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OSIRIS–REx

By Alex Zapién

A New Frontier after New Horizons

It has been over a year since the New
and 1.6 AU (about 150 million miles/240
186,000 miles/300,000 km) from the
Horizons spacecraft approached Pluto
million km) and would ideally have an
Earth every six years, much closer than
in July 2015. Now, New Horizons conEarth-like orbit with inclination and ecthe ideal range of 0.8 and 1.6 AU.3 This
tinues its path into space much like New
centricity to make the journey to the obproximity gives Bennu a high probabiliFrontier, the project responsible for New
ject more accessible. In addition, the size
ty of impacting the Earth within the next
Horizons, continues its progress. New
of the asteroid was also highly consid200 years. Indeed, NASA scientists have
Frontier is also responsible for Juno, the
ered. The smaller the asteroid’s diameter,
calculated that the odds of Bennu starting
space probe that successfully entered
the more rapidly it rotates. Asteroids with
an orbit (in the early to mid-2100s) that
Jupiter’s orbit in July of 2016, and for
diameters less than 200 meters rotate so
would lead to a collision with the Earth
OSIRIS-REx.1 The OSIRIS-REx
in the late 22nd century is 1 in
The OSIRIS-REx mission will improve our understand(The Origins, Spectral Interpre2,700, making it a fascinating
ing of both the formation of the solar system and
tation, Resource Identification,
NEO.4
the
quality
and
trajectories
of
asteroids
that
could
and Security- Regolith ExplorUltimately, it was Bennu’s
collide with Earth.
er) spacecraft was sent by the
composition, size, and hazardNational Aeronautics and Space Adminrapidly they eject loose material from
ous orbit that made it a perfect and accesistration (NASA) to the asteroid Bennu
the surface, which would pose a serious
sible NEO.3 If successful, the OSIRIS-REx
this fall in order to obtain and return ashazard for the OSIRIS-REx spacecraft
spacecraft will return a sample to Earth in
teroid samples for analysis back here on
upon contact.3 The ideal asteroid would
2023. The OSIRIS-REx mission will imEarth.2
have a diameter of about 500 meters,
prove our understanding of both the forThe OSIRIS-REx spacecraft was
which is exactly the size of Bennu’s dimation of the solar system and the qualilaunched on September 8, 2016 from
ameter. Finally, the ideal asteroid needed
ty and trajectories of asteroids that could
Cape Canaveral, Florida and is scheduled
to have the properties of a primitive, yet
collide with Earth.2 We will be able to de2
to reach Bennu in 2018. The mission’s
extremely old asteroid. This meant havvise future strategies to mitigate possible
objective is to retrieve, analyze, and reing a carbon-rich composition that had
Earth impacts from celestial objects, and,
turn a carbonaceous asteroid sample in
not been significantly changed in nearly
more importantly, we will gain a greater
order to gain a deeper understanding of
4 billion years. The composition of the
understanding of our planet and our sothe minerals and organic material found
asteroid is determined based on how the
lar system. There is no doubt that we will
in Bennu and other Near Earth Objects
asteroid reflects the Sun’s light. Asteroids
reach a new frontier in science.
(NEOs).2 Analysis of the collected data
that fit this description usually contain
Alex Zapién ‘19 is a sophomore in
will allow scientists to precisely map the
amino acids and original material of gas
Cabot House, concentrating in physics.
asteroid’s orbit and measure the orbit deand dust from solar nebula that collapsed
viation caused by non-gravitational forcto form the solar system, which can tell us
WORKS CITED
es out in space, otherwise known as the
about the building blocks of life on Earth
[1] New Frontiers Program. https://discoverynewYarkovsky effect.3
as well as the conditions at the solar sysfrontiers.nasa.gov/index.cfml (accessed Sept. 26,
2016).
Bennu was chosen out of an initial
tem’s birth. 1, 3
[2]OSIRIS-REx.
https://www.nasa.gov/osiris-rex
pool of 500,000 known asteroids and
With the criteria, the choice was nar(accessed Sept. 26, 2015).
7,000 NEOs. Researchers narrowed down
rowed down to five candidates with Ben[3] OSIRIS-REx: Asteroid Sample Return Mission.
the pool based on the object’s proximity
nu ultimately being chosen. Interestingly,
http://www.asteroidmission.org/why-bennu/
(accessed Sept. 27, 2016).
to Earth, size, and composition.3 The
Bennu satisfied every criterion but one:
[4]
Wall, Mark. http://www.space.com/33616-asdistance from the object to Earth had to
distance. Researchers decided choosing
teroid-bennu-will-not-destroy-earth.html (acbe between 0.8 astronomical units (AU)
Bennu would be more appropriate, as
cessed Sept 27, 2016)
(about 75 million miles/120 million km)
it comes within only 0.002 AU (about
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INVESTIGATION

NASA| Image from
Wikimedia Commons

BY ALEX ZAPIÉN

O

O

n September 1, 2016, the Space Exploration Technologies Corporation (better known as SpaceX) lost
one of its 70-meter (229-foot-tall) Falcon 9 rockets when
it unexpectedly exploded during a simulated countdown
on a launch pad in Cape Canaveral, Florida.1 The incident occurred two days before its intended launch, and
eyewitness testimonies described the event as “a series of
explosions that could be felt for miles.”2
The incident occurred two days before its
intended launch, and eyewitness testimonies
described the event as “a series of explosions
that could be felt for miles.”
While the cause of the explosion is unknown, SpaceX
Founder, CEO, and Lead Designer Elon Musk believes
“an anomaly on the pad” may have occurred when the
rocket was being filled with propellant.1 Industry officials
say it could take several months to determine the exact
cause and even more to take remedial action.2 The rocket was unmanned, so there thankfully were no injuries;
however, the aftermath of the explosion has worsened the
backlog of delayed commercial launches and will likely
complicate the company’s pursuit of future government
contracts.2 The mishap has also raised questions about the
reliability of the Falcon 9 booster, which was slated to haul
cargo and astronauts to the International Space Station in
the future.3
SpaceX had been trying to go beyond its mission of
solely building revolutionary space technology by also
directly aiding in the transportation of Facebook’s sixton satellite AMOS-6. However, the satellite was also lost
in the incident.2 AMOS-6, valued at approximately $200
million, was part of a project led by Facebook, Eutelsat,
and Spacecom. Not only would AMOS-6 have been the
first satellite Facebook put in orbit, but it would have also
provided direct internet access to people in sub-Saharan
Africa.4 Following the incident, Facebook Founder and
CEO Mark Zuckerberg expressed his frustration, saying
he was “deeply disappointed to hear that SpaceX’s launch
failure destroyed [the] satellite that would have provided
connectivity to so many entrepreneurs and everyone else
across the continent.”4 Despite the catastrophic results,
Facebook has remained committed to connect everyone
worldwide and they are currently developing other technologies that will provide the people of Africa with the
same opportunities AMOS-6 would have provided.4

2

The explosion of the rocket and its commercial interest
also deeply frustrated Elon Musk, sparking him to work
for an investigation. On September 9, 2016, more than a
week after the incident, Musk openly asked the public and
directly asked the National Aeronautics and Space Administration and the Federal Aviation Administration for
help.5 Public responses have proven helpful. Responses
include videos of the Falcon 9 rocket explosion, some of
which appear to show an object hitting the rocket; however, there is no further evidence to corroborate this. Preliminary results from an investigation have also pointed
to a rupture in the cryogenic helium system.6 Overall, the
case has proven to be rather perplexing and besides the
video evidence, there are no further leads. Musk claims
that “this is turning out to be the most difficult and complex failure we [SpaceX] have ever had in 14 years.”
As of October 1, 2016, the Falcon 9 investigation has
not concluded, but SpaceX has hopes for another launch,
a resupply mission to the International Space Station.
Dates are tentative, but SpaceX Chief Operating Officer
Gwynne Shotwell mentioned the “November timeframe”
as time to return to space.6 Although focused on addressing the issues behind the anomaly, SpaceX remains committed to its mission of revolutionizing space technology
and serving the world.
Alex Zapién ‘19 is a sophomore in Cabot House, concentrating in physics.
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CHOOSING THE

RIGHT
REALITY
BY
WILL
BRYK

T

he
average
teen in the
United States
spends 9 hours a day using technological media.1
That statistic might have been shocking
10 years ago, but nowadays we skim it
and then quickly move on to the next
trending article on BuzzFeed. The onslaught typically begins in the morning.
You open your eyes, and you immediately feel the urge to check the phone
that you checked just 8 hours before.
It then continues into our classrooms,
our dorm rooms, city streets, airport
terminals, meals with family, and chats
with friends. From the elderly glued
to the TV to adults poking at smartphones to students juggling 20 open
tabs to children forgoing friends for animated characters, the epidemic is rampant in our society. When Harvard’s
Cambridge campus lost power in early
October and students could not access
their precious WiFi—that portal to the
virtual realm—the ensuing chaos had
students speaking in apocalyptic terms.
The modern Homo sapiens is completely addicted to electronic media.
In the past few years, a new technology has emerged that threatens to escalate this obsession from a lifestyle to life
itself. Currently, our smartphones, tablets, and TV’s act as doorways from our
physical reality with its atoms, colors,
and senses to a simulated reality with

general article

its corresponding
bits, pixels,
and sensors.
When watching
a YouTube video on our smartphones,
we stand in the multi-dimensional reality we were born into while peeking
into a 2-dimensional fake reality on a
screen. Virtual reality (VR) technology, as the name suggests, reverses this
scenario. With a VR headset covering
our eyes and ears, we are pinned in
front of a 2-dimensional fake reality on a screen, which tricks our mind
into thinking that we are peeking into
a multi-dimensional reality. From the
perspective of the headset wearer, it is
a reality no less real than the physical
world.

EXPLORING NEW REALITIES

Developments in the field of simulated worlds have branched into two
separate technologies. The first is virtual reality, and the second is augmented
reality, often referred to as mixed reality
(MR). In virtual reality, the user wears
a headset that presents a different computer image to each eye, blocking out
all external light. These images present
a simulated scene from two different

angles to mimic
the way eyes normally see objects.
The two images are
just wide enough to cover the
more than 100-degree field of
human vision; as a result, the
user is completely immersed.
As the user moves his or her
head, the headset changes the
two images to simulate what
one would see at any given
head angle.2 To film media content that is compatible with VR,
you need a special camera that
takes light from every direction
in 3-dimensional space.
Humans have long desired a
device capable of visually transporting them to another world
without actual movement. Early panoramic paintings in the
19th century and the stereoscope
in the 1930’s both flirted with tricking the brain into seeing depth where
there was not. But the virtual reality era
really could not have begun until computer technology enabled a visual experience so vivid that it tricks the brain
continuously. In the 1960’s, as industrial computers became widespread, Ivan
Sutherland built what is widely considered to be the first VR headset.3 Unfortunately, it was so heavy it needed
to be hung from the ceiling, making it
impractical as a consumer product. VR
gained excitement in the 1990’s with
Nintendo and Sega introducing some
of the first consumer VR headsets, but
the lack of color and advanced graphics made for uncomfortable gameplay.4
It was not until Palmer Luckey hacked
together a VR headset in his late teens,
making use of recent advances in computational power and sensor accuracy,
that the tremendous consumer potential of the technology was realized. In
2014, Facebook purchased Luckey’s VR
technology for $2 billion, and virtual reality was at once thrown into the
limelight.⁵
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Luckey’s Oculus Rift headset and others like it—HTC Vive, Samsung’s Gear
VR, PlayStation VR—have begun a revolution in the tech world. Their appeal
is understandable. Instead of watching a
YouTube video, you can be inside it. Instead of FaceTiming with your mom, you
can have a virtual discussion in the same
room (as long as you both have VR cameras). You can experience what it’s like
to live on other planets, visit a glacier in
southern Antarctica, and fly like a bird.
With VR, you can become the most interesting person in the world in one reality despite being collapsed on a sofa with
half-eaten chips lying across your stomach in another. Though there are some
concerns with VR, such as headaches after long exposure, headsets will certainly
advance to avoid these problems.
Flying like a bird is something I actually got the chance to try out at an exhibit
called “Birdly” that premiered in Cambridge last December. You are strapped
down to a winged shaped structure with
a fan blowing in your face. You put on a
VR headset, and you are suddenly transported to the top of a skyscraper in NYC.
Look to your right and left and you can
see your two wings, with NYC in the
background. As I jumped off the building and learned how to fly by flapping
my wings (hands), the combined visual and sensory experience had me truly
feeling like a bird, something humans
have wondered about for eons. At some
point during the experience, I forgot I
was even a human. When they took the
headset off, I felt puzzled as though I had
left my world and arrived in a different
one, while all the audience saw was me
putting on and then taking off a goofy
looking headset. The possibilities for VR
are truly only limited by our abilities to
imagine and craft realities beyond our
own experience.

MIXING IT UP

Mixed reality is a whole other beast.
This technology is one that is not quite
full virtual reality and not quite normal
reality, hence the name. In mixed reality,
rather than cover up your field of view
with simulated images, your field of view
is instead overlaid with holograms. Holograms have always been a favorite of science fiction, and have also been non-fic-

4

tion for decades. What has recently
caught the world by surprise, however, is
the sudden leap in technology previewed
in two mixed reality consumer products:
Microsoft HoloLens and Magic Leap.
In both these products, the consumer
will wear some sort of transparent headset, whether it is a full headset in the case
of HoloLens or a currently unrevealed
wearable in the case of Magic Leap. These
products display detailed 3D virtual objects interacting within the user’s physical
world. The objects do not simply appear
without connection to the objects in the
room. Incredibly, both technologies create a 3D map of the items in the user’s
room, such as chairs, tables, and walls.
The virtual objects then interact with
those items as physical objects would. For
example, you can swing around a holographic fly swatter with just your hands
trying to smack a virtual spider that is
crawling along the objects in your room!
With HoloLens, the holographic objects
are projected onto the transparent film in
front of the user’s eyes. With Magic Leap,
the holographic objects will be projected
directly onto the user’s retina. Magic Leap
claims to have achieved a breakthrough
with their product that makes for a mixed
reality greater than anything before it, but
it is a secretive company that has yet to
release a product demo beyond teaser
trailers.
Watching video previews of these two
technologies is all it takes to grasp how
exotic this form of media will be. In a
HoloLens demo, the user summons a hologram of a football game, with a 3-foot
long field and little 4-inch people running around tackling each other.⁶ The
user takes this simulated game and places
it on his dining room table. He pokes and
analyzes the game from all angles, creating a perspective of a football match unlike anything anyone anywhere has come
close to experiencing.
In a Magic Leap demo video, the viewer, presumably wearing the headset, sits
in an auditorium full of middle school
students. All of a sudden, a massive whale
jumps out of the gym floor, splashes huge
waves around the gym walls, does a little
spin, and dives back into the floor.⁷ Had
I not been aware that whales don’t nor-

mally spring out of gym floors, I would
have believed that the whale was really
there. That’s how real mixed reality can
become, according to Magic Leap. As one
Microsoft commercial puts it, when any
reality we dream of can be projected onto
the world, “you can change the world you
see.”⁸

THE NEXT FRONTIER

With technologies capable of presenting a whole new medium for creativity
and design, it is not surprising that many
companies are investing heavily in virtual and mixed reality. Facebook’s 2 billion
dollar investment in Oculus Rift, Google’s
investment of 540 million dollars in Magic Leap, and Microsoft’s massive investment in HoloLens development are just a
few examples. TechCrunch forecasts that
the MR/VR market could hit 150 billion
dollars by 2020.⁹ Many have compared
the current state of virtual and mixed reality to the state of the smartphone market before the iPhone, expecting the technologies to explode in popularity once
companies and consumers recognize the
full range of applications.
But the societal effects of virtual and
mixed reality extend much farther than
those of the smartphone. Gaming is the
first industry to be disrupted. We no longer have to watch an animated character
fire onto our enemies in a Call of Duty
video game battle. The user can now strap
on a VR headset, take a gun controller,
and instead physically join the battle. In
the coming years, workers from all disciplines, including engineers, surgeons,
designers, construction managers, artists,
and educators, will likely follow the VR/
MR trend. A whole generation will recognize the advantages of the technology,
such as an MR engineering design that
can be collectively viewed in a meeting or
a VR perspective of ancient Rome for a
fourth grade classroom. In one HoloLens
demo, an architectural designer walks
into an empty abandoned space needing
renovation. She straps on a HoloLens,
and immediately imports complete holographic designs for the room, moving holographic chairs and tables around with
just a quick finger swipe.10
These are some of the obvious ways
VR and MR technologies will initially
alter society. However, once these devic-
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es reach the hands of millions of people,
there will undoubtedly be a slew of new
applications, the effects of which cannot
be predicted. This is exactly what happened after the first smartphones came
onto the market. The full potential of
smartphones was only realized once
enough people owned them. It was this
mass adoption that enabled a wave of in-

I forgot
I was even
a human.

novations that completely transformed
the flow and power of information. The
very same thing could happen when VR
and MR are adopted worldwide, except
that the flow will consist not of information and apps, but of vivid experiences
and perspectives.
Of course, putting a smartphone in
the hands of each person did not come
without a social cost. Even though these
technological devices give us a great deal
of power, they have also turned us into
technological zombies, to some extent,
who have far less time for basic human
behavior such as face to face contact and
self-reflection. And if teens spend 9 hours
a day on technological media, what will
they do with a much more compelling VR
or MR product that becomes widely adopted? Given how exciting these new devices will be, it is not difficult to imagine
that much of the public could wear these
headsets the entire day. Today’s conversations are often interrupted by the buzzing
of a smartphone, but in a few years our
conversations might be overloaded with
interruptions and distractions from the
lens of our headset. While some might
view wearing a Magic Leap-type device
daily as a ticket to the sci-fi future we’ve
been waiting for, others see humanity on
course for a meaningless technological
wasteland.

general article

AN EXISTENTIAL CHOICE

In the future, we might become so addicted to virtual reality that it will actually replace reality. VR technology could
advance to the point that living out our
lives in the virtual world would be superior to living in our normal reality. In fact,
this idea is one proposed solution to the
Fermi Paradox. The Fermi Paradox asks
why there is no evidence of advanced
extraterrestrial civilizations colonizing
the universe if there are trillions upon
trillions of planets, many of which could
have evolved intelligent life. One somewhat frightening solution is that when a
civilization becomes advanced enough to
simulate virtual realities, the civilization
chooses to plug into the simulated reality
forever. These supposed extraterrestrials
make the choice to forgo the reality they
were born into, with all its constraining
physical laws and inconvenient stellar
distances, for a better one in which we
can craft our own physical laws and superpowers. It seems our species might
have to make a similar choice pretty soon.
Our relationship with technology has
been progressing toward this moment
for a century, making us more and more
connected to our devices. First came the
television, then the personal computer,
then the smartphone, and now MR and
VR. With our technology for simulating
reality continuously marching forward,
we could at some point have available
to us any reality we can dream of at the
press of a button. The question is: should
we press it?
Will Bryk ‘19 is a sophomore in Leverett
House.
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T

he state of the globe today puts the
world’s future in question. We have
a burgeoning population heading on
7.4 billion people, an 80% reliance on
fossil fuels, and an imminent fresh-water shortage. By 2035, current estimates
predict world energy consumption to
increase by 50% as well as world water consumption by over 85%.1 What
is also of concern, is the fact that over
90% of current energy producing methods are classified as water intense.1 This
is alarming, especially in light of the
highly interdependent relation between
water and energy. In other words, the
world is headed for crisis due to these
pinnacle challenges. There is immediate need for a shift towards the renewable-energy sector, in addition to a feasible solution to looming water scarcity.
With both an impending fresh water
shortage and energy availability predicament, harnessing the world’s ocean tidal
power as a source of both power and water for desalination could prove to be of
immense value in the near future. With
thousands of miles of shoreline around
the world that have constant exposure
to unharnessed wave energy, the ocean
is an untapped source of clean energy.

6

The total estimated ocean power is about
10,480,000 MW, yet only very small
amounts of this estimated power are
used (about 8000 MW, mainly in France,
Canada, Australia, and the US).2 Capturing this tidal energy could significantly augment global energy production,
and diminish reliance on harmful fossil fuels. Since already some 2.8 billion
people—a number that is expected to
grow to 3.5 billion in the next decade—
worldwide suffer from water scarcity,
production of clean water is an imminent problem the world must address.1

THE FOSSIL FUEL STATUS QUO
Not only are fossil fuels leading our demise in climate change, but they also
comprise the largest consumption of the
fresh water sector. Currently, the US derives 90% of its electricity from thermoelectric power generation plants.1 This in
turn account for a staggering 45% of the
U.S.’s total water withdrawals including
freshwater sources like lakes and rivers,
and saline sources, such as oceans and
estuaries.3 The majority of these plants
rely on what is called “once-through”
cooling technology. Essentially, millions
of gallons of water are withdrawn daily,

before being dumped back at a higher
temperature into whatever body of water
they were withdrawn from. In addition,
the production and refining process of
oil requires lots of water (estimated that
the US withdraws 2 billion gallons of
water each day to refine nearly 800 million gallons of petroleum products like
gasoline).3 Unfortunately, corn-based
ethanol, touted as an eco-friendly alternative fuel, is not water-friendly either;
324 gallons of water use are attributed to
the production of a single gallon of ethanol, meaning it uses more than gasoline
(which requires 3-6 gallons).⁴ In essence,
the production of both clean water and
energy is an incrasingly urgent problem.
The large use of water is particularly concerning because fresh water only
comprises a mere 2% of the world’s water supply. These concerns have grown
because of recent high profile droughts:
California experienced its fifth straight
drought year, and even British Columbia, Canada, a region blessed with a
natural abundance of fresh water, was
confronted with a stage 3 drought,
drawing attention to the severity of
the issue at hand. What can we do to
save our dwindling fresh water supply?
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TIDAL POWER
With both an impending fresh water
shortage and energy availability predicament, harnessing the world’s ocean tidal power as a source of both power and
water for desalination, could prove to
be of immense value in the near future.
Capturing tidal energy could serve to
significantly augment global energy production, and diminish reliance on harmful fossil fuels. Despite its availability,
tidal power technology is only currently
in usage in Perth, Australia. Yet, it is capable of being installed in other highly
turbulent tidal coastlines such as Alaska,
Washington, California, British Columbia, Scotland, and the Chilean coast.⁵ The
ocean is at our disposal as an untapped
beacon of energy, and will serve as an
important component to our strategy
in addressing our global energy crunch.

DESALINATION
Since 98% of the world’s water supply is saltwater, it is evident that the
desalination of seawater will become
instrumental to fulfilling the world’s
water needs.⁹ As John Lienhard, director of the Center for Clean Water and
Clean Energy at MIT said, “As coastal
cities grow, the value of seawater desalination is going to increase rapidly,
and we will see widespread adoption.”⁶

DUAL PURPOSE PLANTS
Combining desalination and tidal power solves these problems, and as like everything else in life, it comes down to
its economics. By developing a single
integrated facility comprising of both a
desalination plant and an energy generation facility, significant monetary
benefits could be achieved through integrated planning, shared optimized infrastructure, and lower capital costs. Utilizing the high pressurized water already
present in tidal energy plants to desalinate water through reverse osmosis, the
costs of desalinating water would drop
significantly, as nearly 60% of desalination’s high operating costs is due to the
creation of the highly pressurized water.⁷
Ocean power generators, which cap-
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ture the energy of waves and tidal motion, have the potential to produce a significant amount of electricity. Carnegie
Wave Energy in Australia has designed
a technology called CETO, which is
able to capture nearly 70% of transmitted tidal energy.⁷ A coal power plant
in comparison is a mere 42% efficient.⁷
This means these combined plants will
also be extremely efficient in their energy conversion– another benefit. The
leading edge 3MW CETO 5 technology
employs three 36-foot wide steel buoys
tethered to the ocean floor.⁷ When a
wave crashes and the buoys bob, the seabed pumps are activated, and water is
thrust at high pressure through a subterranean pipe to a power station on land.⁸
The surging water, in turn, spins hydroelectric turbines that activate a generator, and then undergo desalination
through reverse osmosis once leaving
the generator.⁸ Because the water is being forced into the power station at such
high pressures, it is also able to be desalinated through reverse osmosis, passing
through membranes after leaving the
generator.⁸ The efficiency of this system
in converting wave energy to electrical
energy can reach over 50 percent and is
capable of desalinating 50 billion liters
of water each year. Other benefits of CETO’s technology includes the fact that
buoys can power themselves at a remote
location and support a flexible suite of
sensors and equipment for maritime
security and monitoring off the grid.⁷
Carnegie Wave Energy’s CETO 5
technology is a leader of tidal-desalination combined facilities. Their technology is currently in usage in Perth,
Australia, and would be capable of being
installed in other highly turbulent tidal
coastlines (such as Alaska, Washington,
California in the United States; British
Columbia, Canada; Scotland, and the
Chilean coast).11 These dual-purpose
facilities, which utilize tidal power to
create energy as well as desalinate water, will prove to be important facilities
in the future. By converting ocean wave
energy into zero-emission electricity
and desalinated water, this integrated
facility will indisputably become an eco-

nomical solution to the world’s imminent water and renewable energy cruses.
Kristine Falck '20 is a freshman in
Straus Hall.
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ERIC SUN

PERSPECTIVES ON
ARTIFICIAL
INTELLIGENCE

Artificial intelligence (AI) is a hot commodity in the modern world.

Machines are now capable of reading and transcribing books, recognizing speech, analyzing big data, playing chess and Go at superhuman levels, and identifying objects through computer vision. Corporate giants like Google, Intel, and Amazon have poured hundreds of
millions of dollars into AI research. Research centers and universities
have made their own contributions to developing AI. However, some
concerns still loom large: Is AI ethical? What are the dangers associated with “intelligent” machines? What kind of trajectory is the research following? I discuss these concerns alongside general artificial
intelligence with two members of the Harvard University faculty: Dr.
Venkatesh Murthy, a neuroscientist, and Dr. Barbara Grosz, a computer scientist.
Dr. Venkatesh Murthy is a professor of Molecular and Cellular Biology at Harvard. He specializes in neuroscience with an emphasis
on information processing and adaptation in neural circuits. He has
made significant contributions to the understanding of neural pathways in the olfactory system. Murthy is also interested in artificial intelligence research and teaches a freshman seminar on artificial and
natural intelligence.
Dr. Barbara Grosz is the Higgins Professor of Natural Sciences at
Harvard. She has made significant contributions to research in natural language processing and multi-agent systems and is currently
conducting research in teamwork and collaboration. She teaches the
course Intelligent Systems: Design and Ethical Challenges.

What was your path to academia like?
MURTHY: I started out as an engineering undergraduate student
in India, but became interested in combining physical sciences and
biology for my graduate work in the US. I learned about neural network research and AI during the end of my master’s degree in bioengineering and decided to pursue a PhD in neuroscience with some
tangential work on neural networks. For my postdoctoral and early
faculty work, I ended up doing purely experimental neuroscience,
but recently I’ve rekindled my interest in computational neuroscience.
GROSZ: It was an unusual path. I started out as an undergraduate
studying mathematics: there were no undergraduate computer science majors. I was, though, able to take a few courses in computer
science, and then went to graduate school in computer science. In
graduate school, I focused initially on numerical analysis and then
I did some work in theoretical computer science. Then, thanks to
a part-time job at Xerox PARC and a conversation with Alan Kay, I
began working in natural-language processing.
8
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At the time, there were many people working on
syntax and some on semantics. I was young, brave,
and foolish and took on the challenge of building
the first computational model of discourse as part
of a speech processing project at SRI International. Later, I co-founded the Center on the Study of
Language and Information at Stanford, and subsequently went to an academic position at Harvard.
I always tell undergraduate students that you don’t
need to know what you want to do in your first
years of college, but can change paths many times.

What are your research interests?
MURTHY: I work in neuroscience and have an
interest in artificial intelligence, but I'm not sure
if I would pursue the mathematical, theoretical research in artificial intelligence. But I am very interested in understanding neural pathways in animals
through neural networks and seeing if any similarities [to AI systems] exist.
GROSZ: Currently, my research focuses on modeling teamwork and collaboration in computer systems. Prior to this, I worked [for] many years on
problems in dialogue processing. Dialogue participation requires more than simply understanding
words and sentences; you need to understand the
purposes and intentions of the people communicating with one another. This insight led to my
working on modeling teamwork and collaboration.
In the late 1980s and 1990s, I developed, with some
colleagues, the first computational model of collaborative planning. While dialogue is between two
people, teamwork often involves a larger number
of people. It is much simpler to model the plans of
an individual than to model the plans of a group,
because teamwork and collaboration are not simply
the sum of individual plans. The challenges teamwork raises include such questions as, what information has to be shared for teamwork to succeed?
What compels individuals to participate in teamwork? How do you know what each component
part is doing? Now, the focus of my research is on
using these models of teamwork to build computer systems that improve health-care coordination,
which requires handling what we call loosely coupled teamwork. This work can be applied generally
to many situations, including physician-physician
networks.

How did you become interested in
AI?
MURTHY: As I said, I was studying engineering
but, for me, it was not very interesting... I read
the books [on artificial intelligence] that everyone
reads—Minsky's Society of Mind and a few others.
They presented lots of different ideas about artificial
intelligence that were fascinating at that time.
GROSZ: When I was looking for a thesis topic, Alan
Kay, the person who invented Small Talk, suggested
that I [try] taking a children’s story and retelling it
from the viewpoint of a side character. It turns out
that this is a very difficult task. Instead, I did some
work with Alan Kay on Small Talk and then went to
general article

SRI International to work on speech understanding
research in the 1970s. For years, I worked with dialogue research and from there, I got interested in
collaboration and teamwork, which is a subject that
I have pursued for some time now.

What is AI?
MURTHY: That is a very good question. For me,
AI has a very different meaning than it might have
for some others. I feel that if you have one machine
that is very good at one intelligent task, then that
is artificial intelligence. For example, if a program
can recognize faces very well or better than humans, than that would be artificial intelligence. Or
if it could predict behaviors, or if it could discern
sounds... Artificial intelligence can just be one very
intelligent feature instead of a unit with lots of different complex functions.
GROSZ: AI was, until very recently, purely an academic field of study, which had two complementary goals. People in the field generally chose one
of two different kinds of goals: using AI/scientific
approaches to model intelligent behavior in humans or developing methods to make computer
systems more “intelligent”. Recently, the field has
evolved from a purely academic discipline and we
are beginning to see increasingly many real-world
applications through corporate efforts. It is no longer purely academic, which is great.

Which aspects of AI do you find to
be the most promising?
MURTHY: I find the application of artificial intelligence to predicting behaviors in consumer markets
very fascinating. Companies like Facebook, Google,
and Amazon have amazing capabilities in predicting what a person may be interested in next... Even
the behavior of a quirky person, or at least a person
who thinks that they are quirky, may be predicted
by artificial intelligence sometime in the future. I
feel that this is a real possibility.
GROSZ: I think that almost every aspect of AI has
promise—promise for changing our lives, promise
for affecting what we can do in the world. This ranges all the way from sensory processing—sensing for
security, robotics, helping people with hearing disabilities --- to complex tasks. Language processing
has the potential to help people around the world to
communicate through translation, and enables increasing web access. Multi-agent systems methods
support teamwork and help people in many ways,
from planning and plan recognition to coaching
victims of stroke and protecting wildlife areas from
poaching. Machine learning is currently big in the
news with advances especially in the area of sensory
processing. It's an exciting time for AI.

What are the most important problems or challenges that face AI today?

MURTHY: Right now, we have a lot of data and
most people are interested in performing some
form of statistical or mathematical analysis of the
data—clustering, finding patterns. I'm not sure if
we will be able to evolve from that framework...
We might become very good at analyzing data but
it may take a very long time before we are able to
create real intelligence that understands the underlying causes of the observed data.
GROSZ: Two major challenges. One is how to
incorporate artificial intelligence into computer
systems in a way that they work well with people.
Contrary to science fiction, where computer systems are portrayed to be exact replicas of human
intelligence, machines don't need to be replicate
human intelligence, but can complement it. Instead, we need to assess where human intelligence
falls short and develop computer systems that fill
in those gaps and work closely with humans. The
other challenge is to build systems that are capable
of explaining their decisions to humans. This is not
a simple challenge. For example, it is [difficult] for
systems using deep neural networks to explain their
results. These issues will need to be addressed in the
future.

Where do you envision AI to be in
20 years?
MURTHY: Predictions are always very difficult to
make and not very accurate. I would imagine that
much would be the same as today but more advanced... Machine learning would still be used in
research and there would likely be more advanced
pattern recognition in artificial intelligence for recognizing items (visual, auditory or other) and predicting consumer behavior.
GROSZ: There is a project at Stanford called the
One Hundred Year Study on Artificial Intelligence,
colloquially known as AI100, which started about
two years ago. Every five years, the Standing Committee for this project, which I currently chair,
brings together a group of 15-20 experts in AI along
with people who are social scientists or policymakers to assess the field (in light of prior reports) and
predict where the field will be in 10-15 years. Our
first study panel just issued a report on AI and life
in 2030, which I highly recommend. (Access this
report at https://ai100.stanford.edu/).

Any closing remarks?
MURTHY: Artificial intelligence is a very interesting field... I would recommend that more people
become involved or learn more about AI because it
is one of the technologies that is driving our future.
GROSZ: I teach a course about intelligent systems,
design, and ethical challenges. I think that anyone
interested in artificial intelligence or design should
also be aware of the limitations of the technology
and the ethical questions and design challenges that
these limitations lead to.
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HYPERTHERMOPHILES
and CRYOPHILES:
The World’s Most Extreme Organisms
BY PRIYA AMIN

I

magine diving into the Gulf of California and reaching a 120 °C hydrothermal vent located deep on the seafloor.
Rich in hot hydrogen and carbon dioxide
gas, these vents seem to spell death for any
creature that dares to swim by. But if you
look closely, you’ll notice an organism that
not only survives but also thrives in this
seemingly toxic environment. How could
anything live in such adverse conditions?
HYPERTHERMOPHILES: DON’T
SWEAT THE HEAT
Meet Methanopyrus kandleri, Earth’s
record-holder for hot temperature growth.

10

Capable of reproducing at 122 °C, M. kandleri is a hyperthermophile, an organism
that likes intense heat.1 Hyperthermophiles
comprise some of the world’s most extreme life forms and were only discovered
a few decades ago in 1965 when Thomas
D. Brock isolated them from hot springs
at Yellowstone National Park.2 Since then,
we’ve been able to learn much more about
these resilient organisms.
How have hyperthermophiles adapted to
live in such extreme conditions? Normally,
under extraordinary heat, a cell membrane
disintegrates, allowing toxic chemicals into
the cell. However, hyperthermophiles com-

bat this by using high levels of saturated
fatty acids to line their membranes.3 This
type of structure is quite strong and stable,
and it helps the cell stay intact. Another
issue is that at such high temperatures, ordinary proteins denature, lose their shape,
and cease to function. Hyperthermophiles
have evolved to have hyperthermostable
proteins that are compact and wound up
in spiral-like helixes.4 These proteins can
maintain their structure and function even
in harsh environments. In fact, they use the
high temperature to their advantage: the
abundant heat energy makes chemical reactions proceed faster than usual, spurring
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on the processes that allow cells to proliferate and grow.
To survive, M. kandleri must use unique
metabolic pathways tailored to the molecules in its environment. Interestingly,
in addition to being a hyperthermophile,
M. kandleri is also a methanogen, which
means it gets its energy by producing methane in environments where oxygen is absent.5 Its metabolic process looks a little like
this: CO2 + 4 H2 → CH4 + 2H2O. M. kandleri is remarkably resourceful. It consumes
hydrogen and carbon dioxide, making it a
perfect match for deep-sea hydrothermal
vents! In addition, the metabolic process is
anaerobic, with no need of oxygen! The result is energy in the form of ATP, a special
molecule that can be later used to fuel the
cell’s basic functions.5 Most hyperthermophiles have similar chemical reactions that
use carbon dioxide, iron, or sulfur to anaerobically produce energy. This allows them
to live in a vast array of hot environments,
like deep-sea vents, hot springs, and terrestrial volcanoes.

M. kandleri’s habitat is characteristic of
Earth’s early conditions. Therefore, many
scientists claim that the Last Universal
Common Ancestor (LUCA), the most recent ancestor of all organisms on Earth,
was closely related to M. kandleri.6 Extraordinarily, by studying hyperthermophiles,
we’ve been able to open a window into our
evolutionary past.
CRYOPHILES: PLAYING IN THE COLD
Now, after taking a dive to visit the
scorching hot hydrothermal vents in the
Gulf of California, why don’t we cool down
a bit? Let’s travel 3800 miles to Ellesmere Island in Antarctica to meet another extreme
organism, Planococcus halocryophilus.
If you take a step into the permafrost
on Ellesmere Island, you would probably
get frostbite pretty quickly. The permafrost
contains a lot of salt, which keeps it freezing over even at temperatures as cold as -25
°C. This is the environment in which the
cold temperature growth record holder P.
halocryophilus lives. At -16 °C it can repro-

duce, and at -25 °C it is still able to remain
active.7 Discovered a century earlier than
hyperthermophiles, cryophiles were first
described by J. Forster in 1887 upon examining a sample of cold-preserved fish.8
To adapt to below-freezing temperatures, cryophiles have developed unique
structures and molecules. Unlike hyperthermophiles, cryophiles have high levels
of polyunsaturated fatty acids, which form
malleable and fluid structures that keep
their cell membranes from freezing.9 They
also have two special types of cold-active
proteins: cold shock proteins and antifreeze
proteins. Cold shock proteins ‘turn on’ once
the temperature falls below a certain threshold. Because they’re designed for flexibility,
they are able to help other proteins, such as
those needed for DNA replication, function at less ideal temperatures.9 Antifreeze
proteins help the cell avoid the harmful effects of thawing and freezing. They release
chemicals outside the cell that effectively
lower the freezing point of water.5 In this
way, cryophiles manipulate the
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environment around them to survive.
While the exact metabolic pathway for
P. halocryophilus is still being researched, it
likely derives ATP energy from molecules
in its environment in a process similar to
that of M. kandleri. Given the low temperatures and thus low amount of energy
in the environment, ATP’s role as an energy source becomes even more important
than usual. Incredibly, the microbe can still
synthesize and break down the molecules it
needs at temperatures as low as -25 °C!
This cold temperature organism holds
insights about the possibility of similar microbial life on other planets in our solar
system. For instance, cryophiles have the
ability to live in between ice crystals on
Earth; similar environments are found on
other celestial bodies, such as on Mars or
on Saturn’s moon, Enceladus.10 Scientists
are currently racing to discover the secrets
these organisms hold about our world and
the universe.
EXTREMOPHILES EVERYWHERE
M. kandleri and P. halocryophilus are
just two examples of countless extremophiles. Thriving in harsh, adverse environments, extremophiles are like the
daredevils of biology—wherever life has
an opportunity to develop, extremophiles
make a home. This group of organisms consists of life from two broad classifications:
Archaea, like M. kandleri, and Bacteria, like
P. halocryophilus. Extremophilic creatures
from these domains can live in seemingly
impossible environments, such as acidic
pools, salty lakes, freezing brine water, or
extremely hot hydrothermal vents! What
makes archaea and bacteria best suited to
handle extreme conditions?
The answer is quite simple: they are
single-celled organisms. Archaea and Bacteria are the two great branches of life that
encompass all prokaryotes. (Eukarya is the
third domain, consisting of plants and animals.) When you think of single-celled prokaryotes, which do not have a nucleus, you
might only picture a bacterium, like the E.
coli that live in your gut. Scientists used to
12

think in the same way, classifying all prokaryotic organisms as bacteria. That is until 1977, when RNA analysis revealed that
many single-celled organisms were actually
in a separate domain, namely Archaea.11
UAF | Image from Wikimedia Commons

But what does being a prokaryote have
to do with being more likely to be an extremophile? How does being single-celled
allow the possibility for an organism to
survive harsh environments? The first reason is that these organisms are able to reproduce much more quickly than complex,
multicellular organisms such as plants and
animals. They are time and energy efficient. This proves especially advantageous
for hyperthermophiles that need to rapidly proliferate across a large surface to capture more nutrients from a deep-sea vent
before it collapses. Another reason is that
archaea and bacteria do not have a membrane-bounded nucleus, which means that
they are able to replicate DNA and create
proteins in less time. In cold environments,
for example, the cell would be able to efficiently make antifreeze proteins, which are
crucial to the survival of cryophiles. It’s also
important to note that the ability to quickly
reproduce creates opportunities for rapid
adaptations to environmental changes.
By studying these amazingly simple
yet resourceful organisms, we’ve found the
most disparate forms of life. Hyperthermophiles withstand the blistering heat of
hydrothermal vents, similar to the environment when life was developing on Earth.
Cryophiles survive the freezing cold of
Antarctica, similar to environments out in
our solar system. We have much to learn
from extremophiles both as we seek to understand our evolutionary past and as we
look to the future for life beyond Earth.

Priya Amin ’19 is a sophomore in Pforzheimer House concentrating in Integrative
Biology.
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channeling out
the heat
by Hanson Tam

S

tand under the sun on a sweltering
summer day, and your skin becomes
sticky with sweat. We take perspiration
for granted, often dismissing it as an annoying bodily function. Yet it is profoundly important for mammalian thermoregulation.
Sweating allows you to evaporate off excess
heat and maintain a steady temperature in
the narrow range required for survival. If a
person gets too hot, he or she suffers from
hyperthermia, which manifests as muscle cramps, nausea, and delirium. On the
other hand, if a person’s core temperature
falls too low, hypothermia sets in, leading
to heart and lung abnormalities.1
Although scientists have long understood the macro-level phenomena of thermoregulation, the molecular basis for how
we sense and respond to temperature is still
being discovered. Broadly speaking, heat
and cold sensors send signals to the brain,
which then instructs parts of the body to
respond appropriately.2 These sensor proteins constitute an exciting area of current
research. A group of scientists in Germany
recently demonstrated that they could significantly lower a mouse’s body temperature by manipulating neurons that have the
protein TRPM2.3 Published in the journal
Science, this groundbreaking discovery
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not only advances our understanding of
thermoregulation but also suggests possible treatments for a variety of diseases.

THE BIG PICTURE
Before we dive into the fascinating but
microscopic world of molecular biology,
let’s take a moment to explore some of the
human body’s large-scale responses to hot
and cold. After all, there is no point in sensing temperature if we cannot do anything
to change it!
When overheated, humans not only
sweat but also effect changes in the circulatory system. The cutaneous blood vessels
in our skin expand. Meanwhile, vessels associated with our inner organs contract.
These two responses position more warm
blood near the skin’s surface, allowing heat
to easily radiate out into the environment.
Complementing these phenomena is an
increase in cardiac output—the volume of
blood pumped per minute—in order to
maintain proper blood pressure after vessel
dilation.2
As expected, our response to cold is the
exact opposite. Cutaneous blood vessels
constrict to minimize the amount of heat
lost to radiation. But conservation is often

not enough, leading us to generate heat
through metabolism. One mechanism is
brown adipose tissue (BAT), a type of fat
whose primary purpose is thermoregulation. When BAT receives nerve signals, its
mitochondria digress from their usual task
of generating energy and instead allow energy leaks to warm up the body. A second
mechanism is shivering, which uses the
contraction of muscles to burn chemical
energy and release heat.2
The current model for thermoregulation
involves sensors in the skin and internal
organs. When stimulated by heat or cold,
they signal through neurons to the central nervous system (CNS), specifically the
preoptic area (POA) of the hypothalamus
in the brain. The hypothalamus combines
signals from the body with signals from its
own temperature sensors. Upon processing
all these electrochemical stimuli, the brain
decides whether the body needs to generate or lose heat.2,3 But what are the magical
sensors that allow us to measure temperature in the first place?

GATEKEEPERS OF SENSATION
The surprising answer is transient receptor potential (TRP) channels. The TRP
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nel stays shut. But at 50 ºC, the energies
are reversed, and open is more favorable.
Ions are now allowed to flow through
the channel.⁵
20 ºC
50 ºC
energy

channel family consists of ion channels
involved in many sensations, including
sight, smell, taste, hearing, and touch.
They are embedded in cell membranes
and when open, allow positively charged
calcium ions to flow through. In humans, there are 27 such proteins, divided
into seven families based on structure.
One of their most interesting properties
is that a single channel can be activated
by many different stimuli. For example,
TRPV1 responds to heat, chemicals, and
immune signaling molecules known as
cytokines.⁴
Although the exact mechanisms of
TRP channel activation are mostly unknown, recent studies have provided
clues. The basic idea behind chemical
activation is that a molecule, called a
ligand, binds to a crevice on the complicated structure of the closed channel.
The electrostatic attractions between the
ligand and its binding site cause a shape
change that propagates through the entire protein, resulting in an open conformation. A similar paradigm governs
TRP channels responsive to voltage and
temperature. At some threshold, electrical potential or thermal energy triggers
select protein domains to modify their
structure. These changes combine to
open the channel.⁵
Another way of thinking about temperature sensitive TRP channels is in
terms of the energies of the closed and
open conformations. It is a fundamental
tenet of thermodynamics that a system
prefers its lowest possible energy state.
Let’s consider the case of TRPV1, which
is activated by heat. At room temperature, the closed conformation has much
lower energy than the open, so the chan-

closed transition open

Different channel
conformations are
favored at different
temperatures.
How does the opening and closing of
TRP channels lead to neural signaling to
the brain? It turns out that TRP channels mainly allow Ca2+ ions through and
that calcium signaling plays a role in
many cellular functions.⁴ A large sudden change in the balance of positively
and negatively charged ions across a cell
membrane creates an electrochemical
current that propagates through a cell.⁶
For channels situated on neurons, this
pulse would start a chain of signal relays
that would eventually reach the brain.

THE MURINE CHILL FACTOR
Research in this area has long been
focused on TRP channels expressed in

skin & other organs

hypothalamus

Peripheral
Thermoreceptors

Central
Thermoreceptors

the periphery, or anatomical locations
away from the brain. But intuitively,
a temperature measurement from the
skin should be less important than a
temperature measurement in the brain
itself.3 Such was the motivation for the
Science paper Song and colleagues published on TRPM2.
As its acronym implies, TRPM2 is a
TRP channel. The structures of TRPM2
and TRPM8 are very closely related, and
since the latter is known to be activated by cold, scientists were interested in
the possibility that the former is also a
temperature sensor protein. In 2006,
Togashi et al. showed that TRPM2 can
be activated by warmth, in addition to
previously reported stimuli such as metabolic molecules and chemicals indicative of cell stress.⁶ And in 2009, Csanday
and Torocsik performed a detailed analysis of TRPM2’s mechanism of action.⁷
Previous research has shown that
there are warm-sensitive neurons
(WSNs) in the POA of the hypothalamus, the thermostat of the human body.
When the POA is heated, WSNs fire
electrical pulses more rapidly. When the
POA is cooled, WSNs slow down and
stop.3 The new research done by Song et
al. elucidates the cause of this phenomenon. Through a process of elimination,
the authors homed in on TRPM2, which
is highly expressed on certain WSNs.
They found that only neurons that had
normal TRPM2 experienced calcium
influxes when shocked with heat. When
the protein was knocked out, or rendered nonfunctional, calcium signaling
did not happen.3
After establishing the threshold of
TRPM2 activation at 38 ºC, which is

TOO HOT

perspiration from sweat glands
dilation of cutaneous blood vessels
increase in cardiac output

TOO COLD

heat from shivering
heat from brown adipose tissue
constriction of cutaneous blood vessels

Thermoregulatory
Center
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27 ºC

TRPM2 ON

37 ºC

NORMAL

39 ºC

TRPM2 OFF

slightly above normal body temperature,
the German research group wanted to test
the channel’s functionality in living mice.
Since TRPM2 is a heat sensor, the scientists
expected it to carry out cooling functions.
They genetically engineered mice with an
on/off switch for specifically the neurons
expressing TRPM2. When the switch was
turned on by administration of a drug, the
TRPM2+ neurons fired, and body temperature dropped to a stunning 27 ºC.3 Using
infrared imaging, Song and colleagues took
an amazing video that shows heat dissipating from the mouse and warming up the
environment.⁸ Conversely, when the switch
was turned off, the TRPM2+ neurons were
inhibited, and body temperature actually
rose to 39 ºC, suggesting that TRPM2 normally cools our bodies continuously.3

FIGHTING DISEASE WITH A
THERMOMETER
Understanding the function of TRPM2
has opened up new possibilities for treating
disease. In the Science paper, the authors
directly tested the role of the channel in
fever response. They injected PGE2, a fever-inducing mediator, into normal mice
and knockout mice that lacked TRPM2.
Those without the heat sensitive protein
had fevers there were on average almost
one full degree higher.3 While there are
significant differences between mice and
humans, these data suggest that manipulating TRPM2 activity could be a way to
treat temperature-related conditions. In
addition, artificial activation of the ion
channel could be beneficial to recovery
from trauma. Lowering body temperature
reduces tissue damage from heart attacks
and stroke.2 If doctors were able to directly stimulate TRPM2 channels in the hypothalamus with a new drug, they would
no longer need to use ice baths to fight the
body’s generation of harmful heat.⁹ Meanwhile, controlled inhibition of the channel
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In the experiment by Song et al., the
TRPM2 gene was turned on or off in hypothalamic neurons, resulting in significant
changes in body temperature.

might increase metabolism and counter
obesity. With the brain less sensitive to
high temperatures, it is plausible that the
body could burn off more fat and not mind
generating heat.2
TRPM2 is also implicated in the immune system. When Song et al. injected
inflammatory cytokines into mice, those
without the channel had higher fevers.3
TRPM2’s expression in the bone marrow,
where many immune cells develop, lends
further credence to the idea that the heat
sensitive protein modulates our response
to infection.⁴ A study from 2013 found
that macrophages—cells that consume
pathogens in the blood and tissue—lacking TRPM2 produced a weakened inflammatory response. Thus, a drug that blocks
TRPM2 might help treat certain autoinflammatory conditions such as gout, atherosclerosis, and Alzheimer’s disease.1⁰
Diabetes is yet another area where thermoregulation, disease, and TRPM2 cross
paths. Scientists have shown that the channel is expressed in rat pancreatic β-cells,
from which insulin is secreted. β-cells that
were exposed to heat released extra insulin
and underwent Ca2+ signaling. And when
TRPM2 was blocked, the heat responses faded away.⁶ While the exact implications are unclear, these data suggest that a
TRPM2-targeted treatment might be useful in diabetes.

THE BIOLOGICAL THERMOSTAT
Thermoregulation is remarkably logical.
It is basically an input-output system. The
thermostat in the hypothalamus integrates
temperature measurements from throughout the body. Through complex electrical
circuits, the computer that is our brain directs our sweat glands, blood vessels, and
skeletal muscles to perform the necessary
work. The most fascinating part of it all
may be the input mechanism. Translating
temperature into biological activity seems

like a daunting task. But nature created
TRP channels—switches that open and
close at predefined thresholds of activation.
As these molecular gates direct ion traffic in
and out of our cells, temperature becomes
encoded in the electrical firing of neurons.
Thanks to recent discoveries, we are
beginning to grasp the secrets of how we
constantly adapt to changing temperatures.
It may not be long until we gain the ability
to set our own thermostats to treat diseases
and save lives.
Hanson Tam ’19 is a sophomore in Lowell House, concentrating in Molecular and
Cellular Biology.
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ENGINEERING
CELLULAR MEMORY
BY UNA CHOI

16

which can inhibit the repressor. During the
lysogenic stage, repressor concentration is
high, which inhibits transcription of cro
and thus keeps Cro levels low. During the
lytic stage, Cro concentration is high, which
in turn represses transcription of cl.
This shift to increased Cro and decreased
repressor is due to cellular stimuli; the viral
genome can register an external event and
can thus trigger a stable response. These
stimuli often involve cellular stress, as phage
λ can only ensure the continued replication
of its viral genome if its host bacterium is
healthy. In response to starvation or DNA
damage, the bacterial enzyme RecA cuts the
viral repressors and thus render them inactive. Without repressors to inhibit transcription of the cro gene, Cro is produced, which
further acts to inhibit the viral repressors.
High Cro levels, in turn, are responsible for
triggering the lytic stage.
Phage λ exemplifies only one of the many
naturally-found cellular instances of memory, as the genetic switch is used to induce
the lytic stage in response to external stimuli. Cellular memory also plays a pivotal role
in cell differentiation and cell division.4
SYNTHETIC MEMORY DEVICES
Using the same principles of stimulus response, synthetic biologists have begun en-

gineering DNA memory circuits. These circuits either achieve volatile memory, which
requires activated processes to function in
a sustained fashion, or non-volatile memory, which does not require the continued
activation of these cellular processes. While
both volatile and non-volatile memory systems can switch between their states, volatile memory circuits are bistable; because
volatile processes function in a sustained
manner, switching between states is rare.
As volatile memory circuits encompass the
same “switch” function as the aforementioned natural phage λ system, this article
will focus primarily on examining recent
developments in creating volatile memory
circuits.
MEMORY DEVICES AND CRISPR
Scientists can use the gene-editing device, CRISPR/Cas9, to manipulate DNA.
Because DNA sequencing is becoming
easier and cheaper, more and more host
genome sequences are known. The elucidation of these genomes permits the creation
of guide RNA strands, which are complementary to the target sequence in the host
genome. The specific localization of the
guide RNA to the target sequence can guide
Cas9, a DNA-cutting enzyme (nuclease), to
cut the desired sequence.5 After Cas9 gen-
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NATURAL CELLULAR MEMORY PHAGE Λ
We often think of memory as tied innately to the brain. Humans can perceive,
encode, and consolidate an event through
activation of brain components like the
hippocampus.1 Memory allows us to record
finite events into lasting impressions, and
past memories can affect our future perceptions and reactions.
Just as organs like the brain can permit
the formation of memory, individual cells
also possess the capacity to remember. The
phage lambda (λ) system is one striking example of naturally occurring cellular memory.2 Phage λ is a bacteriophage, a virus that
targets bacteria. Phage λ injects its genetic
information into the target bacterium, and,
in a stage known as lysogeny, will integrate
this genetic material into the host genome.
Lysogeny is often referred to as the dormant stage, as the viral genetic material is
passively replicated along with the host genome as the bacterium splits. The shift from
the lysogenic stage to the following stage
of viral infection, lytic growth, is due to a
genetic switch composed of the cl gene and
gene cro located in the viral genome.3 cl encodes for a repressor protein, which can halt
transcription and thus expression of the targeted viral gene, while cro encodes for Cro,

erates these double strand breaks, the host
cell can repair these breaks using nonhomologous recombination, which crudely
re-ligates the broken DNA strands. This inaccurate mechanism often leads to the incorporation or deletion of several random
nucleotides, thus leading to high incidences
of mutation at the cut regions.
Scientists at MIT capitalized on these
resulting mutations in their creation of a
gene circuit that expressed Cas9 only in
response to TNF-alpha, a tumor necrosis
factor involved in systemic inflammation.
Because the degree of increase in Cas9-mediated mutations in the guide sequence was
positively correlated with concentrations of
TNF-alpha, researchers could determine
the concentration of TNF-alpha and the
length of exposure to TNF-alpha from the
number of mutations accumulated in the
mammalian DNA sequence.
PROKARYOTIC MEMORY DEVICES
Gardner, et al (2000) constructed a double-negative feedback system in the prokaryotic Escherichia coli.6 In the event of
chemical or thermal stimuli, the genetic
system is flipped between two stable states.
The device is bistable and once in one of the
two steady states, the cell remains in that
state even without the continued stimulus
of the original signal. This sustained state
is due to cooperativity; the binding of repressors onto the prokaryotic DNA circuit
reinforces further binding of these repressors. This stability in the absence of continuous stimulus holds broad implications for
further research as researchers can examine
the cells without the constraint of continually stimulating the cells.
USE IN MAMMALIAN DIAGNOSTICS
The ability to synthesize stable memory
circuits in vitro and in vivo holds broad implications for the field of health diagnostics.
The successful construction of memory devices in vivo can allow for the accurate categorization of cells; in other words, one can
identify those cells that respond differently
to stimuli by sorting the cell populations on
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the basis of the expected response to stimulus.
Burrill, et al (2012) constructed three
synthetic circuits to track cellular response
to doxycycline, an antibiotic used to treat
bacterial infections, hypoxia (oxygen deficiency), and DNA-damaging agents.7 After
receiving the stimulus, the memory device
activated, ultimately causing altered patterns of gene expression, growth rates, and
cell viability. These altered patterns suggest memory devices are heritable, further
demonstrating the potential benefits of
using memory devices for diagnostics; the
“switch” can be preserved through future
generations of cells. Burrill et al. also coupled the memory device with the sequence
encoding red fluorescent protein (RFP),
placing this tag downstream of the targeted gene. Doxycycline inhibits TetR, which
normally represses the CMVtetO2 reporter.
Hence, in the absence of doxycycline, no
RFP is expressed because the repressor is
bound to the CMVtetO2 operator. The addition of the stimulus (doxycycline) would
remove the repressor and thereby activate
transcription of the target gene and the
downstream RFP tag. The transcription of
ZF, another downstream element, could
then activate transcription of another circuit, which includes a downstream element
for yellow fluorescent protein (YFP). The
YFP can then bind to that same promoter,
creating a positive feedback loop.
By measuring the time elapsed between
the addition of stimulus and cell fluorescence stemming from the continued production of YFP, Burrill et al. identified
those cells most susceptible to doxycycline,
hypoxia, and DNA-damaging agents; the
cells most susceptible to the added stimuli exhibited more rapid onset of continued
promoter activation. This also permitted
the mapping of cell progeny to study more
clearly the temporal stability of these memory-activated changes.

ability to generate sustained cellular responses to a controllable stimulus is invaluable in the production of antibiotics and
other cellular products.4 A common setback in industry is the high cost of continually inducing large cell cultures to express
a certain gene or series of genes, which often requires multiple stimuli. The advent of
customizable memory circuits can thus decrease production costs. Indeed, sustained
expression of a targeted gene can also be
beneficial in terms of increasing protein
production.
Further study, however, is needed to elucidate the effects of sustained expression
and the inheritance patterns of these memory-activated changes in future progeny.
Una Choi ’19 is a sophomore concentrating in Molecular and Cellular Biology.
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The Climate
Of Zika

By Michael Xie
Though this year’s Olympic Games were the spring of 2007, doctors observed the disfilled with record-breaking athletes, it seems
as if another name took the spotlight in Rio:
Zika. The Zika virus caused health and safety concerns around the world as spectators
and athletes prepared to head to Brazil in the
midst of an epidemic. But was the Zika virus’
attendance in Brazil uninvited or one let in
by the recent climate trends of our world?

History of Zika

The Zika virus was unintentionally discovered in monkeys of Uganda’s Zika Forest in
1947 while scientists were researching yellow
fever, but the virus was not observed in humans until 1952 (1). As a flavivirus related
to diseases such as West Nile, dengue, and
yellow fever, Zika is transmitted to humans
through infected mosquitoes of the Aedes
genus, such as Aedes africanus, Aedes aegypti, and Aedes luteocephalus. The viral
genome was not sequenced until 2006, at
which point there were no documented outbreaks of the virus, with only 14 human cases
of Zika isolated within Africa and Asia. The
first outbreak occurred in the follwing year
on Yap Island, a small Pacific Island within the Federated States of Micronesia (2).
Given the area’s abundance of flavivirus-carrying mosquitoes, Yap was most likely exposed to the virus through migrating mosquito vectors. However, it is also possible
that a human with an undetected infection
brought the virus to the island, as there was
evidence of Zika in the nearby Philippines. In
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ease through symptoms such as rashes, conjunctivitis, fever, and arthritis and joint pain.
At first, the disease falsely tested positive as
dengue, but further testing by the Center
for Disease Control and Prevention (CDC)
found that the samples contained Zika virus
RNA. Because Yap residents had not developed sufficient immunity, three out of four
were infected in this first Zika outbreak (2).
Recently, another outbreak of Zika has
sprung up in the Americas, beginning with
Brazil. Patient records from early 2015 show
“dengue-like symptoms” like rashes and
pain reported in the city of Natal (3). The
introduction of the disease can be attributed to international visitors that came for
the FIFA World Cup in 2014. Rapid travel
easily carried both infected vector mosquitoes and diseased humans around the
country. During the epidemic, incidences
of microcephaly, the condition of having an
abnormally small head, seemed to rise. People speculated that the Zika virus could be
associated with the condition in fetuses and
directed warnings about the disease towards
pregnant mothers. Attempts to control the
virus through its vector mosquito were
complicated by the Aedes mosquito’s efficient adaptation to urban environments, although certain areas of Brazil had a high-elevation climate rendering them unfit for
the mosquito and safe from the virus (4).

Zika and Climate Change
Both epidemics show that the spread of

the Zika virus is determined by the nature and locations of its vector mosquito.
Therefore, climate patterns affecting the
distribution of Aedes mosquitoes can also
affect the distribution of Zika. It has been
found that the Aedes aegypti mosquito,
the most common virus vector, survives
best in tropical and subtropical regions
around the equator and between the 10
°C January isotherms (5). This temperature region roughly covers the area between 45 degrees south and 35 degrees
north. Areas of higher humidity and higher rainfall are also more favorable to the
mosquitoes, as these characteristics assist
in mosquito breeding and survival by preventing adult mosquito desiccation (6).
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Since climate has such a large impact on
Zika distribution, it follows that the changing climate around the world will also
change the scope of the virus. It is projected
that the global average for land temperature
will rise roughly 3.1—4.8 °C by 2061—2080,
with the largest increases at middle to high
elevations.5 Land precipitation is expected
to increase significantly in most regions.
First, we look at regions currently at risk
for Zika. These areas of the world currently
have climates suitable for sustaining Aedes
mosquitoes. Analyzing future trends in climate, researchers have found that several
of these regions will see an increase in the
abundance of Aedes mosquitos over the
next 40—60 years. Type 1 occurrence patterns, in which the vector is highly abundant year-round, are expected to increase
by 44—54% around the world. Type 2
patterns, in which the vector is present
year-round but only seasonally abundant,
are expected to increase by 15—33% (5).
In regions currently unsuited for the Aedes
vector mosquito, seasonal suitability is expected to increase in the next 40—60 years.
Type 4 patterns, in which the vector is only
seasonally present, will expand into regions
that are now mosquito-free. Type 4 patterns
are expected to expand by 8—18%, with
growth concentrated in mid-latitude regions such as Europe. This expansion, combined with population growth, will increase
human exposure to the Aedes mosquito in
previously unexposed regions (5). The problem is compounded because people living in
these regions would likely not have the immunity and resistance that those more regularly exposed to the mosquito have built.

The intertwining of climate change and
global health threats extends far beyond the
effects on the Zika virus. Models of other
diseases, such as malaria and dengue fever,
also predict climate-induced changes in
transmission. With malaria, it was shown
that global temperature rises of 2—3 °C
would increase both the length of malaria
season and the risk of malaria by 3—5%.6
On top of the diseases, phenomena such
as unsustainable heat waves, cyclones, and
flooding may cause direct mortality. But
there are subtler dangers as well. Asthma incidences in the United States has increased
more than fourfold in the past three decades, which can be partially attributed to
climate-related factors. For instance, plants
such as ragweed can produce roughly 60%
more pollen when grown under an abundance of carbon dioxide. Accelerated trade
winds over the Atlantic caused by pressure gradients over warming waters even
bring air pollutants from expanding African deserts to the Americas. While it may
have been originally thought that climate
change and human health were unrelated,
these trends appear to show otherwise (7).

Looking Forward
Looking towards the future, changes in

our behavior seem to be necessary to combat the change in the Earth’s environment.
For instance, resources can be allocated to
improve city conditions so that diseases
like Zika do not have a chance to spread as
rapidly as they did in Brazil. In the past, the
impacts of climate change have been largely underestimated as purely environmental
concerns. Considering the bigger picture
effects of climate change, clean energy and

green thinking may be among the ways
toward not only saving the Earth for
posterity but also controlling and solving many of today’s global health issues.
Michael Xie ‘20 is a freshman in
Thayer Hall.
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BY IAN SANTANA MOORE
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OUR NEIGHBOR,
EARTH

Last August, a team of astronomers at the European Southern Observatory announced a discovery that forever changed
how we view our place in the Universe. On nearby Proxima
Centauri–a red dwarf star found within a ternary star system
containing two much larger blue giant stars–scientists discovered an exoplanet in the habitable zone, which is the range of
a star system at which an earth-like atmosphere and liquid
water are likely to be found. What differentiates this discovery
from past ones, however, is the Centauri system’s proximity
to our own. These three stars are 4.37 light years from our
sun, so by making use of innovations in observation and propulsion techniques, we will likely have information about this
exoplanet, Proxima Centauri B, within our lifetimes. However, the viability of red dwarfs’ ability to harbor life-bearing or
even liquid water-bearing planets has been called into question, and scientists across many disciplines have chosen sides
on the issue. Observations of Proxima B could lead earth-like
planets around Red dwarfs to be accepted or rejected as potentially habitable in general, decreasing our probability of
finding biotic planets in the universe by up to a factor of one
thousand [1]. To understand the significance of the discovery of Centauri B in the context of extrasolar astronomy, it
is important to gain an appreciation of how incredibly difficult it is for astronomers to find exoplanets in the first place.
120

How to Detect an Exoplanet

Man’s search for earth-like characteristics on other celestial
bodies is as old as Galileo himself, who named the deep, dark formations that he observed on the moon’s surface “maria” (seas).
Since April 2014, when the Kepler team announced the discovery of the first rocky, earth-sized exoplanet in the habitable
zone of another star [2], over three thousand exoplanets as well
as countless unconfirmed candidates have been observed [3].
Because the light that earth-like exoplanets reflect is so much
fainter than their parent stars, astronomers have been forced
to come up with various indirect methods for observing them.
The most popular method for detecting exoplanets, and the
one that was used to find Proxima B [4], we will call the Doppler method. When an orbiting planet’s gravitational pull acts
on its parent star, it causes the star to wobble around an equilibrium position. A Doppler shift occurs when an object emitting waves (eg. light, sound, etc.) moves toward or away from
an observer—in this case, the astronomers on earth—causing
the wavelength of these waves to shorten or lengthen accordingly. By taking advantage of the miniscule, yet detectable,
Doppler shift caused by this sort of wobbling, astronomers
can measure the mass and velocity of a potential exoplanet.
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Another method, called transit photometry, is the most popular method in general
and can be used to detect and measure the
radius of an exoplanet. With this method,
one measures the degree to which a star’s
brightness drops when a planet comes
between the star and the earth, or when
it transits the star. A large planet close
to the star will cause a larger change in
brightness than a small planet far away.
A final, much less effective but still used
method is gravitational microlensing.
Gravitational lensing occurs when the
gravity of one massive body that is in
front of a light source causes the light
source to appear larger to an observer as a result. In the case of exoplanets,
both bodies are stars. Gravitational microlensing as an exoplanetary detection
method makes use of the tiny amount
that a planet orbiting the obstructing star
contributes to the lensing effect. These
three complicated methods are still more
effective than the direct imaging [4].
Once astronomers identify a planet and
measure its velocity, they are able to perform a trivial calculation to find the distance with which it orbits its parent star
in order to determine whether it falls into
that stars habitable zone. The best candidate for an exoplanet that could support
life is one of around the earth’s mass in
the habitable zone of a star of around
the sun’s mass. Sun-like stars, or G type
stars, however, are around one-tenth as
common as Red dwarf stars like Proxima
Centauri [5], which are by far the most
common type of star in the universe.

Life around a Red Dwarf Star

Due to their incredible prevalence in the
night sky and their size (less than half of
that of our sun), which makes their Doppler wobbles much more pronounced
than those of larger stars [6], the number
of exoplanets found in the habitable zones
of Red dwarfs far exceeds those found
around any other type of star. Various
arguments against Red dwarfs’ ability to
maintain the conditions for life on their
planets’ surfaces do, however, persist.
Some general criteria for a star’s ability to
maintain an earth-like environment on a
star in its habitable zone are: (1) The speed
with which a star goes through its lifetime;
feature article

(2) the size of the star’s habitable zone; (3);
the frequency and strength of electromagnetic emissions caused by changes in the
star’s magnetic field; (4) the frequency and
strength of solar flares; and (5) the possibility for Oxygenic Photosynthesis [7].
Under the first criterion, red dwarfs are a
great environment for habitable planets
to exist. To our current knowledge, they
burn consistently and indefinitely, not exhibiting the same changes we see in larger
stars. For example, sun-like G type stars
eventually run out of hydrogen fuel and
begin to burn helium instead, turning red
and becoming much larger in the process,
moving its habitable zone outward in the
process. For blue giant stars, this process
occurs much more quickly, and, even
around planets in the habitable zone, life
might not have enough time to appear
before the planet becomes uninhabitable.
Due to the latter four criteria, however,
some scientists believe that life around
a red dwarf is relatively unlikely. Their
habitable zones are significantly smaller
and closer to the star itself than those of
larger stars.[8] Planets in the habitable
zone have such a high proximity to their
parent star that they could become tidally locked (always facing the star with
their same side, like the earth and the
moon), which would produce an atmosphere incapable of keeping surface water
in the liquid state. The fact that most of
the electromagnetic radiation produced
by red dwarfs is in the red and infrared is
enough for many to rule out the possibility for photosynthesis [1]. These stars are
also known to have high levels of magnetic activity and to frequently produce solar
flares. When it was around 100 million
years old, our own Sun exhibited similar
characteristics, which resulted in Venus’
losing all of its water and Mars’ developing freezing surface temperatures. The
fact that the earth survived this period
intact pro biotic Red dwarf exoplanets.
Many astronomers are not convinced that
these latter four criteria are enough to
rule out the possibility of life. Some have
used mathematical atmospheric models
to prove that under certain conditions, a
tidally locked planet could harbor liquid
water on its surface. Others have pointed
out that proximity to the parent star does
not always result in tidal locking, as in the

case of Mercury, which rotates three times
for every two orbits around the Sun [8].
Furthermore, on a tidally locked planet,
the effect of solar flares and electromagnetic radiation would be minimal at the
terminator (the border between the day
side and the night side of the planet),
which would allow life to thrive there if
not elsewhere on the surface. The issue of
photosynthesis could be solved either if
plants developed to utilize infrared radiation rather than visible light or if we allow
that the amount of visible light produced
by the red dwarf is enough for photosynthesis [1]. For these reasons, red dwarfs
may be viable hosts for life after all.
The scientific community really cannot
make up its mind on red dwarfs, which
is all the more reason to be excited about
the discovery of Proxima B. What better
way to solve this debate than by directly
observing an earth-size planet in the habitable zone of a red dwarf? The exoplanet
is as close to us as it can possibly be, and
astronomers’ current telescopic arsenal is
not sufficient to image the planet’s surface,
so the question becomes, not if, but when
we will visit it. Recent initiatives in interstellar travel, such as the StarShot project,
which would accelerate a small probe to
relativistic speeds using lasers beams,
mean that we could see images of the
planet’s surface within our lifetimes.

The significance of this discovery will
not be completely understood until we
have more data, but it has already begun to change how and where we hunt
for life outside of our solar system.
Ian Santana Moore ‘19 is a sophomore in
Eliot House.
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FIGHTING

SMARTER
AGAINST

CANCER
Exploring Advances in Targeted Chemotherapy Treatments
By Jimmy Thai
Medical Pills | Image from Public Domain Pictures

I

n 1912, Scientific American stated, “The
beginning of the end of the cancer problem
is in sight.” This bold claim was based on the
work of Nobel laureate Paul Ehrlich, who
reasoned in the early 1900s that the synthesis of
compounds toxic only to diseased cells would
yield the creation of new pharmaceutical drugs.
Ehrlich applied this principle in the creation
of Salvarsan, a compound selectively harmful
to the bacterium that causes syphilis. He then
tried treating cancer through selective toxicity, but declared in 1915 that he had “wasted 15
years of [his] life in experimental cancer.”1 More
than a century later, however, Ehrlich’s dream of
selectively targeting cancer cells may finally be
realized due to recent developments in targeted
chemotherapy treatments.
Generally speaking, cancer is a broad class
of diseases marked by the uncontrollable proliferation of dysfunctional cells. According to the
Center for Disease Control (CDC), cancer is
the second most prevalent cause of death in the
United States.2 In 2016, an estimated 1.7 million
people will be diagnosed with some form of the
disease and about 700,000 people will die from it
in the U.S. alone.3 Cancer is a major threat to human health, and continued research into effective treatments is important to society. Among
the recent developments in the field of targeted
22

chemotherapy are the refinement of the role
of tamoxifen and the creation of a new class of
drugs called antibody drug conjugates (ADCs).
Both of these advances must be evaluated in the
context of the Human Genome Project and personalized medicine.

THE HUMAN GENOME PROJECT AND THE OUTGROWTH
OF PERSONALIZED MEDICINE
In 2001, the current director of the National Institutes of Health (NIH) Francis S. Collins
asserted that “cancer treatment will precisely
target the molecular fingerprints of particular
tumors” by the year 2020.4 Such a claim raises a
variety of questions. What did Dr. Collins mean
with this statement? What enabled Dr. Collins to
make such a bold claim? How well is Dr. Collins’
claim holding up against the test of time?
The answers to the first two questions reside in Dr. Collins’ monumental role in the most
groundbreaking biological project of the 21st
century. Before he became the director of the
NIH, Dr. Collins was the director of the Human
Genome Project (HGP). His bold prediction
about cancer was based on the HGP’s remark-

able findings. The completion of the HGP in
April 2003 meant that the DNA sequence of the
human species had been decoded and recorded.
From this information, scientists were able to
conclude that most diseases, including cancer,
contain a hereditary component. Because diseases can ultimately be traced back to sequences
of DNA called genes, the findings of the HGP
allowed for the development and refinement of
gene-specific designer drugs to fight illness. The
majority of these drugs work by targeting the
protein products coded for by a gene. This concept forms the basis of personalized medicine, in
which patients are assigned different therapeutic
regimens based on their genetic profile.5
One major example of the application of
personalized medicine to cancer treatment is
the field of targeted chemotherapy treatments,
many of which work by interfering with cell
division and/or DNA replication. Standard chemotherapy treatments affect both healthy and
cancerous tissue indiscriminately. In contrast,
targeted therapies are specifically designed to
kill cancerous cells, hence minimizing the collateral damage done to the rest of the body. This
precision in drug targeting is likely what Dr.
Collins envisioned with his 2001 remarks.
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TEACHING AN OLD DRUG
NEW TRICKS: TAMOXIFEN
In the typical course of cancer treatment,
tumors are surgically removed and then the patient is given adjuvant therapy drugs to prevent
the tumor from coming back. As such, both
finding new and refining current adjuvant therapies represent major areas of chemotherapy
research.
The first successful targeted cancer chemotherapy was tamoxifen, which was approved for
patient use by the Food and Drug Administration (FDA) in 1977. Tamoxifen is mainly used as
an adjuvant therapy drug for breast cancer, and
it belongs to a class of medications known as selective estrogen receptor modulators (SERMs),
compounds that have either agonistic (promotive) or antagonistic (inhibitory) effects on estrogen receptors. In a certain subset of breast
cancers that are estrogen receptor positive,
estrogen fuels tumor growth, and tamoxifen
works by inhibiting estrogen receptor activity.6
Although estrogen seems to play a harmful
role in breast cancer, recent scientific data suggest that the truth is much more nuanced and
complex. Recent experiments within the past
decade support the idea that after breast cancer
cells are treated long-term with tamoxifen, the
return of estrogen may actually induce apoptosis
(cell death).7 Thus, estrogen can paradoxically
both stimulate and inhibit the growth of breast
cancer cells under different circumstances. In
the words of Dr. Virgil Craig Jordan, a leading
researcher in the field, “the dramatic cell kill I
get with estrogen is better than anything I saw
with tamoxifen.”8 The phenomenon of estrogen-induced apoptosis is a relatively new idea
important for two reasons. First, this discovery
suggests that the most effective therapy option
may not be a single treatment but rather a combination of different treatments, such as tamoxifen followed by estrogen. Second, it illustrates
that even well established targeted chemotherapies may be made more effective in light of
current scientific data. For women with tamoxifen-resistant tumors, the combination of tamoxifen followed by estrogen offers real therapeutic
promise. Recent tamoxifen research may lead to
the development of better treatments for estrogen receptor positive breast cancers.

MERGING IMMUNOTHERAPY
WITH CHEMOTHERAPY: ANTIBODY-DRUG CONJUGATES
Returning to the story of Paul Ehrlich in
the early 1900s, Ehrlich failed to create targeted
cancer drugs because he failed to account for the
fact that proteins expressed by cancerous cells,
unlike those of foreign bacteria, are innate to
one’s body. Thus, it is much more difficult to find
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a drug that is specific to tumors. In addition,
Ehrlich and his contemporaries had no way of
intentionally synthesizing compounds to limit biological activity. They had to rely on luck.
Nearly a century later, the constraints that limited Ehrlich are no more. The lifting of these limitations has led to the development of new chemotherapeutic drugs, including antibody-drug
conjugates (ADCs).
ADCs are created by linking chemotherapeutic agents with proteins called antibodies. All
antibodies have a specific shape and thus only
bind to and interfere with specific cell receptors.
Because certain types of cancer overexpress certain receptors, the isolation of antibodies specific to these receptors provides a promising way of
singling out cancerous cells for the internalization of toxic drugs. Given the enormous potential of ADCs, it is important to make clear their
benefits and limitations.
A major limitation of ADCs is that they
are only effective in the subset of cancers that
overexpress protein receptors relative to normal
cells. For cancerous cells, the receptors must be
expressed at least twofold more than in normal
cells. Even if this main criterion is met, a number
of other constraints limit the potential of ADCs.
For instance, ideal cell surface receptors are
quickly recycled back into the cell after an ADC
binds. This allows for quicker internalization of
the chemotherapeutic agent. In addition, there
is an absolute minimum level of receptor protein
expression required, as sufficient amounts of the
toxic chemical must be internalized for the ADC
to be effective.9
Despite these limitations, ADCs are still
truly revolutionary in the field of targeted chemotherapy. Unlike other such drugs, which were
identified on accident or through brute force
trial and error experiments, ADCs can be engineered to specifically bind to particular cell surface proteins. This process of antibody engineering is made possible by monoclonal antibodies
(mAbs). Scientists can now make massive quantities of any specific antibody.
Two of the most important ADCs include
brentuximab vedotin and ado-trastuzumab
emtansine, which were approved by the FDA
in 2011 and 2013 respectively. Brentuximab
vedotin consists of the monoclonal antibody
brentuximab and the chemotherapeutic agent
monomethyl auristatin E (MAME). Because
brentuximab is specific to the CD30 protein,
cancers that overexpress the CD30 protein such
as classical Hodgkin’s lymphoma (cHL) and
anaplastic large-cell lymphoma (ALCL) can be
targeted specifically with the ADC.10 Likewise,
ado-trastuzumab emtansine consists of the
monoclonal antibody trastuzumab and the chemotherapeutic agent DM1. Because ado-trastuzumab emtansine targets the HER2 receptor,
which is overexpressed in cases of HER2-positive breast cancer, HER2-positive cells can

be specifically targeted.11 The development of
ADCs is a relatively new advancement in the
field of targeted chemotherapy, but it provides
much promise for particular types of cancer.

CONCLUSION
We are now four years away from the target date set forth by Dr. Collins’ bold prediction
about cancer treatment. So how well has Dr.
Collins’ assertion held up over time? Within the
span of a decade and a half, the field of targeted chemotherapy treatment has evolved rapidly,
specifically through the refinement of tamoxifen
therapy and the development of antibody-drug
conjugates. Both of these advances give credence to Dr. Collins’ claims. As evidenced by
recent progress in the field of targeted chemotherapies, society is getting warmer in the fight
against cancer.
Jimmy Thai ’20 is a freshman in Matthews Hall.
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Climate Change Skeptics:

their Arguments, their Motivations,
and How to Critically Evaluate the Knowledge at Hand

Mehmet Cali, Image from Flickr

By Jacqueline Epstein

Climate change: it’s happening, regardless of how inconvenient it may
be to any personal or political agenda. It is not only happening;, it is progressively getting worse. To rehash
just a few of the many statistics that
support these actualities, nine of our
planet’s ten warmest years on record
have occurred since 2000, atmospheric carbon dioxide levels are at
their highest in the past 650,000 years,
and the arctic sea ice surface area has
been steadily decreasing since satellite observations began in 1979, at a
frightening rate of 13.4% per decade.1
In light of these scientifically demonstrated realities, why are there
still global warming naysayers?
The categories of climate change
skeptics are varied in their logic
and motivations, and the ways in
which we must respond to them.
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Scientific Outliers
While there exists a general consensus among the scientific community
that the threats associated with climate change are legitimate, certain
accredited scientists continue to support the argument that global warming phenomenon is simply a natural fluctuation in weather patterns,
as opposed to a man-made event.
These individuals may cite the Paleocene–Eocene Thermal Maximum
(PETM), a climate event estimated
to have occurred around 55 million
years ago. Over a period of roughly
100,000 years, global temperatures
rose by an average of over 5°C, Artic sea surface temperatures rose
considerably over this average, and
massive amounts of carbon dioxide
were released into the atmosphere.
Over time, global temperature and
carbon dioxide levels stabilized.2
This large-scale fluctuation occurred

millions of years before human beings populated the planet, which
can lead to naysayers removing all blame placed on our species in provoking climate change.
Another referenced cause for natural
fluctuations in temperature is Milankovitch cycles: the collective effects
of the Earth’s circumnavigation of
the Sun on climate cycles, responsible for the advance and retreat of the
planet’s glaciers.3 Since the end of the
last ice age roughly 14,000–10,000
years ago, globally averaged surface
temperatures have fluctuated over a
range of up to 2°C on time scales of
centuries or more. Other cited natural causes include systematic variations in the amount and distribution
of solar radiation, and the El Niño–
Southern Oscillation phenomenon,
a periodical fluctuation in wind patterns and sea surface temperatures.4
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Responding to these Arguments
Fortunately, scientists who claim
that climate change is simply the
latest shift in the cyclical patterns
of a planet’s life are far and few. Providing a counterargument to these
claims is fairly straightforward. The
climate patterns have observed in
recent decades deviate significantly from the outcomes predicted by
these cycles. Carbon dioxide concentrations in the atmosphere have
spiked alarmingly, and unlike the
gradually increase and decrease seen
in the PETM, a quarter of this is the
result of human activity: chemists
can distinguish between the carbon
dioxide produced by burning fossils
fuels, and that produced naturally by
plants and animals.5 Further, a recent study at McGill University applied statistical methodology to determine the probability that global
temperature fluctuations since 1880
are due to natural variability, using
multi-proxy climate reconstruction
techniques to determine the precise
impacts of natural versus man-made
effects. Their conclusions ruled out
the natural warming hypothesis
with more that 99% certainty.6 This
study directly addressed claims that
climate change is merely a perceived
threat that can be attributed to natural fluctuations, providing a huge
push towards universal scientific
consensus.

Fudging the Facts

Matt Reinbold, image
from Flickr

However, universal scientific consensus eradicate public uncertainty.
Over the past few decades, immense
pressure has been placed on scientists to downplay the menace presented by global warming. In the late
1980’s, when the rapid rise in global
temperatures and atmospheric carbon dioxide began to alarm scientists, the energy industry started to
feel threatened by potential impacts
these discoveries could have on their
profits. These companies adopted a
clever strategy, which relied on the
media’s inclination to portray both
sides of a debate and indulge in false
equivalence. By funding non-profit
research organizations, energy companies were able to closely monitor
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the information put forth into public
consciousness. A 2003 study questioning the reality of climate change
published in a British academic
journal was co-authored by scientists from various non-profit organizations, and was underwritten by
the American Petroleum Institute,
who along with ExxonMobil Corp
had helped to fund the research.7
After a “thorough” reanalysis of data
from more than 200 studies of the
Earth’s climate over the past millennium, the scientists concluded
that there exists significant evidence
of global temperature shifts more
drastic than the late 20th century
warming patterns. They specifically refer to a “medieval warm period” between 900 and 1300 A.D.
that analysis reveals to have been
warmer than recent times. While
adding as an aside that “it is clear
that human activity has significantly
impacted some local environment,”
the ultimate conclusion of the study
is that global warming in the recent
decades is merely an incidence of
the Earth’s natural climate fluctuations, and encourages an “objective
and bias-free approach” moving forward on climate change research.8
This was not an isolated incident:
industrial agendas have often guided and shaped the information on
climate change conveyed to the
public. In a congressional hearing
in 2007, scientists from seven government agencies reported to have
been subjected to such pressure.
Evidence came from a survey conducted by the Union of Concerned
Scientists, a private advocacy group.
A questionnaire sent out to 279 climate scientists revealed two in five
had complained that their scientific papers had been edited in a way
that changed their meaning, while
nearly half of the scientists indicated that they had been told to delete references to “global warming”
or “climate change” from a report.9
In evaluating any scientific analysis
on climate change, it thus becomes
critical to consider any industrial
ties the authors may have, and assess underlying motivations behind
the information put forth. Compa-

nies involved in the extraction and
distribution of traditional fossil fuels may place their own financial
incentives far above any concerns
for the harmful impacts their industries are causing the environment.
If these companies are funding the
research on climate change, data will
inevitably be skewed or presented in
a way to best reflect their interests.

Political Agendas
Climate change is also a topic of immense political and legislative debate. While 97% of climate scientists
are in agreement that global warming is both occurring and driven by
human activity, over 56% of Republicans in Congress at the moment
deny or question the science behind
human-cause climate change.10 In a
Republican primary debate in 2014,
when the moderator asked “Is climate change a fact?”, the audience
responded with laughter, while the
four candidates snickered and unanimously agreed: no, climate change
is not a fact. Of significant concern
is the fact that one of the loudest
congressional climate change deniers, Senator James Inhofe (R-OK),
is the chairman of the Environment
and Public Works (EPW) committee. 10 In a 2014 congressional
hearing, Inhofe infamously declared
that the earth “had experienced no
warming for the last 15 years.” To
make matter worse, 91% of Republicans on the EPW committee have
either stated that global warming
is not a legitimate issue, or that
humans are not the source of recently observed climate changes.10
What are the motivations behind
this large-scale partisan denial of
scientific facts? Once again, financial incentives play a central role.
Analysis by the Center for American Progress reveals that the 38
climate change deniers in the current Senate have amassed a total of
$27,845,946 in donations from the
coal, oil and gas industries, while
the 62 Senators who haven’t denied
climate change science have taken
only $11,339,967 in career contributions: an average of $549,886 more
per congressional naysayer. Similar
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trends were observed in climate science deniers and supporters in the
current House of Representatives.10
Further, environmental concerns
have often come into conflict
with legislative matters. The infamous example is that of the Keystone XL oil pipeline, a proposed
1,179-mile pipeline that would
have carried 800,000 barrels a day
of carbon-heavy petroleum from
the Canadian oil sands to the Gulf
Coast. Both Republicans and Democrats, particularly those with ties
to the energy industry, overwhelmingly supported the project, arguing that it would stimulate trade,
economic growth, and create many
new jobs. Both parties coalesced in
February 2015 to send President
Obama a bill to speed approval of
the project. However, Obama vetoed the bill, citing concerns over
the detrimental effects the pipeline
could have on the environment.
This denial brought the seven-year
affair to conclusion, and helped
to solidify the United States’ position as an aggressive player in the
fight to combat climate change.11

Future Directions
While this decision marks a major
legislative milestone, much progress remains to be made on bringing global warming to the forefront
of public consciousness. Why do so
many Americans continue to deny
the reality of the situation? In 2014,
23 percent of Americans reported
that they do not believe in global
warming, while 53 percent saying
they do not believe climate change
is cause by man.12 Denial of global
warming is speculated to be largely due to a select few high-profile
climate skeptics, and the endorsement they have received from
major corporations and political
figures. To rectify this large-scale
misconception, each individual
must be held accountable for critically evaluating information received through the media. Who is
responsible for conveying this data,
and is it supported by legitimate
scientific research? What hidden
motivations may they be concealing from the public? Do they have
26

any political or industrial ties that
may not be immediately evident?
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A Plan to ERADICATE the Zika Virus
By Jeongmin Lee

ver this past summer, the
Zika virus infected not only
unborn children but also the
news, directing the public’s
attention towards the medical
community. Health segments were filled
with descriptions of the Zika virus, research updates, and the quickly rising
number of cases. In a consultation of the
World Hunger Organization, one of the
most popular methods discussed to defeat the Zika virus employed a “live, attenuated target organism.”1 In other words,
many wished to use weakened viruses as
vaccines. This common practice, used in
vaccines ranging from the very first vaccine created by Edward Jenner to combat
smallpox to today’s chicken pox vaccine,
uses less dangerous forms of the target
viruses and allows the body’s immune
system to digest the weak viruses.2 The
immune system remembers specific tags
from the virus, so once the same virus (or
even a more potent form) enters the body
again, the immune system is prepared to
quickly track down and eliminate the disease before it can spread. Many researchers want to combat Zika with this proven
method, but some want to think “outside
of the pox.”
The Zika virus comes mainly
from one non-human vector: mosquitoes. Eradicating all mosquitoes would
theoretically leave the disease to be only
transmittable between humans. Using
genetics, researchers can engineer ways
to reduce the number of mosquitoes.
For example, mosquitoes can be given
a template of genes that can repress the
growth of a mosquito embryo. These altered genes only affect fertilized eggs that
contain two copies, while a mosquito that
inherits only one copy of the gene can

commentary

serve as a carrier. Through the mechanics of normal genetics, carriers would
not propagate the gene effectively. So, researchers have found a way to make the
engineered gene replicate itself when the
carrier is about to reproduce. While the
carrier might never be affected by the
gene, mating with another carrier would
always yield offspring with both copies of
the gene that die immediately. A company called Oxitec tries to reduce the number of mosquitoes with yet another strategy.3 They breed male mosquitos (which
do not bite like females) with a “self-limiting gene” that is inactivated until the
mosquitos pass it down to their offspring.
The offspring would not be able to create
essential proteins during development
and would die.
This revolutionary idea is met with
criticism. Genetically modified organisms are controversial because the effects
of introducing an artificial element into
the natural world are often underestimated. For example, see the infamous
dichloro-diphenyl-trichloroethane (most
commonly known as DDT), a pesticide
that was first widely used in the 1940s.4
The deleterious effects did not appear
until decades later, when people found
out that birds who ate the dead insects
killed by the pesticide had birth defects.
Humans who ate livestock or drank water
containing DDT suffered birth defects as
well. Could the reduction of mosquitos
cause an imbalance in the ecosystem?
The effects of Oxitec’s technology were
only tested on a small scale in respect to
both time and space, but controlling populations of species is nothing new for humans -- consider open hunting season. In
fact, the US Food & Drug Administration
(FDA) recently approved the drug’s usage

on the grounds that the change would not
bring too heavy an imbalance to the ecosystem.5 The decision was made this past
August, and we have yet to see if there are
any downsides. So far, it appears that this
new method of targeting disease vectors
to prevent humans from contracting the
disease may be a new page being written
down in medical history.
					
Jeongmin Lee ‘19 is a Sophomore in Lowell house.
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We are in the midst of what has been dubbed
the “replication crisis” of science. Recent retrospective analyses reveal the results of several important
experiments are inconclusive. We expect research results to
be consistent. For this to occur, they must be unbiased and
unaffected by conflicts of interest, as well as timeless because
others will build upon that knowledge for their own pursuit
of truth. Then why do so many experiments fail the test of
replication? Scientometrics, the analysis of science itself, reveals an exponential growth in the amount of data we produce, along with outside pressures and internal methodological flaws that have built up over time to culminate in
this crisis [1]. This doesn’t imply science is wrong; conversely, it is the way experiments are performed and evaluated.

Since science is collective and cooperative, building on
progress made by scientists in the past, individuals are not to
blame. Instead of blaming those who have published irreplicable studies, or even worse-- those who have committed
academic fraud, we should look at the deeper flaws within
our system. It is mostly people unaware of their methodological flaws that drives them to commit these mistakes.
The problem first begins when scientists must face system
biases. Most published research is performed in the competitive environment of an academic setting.Publishing often
in high-impact journals seems fundamental to advance one’s
career; this pressure can lead to less rigorous, less reliable research. Scientists are often trapped in a dilemma: perform extra experiments to improve the statistical reliability of their
results, or rush to publish. In academic settings, pressure to
publish is a real, tangible phenomenon encountered by undergraduates and tenured professors alike. In addition, the financial support of grants and fellowships adds extra outside
pressure While scientists are working hard to increase scientific knowledge and maintain their careers, the system is providing the most harm and is the one that should change [2].
Even undergraduate students encounter reproducibility issues, like statistic courses teaching the “cutoff ” for statistical
significance as p ≤ 0.05. The reason for this number is merely historical; nothing specific about .05 makes it the standard
cutoff other than historical usage. This number, and p-values
in general, only became highly popular after Ronald Fisher
determined them relevant in a work published in 1925. Never-
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theless, Fisher is not to blame; he was trying to find a value that
was simple, useful, and powerfully connected to mathematics
as a way of improving research in general; and he succeeded.
The framework of hypothesis testing and statistical significance remains fundamental to draw conclusions from experiment, but never did he anticipate the current, ongoing crisis.
“We teach it because it’s what we do; we do it because it’s what
we teach,” is the present issue [3]. Since incomplete approaches to statistical significance are still continuously taught in
college and graduate school, this issue is not going away soon.
We have to restructure the way we analyze data. A change of
mentality and a change in education will, in due time, correct
the misuse of hypothesis testing. Statistical significance should
be specific to the field, to the experiment’s methods and more
importantly, to the discretion of the scientific community in
the context of the study. Physicists, for example, use a 5-sigma
confidence interval (a diminute p-value of around 3x 10^-7)
because particle physics examines the building blocks of nature, and there is no chance of randomness. Other fields, like
medicine can still provide useful insight at a lower level of statistical significance, like whether a new drug is effective against
cancer or infectious diseases. By applying these solutions, scientific journals will be more selective, and scientists will take
the time to improve experiment methods and perform them
repeatedly. By holding research to a higher standard, science
will escape the current replicability crisis and prevent a future
one. This is not the time to criticize science, but the time to
learn from past mistakes. This is not the time to give up on
research, cut funding, or act in disbelief of the scientific community, but rather the time to recognize the community’s effort to make better, more rigorous, more truthful discoveries.
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WHY SHOULD WE CARE ABOUT

CLIMATE CHANGE?
By Arjun Mirani

An impassioned plea to save our planet

On February 14th, 1990, the spacecraft Voyager 1 took an iconic photograph
of the Earth from over 4 billion miles away, as it zoomed towards the edge of our
Solar System. From this humbling vantage point, our planet appears to be no more
than a speck – 0.12 pixels in size – in an enormous arena of darkness. Here is Carl
Sagan’s oft-quoted response1:

Wikimedia Commons

The Earth

has always
seemed powerful, solid, and reliable to us
humans. We are awed by the tempestuous
rise and fall of our oceans. Fresh air seems
infinite in supply. The sun seems a tranquil
yellow circle in the sky, bathing our homes
and fields in warmth. As nature wends its
cyclical way, we have constructed the grand
edifice of human culture – literature, art,
music, architecture, philosophies of politics
and society, economic systems and governmental regimes. We take it for granted that
these things will exist, in all their splendor,
for generations to come.
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Look again at that dot. That's here. That's home.
That's us. On it everyone you love, everyone you
know, everyone you ever heard of, every human being who ever was, lived out their lives. The aggregate
of our joy and suffering, thousands of confident religions, ideologies, and economic doctrines, every
hunter and forager, every hero and coward, every
creator and destroyer of civilization… every ‘superstar’, every ‘supreme leader’, every saint and sinner
in the history of our species lived there – on a mote
of dust suspended in a sunbeam.
The unfortunate truth is that our human
viewpoint is severely limited by our size.
Let us take a step back and view humanity
for what it is – an incredibly young species,
adrift in an unimaginably vast universe. The
piece of rock on which we stand is the only
thing tethering us to life. Our atmosphere is
barely a membrane separating us from the
vacuum of space (where we would instantly
suffocate and explode), and preventing us
from being killed by deadly ultraviolet radiation. Our existence is far more precarious than the solid ground beneath our feet
makes it seem.

Despite the billions of galaxies out there,
we have not seen any trace of other intelligent civilizations, or even basic life forms.
The fact that life exists on our little blue
bubble – something we tend to take for
granted – is truly remarkable. The universe
is an incredibly hostile place. An asteroid
impact of sufficient strength could render Earth completely devoid of life. If our
planet were twice as close to the center of
our galaxy as it happens to be, gamma ray
bursts would have prevented the formation
or long-term development of life. Notwithstanding external threats, a supervolcanic
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eruption on Earth could cause mass extinction (which happened 250 million years
ago). These are very real possibilities that
routinely occur elsewhere in the universe.
Tragically, we humans are currently
pushing the boundaries of our luck towards
breaking point. We are eroding the conditions of our home planet that have nurtured
the beautiful miracle of life, unaware of
how tenuous and precious they are.
Since the Industrial Revolution, human
activity has been significantly altering a climate that has just the right calibration to
support life. Remarkably, Earthly life consists of not just a few strains of microbes,
but millions of stunningly diverse species
that give this planet color and flair. Climate
change has the capacity to be an existential
threat. At the very least, it can consign humanity to a terribly frugal existence, while
other more helpless forms of life are destroyed.
To climate change skeptics: Species are
already going extinct at an alarming rate.
The concentration of carbon dioxide and
other heat-trapping gases has risen dramatically, at a completely unnatural rate, in the
past 50 years, directly attributable to human
activity. Several independent studies show
that the evidence is overwhelming and
scary. Natural causes, like changes in solar
energy output, simply cannot account for
what we see today.Climate change is real –
according to the vast majority of the world’s
highly capable scientific community.
To those who acknowledge the existence
of climate change, but do not consider it a
priority: Climate change demands urgent
attention. This is not to say that other issues
like poverty and violence do not – they certainly do. But climate change ranks as high
as any of them. It has far-reaching implications that go beyond one or two generations. It impacts the future of humanity as
a whole, and all other forms of life that are
equally entitled to the food, water and air
we share.
First, let us consider the human repercussions. Stable civilizations began to form
only about 11,500 years ago, when naturally induced climatic fluctuations settled
down into predictable patterns. Civilizations cannot take root in protean natural
conditions. Even during the course of human history, the rise and fall of civilizations
has often been linked to climatic changes.
According to Harvard anthropologist Dr.
Jason Ur, “When we excavate the remains
of past civilizations, we very rarely find any
evidence that they as a whole society made
30

any attempts to change in the face of a drying climate, a warming atmosphere or other
changes. I view this inflexibility as the real
reason for collapse.”4
It is no surprise that under a Department
of Defense Directive, the United States’
military has made responding to climate
change a national security priority.5 History
has shown, all too often, that humans can be
helpless in the face of nature’s wrath. For instance, Hurricane Katrina (2005) destroyed
numerous innocent lives, and cost $108
billion in damages.6 Droughts in countries
such as India have not only parched crop
fields, but also spurred large numbers of
farmers to suicide – leaving their children
without sustenance or hope. With the climate in human-induced flux, hurricanes
like Katrina, droughts, and floods will become much more frequent and intense.7
The human toll is undeniable. For countries
with agriculture-based economies, changes
in the timeframe and quality of crop growth
can be debilitating.
Furthermore, consider the fate of something as fundamental as food. Much of the
developed world currently takes consumable food and water for granted; we are
headed towards a shortage of both these
essential resources, due to human profligacy. Our descendants will neither care
about, nor be able to contribute to, the development of human culture if they must
struggle to eat, drink and breathe everyday.
Furthermore, we are ravaging our atmospheric shield, directly exposing ourselves
to ultraviolet radiation that causes cancer.
Imagine how much suffering this would
cause to people of all ages, especially those

who cannot afford healthcare. We are literally destroying the very things that keep us
alive.
At present, the Earth is all we have.
Some people believe that if we ruin the
climate beyond repair, we will be able to
move to Mars and live on. This is simply
not feasible in the near future. It is indeed
likely that we will establish a self-sustaining
Martian colony at some point, but that is
decades away at the very least. While companies like SpaceX are actively working towards this goal, current technology is simply not advanced enough to take even five
people to Mars at an affordable rate. Even
SpaceX’s audaciously ambitious CEO, Elon
Musk, dreams not of moving the entire human population to Mars, but setting up a
self-sustaining colony of 1 million people –
this could ensure the survival of the human
race even if all links to Earth were severed.8
There are two points to note here – first,
this is a very small group in comparison to
Earth’s total human population. It in no way
ensures the survival of most people (who
cannot afford the trip/cannot be accommodated in the nascent colony) and their descendants. Climatic trouble on Earth would
still bode ill for the vast majority of mankind. Second, establishing a human colony
on another planet involves overhauling its
environment and atmosphere to make it
suitable for life. This ‘terraforming’ process
is highly challenging and could well have
adverse consequences. The difficulties of
re-engineering a planet aside, the human
body has not evolved to permanently live
in low-gravity conditions (Mars’ gravity is
three times weaker than Earth’s), and the

NASA
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health impacts of long-term space habitation are still an area of research.9 Moving
all humanity to Mars is a highly distant
dream. Given the current pace of climate
change, it will become lethal well before the
ultimate Mars dream becomes viable.

Without immediate action,
a third of all land plant and
animal species on Earth will
be extinct by 2050 – a mere
34 years from now.
The eventual fate of our planet is sealed
– 7 billion years from now, the Sun will engulf the Earth. Our oceans will evaporate
much sooner, in about a billion years.2 By
then, if humanity is to survive, we will have
left our planet and journeyed into the stars.
However, we have a moral obligation to
preserve the Earth for as long as possible,
rather than prematurely sabotaging it.
Here’s why: humanity is not alone on
this planet. We are extremely young – if the
Earth’s lifetime were compressed into 24
hours, humans have existed for just the last
second of the day.10 In this short timespan
we have managed to forcefully impose our
dominance, continually encroaching upon
Earth’s other inhabitants and causing their
extinction. Extinction, when dwelled on,
is deeply tragic – a life form that may have
been utterly unique in the entire cosmos
fades forever into dust.
The sheer biodiversity on Earth is
mind-boggling. There are around 8.7 million species of life, of which we are just
one.11 Land-based life alone has dazzled humanity with its beauty for centuries. The intricate patterns of butterfly wings; the luminescence of fireflies punctuating the night;
the lilting call of a songbird yearning for
courtship – these bring such richness to a
silent and impersonal universe. Even more
fantastic is the world within the oceans –
coral reefs of myriad hues transforming the
seafloor into a work of art; enigmatic creatures hidden in depths we can never reach.
We deprive ourselves when we fail to
notice these things, lost in a world of cellphones, stock markets and traffic. We
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deprive the universe when we snuff out
their existence in our blindness. And that
is exactly what we are doing with climate
change, more rapidly than ever before.
Without immediate action, a third of all
land plant and animal species on Earth will
be extinct by 2050 – a mere 34 years from
now.12 The artistry of life is one of the most
ineffable features of the cosmos, and it is
surely our duty to preserve it for as long as
we possibly can.
The natural environment is not just central to other life forms – human happiness
hinges deeply on it too. We take for granted
the fact that we can go for a walk, perhaps
by a river, enjoying a cool summer breeze.
We can wake up to a shining sun that subconsciously lifts our spirits. We can step
outside and smell the enchanting aroma
that follows a new rainfall. Gravity doesn’t
bother us; breathing is free and satisfying.
But there are worlds where none of this
is possible. One of them is a dying Earth,
where we must venture outdoors wearing oxygen masks, faced with tumultuous
weather, surrounded by parched plants and
barren ground. Another is Mars, where we
must venture outdoors in bulky spacesuits,
beneath a black sky, a new gravitational
field making each step feel strange.
This is not a prediction of an imminent
doomsday. Both these worlds are unavoidable in the long run, but with sufficient
effort, permanently living in either can be
postponed for thousands, if not millions,
of years. Even if humans survive climatic
catastrophe, as we probably will, it will be
a half-existence devoid of the things that
make life worth living – things no human
can artificially replicate. The laws of nature
have manifested themselves in singular
ways on planet Earth. As Carl Sagan so eloquently noted, this “underscores our responsibility to preserve and cherish the pale
blue dot, the only home we’ve ever known.”1

Arjun Mirani ‘20 is a freshman in Thayer.
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Why the trolley problem might actually be relevant:

THE
ETHICS OF
SELF-DRIVING
CARS
By Caroline Wechsler

N

early anyone in an intro philosophy class, and indeed most
people who have some degree of mainstream intellectual knowledge, will recognize the beginnings of the infamous
trolley problem: you are the driver of a
speeding trolley, and ahead of you on
the track are five people. You try to stop
the trolley by pushing the brakes, but
they do not work – the situation looks
hopeless. However, there is a branch
off to the right of the track where only
one unsuspecting person stands. Turning onto this track would allow you to
spare the five people, but would result
in the killing of one by an active choice.
Should you turn the trolley?
Up until very recently, this problem
has presented a classic but laughably
implausible thought experiment. However, a new technology may bring a
version of it to much greater urgency:
self-driving cars.
The trolley problem, first conceived
by philosopher Philippa Foot in 1967,
presents an interesting conundrum, because it forces an individual to make a
choice that will inevitably result in the
death of at least one person.1 A utilitar-
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ian, concerned with creating the greatest good for the greatest number, typically advocates for turning the trolley
because this would kill one person as
opposed to five, and five deaths is worse
than one. Other approaches would suggest that to turn the trolley makes you
morally responsible for the death while
inaction does not make you directly
responsible, therefore you should not
turn the trolley. A deontologist, for
instance, operating under the premise that killing is always wrong, would
advocate for leaving the trolley on its
path. Popular consensus suggests that it
is better to kill the one rather than the
five because most people subscribe to
utilitarianism.
Self-driving cars transition the trolley problem from a thought experiment
into a frighteningly real scenario. Imagine you are driving and five individuals
walk out into the road in front of you;
you can either hit them or swerve and
hit a cyclist, killing him or her – which
is the right choice? Admittedly, this is
the sort of decision that humans driving cars make all the time; however,
programming a car to follow a certain

decision-making pathway means subscribing definitively to one ideology
or another.
A further and more troubling complication is whether a self-driving car
should prioritize its passengers over
other individuals. For instance, say
you’re driving on a curvy mountain
road, and around the bend comes a
school bus full of children, heading
directly for you. Should the autonomous car swerve so as to avoid the
bus and save the many children, even
though this will send the driver off the
cliff?
This case complicates that clear
utilitarian decision-making of the
original trolley problem. Surveys
show that more than 75% agree that
sacrificing the passenger is the morally correct choice.2 They approve
of self-driving cars programmed to
act in a utilitarian manner – but the
vast majority of study participants
said they do not themselves want to
ride in such vehicles.2 Attaining the
greater good is a less straight forward
choice if they are not guaranteed to be
among the beneficiaries. Not only do
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individuals wish to protect themselves, but many are also wary of giving moral decisions over to a machine.
Washington Post columnist Matt McFarland sums the situation up thusly:
“Humans are freaking out about the
trolley program because we’re terrified
of the idea of machines killing us. But
if we were totally rational, we’d realize
1 in 1 million people getting killed by
a machine beats 1 in 100,000 getting
killed by a human.”3
This puts manufacturers in a tricky
spot: protect the passengers who own
the car, or promote the greater good?

Self-driving cars
transition the trolley
problem from a thought
experiment into a
frighteningly real
scenario.
Survey results suggest that for cars to
be marketable and therefore financially they should be programmed against
what is better for the common good in
these instances. It’s possible, thought,
that the general safety benefits of transitioning to self-driving cars might
outweigh these harms, as McFarland
points out3 – these benefits might go
unrealized unless people are persuaded
to purchase the cars. One more option
for car manufacturers would be to program each car according to its owner’s
wishes. But this introduces a whole new
set of legal and moral issues: if an owner
knowingly chooses an algorithm which
may result in traffic deaths of others, is
she responsible for those deaths even
though she is not in control of the vehicle? Such questions have no clear answers in law or indeed in philosophical
debate. So how do we program cars to
act in these ambiguous cases?
Self-driving cars are far from perfect
in their current forms: they have difficulty driving in congested areas, 1ex-
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ample).3 In fact, one persistent problem
with self-driving cars is that they follow the law all the time, to a fault. For
instance, they always follow the speed
limit, which seems obviously correct
until one tries to merge onto a highway and cannot exceed the limit to get
on safely.4 A study by the University of
Michigan Transportation Research Institute found that self-driving cars currently have accident rates twice as high
as regular cars, generally because aggressive or inattentive humans hit them
from behind, unaccustomed to vehicles
that follow the law so precisely.5 But
giving cars some element of “judgment” to break the law and simulate
human drivers is a proposition fraught
with further practical, legal, and ethical
stumbling blocks.
Some experts, like Daniela Rus, the
head of the Artificial Intelligence lab
at MIT, believe this problem could be
solved by developing technology so accurate at planning and perceiving risks
that the cars would be able to not hit
anyone, thus avoiding the trolley problem altogether.3 Yet, this solution seems
incredibly far off – such technology is
inevitably many years in the making.
And this vision would most likely require the vast majority of cars on the
road to be similarly self-driving so that
their programming could function in
harmony. Addressing the widespread
fears about issues like the trolley problem would have to come first.
Still, many experts argue that
self-driving cars will eventually make
driving substantially safer despite the
additional risks they may pose now.
While these cars may not always respond to a traffic conundrum in the
way we think is correct, it is worth remembering that many human drivers
frequently fail to respond in the way
we would want as well. Industry leaders hope is that improving technology
will bring more of these cars on the

roads, and lead them to become much
safer. And perhaps one day in the future, self-driving cars will dominate the
markets. But for today, this may be one
scenario in which technology is pulling
ahead of our readiness to instruct it. As
Harvard psychologist Joshua Greene
writes, “before we can put our values
into machines, we have to figure out
how to make our values clear and consistent.”6

Caroline Wechsler ‘19 is a sophomore
in Currier.
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