurons it 
differentiates (Song et al., 
2002). Other papers sug-
gest that young neurons 
are integral to short term 
memory functionality and 
spatial relations (Neder-
gaard et al., 2003; Song 
et al., 2001; Zhao et al., 
2008). Having a control 
over the amount of cal-
cium ions available for 
gliotransmission may also 
be helpful in the treatment 
of psychological disorders 
(Agulhon et al., 2012). On 
top of this general modu-
lation of synaptic trans-
mission is shown to have 
impacts on sleep disorders 
and epilepsy (Zorec et al., 
2012). 

Quite simply this would 
greatly benefit the under-
standing of neurological 
development, especially 
in later life. Understand-
ing the Wnt pathway’s af-
fect on the development of 
young neurons in the brain 
will ultimately provide 
new knowledge necessary 
when considering impacts 
of other experiments, as 
well as in the development 
of psychiatric drugs. 
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tal gyri, the fusiform gyri, 
and the superior tempo-
ral sulcus (Posamentir, 
2003). More developed 
in their definitions, they 
credit the occipital gyri 
with memorizing the ba-
sic form of facial features 
and their variations, the 
fusiform gyri with re-
membering unchanging 
facial features, and the 
superior temporal sulcus 
wit¬h perceiving emo-
tion through observation 
of expression and motion. 
Shared by both the avian 
brain and the primate brain 
is the striatum, which is 
involved with learning 
and movement (Marzluff, 
2012). The memory sys-
tem sends signals between 
other components of the 
brain to store information, 
and interacts with the pre-
frontal cortex, the human 
version of the nidopallium 
(Weiner, 2013). Through 
the parallelism of the hu-
man and avian brain, more 
can be discovered about 
the latter, and even some 
about the former. 
Bhatt, Wasserman, Reyn-
olds and Knauss tested 8 
feral pigeons on their abil-
ity to classify objects in 
the natural or manmade 
category (Bhatt, 1988). 
Using pictures of humans, 
cats, cars, and chairs that 
differed in their setting, 
visibility, orientation, 
et cetera, 8 birds were 
trained to identify an im-
age in two ways. Since it 
has been proven that pi-
geons can memorize 200 
slides if not more, Bhatt, 

Wasserman, Reynolds 
and Knauss designed an 
experiment to test if their 
subjects were memorizing 
the 40 presented pictures, 
or relied on fitting the 
photograph into the four 
categories. Out of 2,000 
slides, 40 images were 
chosen to be the familiar 
group, 10 for humans, 10 
for cars, and so on. On 
uneven days, the familiar 
group was shown, while 
a new set of 40 pictures, 
each category represented 
by ten photos, was shown 
on the even days. The 
unfamiliar images were 
chosen from the remain-
ing 1,960 slides. After 96 
days, the pigeons finished 
their testing. While the 
subjects struggled with 
the non repeating photos, 
every bird’s scores were 
above chance level. The 
highest scores in the re-
peating category were at 
91%, and the lowest were 
at 20%. The highest scores 
in the non-repeating cat-
egory were at 84%, and 
the lowest were at 19%. 
Since some pigeons suc-
ceeded at discriminating 
between images, though 
others lowered the sta-
tistics, as they lacked the 
competence to complete 
the task. The experiment 
was done another 3 times, 
each with the same sub-
jects, though the 40 pic-
tures in the familiar group 
were changed to ensure 
that the birds’ scores were 
not affected by an odd im-
age. Out of the 4 trials, 
the pigeons maintained 

relatively consistent 
percentages, suppos-
ing that each subject 
had their own way of 
telling one category 
apart from another. It 
seemed that the birds 
were objectifying 
the humans, as they 
viewed still slides, 
and not moving pic-
tures (Bhatt, 1988). 
While humans are 
able to recognize an-
other person as a be-
ing and not an item, 
it is unclear how pi-
geons categorize peo-
ple, not just pictures 
of them. A study by Mar-
zluff, Miyaoka, Minoshi-
ma and Cross study leads 
to the idea that the parts of 
the avian brain may have 
undiscovered features that 
allows them to memorize 
the face of person and use 
it to their advantage (Mar-
zluff, 2012). 
Gibson, Wasserman, Gos-
selin and Schyns tested 
4 pigeons using colored 
photographs of 32 faces to 
see if the birds could cate-
gorize the stimuli, as well 
as what facial features and 
areas they used (Gibson, 
2005). The subjects were 
trained  to recognize either 
emotion or gender until 
they could categorize 32 
plain faces and two par-
tially occluded faces with 
70% accuracy. Then, the 
same faces were blotted 
with “bubbles”, computer-
generated grey splotches 
that concealed parts of the 
face. The pigeons viewed 
320 bubbled faces in a 

block, and performed 7 
blocks per day. Each of 
the 32 faces had its own 
percentage of how often 
the subjects correctly se-
lected it, as did each bird. 
The final results shoed 
the two in the emotional 
category scored 91% and 
75%, while the gender 
category scored 71% and 
85%. Faces that had the 
chin uncovered lead to 
those in the emotion group 
to select correctly, while 
a revealed mouth aided 
those in the gender group 
to determine the sex of the 
target. Bogale, Aoyama, 
and Sugita studied a simi-
lar concept with 6 jungle 
crows, evenly split be-
tween determining either 
if the photo face was male 
or female (Bogale, 2010). 
After each bird reached 
80% correct with the 
regular photographs that 
showed men and women 
sans hair (eyebrows were 
kept) from the middle of 
the neck up, the images 
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Using the Gut-Brain Axis to Treat Autism, by Jonathan Chung (Fresh-
man)
Neuroscience is the study 
of the nervous system and 
how it develops, matures 
and maintains itself (Sukel 
2011).  Most commonly, 
it is associated with the 
approximately 86 billion 
nerve cells in the brain, 
which are called neurons 
(Sukel 2011).  Neurons 
are primarily made up of 
two parts, which are the 
dendrites and the axons 
(Sukel 2011).  In addition, 
these neurons contain 
thousands of synapses 

each that are located at the 
end of dendrite and axon 
branches (Sukel 2011).  
The synapses allow the 
neurons to perform their 
function of transferring 
electrical and chemical 
messages from one neu-
ron to another and through 
the body from a broader 
perspective (Sukel 2011).  
These synapses are simi-
lar to muscles in the sense 
that they become stronger 
if used and become weak-
er when not used (Sukel 

2011).  This process of 
synapse strengthening 
and weakening is called 
potentiation and relies on 
synapse plasticity (Sukel 
2011).  Surprisingly as 
research continues, scien-
tists are finding that there 
may be a link between the 
brain and gut microbiota.
The radical idea that a 
gut-brain axis may exist 
continues to gain support 
as current research contin-
ues.  A main contributor to 
beginning this entire field 

of research was the fact 
that many mental illnesses 
such as autism, Rett syn-
drome and cerebral palsy 
have gastrointestinal is-
sues as well (Hsiao et 
al; 2013).  Children with 
these illnesses also have 
different gut microbiota 
composition from neuro-
typical children (Hsaio et 
al; 2013).  So far, there are 
many explanations about 
how this axis works but 
none that are universally 
accepted. Suggestions 

were altered by making it 
colorless, contouring the 
face, or barring out certain 
features. When the pictures 
were greyed, the subjects 
gravitated towards the 
mouth and the eyes, indi-
cating that the crows re-
lied on color (particularly 
the hue of the pupils, and 
the jaw and chin region). 
These scientists suggest 
that crows may remember 
faces to obtain food, main-
tain dominance, and ward 
of unwelcome humans 
(Bogale, 2010). Urbaniza-
tion is also pressing factor 
that forces birds to live 
with humans, and adapt to 
the new way of life. Since 
a bird must account for its 
predators, remembering a 
human face could save its 
life. 
While the aforemen-
tioned studies delved into 
the foreign subject of the 
avian brain using methods 
to determine if birds can 

use faces to discriminate 
between people, few have 
investigated how they do 
this. The use of MRI ma-
chines to view the areas 
of the bird brain is diffi-
cult, as the subjects con-
stantly move, and seda-
tives hinder cognition. 
Even though chances of 
picturing the avian brain 
are slim, the use of motion 
incorporated in an experi-
ment could improve the 
perception of the species. 
While most studies have 
used still photographs, 
thus creating the possibil-
ity that birds memorize 
the face as an object rather 
than a living thing (Bhatt, 
1988). The use of repeti-
tive training could result 
in birds telling one human 
apart from another (Bhatt 
1988), though a mecha-
nism in the avian brain 
could be responsible for 
their abilities. 
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exist, such as the axis in-
volving neuronal circuits, 
alterations in synaptic 
plasticity genes and the 
vagus nerve (Heijtz et al; 
2011).  However, it is like-
ly that the gut-brain axis is 
a bidirectional homeostat-
ic route of communication 
that uses neural, endocrine 
and immune pathways 
where the gastrointestinal 
tract provides the scaffold 
for these pathways (Cryan 
and Dinan 2012).  This 
idea can provide the basis 
of new ways to prevent, 
diagnose, treat and po-
tentially cure many neu-
rological disorders (Kang 
et al; 2013).  An emerg-
ing idea is to use probi-
otic therapy, where pro-
biotics are live organisms 
that stimulate the growth 
of other microorganisms, 
usually ones that provide 
beneficial properties to 
the host (Cryan and Dinan 
2012).  Normally, probiot-
ic therapy is used to treat 
issues and illnesses relat-
ed to the gut, but could be 
used to treat neurological 
illnesses as well because 
of the growing support of 
the gut-brain axis (Cryan 
and Dinan 2012).  For 
example, the probiotic of 
Lactobacillus rhamnosus 
decreased anxiety and 
despair-like behavior and 
reduced stress-induced 
increase of plasma corti-
costerone levels in mice 
(Cryan and Dinan 2012).  
In this particular case this 
most likely occurred be-
cause the probiotic altered 
the mRNA expression of 

receptors in several brain 
regions (Cryan and Dinan 
2012).  Another exam-
ple is the probiotic agent 
Lactobacillus farciminis, 
because it prevented in-
testinal barrier leakiness 
and also reversed psycho-
logical stress (Cryan and 
Dinan 2012).  However, 
this is no surprise because 
chronic stress is known to 
disrupt the intestinal bar-
rier making it leaky and 
is known to affect gut 
microbiota composition 
(Cryan and Dinan 2012).  
The gut microbiota com-
position is very impor-
tant because it determines 
health since a rich and di-
verse gut is a healthy one 
(Kang et al; 2013).  Ir-
ritable Bowel Syndrome 
patients support this claim 
because they have 25% 
fewer genes in the gut than 
healthy controls (Kang et 
al; 2013).  A higher diver-
sity of gut bacteria allows 
better microbial integrity 
and the ability to protect 
the human intestine from 
environmental stresses 
including the intake of 
pathogenic gut microbes 
(Kang et al; 2013).  When 
the gut microbiota diver-
sity is low, then the gut is 
more susceptible to patho-
gens, which can disrupt 
the gut-brain axis caus-
ing pathophysiological 
consequences (Cryan and 
Dinan 2012).  The gut mi-
crobiota composition can 
be manipulated through 
diet, infection, disease 
and antibiotics (Cryan and 
Dinan 2012).  This is both 

a positive 
thing and 
a negative 
thing.  On 
the positive 
side, this is 
what allows 
p r o b i o t i c 
therapy and 
ant ibiot ic 
t r ea tmen t 
to work and 
cure dis-
eases and 
restore gut 
microbiota 
d i v e r s i t y 
(Kang et 
al; 2013).  
Addit ion-
ally, it al-
lows specific diets such 
as a gluten and casein free 
diet to improve symptoms 
of autism (Finegold et al; 
2002).  However, on the 
other hand, this ability to 
change the diversity of 
the gut microbiota allows 
a western-style diet and 
overuse of antibiotics at 
an early age to contribute 
to problems (Kang et al; 
2013).  A strong piece of 
evidence supporting how 
gut microbiota influences 
the brain is how specific 
pathogen free mice (SPF) 
have altered behavior 
from germ free (GF) mice 
most likely due to their 
differences in gut micro-
biota (Heijtz et al; 2011).  
The germ free mice dem-
onstrated increased motor 
activity and less anxiety-
like behavior in compari-
son to specific pathogen 
free mice (Heijtz et al; 
2011).  However, when 

these germ free mice were 
exposed to gut microbiota 
in early life they displayed 
a behavioral phenotype 
similar to the specific 
pathogen free mice (Heijtz 
et al; 2011).  This scenar-
io is extremely similar to 
how the maternal immune 
activation (MiA) model 
works.  In the MIA mod-
el, infected mothers have 
a higher chance of hav-
ing offspring with symp-
toms of autism (Hasio et 
al; 2013).  Both instances 
occur because of devel-
opmental programming 
which says that early life 
environmental influences 
impact an organism’s later 
development, structure 
and function (Heijtz et al; 
2011).
Autism is a neurodevel-
opmental disease that is 
closely related to the gut-
brain axis.  It is diagnosed 
when people show signs 
in their behavior such as 
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deficits in social interac-
tion and language.  Inter-
estingly, at the onset of 
autism gastrointestinal 
symptoms arise (Fine-
gold et al; 2002).  These 
symptoms are altered gas-
trointestinal motility and 
increased intestinal perme-
ability (Hsiao et al; 2013).  
Additionally, significant 
alterations in the upper 
and lower intestinal flora 
of children occur at the 
onset of autism (Finegold 
et al; 2002).  The altera-
tions in the intestinal flora 
cause the intestinal gut 
microbiota composition 
of children with autism 
to be different from neu-
rotypical children (Cryan 
and Dinan 2012).  This 
change in composition is 
a loss of diversity proven 
by autistic children having 
lower levels of a group of 
distinctive bacterial gen-
era (Kang et al; 2013).  
This less diverse and rich 
gut has negative correla-
tion with gastrointestinal 
severity reinforcing the 
idea that a healthy gut is 
a diverse one (Kang et al; 
2013).  Specifically, lower 
levels of the Prevotella 
genera were found to be 
most significant (Kang et 
al; 2013).  It happens that 
the Prevtotells genus is 
important even outside of 
its significance in it being 
the difference in autistic 
gut microbiota composi-
tion.  The Prevotella genus 
determines the gut-micro-
biome profile and was pro-
posed as one of the three 
main microbes represent-

ing the human gut micro-
biome (Kang et al; 2013).  
In addition, the Prevotella 
species have essential 
genes for the biosynthe-
sis of vitamin B1, which 
was reported to alleviate 
Autism Spectrum Disor-
der symptoms (Kang et 
al; 2013).  Within the Pre-
votella genus, is Prevotel-
la copri, which was found 
to be the most significant 
species in the Prevotella 
genus for differences in 
the gut microbiota compo-
sition of autistic children 
(Kang et al; 2013).  When 
there is a loss of Prevotel-
la copri-like operational 
taxonomic units in autistic 
samples it could result in a 
major reconfiguration and 
reduced complexity in the 
intestinal microbial eco-
system (Kang et al; 2013).  
This loss could also con-
tribute to why the commu-
nity-wide interrelation-
ship of gut microbiota is 
altered in autistic children 
(Kang et al; 2013).  Al-
though not proven it is a 
possibility because neu-
rotypical children have a 
negative correlation be-
tween Prevotella levels 
and Enterobacteriaceae 
while autistic children had 
none (Kang et al; 2013).  
There are ideas that these 
decreases in Prevotella 
and certain levels of spe-
cies in general may be due 
to diet patterns (Kang et 
al; 2013).  For example, a 
high carbohydrate-based 
diet shifts the intestinal 
microbiota towards the 
Prevotella-rich enterotpye 

(Kang et al; 2013).
Another theory for the 
causes of autism from the 
gut microbiota is different 
levels of serum metabo-
lites (Hsiao et al; 2013).  
This is because the off-
spring of the MIA model 
had symptoms of autism 
including deficiencies in 
pre-pulse inhibition, defi-
ciencies in communication 
and repetitive behavior but 
also had elevated levels 
of certain serum metabo-
lites (Hsiao et al; 2013).  
There were a plethora of 
different levels of serum 
metabolites between the 
autistic mice and normal 
mice (Hsiao et al; 2013).  
The metabolites believed 
to be most important in 
the cause of these Autism 
Spectrum Disorder symp-
toms were 4-ethylphenyl-
sulfate and indolepyruvate 
(Hsiao et al; 2013).  Both 
of these had significantly 
increased levels in MIA 
offspring such as 4-eth-
ylphenylsulfate, which 
had a 46-fold increase 
(Hsiao et al; 2013).  When 
naïve mice were given 
these metabolites indepen-
dently they expressed ele-
vated or reduced amounts 
of certain behavior (Hsiao 
et al; 2013).  For exam-
ple, 4-ethylphenylsulfate 
caused mice to express 
increased anxiety-like be-
havior (Hsiao et al; 2013).  
However, some behaviors 
were not present when 
4-ethylphenylsulfate or 
indolepyruvate were given 
suggesting that these me-
tabolites in combination 

with others cause ASD 
behavioral symptoms as 
well (Hsiao et al; 2013).  
When the MIA offspring 
were given Bacteroides 
fragilis in probiotic thera-
py, metabolite levels were 
reduced to normal includ-
ing 4-ethylphenylsulfate 
and indolepyruvate (Hsiao 
et al; 2013).  These same 
mice also showed that be-
havioral problems were 
ameliorated including 
communicative behavior, 
repetitive behavior and 
anxiety-like behavior after 
probiotic therapy (Hsiao 
et al; 2013).  Intestinal 
barrier permeability integ-
rity also increased mean-
ing that fewer metabolites 
were leaked into the blood 
stream (Hsiao et al; 2013).  
This suggests that behav-
ioral symptoms of the MIA 
model may be caused by 
extra metabolites leaking 
into the blood stream and 
circulating to other parts 
of the body (Hsiao et al; 
2013).
The prevalence of au-
tism in children exceeds 
juvenile diabetes, child-
hood cancer and pediatric 
AIDS combined (Kang et 
al; 2013).  Scarily, there 
is still a rapidly growing 
rate of autism in the U.S. 
with 1 out of 88 children 
with autism as of 2008 
(Hsiao et al; 2013).  For-
tunately, at the same time, 
there are new ideas that 
are rapidly emerging as 
well, including the gut-
brain axis.  This could 
serve as the foundation for 
many potential cures such 
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The Morbillivirus Epidemics in Dolphins and Marine Mammals, 
by Isabella Brizzi (Freshman).
Viruses spread very eas-
ily, through air, through 
water, through touch, and 
sometimes just though be-
ing in a largely populated 
area, can spread viruses. 
Sometimes, the spread-
ing of viruses can cause 
detrimental devastation to 
a species’ population. Vi-
ruses do not only spread 
this rapidly through not 
only mammals, but all 
organisms. One example 
of a virus, that specially 
effects only animals is 
called an epizootic. The 
Dolphin Morbillivirus 
(DMV) is a ubiquitous, 
deadly epizootic that is 
sweeping through the east 
coast. DMV belongs to the 
Paramyxoviridae family, a 

strand of RNA viruses that 
cause human viruses and 
animal epizootics (Rima, 
B. K. & Duprex 2006). 
The Morbillivirus is also 
extremely similar to the 
human virus the measles. 
Both the Morbillivirus and 
the measles take a very 
similar course in weaken-
ing the immune system, 
and therefore both viruses 
have similar effects.
Within the last 10 years, 
the Morbillivirus has ap-
peared in 5 large and 
devastating epidemics 
(Kennedy 1998). The 
Morbillivirus has not only 
been seen off of the east 
coast of the United States, 
but also on the other side 
of the world, off of the 

Mediterranean. In 1990-
1992, off of the coast of 
the Mediterranean, there 
was a large 
epidemic that 
affected the 
striped dol-
phins (stenella 
coeruleoalba). 
In 1993- 1994 
the Morbilli-
virus effected 
the bottle nose 
dolphins off 
the coast of 
the Gulf of 
Mexico. In 
1 9 8 7 - 1 9 8 8 
the Morbilli-
virus affected 
the bottle nose 
dolphins off 
the east coast 

of the United States. The 
outbreaks of the Morbil-
livirus navigated around 

as probiotic therapy for 
autism and neurological 
illnesses in general.  We 
also know that elevated 
serum metabolite levels 
and decreased gut diver-
sity may be the causes 
of autism.  On the other 
hand, we do not know 
exactly how these ideas, 
although clearly shown, 
work.  There are many 
questions to be posed on 
this upcoming topic such 
as how these two different 
ideas may be connected.  
Personally, I wonder how 
these gastrointestinal is-
sues affect the brain, and 
what is the main gastro-
intestinal cause of autism.  
Additionally, could all 
behaviors be traced to a 

microorganism in the gut?  
If so, perhaps specific be-
haviors could be increased 
or muted by probiotic 
therapy.  Finally, because 
of the rising prevalence of 
autism, I wonder what is 
the role of new technolo-
gies and culture, such as 
increased use of antibiot-
ics, increased use of gut 
altering substances and a 
westernized diet?
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the world, ending up 
off the east coast of the 
United States. The most 
recent outbreak occurred 
this past summer, of 2013, 
where hundreds of dol-
phins washed up along the 
shore lines. The dolphins 
washed up usually dead 
and beached on the shore. 
Some of the dead dolphins 
were already beginning to 
show signs of decomposi-
tion.
The Dolphin Morbillivi-
rus not only kills dolphins 
and weakens their im-
mune system, but it also 
affects them physically as 
well. The Dolphin Morbil-
livirus causes skin lesions, 
brain infections, pneumo-
nia, and other illnesses and 
diseases that are caused by 
the dolphin’s weakened 
immune system. All ages 
and genders are effected 
by the Dolphin Morbil-
livirus, but studies show 
that younger dolphins 
seem to be more severely 
affected by the disease. 
This happens in places 
where the epizootic has 
already occurred, because 
the younger dolphins have 
never been exposed to the 
virus and therefore are 
not immune the virus like 
some of the older dolphins 
are ( Raja and Banyard 
2008).
Even though the dolphin 
Morbillivirus is known 
to have large outbreaks 
within the various spe-
cies of dolphins, it also 
has been discovered in 
various species of whales. 
As of November, 2013, 4 

whales washed up along 
the east coast, between 
the shores of Massachu-
setts and Georgia, dead, 
infected by the morbillivi-
rus (Daily News Reporter 
2013). The whale species 
that was infected included 
3 humpback whales, and 
one endangered pygmy 
sperm whale (Daily News 
Reporter 2013).
Like most viruses, after 
time doctors and scientists 
are able to come up with 
a cure or prevention to the 
specific virus. Scientists 
are still unsure of how to 
cease the mass dolphin 
deaths (Pittman 2013). 
Unlike a human virus, sci-
entists cannot just create 
a vaccination for the dol-
phins, because it would 
be nearly impossible to 
prevent the species from 
contracting this specific 
epizootic.
The mass outbreaks seem 
to move around the world. 
It seems as though one 
moment the virus is taking 
its course off the coast of 
the Mediterranean, and the 
next moment it seems as 
though it is creating hav-
oc off the shores of New 
Jersey. How is it when the 
dolphins’ migration pat-
terns do not associate with 
one another, both species 
of dolphin are still effect-
ed by the same epizootic, 
on opposite sides of the 
world? The answer may 
not be laying within the 
virus itself, but the things 
that cause this virus. Pos-
sibly the answer lays 
within the environmental 

factors, which each indi-
vidual species of dolphin 
inhabits. 
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