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therapy?  This issue of The Synapse illuminates a handful of the 
amazing scientific discoveries happening every day. We are glad 
to support students as they capture and arrange the visuals of 
science, as they revisit some of the oldest and explore some of the 
newest research, or as they work to examine the world in new ways.
We at The Synapse thank all of you, our readers and contributors, 
for your continued support and unwavering fascination with 
science. We thank you for picking up a copy of The Synapse – or 
checking us out online – and invite you to apply to contribute 
as a writer, artist, or editor for future issues. As new discoveries 
seem to be cropping up every day, it is integral that we continue 
to strive to understand our developing scientific world. 

Editor-in-Chief
Rachael Branscomb (OC ‘19) 
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he stuff of lightning bolts — plasma — changing medical 
industries, changing lives, versatile, and accessible. Let’s jump 
right in.

Background on this New “Hot Topic”
 The purpose of this article is to offer an overview of the 
mechanisms and potential therapeutic application of cold plasma 
technology. Plasma is the fourth state of matter (compare this with solid, 
liquid and gas). It is the most abundant state that we can observe in the 
universe, and examples include the sun, solar wind, lightning, and the 
aurora borealis. 
 Scientists and engineers have developed medical devices that can 
use plasma’s high energy output to break apart atmospheric compounds 
and generate high concentrations of life-saving molecules right on the 
surface of the skin.
 While the field is very young, several medical fields already 
use cold plasma as a non-antibiotic approach for treating infections, 
decreasing the risk of antibiotic resistance. Its main application is wound 
care, but cold plasma can combat tumor growth — and even dentists and 
plastic surgeons use cold plasma. 
 Basically, these medical devices generate reactive oxygen species 
which in turn react with molecules in the atmosphere. So, it turns water 
into hydrogen peroxide as a disinfectant, or nitrogen into nitric oxide, 
which is fertilizer. It has also been shown to sterilize military-grade E. coli 
infected water so that it becomes drinkable.
 Max Planck Innovation, a technology company, described the 
devices as such: “Cold plasma treatment is a contact-free and painless 
procedure to sterilize wounds and promote wound healing. The costs 
are comparable to or lower than those of standard antimicrobial wound 
treatment.” 

T
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The Mechanisms of Plasma
 Plasma is often defined as an ionized gas containing equal 
concentrations of negatively and positively charged particles. As such, it is 
quasi-neutral, meaning that on a macro-level the molecule has an overall 
charge of zero, but on a much smaller level positive and negative charges 
contribute to small magnetic and electric fields; electrons in this excited 
state are very mobile and make excellent conductors. Quasi-neutrality 
depends on the density and pressure of the plasma. Increasing temperature 
and density will strip away electrons promoting positive charge. Plasma is 
usually very high in thermal energy, and in normal “thermal” plasma, the 
positive and negative particles are equally hot. However, the term “cold” 
or “non-thermal” plasma refers to what happens when the temperature of 
the electrons remains very hot, but the temperature of the positive and 
neutral particles is at room temperature.
 New medical devices ignite the plasma for nanoseconds at a 
time, allowing for only partial ionization (creating a charge) of the air. The 
plasma and atmospheric molecules revert back to their original states after 
a matter of seconds. Delivering extremely local and high concentrations of 
hydrogen peroxide to a wound will kill bacteria and promote healing even 
inches underneath the skin’s surface. More on that in the next section.

The Mechanisms of Reactive Oxygen Species
 Plasma is so high-energy that it creates a “pocket” in the air by 
which atmospheric oxygen and nitrogen can split apart into their reactive 
counterparts, which quickly react with water and other molecules to form 
more stable molecules.
 These reactive oxygen species, or free radicals, are often 
implicated in infection, and many people are under the impression that 
free radicals are harmful to the body and eat foods such as acai berries to 
get antioxidants. Turns out, while that is correct, it’s only half the story. 
Free radicals actually can help the immune system fight infection. It is the 
imbalance in the production of free radicals and the ability of the system 
to detoxify with antioxidants that causes a problem. These radicals — or 
molecules with one or more unpaired electron its outermost shell — bind 
to other molecules to achieve stability, and are able to donate and accept 
electrons, making them extremely reactive. H2O2, hydrogen peroxide 
(a common household disinfectant) stimulates the production of free 
radicals and is a perfect intermediate product of these reactions. High 
levels of H2O2 activate immune cells such as monocytes and neutrophils, 
which then can phagocytose, or “eat” bacteria. Additionally, free radicals 

also degrade the bacteria’s defense mechanism on its cell surface, further 
increasing therapeutic effects. Free radicals are also necessary for the 
production of ATP in the mitochondria — without them, cells will not 
have the proper energy supply.
 The way in which free radicals can be harmful to the body 
is if they form too reactive, extremely unstable, short-lived products 
like OH radicals — then there isn’t enough time for antioxidants to 
counterbalance and contain the effects. When there are just enough 
reactive oxygen species (ROS), they degrade bacteria. But too many, and 
ROS will degrade you! So H2O2 is a more stable, controlled intermediate 

that, when generated by these devices, will treat as opposed to harm. Cold 
plasma treatment also promotes healing by increasing blood circulation 
in the skin, immune system stimulation, and keratinocyte proliferation 
— all of which are mechanisms for wound healing. Cold plasma also 
amplifies the effects of anti-tumor agents and enzyme inhibitors, which 
induces apoptosis and cell cycle arrest. After just a few treatments, tumors 
(melanoma, glioma, GI-tract, etc.) were shown to have reduced in size.

The Mechanisms of Vibrations
 The second important mechanism involves molecule vibrations 
(basically Van der Waals forces). These vibrations are necessary for protein 
and cellular structure and function, and on a cellular level also rely on 
ATP. The high energy of the plasma increases the molecular vibrations 
within cells, stimulating dysfunctional mitochondria, transport pumps, 
and ion diffusion — all vital processes within the cell. I like to think of 
this as jumping a car battery. Once the cell receives the boost of energy, it 
has a better shot of recovering. 

The Mirari
A Cold Plasma Technology Provided by General VIBRONICS Inc.
 These medical devices take several forms; the majority of cold 
plasma technologies out there use something that looks like a pen or a 
scalpel — a very fine-tipped instrument to generate and deliver plasma 
via an electrode to a wound or surgical incision. I recently spoke with a 
team who makes such a device; but they have invented a new application, 
which instead of using a fine point, like a scalpel, uses a large electrode 
array, stainless steel, and a few inches in width, that can sit on the patient's 

skin and treat surface or subcutaneous wounds and diseases. 
 The Mirari looks a bit like a dated iPod-nano, has a single button, 
and has an interface that translates to multiple languages, increasing 
utility and accessibility. It’s interesting to use — you can smell the ozone 
(O3), and so it’s recommended to use in ten-minute intervals in a room 
without air circulation. The frequency of the plasma generation is within 
the audible range, so you can actually hear a tone while the device is on. 
The mesh grid generates extremely small plasma discharges evenly across 
its surface, initiating cascades of reactive species and their subsequent 
chemical reactions in the ambient air, reaching the skin and affected area 
via diffusion. For instance, H2O2 can be generated and, once it reaches 
the skin surface, it functions normally as a disinfectant, killing bacteria 
and aiding in immune function. 

Public Health Implications
 Besides increased access, patient comfort, and faster health 
outcomes, cold plasma technology can be used in teeth whitening, 
sterilization of medical instruments, disinfection of contaminated water, 
and even as a plant fertilizer. Over the last few years, scientists have 
shown cold plasma to be successful as a cancer therapy in multiple types 
of cancer. In one 2014 study conducted by Julia Köritzer at the Ludwig 
Maximilian University of Munich, not only did cold plasma therapy 
decrease glioblastoma tumor growth and increase apoptosis, cell cycle 
arrest, and patient prognosis, it also restored the sensitivity of glioma cells 
previously resistant towards chemotherapy. 
 Cold plasma therapy devices are low-cost, safe, and easy to 
operate, making them potentially the ultimate public health tool! However, 
medical awareness in the U.S. is, unsurprisingly, down. There could be 
major economic repercussions if cold plasma technology takes off. The 
use of cold plasma could make antibiotics unnecessary, diminishing the 
entire pharmaceutical industry. It could produce clean drinking water 
and more efficient fertilizer. Cold plasma, the stuff of lightning bolts, can 
likely change the world. 
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Cold plasma treatment also promotes 
healing by increasing blood circulation in 
the skin, immune system stimulation, and 
keratinocyte proliferation — all of which 
are mechanisms for wound healing.
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urrently, over 50 million people in the United States have 
been diagnosed with one or more autoimmune disease: 
more cases than heart disease and cancer combined. On 
average, autoimmune diseases take 15 years off a patient's 

life. Autoimmune diseases are the number two cause of chronic illness, 
yet the level of basic autoimmune researching funding is less than 3% 
of the NIH's budget. It's time this issue is taken seriously and addressed 
in the scientific and medical community. The first step is understanding 
the cause. 
 Autoimmune diseases 
represent a family of illnesses 
categorized by the body's 
immune-mediated attack on 
itself. The targeted organ, 
tissue, or cell characterizes 
the type of autoimmune 
disease; some of the most 
common include celiac disease, 
multiple sclerosis, autoimmune 
thyroiditis, and type-1 diabetes. 
Of the more than 90 different 
types of autoimmune diseases, 
scientists are currently funded 
to study less than half of them, 
and not a single one has a cure. 
 In the last three 
decades, the number of 
autoimmune disease diagnoses 
has more than doubled. 
Changes in environmental 
conditions such as chemical 
usage, medication, and diet 
are widely suspected to be the 
culprit of this outbreak.
 We're going to 
investigate these three 
suspected factors, but before we 
delve into why things are going 
wrong, let's first understand 
how.

How does autoimmunity 
begin?
 The development of 
autoimmune disease is linked 
to genetic predisposition 
and continuous low-grade 
systemic inflammation. This 
inflammation is caused by 
psychological stress and 
autogens, or particles that enter the body (topically, via inhalation, or via 
ingestion), which can activate the immune system.
 One way particles enter the bloodstream is through the intestinal 
wall, which is becoming increasingly permeable in a rising number of 
individuals. The particles (from food or bacteria) that leak from the 
gut to the bloodstream are often identified as foreign by the immune 
system, which activates a targeted response against this substance. This is 
frequently the way dietary sensitivities and allergies begin and is linked to 
autoimmune disease development.
 Damage to immunoregulatory mechanisms and glands, such as 

the thymus, are also linked to the development of autoimmunity. The 
thymus is an organ of the lymphatic system where specialization of T 
cells, the regulators of the immune system, occurs. Thymus atrophy is one 
of the most significant risk factors for autoimmune disease development. 
A reduced thymus size results in a shortage of the cells that would 
otherwise target and destroy the immune cells that have "gone rogue" and 
targeted body tissue. If these rogue cells are not caught, they are unlikely 
ever to become "deactivated" since their target (i.e., you) is never entirely 

eliminated.
 Now that we understand 
what goes wrong, let's 
investigate why. 

Novel Chemicals 
 During the mid 20th 
century, new chemicals 
were discovered, and mass-
production and distribution 
of everyday "luxury" items 
containing novel chemicals 
became a hot market. By 
the 1940's, these chemical 
rich items permeated every 
American household. From 
pesticides used for crops to 
nonstick pans, non-flammable 
sheets, household cleaners, 
and pest-control, America 
became inescapably toxic.  
  While companies are 
required by law to test if their 
products are carcinogens 
(cancer-causing), they are 
not required to test if their 
products are autogens 
(inflammatory/autoimmune 
disease-causing). As a result, 
the vast majority of the 
chemicals present in almost 
everything we come in contact 
with are autogens.  
  There is growing 
evidence that the average 
modern American carries an 
abundance of chemicals and 
heavy metals in their system. 
In 2004, the CDC tested 
for 116 different chemicals 
in 2,500 individuals, and in 
every person they tested, every 

chemical was found. A study of nine Americans revealed an average of 
91 industrial compounds, pollutants, and other chemicals present in 
their blood and urine [10]. In 2005, two major laboratories found 287 
industrial chemicals and pollutants in the fetal cord blood of ten newborn 
infants. A 14-year study showed that farmers who worked with crops 
and were therefore exposed to more pesticides were more likely to die 
from an autoimmune disease or possess antineuronal antibodies (a known 
autoimmune marker). Another study showed that 100% of pregnant 
women carry pesticides in their placentas. So it's clear that these toxins 
have made their way into our bodies. But can these chemicals really cause 

C
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autoimmunity? 
  While causation is difficult to prove, current evidence suggests 
the answer is yes. Even small doses of common chemicals disrupt the 
body's delicate endocrine system. The chemicals enter the bloodstream 
topically, through inhalation, or ingestion and occupy estrogen receptors. 
These estrogen "mimickers" cause unnatural biological responses; namely, 
the body receives the message that it no longer needs to make estrogen. 
Estradiol, in its natural biosynthesized form, plays a role in pathways of 
all primary innate and adaptive immune cells. Many hormones (especially 
sex hormones) are involved in immune regulation and the development 
of autoreactivity through their role in lymphocyte maturation, activation, 
and synthesis of antibodies and cytokines.  
 Studies show that sex hormones are indeed a factor in the 
pathogenesis of autoimmunity and that the expression of sex hormones 
is altered in people with autoimmunity. This correlation may explain 
why 80% of people diagnosed with autoimmune diseases are women. 
The common onset of autoimmune diseases during periods of hormonal 
fluctuation such as puberty, pregnancy, menopause, and emotional 
trauma supports evidence of this hormonal link.
 Another study done in 2005 on female mice, which have a high 
predisposition to developing an autoimmune disease (like the known 
25% of the human population with a high predisposition). Researchers 
exposed the mice to organochlorine pesticides (the most common type of 
pesticide found in everything from dairy and meat to breakfast cereals), 
and every single one rapidly developed lupus. The level of organochlorine 
pesticide that the mice were exposed to was four times lower than the level 
set as acceptable by the EPA . 
 Epidemiological cluster studies support this conclusion as 
well. For example, those who attended an elementary school in El Paso, 
Texas between 1948 and 1970 had double the expected rate of MS. This 
elementary school was located one mile east of a factory which processed 
a slew of heavy metals and emitted high levels of sulfuric acid. Several 
other studies have shown similar findings, including one in Buffalo, NY, 
where a toxic waste facility likely caused an unusually high rate of lupus .

Antimicrobial World
 In many ways, the human body evolved to function differently 
from the way it functions now. Stress, for example, evolved as a momentary 
survival mechanism useful in high, acute doses, but is detrimental when 
present chronically. The immune system evolved to ward off pathogens. 
The hygiene hypothesis suggests that an increasingly sterile environment 
as a result of the advent of many antimicrobial drugs and compounds 
has left the immune system unprepared to face infections that their 
ancestors did, therefore leaving us more susceptible to allergic and 
immune disorders.  Some migration studies support the hypothesis, such 
as incidences of subjects migrating from low-incidence to high-incidence 
countries who are more likely to acquire immune disorders. 
 When the amount of inflammatory toxins and chemicals being 
consumed by an average American is considered, it becomes increasingly 
clear that the issue isn't that we are not introducing things for the immune 
system to target, it's that we are introducing entirely different things than 
our ancestors did and in entirely different ways. 
 The environment became increasingly sterile since the invention 
and broad use of antibiotics in medicine and agriculture. This supports 
that we are not coming across microbes the way we used to and that our 
internal flora is altered as well, which is suspected to increase intestinal 
permeability and contribute to subsequent autoimmunity. 

The American Diet
 During the boom of mass manufacturing in the early 20th 

century, highly processed foods became a household staple. The modern 
Western diet is characterized by over-consumption of refined sugars, salt, 
and saturated fat, as well as a reduced dietary variety. The inflammatory 
nature of these foods, as well as the toxins they contain (chemicals such 
as pesticides, herbicides, and antibiotics), can be detrimental to the 
human body. This leads to an altered microbiome (namely decreased 
microbe diversity), increased intestinal permeability, and continuous, 
low-grade inflammation, which all increase the likelihood of developing 
autoimmunity.  
 Over-consumption creates immune distress. Adipocytes 
(the cells specialized for storing fats) release proinflammatory markers 
including interleukin and tumor necrosis factor. A 2012 study showed 
that in animal models, these inflammatory markers act as false alarms 
that, over time, can cause the entire immune system to adjust to the high 
levels of inflammation, and become less responsive.
 The food staples of the Western diet themselves are inflammatory. 
Simple sugar reduces white blood cell phagocytosis (immune cells 
engulfing and destroying infectious agents) and increases inflammatory 
cytokine markers in the blood. High amounts of salt induce inflammation 
and hold potential to worsen autoimmune conditions in animal studies. 
There is also ample evidence supporting the harmful immune-related 
effects of high levels of saturated fat. It feeds into several proinflammatory 
pathways and increases macrophage activation, altering the fatty acid 
membranes of immune cells, critical factors in antigen detection.
 As the burning of fossil fuels increased, the atmosphere, ocean, 
and ultimately the fish supply became riddled with high levels of heavy 
metals such as mercury, gold, and silver, which can induce lymphocyte 
proliferation and subsequent autoimmunity.

Conclusion
 We are living in a world that is both too dirty and too clean. 
The world is too clean because our society is fixated on creating an 
antimicrobial environment, and we don't encounter pathogens the way 
our ancestors used to. Our world is too dirty because we have saturated 
it with toxicity through immune activating and endocrine disrupting 
human-made chemicals.  
 Unlike 10,000 years ago, evolution will not likely "solve" 
this issue, and the epidemic will continue to spread unless we increase 
awareness, fund research, and critically examine consumer behavior.
Millions of people are developing autoimmune diseases. These chronic 
"mystery" diseases take, on average, 4.5 years to properly diagnose. In the 
future, it is expected that the exponential trend of autoimmune prevalence 
will continue: especially considering how once an autoimmune disease is 
developed, an individual is much more likely to develop another and pass 
it along to their offspring. 
 Seemingly trivial decisions have profound effects on our health 
and likely the health of generations to come. In modern society, individuals 
must question the safety of the products they consume. While the FDA 
goes through extensive testing to approve products, their process is based 
on what has been proved beyond any reasonable doubt. The amount of 
time it takes for environmental factors to induce an autoimmune disease 
is too long to be studied easily without proper funding.
 All this being said, more scientific research is being focused on 
this area, more doctors are taking the crisis seriously, and some doctors are 
beginning to understand how to treat and prevent autoimmune diseases. 
This field of medicine moves toward proactive evaluations of genetic 
markers and individual environmental risk factors. However, the exact 
causes of developing autoimmune diseases are yet to be proven. Until that 
point, it's vital that citizens understand their risk and susceptibility of 
developing autoimmune diseases. 
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lthough it may sound shocking to suggest that hand dryers 
— devices that save trees by replacing paper towels — are 
harmful, these environmentally-friendly devices may actually 
be dirtying your freshly-cleaned hands. When someone 

flushes a toilet in a public bathroom, fecal bacteria can be thrown up to 
four and a half meters into the air. The hand dryers in the bathroom then 
suck the bacteria up out of the air and expel it onto your hands when 
you dry them. Researchers at the University of Connecticut’s School 
of Medicine exposed petri dishes under a hand dryer for thirty seconds 
twelve inches from the nozzle and compared them to plates left out in the 
still air in the bathroom. The plates underneath the dryers had between 
eighteen and sixty colonies on average growing on them, with an extreme 
as high as 254 colonies, while the plates simply left out had less than one 
colony on average. And if this isn’t enough to make you swear off hand 
dryers forever, knowing where these bacteria are coming from is even 
more disturbing. 
 To uncover the origin of these pesky germs, researchers at the 
University of Connecticut and Quinnipiac University tested to see if 
the bacteria inside the hand dryers were multiplying inside the dryers 
themselves or if they were being pulled in from the air in the bathroom 
(fecal matter!) The researchers attached filters to the dryers to stop most 
of the bacteria in the air from being sucked into them. When more Petri 
dishes were put under the dryer after this had been done, there were 75% 
fewer bacteria on the dishes. The researchers explained that one reason 
that hand dryers dispense so much bacteria is that there is a lot of air 
passing through the dryers — 19,000 linear feet per minute at the nozzle. 
The convection that the high airflow causes could also draw in the air 
from the room. Disturbingly, this means that most of the bacteria being 
blown out of the hand dryers originate from the bathroom air that is 
sucked into the dryers. 
 Unfortunately, traditional hand dryers aren’t the only culprits 
guilty of covering your freshly-cleansed hands in bacteria. Jet air dryers — 
the ones shaped like a “U” — seem safer because they don’t have chambers. 
This suggests that bacteria are less likely to be sprayed all over your 

hands when you use these dryers because they don’t have reservoirs 
for bacteria to grow in. However, these futuristic appliances are 

just as germ-infested as their outdated counterparts. A study 
carried out by researchers from Campden BRI in the Journal 

of Applied Microbiology compared the spread of viruses 
between traditional hand dryers, paper towels, and jet 
dryers. The researchers collected this data by dipping their 
sterile, gloved hands into a harmless virus called MS2. 
They then shook off their hands and dried them either 
under a traditional hand dryer or a jet dryer or with 
paper towels. A blast of air going 430 mph comes out 
of the jet dryer when it’s in use. This dryer spread the 
viruses much further than the two other methods, 
nine feet; the traditional dryer spread them less 
than three feet. The moral of this study is that all 
dryers are germy, period, but some are germier 
than others. 
 Hand dryers make a great home for bacteria 
because the warm air combined with the  
moisture of a bathroom is a perfect environment 
for growth. A study carried out at the University 
of Westminster found that using hand dryers 

actually increases the presence of germs in a room 
by 225%. Although a lot of us may feel a pang of 

guilt when using paper towels because of their impact 
on the environment, they are a much safer option to dry 

your hands with because they do not spread germs from others who have 
used the bathroom before you. Studies show that they are able to help 
prevent contamination from residual bacteria and are a healthier option 
for us as humans, although not for our planet. 
 Even though paper towels will most likely never be as 
environmentally-friendly as hand dryers, there is a potential way to 
decrease the negative ramifications. The creation of 100%-recycled, 
compostable paper towels has opened up new opportunities to be eco-
sensitive while still avoiding hand dryers. One company, called If You 

Care, has created a unique brand of compostable paper towels. Their paper 
towels are made from a blend of cellulose, non-GMO unbleached cotton, 
and mirabilite (a mineral salt.) During production the minerabilite is 
washed out, leaving behind a material made of 70% cellulose and 30% 
cotton, which is very porous. The paper towels can absorb up to sixteen 
times their own weight in water and do not leave fibers on the surface 
of items. Best of all, these towels are reusable for at least one week and 
are tear-resistant. Although not quite as eco-friendly, compostable paper 
towels are great candidates to claim the places of hand dryers in public 
restrooms in the name of human health. 

If you'd like to learn more about the germs spread by hand dryers, check out 
Alexandra Ossola's article “Do Jet Hand Dryers Really Spread More Germs 
Than Paper Towels?”  published by Popular Science on April 14th, 2016.
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A study carried out at the University of 
Westminster found that using hand 
dryers actually increases the presence 
of germs in a room by 225%.
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ife on Earth first started as a combination of molecules that, 
after iterations of failures, finally happened to order in the 
correct sequence to not only store but pass on genetic material. 
The organism faced challenges from its environment, but it 

continued to adapt. Though most of the adaptations proved to be fatal, 
any single adaptation that led to greater fitness meant the organism was 
able to continue passing its genetic information to 
its offspring for generations. This establishment 
of transferrable genetic material is the basis 
for evolution. As many organisms were 
exposed to different challenges, an array 
of adaptations arose as a result. The 
evolution of life into a branching 
network phylogeny established distinct 
species that all share a common ancestry 
if traced back far enough. In the spirit 
of researching solutions for present and 
future problems, sometimes we must 
take a look into the phylogenetic past.
 Mammalian immune systems 
are often difficult to study when focusing 
on a single response or activity. Researchers tend 
to turn to simpler model organisms which share a similar pathway but 
have fewer possible confounding variables. Dictyostelium discoideum, 
or dicty for short, is a social amoeba that can aggregate into a slug and 
has a primitive immune system which resembles the human innate 

immune system. The sentinel cells of dicty utilize extracellular traps (ETs) 
to capture pathogens within the multicellular slug. Neutrophils of the 
human immune system use an almost identical technique. By studying 
the sentinel cell’s ability to respond to pathogens within the dicty model 
we can better understand our own body’s immune system. 
 In order to understand the context of the sentinel cells within 
the dicty slug, it is requisite to grasp where the cells originated. Dicty has 
long been of interest to the scientific community because it lies right on 
the edge between unicellular and multicellular life. Dicty’s social life cycle 
starts as scattered, single-cell amoebae. Once the amoebae sense they are 
low on food, they release cAMP into the surrounding environment in 
order to induce chemotaxis in the other cells. Then through this chemical 

signaling, the dicty cells aggregate to form what is referred to as a mound. 
Subsequently, the dicty cells differentiate and divide into the front half 
of the slug and the back half of the slug. At this point, the dicty cells 
culminate into a single motile slug. During this phase of division of cells, 
some cells will differentiate into the sentinel cells to act as the immune 
system for the dicty slug. 

 The dicty slug, though composed of independent, 
single-celled organisms, acts as a single unit 

that includes coordinated guardians for 
the other dicty cells in the slug. The 
dicty cells feed off the surrounding 
bacteria; however, they also rely on the 
sentinel cells to capture and neutralize 
potentially deleterious pathogens inside 
the slug. The mechanism by which the 
sentinel cells attack threats in the dicty 
cells mimics the mechanism of the 
neutrophils in our own innate immune 
system. In both cases, the cells form 
DNA-based extracellular traps to kill 
threatening invaders. These traps make 

use of volatile reactive oxygen species (ROS) 
generated by NADPH oxidases (NOX). The ROS induce a programmed 
cell death to the pathogens caught in the ET net. Additionally, sentinel 
cells contain the capacity to phagocytose their victims. In other words, 
the sentinel cells trap the invading cells with a DNA-based net, release 
chemicals into the pathogen to induce programmed-cell death, and then 
swallow the enemy cell whole. After the pathogen has been neutralized, the 
slug sloughs off the sentinel cell to remove any potential contamination. 
The life of a sentinel cell is of an altruistic protector for the greater good 
of the slug.
 The significance of this connection is that this mechanism 
for the immune system was evolved much earlier than researchers 
originally thought. The commonality of DNA-based cell-intrinsic 
defense mechanisms among different walks of life, including dicty, dates 
1.3 billion years in the ancient past. Researchers can now look for more 
examples of organisms who use a similar DNA-based defense mechanism 
— one that is more phylogenetically related to humans. Once we can find 
a connecting species between dicty sentinel cells and human neutrophils, 
we can link the development of ETs across time. Furthermore, we can 
study the ancient dicty model to get a better understanding of the 
interactions between ETs and bacteria. The implications for such a 
relationship can then be used to develop antibiotics through neutrophil 
enhancement. Though dicty is an ancient and relatively simple organism, 
its cell determination, such as sentinel cells, can have significant medical 
consequences and form evolutionary connections from past to present.

L
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The Brain

ave you ever experienced a force that, no matter how hard 
you try, continually pushes you back, mocking you when you 
try harder in the face of adversity? If you’re the only one that 
can feel a monster, does it even exist? Imagine that monster, 

but it is pain in your head. Rest, pain medication, darkness, repeat. You 
possess a Ziploc bag of medication that does not seem to work. For every 
failed prescribed medicine, you seek a new doctor, one who listens to 
the symptoms with a poorly hidden puzzled expression. A new doctor, 
a new diagnosis, a new path, and more medicine. All yield the same 
result: unrelenting pain. If you’ve ever had a concussion, this is surely 
the treatment that the doctor confidently prescribed to you. But what if 
I told you that there is a different treatment: one with no medication, no 
darkness, and no resting involved. One that is a comprehensive approach 
that finally allows you to say yes to everything you were denied. But does 
this new area of neuroscience actually work? I spent nine months with a 
concussion that took control of my life. Following the exertion plan, my 
pain was gone in four weeks. It was gone in just four weeks.
 Volleyball was an important part of my extracurricular life in 
high school. Over the course of more than ten years of playing, I had 
only suffered one concussion. Then, in the spring of 2016, everything 
changed:  I knew it the moment my head hit the gym floor. The medic 
on duty told me it was surely a concussion. He advised me to rest for 
the remainder of the tournament and to see my general doctor as soon 

as possible. My family doctor also recommended I rest and take Advil 
every few hours. Rest, pain medication, darkness, repeat. I rested and 
could not return to finish my senior year of high school. Fortunately, my 
grades and credits were sufficient to ensure my graduation. My summer 
was spent resting and alternating headache medications. Nevertheless, I 
went to college and sought out the college doctor. He gave me medication 
to help with the head pain at night and advised me to withdraw from 
school. Hoping for another opinion, I chose to get an MRI instead. Since 
the MRI came back clear, my new neurologist prescribed a few different 
drugs and insisted I rest. Rest, pain medication, darkness, repeat. I rested, 
not participating in any extracurricular activities during my first semester 
at Denison.  Eventually, I had to return to the neurologist because of 
worsening conditions. She wanted to try new drugs and advised me to 
drop a class. Rest, pain medication, darkness, repeat. I rested, dropped 
a class, and received academic accommodations. For nine months, each 
neurologist, chiropractor, and doctor continued to prescribe medication 
and rest. Did I need biofeedback? Was this a traumatic brain injury? Was 
it anxiety induced? Was it all in my head? How many hip injections of 
medication do I need to endure before I’m cured? 
 Annually, there are near 3.8 million sports-related concussions 
that occur in the United States. By definition, a concussion can occur as a 
result of direct or indirect forces that contact the brain and simultaneously 
alter the neurometabolic energy located there. Regardless of the individual 
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impacted, a general recommended treatment consists exclusively of rest 
so that the brain can properly recover, which can range in time from 
three weeks to a few months. Rest, pain medication, darkness, repeat. 
However, treatment is complicated due to the complexity of the brain, 
and because concussions differ in symptoms, impairments, and amount 
of recovery time. Rest as a primary treatment was originally derived 
from the 4th International Consensus Statement on Concussions in 
Sports, which exclusively indicates that complete rest is necessary for 
concussion recovery. Doctors argue for patients to remain in a dark 
room, clear their mind of every possible thought, and meanwhile try 
not to fail school. Little do they realize that this dark room is no longer 
merely physical, but quickly becomes a metaphor for the darkness 
within our own minds. 
 Consequently, this generalized protocol can actually be 
harmful to recovery since this complexity means that a standard system 
of treatment is not practical. Rather, sports-related concussions are 
heterogenous so that they require an individualized clinical approach. 
This means that clinicians should individualize treatment for specific 
athletes in order to better tailor recovery protocols to those in need. 
Those of us who have suffered sports-related injuries commonly seek the 
trainer first and then a primary care physician. Although knowledgeable, 
physicians usually recommend rest, pain medication, darkness, repeat. 
The hardest part about this rest? Not participating in the sport that 

completely altered our lives. I can clearly recall sitting in the center of 
an empty court, holding a volleyball in my hands while watching tears 
fall onto it, wondering, will I be an athlete again? Will I be myself again? 
Or will I be permanently disabled, mentally and physically? But what if 
there’s a treatment that can not only reduce the amount of sports-related 
concussions, but also decrease recovery time?
 So the cycle continued until I found a doctor that brought 
me the one thing I was grasping to retain, which was hope: my hope to 
return to the sport I dearly loved, my hope to recover, and my hope to 
live. It was the one thing that I felt escape me as I was shuffled from a 
line of doctors who did not know what to do with me. After my initial 
screenings, the doctor did not hesitate. He was so sure. “You do have a 
concussion, and I know how to get rid of it.” He explained that exertion 

therapy was a type of therapy with no medication, no darkness and no 
resting involved; rather, it was the complete opposite. It was a series of 
workout routines, a process of finally saying yes to everything, drinking 
lots of water, returning to life in order to desensitize my brain to everyday 
activities. Interestingly, rest can actually be deleterious to the brain, as it 
significantly increases recovery time. Instead of resting, exerting yourself 
in order to grind through the pain commonly leads individuals to become 
asymptomatic, and healthy, earlier. Specifically, controlled intensity and 
duration of exercise, as long as worsening symptoms do not persist for an 
extended period of time, is beneficial for ultimate concussion recovery. 
 The University of Pittsburgh Medical Center’s Sports Medicine 
Concussion Program (UPMC), a leader in this growing field, created 
this comprehensive approach to allow clinicians to better diagnose 
individual concussions to develop more targeted treatment protocols for 
each athlete. The first step in this comprehensive approach is the clinician 
interview in order to assess the patient. Next, the patient has vestibular 
and ocular motor screening (VOMS) to indicate imbalance and predict 
the amount of neurocognitive impairment. The patient must also 
endure neurocognitive testing through the Immediate Post-Concussion 
Assessment and Cognitive Testing (ImPACT). This widely used test 
determines cognitive deficits from the concussion and corresponding 
recovery options. This personalized treatment program can include 
vestibular therapy, vision therapy, primary care sports medicine, physical 
rehabilitation, exertion therapy, neuroradiology and/or neurosurgery. In 
the end, the athlete must pass the return to play (RTP) protocol, which 
consists of being asymptomatic, before fully returning to the sport. 
Athletes like me stand on the sidelines far too often yelling “Put me in 
coach!” This comprehensive program allows us to once again realize our 
passion for our sports.
 Recovery has been a long process that I continue to withstand 
even two years after I heard the words that brought my life back. Although 
the days that I would collapse on my knees sobbing in pain are gone, they 
are still with me. They will always be with me.  By writing this article, I 
wish to spread hope to those who have lost it, to those thinking that they 
can never be a part of the sport that began this long journey in the first 
place.  For those who have not experienced such a debilitating obstacle, I 
hope to shine some light on the darkness that some of us have endured. 
No more will we rest, take pain medication, sit in darkness, and repeat. 
Instead, join me while we walk out of the dark together.

Doctors argue for patients to remain in 
a dark room, clear their mind of every 
possible thought, and meanwhile try 
not to fail school. 
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ermafrost covers close to 24 percent of the Northern 
Hemisphere. The region it inhabits, the tundra, is near barren 
scrubland. Yet it is this desolate region that may decide the 
very future of earth’s climate.

 In 2006, Sergei Zimov, a Russian geophysicist, published an 
article in Science Magazine titled “Permafrost and the Global Carbon 
Budget” which argued that permafrost was playing an increasingly 
important role in global carbon emissions. As the climate warms, 
permafrost and its place in the carbon cycle are changing. 
 With global temperatures increasing, permafrost has started to 
thaw and release large amounts of carbon dioxide and methane previously 
permanently stored it its icey layers. These greenhouse gases in turn help 
raise temperatures further and create a feedback loop. The more carbon is 
released, the more permafrost melts, the higher the temperature rises, and 
so on. 
 This is a good time to mention that northern circumpolar 
permafrost holds an estimated 1672 gigatonnes of carbon. For comparison, 
there is currently 870 gigatonnes of carbon in the atmosphere.  If that 
doesn’t  capture your attention, here’s another number: permafrost will 

completely melt if global temperatures reach an increase of 1.5 degrees 
Celsius from pre-Industrial Revolution levels.  According to NASA’s 
Goddard Institute for Space Studies, global temperatures have already 
risen by about 0.8 degrees Celsius since 1880 and will continue to rise 
at a rate of 0.15 to 0.20 degrees Celsius per decade. In other words, the 
bomb is set to go off by 2053. 
 There aren’t many ways to stop the doomsday counter from 
reaching zero. Global temperature increases need to be halted by reducing 
emissions and permafrost needs to be kept as cold as possible. Zimov 
decided that he could do something about the latter. His solution was 
something straight out of Jurassic Park: bring back the mammoth and its 
steppe grassland ecosystem. 
 Zimov’s plan is simple. Permafrost receives a lot of heat from the 
sun during the summer. When snow falls in the winter, heat is trapped 

under the permafrost like a blanket. The warmer the earth gets, the more 
heat is trapped under the blanket warming up permafrost. 
 However, this cycle didn’t always exist. During the Ice Age, the 
Siberian tundra, or scrubland, was a massive grassy plain called a steppe, 
filled with giant herds of herbivores like the wooly mammoth. Mammoths, 
like elephants, are a keystone species, which means that mammoths play 
a crucial role in maintaining the stability of the ecosystem. Without 
them, the ecosystem shifts dramatically. Mammoths tore down trees and 
fertilized the plain with their dung, promoting the growth of grass. Herd 

animals like musk ox would graze on the grass, trampling the snow and 
letting heat escape. Yet 10,000 years ago, Mammoths went extinct in 
large parts of the steppe. Without them, small trees and shrubs took over 
and the ecosystem collapsed. 
 Zimov believes that if enough herbivores return to the tundra it 
would revert to a steppe and the dangerous heat blanket effect could be 
mitigated. So in 1988, he established Pleistocene Park with his family in 

a remote part of Siberia and began to experiment. Initially, 
the park worked with Yakutian horses in small enclosures 
to see if his hypothesis was true. It turned out that it was. 
After a few false starts, the park started to see real results. 
Grassland plains began to replace tundra in small test 
portions. More importantly, the area with the grazing 
animals was colder than the parts without them. 
 Unfortunately, horses can’t really eat the 
types of trees and shrubs that grow in the Siberian 
tundra. Without anything tearing foliage down, 
trees will continue to reclaim land, essentially 
dooming Pleistocene park to an impossible battle. 
Zimov needs a species, like mammoths, capable 
of changing the landscape. Ironically, global 
warming and melting permafrost may provide 
the solution. 
 Permafrost is really, really cold. 
Sometimes stuff gets flash frozen in the 
tundra and sometimes it gets covered 
in sediment. When this h a p p e n s , 
permafrost acts like a freezer a n d 
slows the deterioration 
of organic tissue. As the 
permafrost starts to melt, a 
lot of this preserved material 
rises back up to the surface. 
In at least one instance, this has 
included a perfectly preserved 
woolly mammoth calf. Its DNA 
has been extracted and scientists 
around the world have started to 
attempt to sequence it, with the 
eventual goal of reviving the species. 
 The process of transforming 
the tundra back into grasslands is tedious 
and slow moving, but it is amazingly 
promising and could produce real results 
in the fight against climate change if serious 
investments are made. In the meantime, Zimov 
will continue to work his “mama mammoth” — a decommissioned 
Soviet army transport with tank treads that he uses to run over trees, 
making space for grass to grow, and fighting climate change one acre 
at a time.  
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o more Amur 
leopards, no more 
black rhinos, no 
more South China 

tigers, no more Sumatran 
elephants; these are just a few of the 19 
critically endangered animals identified by the 
IUCN Red List of Threatened Species. This 
means that barring human intervention, most of these species will be 
extinct within our lifetime due to a human driven mass extinction. Mass 
extinction seems a far off idea - something that happened to dinosaurs and 
mammoths because of an ice age or an asteroid, but reality is: extinction 
is happening now. The world is undergoing a sixth mass extinction and 
humans may already be past the point of stopping it.
 In a paper on the sixth mass extinction, environmental 
scientist Gerardo Ceballos defines mass extinctions as a period in a short 
geological time when a majority of species is lost. With five previous mass 
extinctions, many point to the fact that a sixth one may just be part of the 
natural course of events. Adding qualifiers to a mass extinction does not 
change the facts of the situation. According to Encyclopedia Britannica, 
out of the currently endangered species, 99% of them are put at risk by 
the actions of humans. The current rate of loss of species is at 100 times 
what is considered the norm for an extinction event. Human influences 
are changing the environment around us at a pace that evolution cannot 
match. People are the cause of the decline in biodiversity and the number 
of endangered and threatened animals. 
 Consider the red tide, a toxic algal bloom, off the coast 
of Florida. The toxic algal blooms occur periodically in the waters 
surrounding Florida, but not usually for so long or in such great amounts. 
The New York Times reports the red tide is longer and stronger than 
it has been since 2006, contributed to by the runoff from agriculture 
and the increasingly warm climate. The red tide has significant impacts 
on all Floridian wildlife, including the endangered sea turtles. While 
scientists do their best to deal with the aftermath of this event, there is 
little done to change the larger issues at hand. Farmers still use fertilizer in 
great amounts and there is little regulation to control this misuse. In the 
pursuit of more resources, humans create larger problems impacting the 
entirety of the planet. 
 The influence of humans on other animals is unprecedented. 
Before humans existed, there were many species that interacted in 
interesting ways and many incidences of interdependent relationships. 
Any example of predator and prey relationships will show how two 
organisms can evolve and change due to the pressure and influence they 
have on one another. This is natural and allows for evolution to occur. 
One of the problems when it comes to humans is that they are impacting 
nearly every single organism on the planet due to their dominance. 
Humans have the ability to live in every corner and niche of the planet, 
including the uninhabitable North and South poles, razing and destroying 
to get there.
 The main issue surrounding biodiversity is the constant 
expansion of the human race that requires more and more resources 
to sustain while maintaining a lush, and often wasteful, lifestyle. Earth 
was a balanced system, a careful and interconnected web of organisms 
and nonliving resources. Many cycles like the water cycle, carbon cycle, 
phosphorus cycle, and nitrogen cycle have been drastically altered by 
human intervention. Humans now extract phosphorus in massive 
quantities and freely apply it to plants in soils, allowing them to grow 
as much as people want. Humans could not cut down enough trees by 
hand to satisfy their growing needs, so they made machines to cut down 
massive amounts of trees and have as much fire as they wanted. Humans
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 killed the American Buffalo 
to the point of extinction in 
order to feed the growing 
population of the west and for 
sport. Elephants were poached 

relentlessly for their ivory, until they became 
nearly extinct and some humans realized they 
liked having living elephants more than they 

liked having ivory. Humans have gone from a simple agricultural and 
relatively fixed lifestyle, to traveling around the globe in a matter of hours. 
 Humans have such an impact on the current world that there is 
a new geological term “Anthropocene”, that has been proposed to define 
this era of anthropogenic change. Erle Ellis, a professor of geology at 
Maryland University, explains there is debate on whether Anthropocene 
can be added to the Geological Time Scale, as it requires evidence from 
strata, or layers of rock. Geologists can agree that there should be a 
reflection of the immense amount of change humans have brought on, 
but until further research is done, when exactly the Anthropocene started 
cannot be determined. For now, geologists can only continue researching 
and putting out evidence of the anthropogenic, or human caused change. 
At some point they will decide where the boundaries of human 
influence are, but it remains a point of contention. 
 Factors that threaten wildlife include habitat loss and degradation, 
climate change, invasive species, the spread of disease, hunting and 
poaching unsustainably, and pollution; as defined by Encyclopedia 
Britannica. If the current trends continue, there is no doubt that the mass 
extinction and destruction of ecosystems will continue. People must come 
together to rally for the major factors that hurt biodiversity. As early as 

50,000 years ago, humans contributed to the extinction of animals with 
overhunting. Since then, the impact of humans on other species has only 
gotten more detrimental. In a review article by David Tilman, he presents 
that the rate of extinction is expected to increase as the population climbs 
and the demand for more resources and food increases. Tilman estimates 
the habitat loss due to need for more agricultural lands contributes to the 
peril of 80% of all threatened terrestrial mammals and birds, the next 
largest concerns being logging and human development.  According to 
the world population review, the current population is at more than 7.6 
billion people and in the next ten years the population is expected to 
surpass 8 billion. The need for more resources will not stop any time soon.
 Tilman asserts that even in the face of the many different 
conservation efforts; biodiversity continues to decline. While there are 
many laws put in place to help protect endangered species and natural 
spaces, the legislation is on a country by country basis. Lands are protected, 
species are bred in captivity, laws are put in place, pollution is reduced, 
but these efforts are not enough to combat human growth. Widespread 
legislation is needed to stop mass extinction and protect biodiversity.
 The plight faced by endangered species is not going to change 
overnight, but legislative measures must happen to reduce the systematic 
killing of organisms in the environment. Nothing will change until 
something is done about it, and what we are doing now is not enough.
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The Winding Roads of Sterile-20s
The Need for Personalized Treatment in Untangling the Inextricable Web of Cancer

magine, for a moment, the entirety of the human body. 
Picture it: every limb, every bone, every muscle, every blood 
vessel, every electrified nerve running through it. Now zoom 

in. At a depth invisible to the naked eye, that sack of flesh is packed to 
the brim with proteins: large molecules that, quite literally, make up the 
meat of our bodies. They are like brick and wood to a building, the raw 
materials determining how we look —  everything from our height and 
facial structure to the color of our hair or the length of our fingernails. 
They make us move, digest food, pump blood, circulate oxygen, see and 
hear and smell; our proteins determine what we are and nearly everything 
we do, and scientists estimate that we could have anywhere between 
10,000 and several billion different types of proteins in our body. 
 Now zoom in more. Of those several thousand or several billion 
proteins, about five hundred belong to a special class of protein called 
kinases. The job of a kinase is to stick a phosphorus atom on another 
protein to help the protein do its job, like putting gas into a car to make 
it go. Zoom in again. Of the 500 kinases, only 28 belong to a family 
called the Sterile-20 family (or STE20s). A conservative estimate of 
10,000 human proteins makes the STE20s less than three-tenths of a 
percent of all proteins. The liberal estimate of several billion proteins puts 
STE20s in a niche so minuscule that it escapes imagination. And yet, this 
tiny handful of kinases deep within the human body is responsible for 
handling a vast array of activities so vital that without them, that entire 
body —  every limb, bone, muscle, blood vessel, and nerve — would shut 
down, ravaged by a harrowing disease we call cancer.
 How could so much power be held in the hands of so few 
molecules? As with many things in molecular biology, the key to 
understanding function lies in understanding structure. The STE20s 
are unique among other kinase families in their structure: despite being 
members of the same family, the only structural similarity STE20s share 
with each other is a stretch of 34 identical amino acids (the chemical 
building blocks of proteins). Beyond this stretch, the proteins are wildly 
diverse in their composition, more so than other kinase families. Some 
have domains (that is, specialized regions of the protein) that accept 
phosphorus atoms from other kinases, while others have domains that 
can take up free-floating phosphorus themselves. Some activate other 

proteins using their catalytic domain (the phosphorus-carrying domain), 
while others can do the same with their non-catalytic domains. Some 
STE20s even have rare domains called CRIB domains that other STE20s 
lack entirely. It’s not hard to see, then, that structural diversity begets 
functional diversity, giving STE20s the power to perform so many crucial 
functions throughout the cell.
 Although other proteins have a role in these functions, STE20s 
are key players. They diverge to many locations throughout the cell and 
assist long series of molecular reactions, called pathways, to work towards 
a specific cellular activity. One such activity is breaking down the cellular 
skeleton, allowing cells to die when they’re under stress. STE20s also help 
healthy cells to make a new copies of themselves: when a cell replicates, its 

chromosomes need to be anchored in the center of the cell, and STE20s 
take care of that. They also keep a protein called YAP suppressed so that 
tissues don’t start growing out of control, and so that cells don’t start 
migrating to other parts of the body where they’re not supposed to be. We 
need all of these pathways to keep our bodies running smoothly, and as 
regulators of pathways so numerous, it’s no wonder that STE20s are such 
important proteins. 
 But here’s where it gets complicated. STE20s perform functions 
so varied that they might appear to be going down far-flung but 
straightforward roads far removed from one another. The truth, however, 
is that these roads are far more winding, and these pathways far more 
interconnected, than they appear. STE20s break down the cell’s protein 
skeleton when it needs to die, but they also break down the skeleton when 
the cell replicates, making the cell fluid enough that it can split itself in 
two. The cell’s skeleton is made of a protein called actin, the same protein 
that anchors the chromosomes to the center of the cell. STE20s break 
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down actin by activating a protein called JNK, meaning that failure to do 
so could possibly compromise all three functions.
 Furthermore, STE20s suppress YAP through a protein called 
MST1, but MST1 also suppresses a protein called Aurora B, which, 
coincidentally, helps anchor the chromosomes when the cell divides. And 
now consider that JNK, the same molecule thatw breaks down actin, 
is also a suppressor of MST1. In addition, certain STE20s stimulate a 
protein called CDH2, which is frequently involved in cell migration, and 

some evidence shows that CDH2 might suppress —  wait for it — YAP. 
Perhaps all of these relationships seem incredibly difficult to keep track of. 
In fact, they are. These pathways are highly intricate. The criss-crossing of 
all these molecules into each other’s pathways suggests that they all might 
depend on each other if they are to carry out their functions properly. 
One misstep in a single molecule might have untold consequences in any 
number of seemingly unrelated pathways. The winding roads of STE20s 
form a web that looks impossible to untangle.
 The terror of this web truly sets in once we consider what could 
happen to the body if any one of these functions goes awry. Unregulated 
cell division and tissue growth is the textbook definition of cancer; the 
rapidly-dividing cells pile up, causing organ function to shut down. The 
same cell migration stimulated by YAP and CDH2 is the first step of 
metastasis, the spread of cancer to other parts of the body. If the cells can’t 
die, then they stay there forever. And even if malfunctioning STE20s 
aren’t directly responsible for these problems in a cancer patient, they 
can still cause other aberrant genetic activity. If the cell has misaligned 
chromosomes, then the cell could have the wrong amount of genetic 
information when it divides. Too much could mean an overabundance 
of cancer-causing oncogenes, and too little could mean an absence of 
cancer-preventing tumor-suppressor genes. The consequences of aberrant 
STE20 activity compound upon each other, and these consequences may 
be impossible to isolate when it comes to treating disease.
 This is why STE20s serve as a case study that demonstrates why 
cancer is so difficult to treat. As we’ve seen in the case of this tiny protein 
family, cancer-causing mutations can act alone or in tandem, discretely 
or synergistically. Mutations can trigger other mutations, and their effects 
can fuel each other, a byproduct of the overlapping pathways of STE20s. 
And the sheer number of possible genetic quirks and combinations, not 
just among the 28 STE20s, but among the 200 known cancer-causing 
mutations, makes nearly every case of cancer different. When we talk 
about cancer, we often envisage it as “cancer,” writ large: a single disease 

characterized by an overabundance of cells in the body. However, the 
bodily conditions that give rise to cancer are numerous and interconnected. 
When we consider the activity of STE20s alone, we see that the web 
of kinase activity creates an equally inextricable web of cancer, one that 
cannot be cured by the ever-elusive and oft-sought-after “silver bullet.”
 This is why many cancer researchers have turned to personalized 
treatment as the focus of their work. Scientists are still trying to untangle 
the web of STE20s and understand their role in cancer more precisely, 
which has proven difficult because STE20s, by dint of the wide variety 
of things that can go wrong with them, operate differently in each case 
of cancer. Compounded on top of this is the fact that STE20 mutations 
are common in a wide variety of cancers, such as prostate, breast, lung, 
and colorectal cancer. A one-size-fits-all treatment for STE20-related 
cancer may never make itself clear, which is why studying patient tumors 
one at a time is likely the best approach. Figuring out what’s gone 
wrong in one particular tumor — whether it be impeded cell death, 
or unanchored chromosomes, or unrestrained tissue growth — allows 
researchers to target those mechanisms specifically for treatment. If we 
get better at determining these mechanisms, and producing more efficient 
therapeutics for them, then personalized treatment in a vast network 
of hospitals, universities, and medical centers may be the way forward 
towards a cure, and untangling the inextricable web of cancer. Zoom far 
out from the STE20s, from all the kinases and other proteins, from the 
limbs and bones and muscles, and we see that the solution may require 
global participation, one patient at a time.

If you would like to read more about the role of STE20s in cancer research, 
check out the following articles:

Dan, I., Watanabe, N. M., & Kusumi, A. (2001). The Ste20 group kinases as
        regulators of MAP kinase cascades. Trends in Cell Biology, 11(5), 220-
        230.

Mcneill, H., & Badouel, C. (2011). Faculty of 1000 evaluation for The 
        sterile 20-like kinase Tao-1 controls tissue growth by regulating the 
        Salvador-Warts-Hippo pathway. F1000 - Post-publication Peer Review 
        of the Biomedical Literature.

Oh, H. J., Kim, M. J., Song, S. J., Kim, T., Lee, D., Kwon, S., . . . Lim, 
        D. (2010). MST1 Limits the Kinase Activity of Aurora B to Promote 
        Stable Kinetochore-Microtubule Attachment. Current Biology, 20(5), 
        416-422.

Shrestha, R. L., Tamura, N., Fries, A., Levin, N., Clark, J., & Draviam, V. 
         M. (2014). TAO1 kinase maintains chromosomal stability by facilitating 
       proper congression of chromosomes. Open Biology, 4(6), 130108-130108.

And the sheer number of possible 
genetic quirks and combinations, 
not just among the 28 STE20s, but 
among the 200 known cancer-causing 
mutations, makes nearly every case of 
cancer different.
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wake up terrified, ripping a foreign plastic tube from my 
nostrils and tugging at the electrodes anchored to my sensitive 
skin. Grabbing at my achy scalp, a thick waxy substance 
secures more electrodes deep into my hairline. There are 

over fifteen wires coming from every part of my body. Frantically, I look 
around at my surroundings: a sterile hospital room adorned with minimal 
household items, in hopes of mimicking a more realistic bedroom.
 An intercom clicks above. “Good morning, Sarah. Please don’t 
pull at your electrodes.” A few seconds pass. And I finally remember. 
My fear subsides. I am in the middle of a sleep study. Somewhere in a 
different room, a doctor stares at computer screens showing my brain 
waves, muscle activity, eye movements, and vitals. I am being tested for a 
rare sleep disorder: narcolepsy.

 Narcolepsy is an autoimmune disease believed to occur when 
hypocretin neurons in the hypothalamus are destroyed. This is likely 
due to a variation in a human leukocyte antigen gene called HLA-
DQB1, causing the body’s immune system to misidentify hypocretin 
neurons as a virus. Hypocretin is a neuropeptide, which is a molecule 
produced by neurons to communicate with each other. Hypocretin is 
essential to restful sleep; it regulates and stabilizes the sleep-wake cycle. 
When hypocretin neurons are targeted and destroyed by the body, REM 
(rapid eye movement) and non-REM (NREM) sleep stages can occur 
spontaneously. 
 For decades, sleep science has remained mostly a mystery 
to researchers. The quest for answers began as early as 350 BCE when 
Aristotle pondered exactly why humans need to sleep. While we now 
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know the basics of human sleep cycles, there is a lot left to be discovered.
A healthy person eases gently into REM sleep, requiring about 90 
minutes of non-REM sleep beforehand. Stage 1, a phase of shallow sleep, 
lasts for only about five minutes. Transitioning into Stage 2, the cerebral 
cortex — the region of the brain responsible for consciousness, memory, 
and perception — is repeatedly stimulated by electrical impulses called 
spindles. For approximately 50 minutes, these spindles allow the brain to 
delete insignificant memories and process important ones. 
 Stages 3 and 4 conclude the descent into REM. Growth hormone 
production dramatically increases, the immune system is strengthened, 
and any remaining awareness of the outside world dissipates. Dr. Michael 
Ferlis of Harvard notes that these stages are “not far from coma or brain 
death.” At this point, the body is ready to enter the mysterious and elusive 
realm of REM sleep. This is where impulse-control regions of the brain 
take charge rather than the logic centers. If the body were not paralyzed, 
dreams would be physically acted out. During this stage, the brain 
uses as much energy and exhibits as much activity as it would during 
waking hours. As Michael Finkel of National Geographic put it, this is a 
“chemically altered state of consciousness” that continues to baffle sleep 
scientists to this day.
 A narcoleptic person, on the other hand, leaps headfirst into the 
REM world within about five minutes. This rare disorder manifests in 
six predominate ways: excessive daytime sleepiness (EDS), hallucinations, 
cataplexy, sleep paralysis, automatic behaviors, and insomnia. Additionally, 
skipping through vital NREM phases has serious consequences. Due to 
the lack of growth hormone production, for example, narcolepsy patients 
often experience persistent high blood pressure, irregular heart rates, 
inability to recover from injury or illness, and difficulty regulating mood.
 Hallucinations can happen at any time when REM sleep intrudes 
into daytime activities. False memories occur when patients cannot 
differentiate between real life experiences and dreams. For example, I have 
genuinely believed that a meeting was canceled and did not show up, 
only to later realize that I vividly dreamed the cancellation. Automatic 
behaviors are also a common symptom of narcolepsy and consist of brief 
microsleep episodes in which the patient continues an activity, such as 
driving, while unconscious. 
 Additionally, cataplexy is the temporary paralysis of muscles due 
to extreme emotions such as fear, stress, or laughter. This phenomenon is 
unique to narcoleptic patients and can make social situations extremely 
difficult to navigate, especially during full-body attacks. Similarly, sleep 
paralysis occurs when, upon waking up, the body remains temporarily 
paralyzed. This is often paired with intense hallucinations.
 Because we spend about one-third of our lives asleep, it is easy 
to become desensitized to the peculiarity of the dream world. According 
to Finkel, “Every time we experience REM sleep, we literally go mad. 
Psychosis is a condition characterized by hallucinations and delusions. 
Dreaming, some sleep scientists say, is a psychotic state—we fully believe 
that we see what is not there, and we accept that time, location and people 
can morph and disappear.”
 Now, imagine that dreaming could blend into everyday life. 
How could one identify true reality versus false memories? How would 
that affect one’s ability to sustain relationships, jobs, and college life? How 
would that affect motivation, sense of self-worth, and confidence?
As part of the 0.001% of the population diagnosed with narcolepsy, I 
experience these challenges on a daily basis. Treatment often consists of a 
stimulant such as Provigil or Ritalin to increase daytime awareness and a 
sleep aid such as GHB to combat insomnia at night. Despite treatment, 
symptoms often persist. 
 Unfortunately, the media depicts narcolepsy as a minuscule part 
of a person’s life that is easily overcome. We’ve all seen the sitcoms. A 

laugh track plays as a clueless narcoleptic smashes their face in spaghetti, 
having fallen asleep at the dinner table. They awake quickly, laughing, 
wiping marinara sauce off of their cheeks. They continue on as if nothing 
happened. 
 This couldn’t be farther from reality. Narcolepsy is incurable, 
lifelong, and frequently treatment-resistant. Patients can live with 
narcolepsy for up to 12 years without a diagnosis. Every day, it influences 
each decision that I make as a student, friend, and athlete. 
 As college students, we exist in a culture where sleep is viewed 
as optional or a luxury. We are constantly surrounded by peers who pull 
all-nighters to ace that big exam, take unprescribed ADHD drugs to 
increase productivity, and laugh at the prospect of getting a good night’s 
sleep. It becomes easy to fall into these routines, especially when there just 
doesn’t seem to be enough time in the day to finish all the work piling 
up. Everyone in this environment understands that familiar, seemingly 
unbeatable tiredness. 
 It is no surprise then, that students with sleep disorders have 
unparalleled exhaustion when trying to survive in this competitive setting. 
Memory and attention span drain quickly during exams. Fatigue and 
mood instability sometimes inhibit meaningful friendships. Professors 

often perceive these students as bored, lazy, or unamused. The stressful, 
competitive atmosphere makes cataplexy unavoidable. Ultimately, letter 
grades rarely accurately represent a narcoleptic student’s intelligence, 
work ethic, or enthusiasm. 
 With electrodes still waxed into my hair, the sleep study 
continued into the following day. The doctor asked me, over the ominous 
intercom, to take a series of five naps, every two hours. I fell asleep each 
time, entering my familiar REM world in under five minutes. Entangled 
in a web of wires, electrodes, and short dreams, I left the lab that day with 
information about myself that will help me navigate the rest of my life. 
 While this debilitating disease can seem daunting, Finkel helps 
reform our skewed outlook on sleep. He states, “Some sleep theorists 
postulate that REM sleep is when we are our most intelligent, insightful, 
creative, and free. It’s when we truly come alive.”
 Maybe then, narcolepsy and other sleep disorders are both a 
blessing and a curse. Maybe the real question is, as he frames it, “why, 
with such an incredible alternative available, do we bother to stay awake?” 
The answer might be that we need to attend to the basics of life…only to 
ensure that the body is fully ready for sleep.” 
 Maybe the next question we should be asking ourselves is how 
REM intrusion into everyday life can enhance creativity, imagination, 
insightful thinking. Maybe we should work to value sleep in a society 
that often moves too quickly to make time for it. Maybe we should view 
narcolepsy patients as powerful, rather than lazy or unmotivated. 
 Next time you remember something important, thank your 
brain for synthesizing that information the night before. Next time you 
make the long trek to class, thank your body for repairing and reviving 
your muscles. Next time you spend a day without having to miss an event 
in order to ration energy, thank your hypocretin neurons. And the next 
time you meet a person with a sleep disorder, ask them how their REM 
sleep-infused life experiences influence their unique perception of the 
world. 

Narcolepsy is an autoimmune disease 
believed to occur when hypocretin 
neurons in the hypothalamus are 
destroyed. 
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hen walking into the dentist’s office, patients often 
anxiously anticipate the drills and probes that have been 
used to explore mouths for decades. This anxiety is rooted 
in the narrative of dental care that has been perpetuated 
throughout our society: a painful scene of bleeding gums 

and sharp instruments. While these tools have been and continue to 
be integral in dental work, the technological advancements happening 
in the field of dentistry working to improve patient experience should 
not be overlooked. One new device, in particular, has captivated my 
interest through its potential to elevate the level of care across the 
medical community: Computer-Aided Design and Computer-Aided 
Manufacturing (CAD/CAM).  
 Dental CAD/CAM systems are a relatively new field of 
dentistry. Originally used in the mid-1980s, CAD/CAM products are 
used to digitally design and manufacture dental prostheses, including 
crowns, bridges, dentures, and veneers. But what does this type of 
manufacturing entail? The process is a simple one, with the first step 
being the morphology of the teeth and gums adjacent to where the 
abutment will be placed being digitized using a camera. From there, 
computer software is used to design the prosthetic that will fit naturally 
in the mouth. Once the design is finalized, it is sent to a mill to be carved 
out from solid blocks of ceramic or composite resin. 
 When this technology first began use in the mid-1980s, it was 
used in laboratory settings only. This was due to brittle material and need 
for computer-savvy technicians during an era that was, for the most part, 
just beginning to be computerized. As time passed and software advanced, 

however, commercialization of the technology allowed the average dentist 
to harness and implement the manufacturing into a smaller office setting. 
I was personally introduced to the technology during routine shadowing 
of a small family-owned general practice, rather than a large corporate 
dental chain where profits are higher. 
       Production of prostheses is now more efficient than ever, with 

the three-dimensional digitized topography being done much quicker 
and cleaner than old-fashioned impressions and archaic production 
methods. The modern production also offers increased personalization to 
patients. I am amazed by the wide array of diverse resin shades that are 
available to match original teeth colorations. By the time the malleable 
structure of the resin is shaped to seamlessly and comfortably fit in the 
mouth, I can hardly tell where the prosthesis starts and ends. 
CAD/CAM systems are also more cost-effective than the previous process 
due to the middle-man of production being cut out. Before, dental 
offices were dependent on specialists to produce oral prosthetics. This 
meant having to ship the product back and forth between the laboratory 
and the dentists, causing the process to be slow and inefficient overall. 
Now, those extra steps of shipping the impressions and the product can 
be removed, with dentists expanding their skills to manufacture the 
prosthetics themselves. 
 Emphasis on the word “cheaper” in regards to this system, 
acknowledging that this technology is by no means cheap. Not every office 
can afford this equipment yet, requiring the assistance of laboratories still. 
The hope is that, as the technology develops, more affordable options 
are manufactured to expand the market further. Additionally, another 
drawback of this technology is the limitation of the software itself to 
measure the topography of the mouth to the highest precision. Most 
of the time, the fabrication of these prosthetics still requires additional 
fitting, caused by the imperfect software and inexperience of dentists 
pinpointing correct margins digitally. In time, both the software and 
dentists themselves will hopefully improve, allowing for more exact fits 
with the prostheses. 
 I have seen this innovation being used first-hand in a dentist 
office near Cleveland. I was amazed to watch as a patient came in and left 
two and a half hours later with a personalized crown cemented in place. 
Not only was his appointment that day more efficient, but the product 
also manufactured elevated his overall health, comfort, and quality of life. 
However, I also was exposed to the flaws of the software, with the dentist 
struggling to clearly view the natural margins of where the crown should 
fit on the digital screen. I know that CAD/CAM software will continue 
to improve, and dentists everywhere will grow more accustomed to using 
it. The possibilities of this technology are exciting, and I can only imagine 
the other ways it may be applied in other fields of healthcare to elevate 
the standard of care that prosthesis patients receive. 
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inute by minute the buzzing intensifies. Swarming you with 
its presence, your reflex is to attack. Before you have time 
to process, it disappears into the night. It leaves you with a 
sense of paranoia and unease as you await its next ambush. 

The masked assailant is female. She quenches her thirst by catching her 
victims off guard, leaving you to discover her unwelcome visit with an 
itchy welt that grows in size and redness as you try to relieve the irritation. 
 Few animals on this Earth evoke the repugnance that Anopheles 
stephensi, commonly known as mosquitoes, do. Not only are they 
a nuisance, but mosquitoes are carriers of diseases, and every year, 
mosquito-borne diseases affect nearly 700 million people worldwide, 
killing more than a million. This is an especially profound problem with 
malaria, a mosquito-borne illness that has no vaccine and the potential 
for widespread effects.
 In 2016, the Centers for Disease 
Control (CDC) estimated that there 
were 216 million cases of malaria 
worldwide in which half a million 
people died. Of these deaths, 
victims were primarily children 
under the age of 5 and nearly 
90% in sub-Saharan Africa. 
With fewer than 2,000 cases 
reported in the United States, for 
Americans, the disease primarily 
concerns international travels, 
including military personnel and 
aid workers. Most concerning is the 
fact that, although progress has been made 
with combating malaria over the past decade, there is 
no available vaccine. This means that the disease poses a 
threat to any and all that are in contact with an infected 
mosquito or person. 
 All infected mosquitoes are females of the Anopheles 
genus of mosquitoes which can transmit malaria, a one-celled 
parasite called a Plasmodium. Infection of mosquitoes by the Plasmodium 
parasite occurs when they thirst for a blood meal from individuals who 
are infected, ingesting the parasite which then travels  to the midgut 
of the mosquito, where the parasite multiplies and moves to infect the 
salivary glands. Once the mosquito injects the body of its next victim, 
the parasite enters the victim's bloodstream to multiply in the host’s liver 
before beginning to destroy the host’s red blood cells. 
 If left untreated, the parasite filled blood cells can have many 
detrimental effects including blocking the small vessels of the brain, 
resulting in brain swelling and brain damage. Pulmonary edema is also a 
consequence of malaria, filling up lungs with fluid making it immensely 
difficult to breathe. As the disease progresses it can cause vital organs, 
including the kidneys and liver, to fail, which ultimately leads to the 
victim's death. Because this disease has such a harsh effect on the human 
body, early diagnosis is crucial. However, many countries lack the 
resources necessary to control and treat the disease, making it extremely 
difficult to prevent.

Since conventional methods such as bug nets and insecticides have 
limited impact on mosquitoes; one promising alternative to preventing 
the spread of malaria is gene drive technology. Clustered Regularly 
Interspaced Short Palindromic Repeats (CRISPR/Cas9) is a gene editing 
method that is adapted from a gene-editing system that occurs naturally 
in bacteria. These bacteria capture snippets of invading virus DNA and 
use them to create a DNA segment known as CRISPR arrays. These 
arrays work by allowing bacteria to remember the viruses, and if attacked 
again, to target the virus DNA with Cas9: an enzyme that cuts apart the 
DNA, disabling the virus. Working as molecular scissors, CRISPR/cas9 
can aid scientists in combating malaria and other infectious diseases by 
disabling the virus’s DNA. 
   A new study conducted by George Dimopoulos at 

Johns Hopkins University used CRISPR/Cas9 to 
target the fibrinogen-related protein 1 gene or 
FREP1 in the mosquitoes’ DNA. The infection 
cycle of the mosquito with the Plasmodium 
parasite traveling from host to victim relies on the 
FREP1 gene, coding for an immune protein that 
aids in the parasite’s ability to survive within the 
gut of the mosquito. The scientists found that 
inactivating the FREP1 gene using CRISPR/
Cas9 enhances mosquito immunity against 

the parasite. When testing the mosquito's 
salivary glands for sporozoites, the stage 

of the parasite that is transmitted to 
humans through a bite, the team 
found no trace. This is significant 
because it means that CRISPR/
Cas9 is leaving the mosquitoes 
resistant to infection via the parasite. 

Although the initial testing revealed 
no traces of infection transfer, problems 

still lie with engineering the mosquitoes to have 
optimal behavioral outcomes after the gene modification. The mutated 

mosquitoes have a diminished chance of surviving in the wild, especially 
against non-mutated mosquitoes, because of fitness problems. Reported 
problems with inactivation of the FREP1 gene included reduced feeding 
activity, lower fertility, and a decrease in offspring.
 Although CRISPR/Cas9 is not without its flaws, the scientific 
community has made enormous strides towards eliminating a disease that 
causes hundreds of thousands of deaths a year. While this is a significant 
achievement, it is also important to consider the overarching impact that 
genetically modifying mosquitoes would have on the environment. Using 
genetically modified mosquitoes, although proven to be successful in 
decreasing mosquitoes populations in other scientific studies, could have 
unknown impacts on the environment of sub-saharan Africa. Although 
the genetically modified mosquitoes could drastically reduce rates of 
malaria, the mosquitoes could imbalance and disrupt the ecosystem. 
Without knowing the full effects these mosquitoes will have, the question 
becomes: is the protection of thousands of people against malaria worth 
the cost of the unknown? 
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ealthcare disparities are not simply attributed to an individual’s 
socioeconomic standing, but may have originated right in 
the doctor’s office, within the medical record produced by 
the physician. A recent study conducted by researchers at 

Johns Hopkins University investigated the ways in which clinician bias 
contributes to healthcare disparities by analyzing the ways descriptive 
language used to describe a patient might be biased. The study suggests 
that physicians’ use of stigmatizing language in their patients’ medical 
records could have negative consequences on those patients’ care, and 
could contribute to healthcare disparities.
 Medical records are a crucial aspect of the medical process given 
that these records contain information regarding the patients and are tools 
for physicians to communicate to other physicians about the patients. 
However, very few studies have actually examined the transmission of bias 
from one physician to another through biased and stigmatizing language. 
Mary Beach, M.D., MPH., of Johns Hopkins says, “we have to question 
the assumption that the medical record always represents an objective 
space,” especially given that clinician bias is already a documented 
contributor to inequalities within healthcare. An increasing amount of 
evidence recognizes that patient identity (race, gender, sexual orientation, 
size, etc) can influence clinicians’ behavior toward the patient and their 
treatment methods. Depending on the patient’s identity, or identities, 
physicians may shift their diagnostic decision-making, treatment 
recommendations, symptom management, referral to specialty care, 
or types of questions asked in a clinical interview — all of which then 
influences the information gained.  
 On the biological level, physicians’ implicit social biases are 
one byproduct of the cognitive processing system of the brain. Cognitive 
biases are the outcomes of the brain’s effort to simplify information 
processing. Simplifying information is possible through “heuristics,” the 
process that helps make problems less complex by ignoring, consciously 
or unconsciously, some information entering the brain, enabling a person 
to solve a problem or decision much more quickly. Heuristics are the 

brain’s coping mechanism to prevent spending unnecessary and incessant 
time trying to examine every detail of information. While heuristics are 
incredibly useful, they can contribute to stereotyping and prejudice. The 
human brain utilizes mental shortcuts to not just decide the best route 
to drive to work or what to eat for breakfast, but also to categorize and 
classify individuals. When shortcuts are used to allocate and categorize 
people, relevant information about the individuals being classified and 
categorized are overlooked and result in the construction of stereotyped, 
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disputing the very language that could 
have negative consequences on the 
patient’s life.
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fallacious categorizations.     
 People are not immune to bias, yet the medical record, produced 
by human beings, is often regarded as an entity in which bias cannot exist. 
In other words, despite being written by human beings, the medical record 
is still often considered “objective” information about the patient. Mary 
Beach, lead researcher on the study at Johns Hopkins University, hopes 
to bring greater awareness to this idea. Her study was designed to employ 
two chart notes: one with stigmatizing language and another chart with 
neutral language. Both charts contained medically identical information 
describing a hypothetical 28-year old African American male with sickle 
cell disease. However, the chart with stigmatizing language consisted of 
unnecessary, insignificant language that inferred value judgements. These 
charts were distributed to 400 medical students and residents at an urban 
academic medical center in internal and emergency medicine programs. 
Beach and her research colleagues found that the language used to describe 
patients’ records suggest the possibility of creating bias among physicians. 
The physicians-in-training who read the stigmatizing patient chart notes 
were substantially more likely to hold negative perceptions of the patient 
compared to the physicians-in-training who read the chart with neutral 
language. It was not just the change in opinions that occurred, but the 
medical students’ treatment plans as well. The physicians who read the 
stigmatizing medical charts recommended less aggressive forms of pain 
treatment for those patients than patients with more neutral chart notes.
 Physicians’ susceptibility to bias means that this bias could very 
easily transfer to their writing of the patients’ medical records — and 
it does. This is especially concerning given that the medical record is 
usually the first source of information a physician sees, often before even 
examining the patient. If bias is present in the medical record’s language, 
then the physician forms negative opinions about the patient through 
the record well before meeting the patient. Subsequently, the treatment 
plans and symptom management that the physician is considering for the 
patient based on the patient’s medical record are forms of medical care, as 
previously mentioned, that are subject to clinicians’ bias. Medical records 
serve as “pathways” to which bias can be reproduced and circulated from 
one physician to another, thus continuing healthcare disparities across 
various different hospitals and medical centers.
 Beach and Anna Goddu, co-author of the Hopkins study, find a 
glimmer of hope in the study, however. The participants, when prompted, 
were able to reflect on the ways the words used in the chart notes 
suggested certain emotions and attitudes for the patient, like respect and 
empathy. To Goddu, this appears as a “promising” place for interference. 
The recognition of clinician bias is the first step. The next? Changing 
the way the medical record is regarded, namely as a tool of objectivity 
immune to physician bias. The very biases that physicians may attempt to 
keep to themselves have the ability to shape the language and information 
included in the medical record. The challenge, then, is recognizing and 
disputing the very language that could have negative consequences on the 
patient’s life. And that, in the end, could help pave the way to closing a 
gap in healthcare disparities.
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Big Ideas

wo years ago I started my first semester at Oberlin. As a 
member of the 2016 group of STRONG Scholars, I had 
just finished a full summer of research in Professor Amanda 
Schmidt’s geology lab. I was starting the semester in a lab 

group full of upperclassmen, working on distilling the secret to erosion 
caused by changing land use policy in South China. In addition, Professor 
Schmidt had recruited me to help with a grant she was writing with the 
hope of getting permission from the NSF, USDA, and the US State 
Department as well as multiple arms of the Cuban government, all to 
collect dirt in Cuban rivers.
 All this, for some river dirt? It would be easy to be skeptical, but 
while most of the world was watching Obama’s visit to Cuba in early 2016 
with measured apprehension of an exciting vacation to a country blocked 
from the United States by embargoes and travel restrictions, Professor 
Schmidt and her collaborator, Dr. Paul Bierman from the University of 
Vermont, saw an amazing opportunity. Having spent years researching 
in other countries with restrictive land use policies, Cuba was the perfect 
next step to expand upon the understanding that they had already built 
regarding the impact of land use on erosion rates. In a country that had a 
massive shift towards organic and non-industrial agriculture decades ago, 
it was the perfect location to test the effects of organic agriculture on the 
landscape, before the markets opened further and agriculture techniques 
started to change. It was a perfect match, but the key was finding Cuban 
researchers to work with on the vision for an international project.
As the restrictions briefly became less intense, US scientists had a short 
window to reach out and begin to collaborate with Cuban scientists. As 
one of the undergrads helping on the project, I initially read many papers, 
in both Spanish and English, written by Latin American scientists that 

were potential future collaborators, and at the least good sources for our 
funding proposal to the NSF. Through lots of digging, we eventually 
found El Centro de Estudios Ambientales Cienfuegos (CEAC), which 
focused on studies of the environment, primarily using stable isotope 
geochemistry, but also looked at factors like water quality and fallout 
radionuclides, which is really similar to our work in Oberlin. Now that 
we had found our collaborators, it was time to write the grant with them. 
 After nearly a year of waiting for funding from the NSF, and 
getting approval from the US State Department, we finally acquired the 
funds and permissions needed to go to Cuba on the US side of things. 
It would ultimately take nearly 3 attempts at scheduling before we 
would get the correct visas and permits from the Cubans, supplemented 
by an additional trip in January 2018 by the principal investigators on 
the grant to meet our collaborators at the CEAC and plan the extent of 
the research project. Admittedly, this visit was a part of my winter term 
project this past January, and my visa failed to come through in the final 
days leading up to the trip. Dr. Schmidt and Dr. Bierman had to go on 
without a translator, and I had to stay home. Unlike most other countries 
for international research, we needed to receive a specific type of visa 
from the Cuban government in order to be able to enter the CEAC. Even 
though my flights were paid for, the Trump administration’s tightening 
of travel to Cuba meant it was not even legal for me to travel there on a 
tourist visa. 
 Thankfully, the January meeting was still successful, and we 
were all able to secure permits for a trip this past August. Not only was 
I able to travel with Dr. Schmidt and Dr. Bierman, but also with Mae 
Kate Campbell (OC ‘17) who was working on this project as part of 
her master’s degree thesis at UVM. Some additional support on the trip 
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was provided by Marika Massey-Bierman, Dr. Bierman’s daughter and 
incoming first-year student at Williams College, and Joshua Brown, a 
member of the communications department at UVM. While I was used 
to doing field work with large groups of geologists, it was unusual and 
exciting to have communications staff in the field, especially since the 
CEAC had their own communications person in the field as well. I can 
remember on the very last day of sampling, despite the fact that both of 
them only spoke one language, they had managed to teach each other how 
to use the other’s equipment, and set about filming the other scientists 
and me scooping up sediments from the bottom of a picturesque stream 
with an underwater camera. Even though about half of the US scientists 
spoke Spanish, this was one of many parts of the trip where the greater 
purpose of the sampling and research was able to supercede any language 
barriers between the groups.
 The entire trip proceeded with this sense of collaboration and 
friendship between both international contingencies. On our first day, 
we were welcomed into the CEAC itself, and after a long meeting of 
translating the specifics of the actions at each of the sampling sites, and 
many formalities of expressing appreciation and a readiness for the project, 
we proceeded to unpack the equipment we brought in from the US to do 
the sampling. It had been extraordinarily difficult to get the equipment 
into the country, and we had spend many hours in the airport the day 
before to prove it. The delight from the Cuban scientists when they saw 
all the water chemistry and other sampling equipment we were able to 
bring for the project was immense. Since a lot of the equipment wasn’t 
normally accessible to the Cuban scientists, they listened attentively and 
some of their scientists worked with us to translate the user instructions in 
both languages so that everyone was acquainted with the equipment and 
techniques. 
 The real highlight of the morning was a tour of the laboratories 
at the CEAC. The center was initially built as a monitoring station for 
scientists, in the looming shadow of the half-built nuclear reactor began 
by the Russians before the Soviet-driven development in the country 
died down. Even though the supplies were sparse and the building was 
hardly state-of-the-art, it was evident that as each scientist explained their 
work and showed their machines and their samples to us, they were so 
enormously proud of their work, and were doing some incredible research 
on all aspects of the environment in Cuba.
 As we proceeded with our field work, I was so impressed at the 
level at which the collaboration between both countries was so inclusive. 
At each site we were able to take samples for the research of every scientist 
involved, which meant doing things like taking water quality samples 
in addition to the sediments. We also split all the sediment samples so 
that they could be run in the two different countries and at multiple 
institutions, with the intent of comparing the results to refine each lab’s 
techniques and practices. 
 This level of scientific collaboration defined the sampling we 
were doing on the trip, but often the collaboration was felt more on a 
personal level. For the main fieldwork days we would wake up early at 
our AirBnB in Cienfuegos, and rush through a breakfast of fresh juices 
and eggs to be ready by 8am sharp. Running our equipment and sample 
collecting bags and buckets up and down the steep marble stairs of the 
stately old Cuban house was always a slippery and cumbersome act, but 
once assembled on the sidewalk, we were ready to get out into the field. 
 While our first few days traveling as a group to get oriented 
to the sampling procedure were exciting, the second half of the trip we 
broke into smaller groups to cover more ground at once. It was on these 
days that we were able to really connect in small groups, and the fondest 
memories of the collaboration come from our small taxi hurtling north 
past Santa Clara to the marshy northern coast of Cuba, spending the 

hours long rides bonding with the Cuban scientists. Besides our favorite 
go-tos of discussing Cuban culture through interpreting all the interesting 
government projects and propaganda signs we passed, we always ended up 
cracking jokes and flipping back and forth between English and Spanish 
lessons. Being from two countries who are politically adversarial and 
largely mysterious to one another means that discussing science naturally 
leads to needing to understand this broader, more complex context that 
we were trying to do science in. As hard as it had been for us to set up the 
grant and the trip on the US side, they faced similar difficulties.
 That same day we drove to the marshes we also went to some 
of the most rural and remote areas that we experienced on the trip. At 
our first site, a town with three roads leading into it on the GPS, we 
found that only one was passable by car, and it led to what was essentially 
the beginnings of a ghost town. Waved along by a friendly farmer, we 
drove back onto his property to a river with a small waterfall, where after 
finishing our water sampling, Marika and I were shown how to knock 
mamoncillos, a fruit similar to that of a lychee, down from the big trees 
that shaded the creek. Later in the day, he also stopped us as we drove 
through fields and fields of sugarcane, slipping out of the car with a 
machete and a wink and coming back with fresh sugarcane for all the 
hungry scientists. 
 The next day we sampled along the southern coast, getting 
glimpses of the ocean as we waded around in rivers at the foot of the 
mountains. The second site of the day was cheekily named hormigas, 
or ants, in memory of the ants that crawled up our legs when we stood 
on the side of the creek, excited by the dried Mamoncillo juice on our 
legs leftover from the fruits Alejandro bought on the roadside earlier 
that morning. Later in the afternoon we had been speeding faster and 
faster, trying to beat the heavy mountain rains and flash floods to the 
final sampling site. As we parked our taxi next to the ranch house and 
hiked down to the river, it immediately began to pour harder and harder. 
We collected samples quickly and Alejandro, one of the CEAC scientists, 
valiantly carried the full bucket of river water up the hill to the ranch 
house while we all ran back with the samples. Sprinting to the porch of 
the ranch house, all the rancheros and their children watched us quickly 
run our water chemistry tests, a parrot perched under the chair closest to 
us looking on skeptically. As a demonstration of our gratitude for letting 
us use their porch, we left them with that day’s supply of snacks, lemon-
lime Ciego Montero sodas and ham and cheese sandwiches.
 That evening, we had our only taste of Cuban tourism, exploring 
the UNESCO heritage site that is the old city of Trinidad. The colorful 
buildings and street art that show us the cultural history of the country 
runs parallel to the geologic history we were discovering in the field. 
Perhaps most special about this stop was the visit to our main Cuban 
collaborator’s house, where Dr. Sibello Hernandez proudly took a photo 
introducing Dr. Schmidt and Dr. Bierman to her parents.
 Ultimately, I am so grateful to Oberlin that I was able to be a part 
of such a fantastic international collaboration. The level of camaraderie 
and support on our campaign felt like something really special, and while 
I’ve been enjoying all the emails and Facebook messages back and forth 
with our newfound friends, I’m excited to be returning in mid-October 
to present our preliminary findings at a conference in Havana on the 
environment alongside a group of researchers from the CEAC. We also 
are continuing to persist on our mission to get the Cuban scientists visas 
to visit our labs in the U.S., so that we can continue to expand on the 
international exchange component of our collective project. It may never 
get easier to continue our collaboration with these scientists in Cuba as 
U.S. isolationism and the embargo continue to persist, but for the sake of 
science, we certainly won’t stop trying.
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ondon, 1763: A letter from 
a young English cleric 
named Edward Stone 
was presented at 

a meeting of the Royal 
Society, the oldest national 
scientific institution in the 
world, based in England. 
His letter detailed the 
power of the extract from 
the white willow tree to 
treat and cure ague — a 
group of symptoms used 
then to describe manifestations 
of malaria, including pain, 
intermittent fever, and 
fatigue. Stone had noticed 
the astringent taste of 
willow bark was reminiscent 
of the flavor of Peruvian bark, the 
standard cure for ague at the time, and 
so he administered it to patients suffering 
from the affliction with great success. By 1824, chemist 
Henri Leroux had developed a procedure for extracting 
moderate yields of salicin — the ingredient responsible for 
the curative properties Stone observed — from willow bark. 
In 1838, Italian chemist Raffaele Piria perfected a method 
of obtaining a far more potent form of the willow extract, 
which he dubbed salicylic acid. Aspirin, as we know it today, emerged 
from this body of research by the turn of the 20th century in the form of 
acetylsalicylic acid, patented by the Bayer drug company, a multinational 
pharmaceutical and life sciences corporation based out of Germany, and 
elucidated by the work of Bayer-employed chemist Felix Hoffman. Thus, 
one of modern medicine’s most powerful drugs was discovered and mass-
marketed, going on to save millions of lives. Or so the story goes. 
 Unsurprisingly, the actual historical trajectory of aspirin is not 
so tidy — or so white-washed. We have records of the ancient Assyrians 
using the extract of willow leaves to treat joint pain as early as 4000 BC; 
Sumerians in 3500 BC described the use of willow leaves as a fever-
reducing drug. The white willow tree was also utilized by the Egyptians, 
the Babylonians, the Chinese, and later by Greek physicians Hippocrates 
and Dioscorides.  Controversy over the discovery of aspirin is ongoing: 
while the reactions required to synthesize the drug had been independently 
characterized by French chemist Charles Frederic Gerhardt and Austrian 
chemist Hugo von Gilm as early as 1853, the pharmaceutical company 
Bayer has maintained since 1893 that Hoffman was primarily responsible 
for aspirin’s development.
 Aspirin is far from the only critical medicinal compound 
derived from biocompounds found in certain plants. Vinblastine, a 
chemotherapeutic drug used to treat a number of malignancies, from 
Hodgkin’s lymphoma to non-small cell lung cancer, was originally derived 
from the Madagascar periwinkle plant. After an inexplicable outbreak 
of cattle deaths in the Midwest in the 1920s, characterized by major 
hemorrhaging, a Wisconsin chemist named Karl Paul Link discovered 
warfarin, a powerful anticoagulant. As it turned out, warfarin is the active 

ingredient in spoiled sweet clover plants, which cattle had been feeding 
on shortly before they began spontaneously bleeding. In perhaps the most 
well-known example, the pain-reliever morphine was first crystallized 
from the opium poppy in 1805 by Friedrich Serturner. Prior to Serturner, 
laudanum, a mixture of ethanol and a small amount of opium, was used 
as a medicinal and recreational drug. Laudanum was initially developed 
by Paracelsus, a Swiss-German alchemist, in 1527.
 Looking at these drugs, which have likely been used to save 
your life or the life of someone you know, it seems impossible to ignore 
the importance of “bioprospecting”: screening plants, animals, and 
microorganisms for medically and commercially precious genetic and 
biochemical resources, typically enacted by Western countries interested 
in patenting and profiting from these resources. Both historically and 
currently, bioprospecting has manifested as biopiracy, the process by 
which Western scientists and pharmaceutical companies have patented 
indigenous knowledge for profit without compensating or consulting 
indigenous peoples. Bioprospecting itself is a relatively new concept, 
introduced in patent and international trade law to mitigate instances in 
which powerful Western countries profit from resources in non-Western 
regions. These measures are especially crucial given that the vast majority 
of biodiversity is not located in parts of the world controlled by the West. 
The Amazon region is perhaps most recognizable as the quintessential 
hotbed of biodiversity, and thus has found itself at the core of countless 
controversies regarding bioprospecting. 
 In a world where climate change and industrialization are 
edging countless species toward extinction and modern medicine is more 
advanced and effective than ever before, the scientific community in 
the Western world has become increasingly concerned with identifying, 
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protecting, and, in some cases, mass-marketing these valuable biological 
resources. Biopiracy has occurred countless times over generations of 
colonialism, and has resulted in some of the most critical biological and 
medical discoveries. In fact, measures initiated by the Convention on 
Biological Diversity (CBD) in 1993 were instituted, in part, to prevent the 
Western scientific community from plundering the nature and knowledge 
of countries and indigenous cultures in non-Western countries without 
obtaining consent from those communities or providing reasonable 
compensation. Arising out of the recognition of preserving biodiversity 
as a common global concern, the CBD is a multilateral treaty developed 
by the United Nations Environment Program that sets out, among 
other things, rules and laws for equitable benefits sharing of the profits 
made on genetic resources. However, despite these apparent protections, 
bioprospecting today still amounts to little more than biopiracy. 
 One doesn’t have to look far to uncover the far-reaching impacts 
of biopiracy throughout history: the Western colonial legacy of biopiracy 
is evident in the historical use of substances like sugar, coffee, quinine, and 
rubber, to name a few. In each case, Europeans appropriated indigenous 

resources and knowledge they considered profitable, invariably ravaging 
the land, enslaving and oppressing the indigenous people, and feeding a 
booming, consumptive capitalist economy in the West. Despite the recent 
sanctions and laws meant to protect indigenous communities, indigenous 
peoples almost always lose control over natural resources deemed valuable 
by Western scientists, regardless of whether or not they are compensated 
— which should come as no surprise. In fact, science has long had a 
dynamic relationship with colonialism. The vast majority of our scientific 
discoveries have been co-constructed with colonialism, driven by a desire 
to accumulate power and capital, rather than to pursue knowledge and 
understanding of the natural world. Similarly, our dominant scientific 
narrative largely conceptualizes historical discoveries as gifts or revelations 
brought from “civilized” Western cultures to “primitive” non-Western 
ones, which entirely ignores the countless scientific innovations plundered 
from these countries. 
 The legacy of scientific colonialism inherent within biopiracy 
and bioprospecting is one that is not often addressed. While many 
bioprospectors cloak their intentions with goals of protecting threatened 
biodiversity and collaboration between indigenous peoples and Western 
science, the profit driving the Western world is impossible to ignore: the 
Rural Advancement Fund International (RAFI) estimates that medicinal 
plants and microorganisms from non-Western countries contribute at 
least $30 billion a year to the pharmaceutical and medical industry of 
the West; within the United States alone, the market for extracts of such 
materials is conservatively approximated at anywhere between $30 and 
$60 million annually. While roughly one in 10,000 chemicals derived 
from screenings of biodiversity results in a useful and profitable drug, 
the odds have historically increased when Western scientists have utilized 
the knowledge of indigenous healers. The U.S. National Cancer Institute 
(NCI) screened over 35,000 plants, both temperate and tropical, for anti-
cancer compounds in the 20-year period between 1956 and 1976. Ten 
percent of  those plants were found to have anticancer properties, and by 

1993, seven of the compounds discovered in the screening were in the 
final stages of drug development. One of those compounds was taxol, 
a highly effective chemotherapeutic agent derived from the bark of the 
Pacific yew tree. In 1981, the program was terminated due to budget cuts, 
and the NCI turned their attention to evaluating compounds that had 
already been isolated. However, a retrospective study conducted by those 
associated with the project estimated that the success rate of pinpointing 
biochemically valuable species could have doubled if scientists had 
relied solely on traditional medicinal knowledge to guide their screening 
choices. 
 Generations have proven that Western scientists have never 
ethically consumed  indigenous nature and knowledge. Even with the 
emergence of the laws and trade rules surrounding bioprospecting, 
indigenous peoples continue to lose access to their land and their 
resources, and the West has obvious financial incentive to continue 
such exploitation. When thinking about biopiracy, perhaps a more 
interesting and fruitful discussion is one centered around the ways in 
which scientific communities in the West intend to pay reparations and 
radically restructure how knowledge and intellectual property are valued 
within Western science. At its core, biopiracy and its historical legacy 
are rooted in capitalism and the capitalistic belief that a single person or 
company can own the rights to a plant or to producing and developing 
the medicinal properties it contains, a value that is not shared by most 
indigenous cultures. The lure of intellectual property — which can 
be used to turn a profit -- continues to motivate Western scientists to 
pursue and patent biodiversity in non-Western regions. After colonialism 
has caused so much harm, scientists in the West must consider much 
more than mechanics of a single or isolated instance of bioprospecting 
if they wish to move toward equity. Providing indigenous people with 
compensation — even fair compensation, which happens so rarely — for 
their knowledge of a particular plant or animal or microorganism does 
not get at the root of the problem. Nor does their inclusion on a patent, 
or their informed consent to the process of bioprospecting on their land, 
rectify the historical damage done. 
 While proper recognition and compensation of the scientific 
and medicinal knowledge of indigenous folks is vital, it is still not enough. 
Instead, reparations for the ongoing generations of colonialism need to 
be considered and paid, if not by scientific communities of the West 
themselves, then by the countries they come from. Restructuring the 
process of scientific discovery as collaborative rather than competitive — 
exemplified in the pressure placed on companies and academics to rush 
to publish papers and articles — is another step toward a more equitable 
global STEM community. In recent decades, many academic scientists 
have begun advocating for the restructuring of scientific innovation by 
dissolving patents and issues of intellectual property entirely, and instead 
moving toward a more accessible model of scientific knowledge. One 
example of this push toward open-source science is the National Institute 
of Health’s GenBank database, which consists of a compilation of publicly 
available DNA sequences that can be accessed by anyone with an Internet 
connection, without the need to pay or be well-connected to a prestigious 
company or university. 
 Open-source science and the dissolution of intellectual property, 
a push toward a healthier academic environment, and concrete, financial 
reparations are only a few of the ways that the scientific community in the 
West can move beyond the token gestures exemplified by bioprospecting 
trade and patent laws. Indeed, as Western scientists, we need to go further: 
we need to stop asking how we can best protect, study, or characterize the 
biodiversity of native lands, and start asking why we believe ourselves 
better suited to that work than the indigenous peoples who have lived 
there for thousands of years. 

Bioprospecting is a relatively new 
concept, introduced to mitigate 
instances in which powerful Western 
countries profit from resources in non-
Western regions. 
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n September 
26, 1982, NBC 
aired the first 
episode of Knight 

Rider. The goal of the show seemed to 
be to cram as much of the distilled essence of the 1980s 
as possible into a forty-six minute episode. The shows credits included: 
David Hasselhoff, William Daniels, a killer ’80s theme, and the most off-
the-wall capers heretofore conceived of by man. Perhaps most important, 
though, was KITT (Knight Industries Two Thousand): an artificially 
intelligent, jet-black Pontiac Firebird that could talk. 
 Now, of course, talking appliances are old hats. In October 2011, 
Apple launched the first incarnation of its digital assistant Siri. Ever since 
then it’s seemed like everything from your laundry machine to your waffle 
iron will say hello to you if you yell at it patiently enough. In the last 
few years the technology has improved rapidly. The only applications the 
original Siri could realistically handle were the phone and text message. 

Now, though, Amazon has released a device where the only user interface 
is verbal command. You can now shout questions into thin air, and it’s 
even reasonably likely you’ll get a response. 
 The Amazon Echo, first released in November 2014, is the first 
virtual assistant that can actually assist you in any real sense. The device 
resembles two cans of Campbell’s Soup stacked on top of one another 
and spray painted black. Once the Echo is hooked up to the internet and 
to your Amazon account, of course, then the world is your proverbial 
oyster. All you have to do is ask Alexa, the digital persona who lives, 
genie-like, inside the hardware shell of the Echo, and your wish is her 
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Alexa can sometimes mishear words 
in background conversations that 
cause it to activate and take action 
without the user’s knowledge.

command. Buying things off Amazon, ordering pizza, calling an Uber, 
checking the weather, and playing music are just some of the “skills” that 
come standard with the Echo. If you’re more technologically minded you 
can even program your own skills so that Alexa’s limits are only the limits 
of your own imagination. Of course, as market share expands and smart 
devices replace their analog counterparts, Amazon will keep releasing new 
products to be integrable with the Echo. They have already debuted a 
smart plug, smart microwave, and an Alexa clock, with plans in the works 
for Alexa to take over every other part of our lives, from smoke alarms to 
cars (pop Alexa in the family van, grab some black matte spray-paint, and 

you too can have your very own KITT car on a budget). 
 What makes the Echo work is some electronic sleight of hand. 
As mentioned, the device itself is quite small, far too small to house a 
brain big enough to process human speech with any accuracy. So instead 
of making Alexa the size of a small refrigerator Amazon has outsourced 
any difficult thinking bits to their cloud-based speech recognition service. 
This is why the Echo won’t work without a stable internet connection. 
The Echo itself is really only a relay between you and Alexa Voice Services, 
a free utility provided by Amazon to handle all Echo devices. So then 
when Alexa hears you call she “wakes up” and relays a recording of what 
you say to the cloud which then analyzes your request and sends back 

instructions. Interestingly enough, the Amazon Echo is not actually 
required to access Alexa Voice Services and, if you’re so inclined, Amazon 
is happy to help you build your own robot assistant for around thirty 
dollars, their motivation being that you’ll probably buy something from 
them in the near future. 
 Sounds great, where do I sign? Not so fast. If anyone has 1984 
alarm bells ringing in their heads you’re not wrong for several reasons. 
Whatever their wholesome looking ad campaigns might want you to 
believe, Amazon is not some mom-and-pop operation that just wants 
to make sure you’re eating your vegetables. They are, in fact, the world’s 
largest corporation and they are not known for being a particularly 
socially conscious one at that. If you found out Jeff Bezos, Amazon CEO, 
wiretapped your family you probably wouldn’t be thrilled. Why does 
having that wiretap order you a pizza make a difference? 
 The Echo is essentially a fancy Bluetooth speaker, and that 
doesn’t exactly make it the gold standard when it comes to cyber security. 
Anything that’s networked can be hacked. The fact that earlier this year 
a woman in Portland, Oregon had her conversations recorded and sent 
to an unknown number somewhere in Seattle shows that this technology 
is not infallible. There have been other hiccups as well. Most will still 
remember the epidemic of Alexas laughing out of context and seemingly 
without provocation. Amazon attributed this to a software bug and claims 
the issue has been resolved. 
 Even without malicious intent, Alexa can sometimes mishear 
words in background conversations that cause it to activate and take action 
without the user’s knowledge. The results of this are mostly harmless, the 
equivalent of a butt-dial, but when you have one unsecured device linked 
to every aspect of your social and financial life these kinds of mistakes are 
cause for alarm. 
 Of course, none of this is to say that this technology is bad or 
that Amazon is spying on you (they definitely are, but that’s not strictly 
the point). The point is that companies like Amazon or Facebook or any 
other tech giant are ultimately beholden to their users. If people don’t buy 
it, companies can’t make money selling it. This is why it’s important that 
we not mindlessly swallow these kinds of shady big data schemes. The 
more we give, the more they will think it’s okay to take. As exciting as 
these technologies are, and as much as we might want our own personal 
KITT car, they come at the price of our privacy. Ultimately, it is we who 
must decide when that price is too high. 
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ater: a makeup of humanity, a need 
for growth, a starting point for 
all living beings, and a necessary 
ingredient in producing life. Let’s 

breakdown water: H2O. Hydrogen came into 
creation during the big bang while cores of 
massive stars constantly produce oxygen. So, 
water vapor exists in the solar system from the 
creation of these two elements being in such 
close proximity, and there’s evidence that this 
is the case all over space. So far, we’ve found 
the existence of water in numerous nebulas 
and other planetary systems, but other planets 
in our solar system could potentially have 
water too, like Callisto, Ceres, Earth’s Moon, 
Enceladus, Europa, Ganymede, Mars, Mimas, 
Mercury, Pluto, Titan, and Triton. With recent 
discoveries of potential and past water on 
nearby planets, Earth dwellers may not be the 
only ones benefiting from it. For example, we 
now know it’s likely Mars was once home to 
vast oceans, but where did they go? And what 
does the existence of water on other planets 
really mean for our universe? 
 Mars, the red planet whose current 
surface is cold and dry, once was a land of liquid 
oceans. We see the most evidence of this in signs 
of ancient shorelines visible on the Northern 
Plains of Mars. Although this seems like proof 
that liquid oceans existed, much debate has 
arisen internationally between scientists over 
this. According to Michael Manga, a professor 
of Earth and Planetary Science at UC 
Berkeley, the conditions would have 
been right; a plateau of massive 
Martian volcanoes, named Tharsis, 

would have released gas into the 

atmosphere, creating the greenhouse effect, 
where a planet’s atmosphere traps heat, needed 
to warm the atmosphere in order for liquid 
water to exist. Normally, there’s a distinct line 
on the land where a shoreline exists. However, 
according to the lead author of a study based 
on water on Mars, Robert Citron, the remnants 
of shorelines are “varying in elevation by up to 
several kilometers”. Despite this discrepancy with 
‘regular’ oceans, some scientists theorize that 
this variation was caused by the development of 
Tharsis, causing plate tectonics, rock plates on 
the ocean floor that move around the core of a 
planet to shift the surface of the body, powerful 
enough to affect two of Mars’ oceans: Arabia and 
Deuteronilus. The Tharsis hypothesis not only 
gives reason to these irregular shorelines, but 
also tells us that these oceans would have formed 
much earlier than previously thought. 
 What happened? What was once a 
planet of abundant oasis is now arid, and its thick 
atmosphere is now incredibly thin, meaning 
something powerful must have caused this 
drastic change. One theory is that solar wind, 
which comes from the sun and contains plasma 
and solar particles, swept Mars’ atmosphere 
away. This may be because Mars has only small 
areas of magnetic fields that block harmful 
phenomena, as opposed to Earth’s magnetic 
field which covers the entire planet. A generally 
accepted theory is water on Mars was never lost 
but rather lies frozen beneath its surface, caused 

by sub-zero 

temperatures and a thin atmosphere. Robert 
Citron suggests that further mapping and dating 
of Tharsis “could potentially detect the presence 
of subsurface frozen water, which could be a 
remnant of a past ocean.” Water trapped under 
the surface of a planet seems to be a common 
occurrence in our solar system.
 More recent discoveries of water in 
our solar system are on moons of other planets, 
like Saturn’s Enceladus and Jupiter’s Europa. 
The Cassini spacecraft surveyed Saturn’s 
neighborhood in 1997. On its trek by Saturn’s 
icy moon Enceladus, water plumes were spotted 
erupting from the crust of the planet. This led 
to a new mission in March of 2008 for Cassini 
to “taste” the plume water from the South pole 
of the planet. Cassini found complex organic 
molecules within the plume, which are very rarely 
discovered outside of Earth. These molecules 
have led scientists to theorize hydrothermal 
activity may occur beneath the ice through 
vents on the ocean floors, much like Earth. This 
activity churns the moon’s core, further driving 
the hypothesis that this moon can support life. 
 Similarly, Europa has been spotted 
with plumes coming from its surface. It has been 
hypothesized that this icy moon may contain 
twice as much water as Earth. If these detections 
really are water plumes, a spacecraft may be able 
to collect samples to test the water, analyzing 
its molecular makeup, and potential ability to 
sustain life. Even without physical proof, Mike 
Wall of Space.com says, “many astrobiologists 
regard Europa as one of the solar system's best 
bets to host alien life”, with a mission brewing 
to test the planet’s waters.
 According to NASA’s page, Ocean 
Worlds, “the story of oceans is the story of life.” 
Across plants, humans, and animals, water is a 
necessity to survive and thrive. “Where you have 
water, energy, and nutrients, you have life”, says 
Jonti Horner, professor in Astrophysics at the 
University of Southern Queensland. The ever-
developing discoveries on Mars, Enceladus, 
and Europa give way to the promise of water 
still being present on these planets and others 
that astronomers suspect have liquid water 
somewhere on their heavenly body. With hope 
on the horizon, we’re slowly getting closer to 
answering our most pressing question: is there 
other life in our solar system? and it finally looks 
like the conditions are helping near towards an 
answer.
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The White Clouds

 Six-year-old Hamartia Adams was confused. 
 She wasn’t confused about the small sterile white room that 
smelled like antiseptics and made her nose itchy, or even why she was 
taken away at dusk when the chimneys burned black against the scorched 
sky, while Mamma screamed at the Collectors to have mercy. She wasn’t 
even puzzled by the computer screen that took up an entire wall of the 
room. No, Hamartia was confused by the Nice Man who wasn’t saying hi. 
 “Hi, I’m Hamartia Adams! Remember me?” she yelled to the 
Nice Man as he opened the white door. Hamartia couldn’t look directly 
at the glaring white door because it made her head hurt. Mama said it 
was because her right eye was sleepier than the left. The Nice Man gave 
Hamartia a little wave and started writing on a clipboard. Hamartia 
wanted to ask him where he had taken Mama, but Mama said that it 
wasn’t nice to ask too many questions. The Nice Man looked at Hamartia’s 
special eye, scratched something on his board, then quickly left the room.  
Uncomfortable by the sudden silence, Hamartia kicked the white plush 
chair with her small chubby legs. She was used to people staring, “My left 
arm is three centimeters and eleven millimeters shorter than the right. 
And I got one lazy right eye,” she had told Mama proudly one day after 
she was measured at school to check for flaws. Mama’s hands shook when 
she said this, but Hamartia didn’t mind. It made her extra special. 
 “Maybe they’re sad,” Mama said as she stroked Hamartia’s hair 
when classmates bullied her at school.  
 “About what?” she would ask. 
 “Maybe they’re missing the clouds,” Mama would answer. 
 Mama must’ve missed the clouds, Hamartia thought; sometimes 
she caught Mama staring at her with wet cheeks that tasted like salt when 
she kissed her forehead. Hamartia kicked the chair again, the sound was 
muffled by the plush chair. She imagined that she was a princess in a 
cloud palace; the clouds would be pure white with no streaks of grey or 
even chimney smoke. She had never seen a white cloud before. The sky 
was always a dark grey with a sickly yellow yolk for a sun. 
 “It wasn’t always like this,” Mama would exclaim angrily as she 
made a feeble attempt to hang their clothes. “When I was a little girl, 
the sky was blue, not this greyish muck color, but a pure deep blue, the 
color of an ocean.” Hamartia had never seen an ocean, they had dried 
up long ago, but Mama said that she would have loved the cool, salty 
water, filled with rocks-things called shells. “Oh and the clouds! Oh the 
clouds, Hamartia! They were birds of pureness against a sea of blue! They 
weren’t streaked with dirt or pouring acid rain from the factories, it was 
even before the fires and earth tremors. Clouds were soft and snow white, 
swollen with sweet warm rain. The city didn’t get to play god! Didn’t 
decide who stays!” Mama would say. 
 Then she would smile at Hamartia and swing her up into the air, 
to where the cloud princesses lived and ate mooncakes and drank sweet 
cola all day. And in the cloud palace, no one cared that Hamartia looked 

different. 
 Hamartia thought about the Collectors who took Mama when 
she wouldn’t let go of her. Mama wasn’t expecting the Collectors, at 
least that’s what Hamartia thought. Mama screamed as they tore down 
the doors. “It ain’t right! It’s not fair! She’s only six, she’s only six!” she 
pleaded, throwing herself at one of the Collectors, it was the Nice Man. 
The Collector, a middle-aged man with a friendly face and greying hair 
let out a jolly laugh of amusement. He gently placed a pair of cold metal 
bars around Mama’s wrists, and pushed her against the door. “We’re just 
doing our jobs ma’am.” He paused and waited for Mama to stop shaking. 
“It’s for our future, we aren’t doing anything wrong.” Mama screamed 
again, and tried to claw at the man, but he simply grabbed her arms and 
shoved her towards another Collector. He placed a comforting hand on 
Hamartia’s shoulder who was hiding silently behind the couch. The man 
gave Hamartia a doll as they dragged Mama to their car. 
 She was a pretty doll, with soft curly locks and blue glassy eyes 
and a small silver cross decorating her neck. She even had painted little 
cheeks, the color of fresh roses that were sometimes sold in the market. 
Mama always said that she shouldn’t trust the Collectors, their job was to 
take away children like her, but she was sure now that it was just another 
tale, just like white clouds. 
 Hamartia refused to hand over the doll when they got to the car. 
“Please. Please. Pleeease!” she begged. Tears welled up in her eyes, and her 
belly felt like it had a cold hard lump in it. Mama would’ve made it go 
away, but she wasn’t here anymore. The Nice Man took one of her small 
clenched fists, wet with tears, looked into her red, puffy face and began 
to sing. He had a deep, dark voice that carried each word like a river, the 
words trickled into her ears. She felt the sudden urge to take a nap in the 
sunlight. 
 “Gone they go/ Gone they go/ To the place of no return/ For 
those who hinder/ For those flawed/ The church bells ring/ Gone they go.” 
 She began to suck her thumb, swaying slowly to his voice.
 “Tell me about the white clouds,” she suggested, as she handed 
over the doll. The Nice Man paused, and his face broke into a grin. 

             (...To Be Continued)
 



/syn . apse/ noun : the point at which a nervous impulse passes from one neuron to another

The Synapse is an undergraduate science magazine that serves as a relay point 
for science-related information with a threefold objective. First, we aim to stimulate 
interest in the sciences by exposing students to its global relevance and contributions. 
Second, we work to bridge the gap between the scientific and artistic disciplines by 
offering students a medium through which to share their passions, creativity, and 
ideas. Third, we strive to facilitate collaboration between undergraduate institutions 
across the country, especially within the natural science departments.


