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Leveraging the
Principles of
Sustainable
Development
for the
Next Frontier
By Jennifer L. Costley, PhD, Director of Physical Sciences,
Sustainability & Engineering, NYAS Staff

RECENTLY, Vice President Pence laid out an ambitious plan to
establish a new military “Space Force” as soon as 2020. NASA
has already outlined its plans to send humans to Mars in the
2030s. Private companies like Boeing, SpaceX and Sierra Nevada
Corp., are investing heavily in commercial spacecraft. And Orion
Span, Bigelow Aerospace, Virgin Galactic and Blue Origin are just
a few of the players testing the space tourism waters as the ultimate vacation destination for those who have lots of disposable
income and have already been everywhere on Earth, twice.
But what impact might increased human activity have on the
fragile space eco-system? How will space travelers grow enough
food to sustain a trip of months or years? Already some experts
are sounding the alarm about the amount of “space debris” in orbit around the Earth. Who gets to own space and how will commercial and military use of space be governed?
In this issue of the New York Academy of Sciences Magazine
we continue the sustainability theme of our spring 2018 edition,
and look at the challenges of sustainable space travel in the decades to come.
2019 will mark yet another milestone for space travel. As
we celebrate the 50th anniversary of the moon landings, the
first fleet of private “space taxis” will be deployed. If all goes as
planned, SpaceX's Crew Dragon capsule and Boeing's CST-100
Starliner are both scheduled to blast off on test flights with NASA
astronauts on board.
We have had nearly sixty years of space travel, and almost
fifty years since the iconic “giant leap for mankind.” Human
exploration of space has resulted in a tremendous expansion
in scientific knowledge about our solar system, and orbiting
satellites have provided critical knowledge about the Earth it4
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self — continuously collecting data on global climate, environmental change and natural hazards.
But the scientific benefits of space exploration are only the tip
of the iceberg. Our activity in space has improved nearly every
aspect of quality of life on Earth. Early satellites contributed critical knowledge and capabilities for communication and global positioning. The challenges of energy efficiency for space exploration drove the development of solar cells, batteries and fuel cells.
The precision and reliability required of robots for space have
advanced robotic capabilities on Earth, such as a robotic glove
developed as a grasp assist device, first for astronauts and then
factory workers.
The International Space Exploration Coordination Group recently published an overview of the benefits stemming from
space exploration, listing the following technological innovations:
implantable heart monitors, light-based anti-cancer therapy,
cordless tools, light-weight high temperature alloys for jet engines, cell phone cameras, compact water purification systems,
global search-and-rescue systems and biomedical technologies.
We are poised on the edge of an exciting new phase of space
exploration — what Bloomberg Businessweek recently called
“The New Space Age.” This new phase is characterized not only
by a new mission — Mars and beyond — but by a new focus
on sustainability. With years in an enclosed environment and
on a planet without oxygen, a long-haul space mission will not
get replenishments of food, water, equipment, clothing or anything else. As astronaut Cady Coleman put it, “Sustainability,
for someone like myself planning to go to Mars, is a closed loop
system, not being able to go home or bring supplies. The things
we need to think about are exactly the things we need to think
about for a sustainable Earth.”
Sustainable space exploration promises to be an essential driver for exciting and dynamic discoveries. The possibilities of providing solutions to some of our most urgent problems, creating
ecosystems of innovation, fueling job creation, and inspiring new
generations of young people toward careers in science, engineering and technology are limitless.
And by overcoming the challenges of sustainable space travel,
we have an opportunity to realize a whole new set of benefits for
the 7.5 billion people here on Earth.

When an icon is on a square, that square must be proportional 1 x 1.
The white icon should be contained by its defined colour, or black
background.
Do not alter the colours of the SDG icons.

For more information on the Academy’s SDG Initiative,
go to nyas.org/SDGs 

Space Camp
By Mandy Carr, NYAS Staff
Former New York Academy of Sciences mentee, Audrey Lee,
a junior studying biomedical engineering at Columbia University, received the chance of a lifetime thanks to her mentor who encouraged her to apply for a summer internship at
NASA. Audrey was selected for an internship at the Kennedy
Space Center in the summer of 2018.
This NASA internship was a long time coming for Audrey.
She discovered her love for space research and STEM when
she attended the GOALS for Girls Summer intensive program
at the Intrepid Sea, Air and Space Museum, in New York.
She got goosebumps staring up at the space shuttle for
the first time, but she was also filled with inspiration as she
realized how many engineers, scientists and doctors collaborated on each shuttle mission. “At that moment I realized,
I wanted to pursue a career in STEM,” said Audrey.
Once in college, she took “Introduction to Human Spaceflight” with former NASA astronaut Mike Massimino. Since
Audrey is an aspiring physician-scientist who wants to use
her engineering skills, she was interested to learn about
NASA developed biomedical research used in healthcare today. “I am grateful to have explored my interests because it
led me to this [NASA internship],” she said.
During her internship, Audrey looked at the molecular
changes in mammalian cells under simulated microgravity
conditions. This meant she worked on the life sciences side of
cell culture and the engineering side of working with microgravity simulators made for Earth-based research.
Audrey liked the flexibility she had while working on her
project at NASA — she could take the lead on it but also consult her mentors for advice. “It was a pleasant surprise to realize that one will never work on a project alone at NASA,”
she said. Audrey regularly met with her mentors, and brainstormed with other interns and experts from other labs. “This
internship has motivated me in my career and opened up
many new opportunities for me to explore biomedical engineering research and healthcare in my future career,” she said.
During Audrey’s internship, she witnessed the announcement of NASA’s first commercial crew and foresees an
increased need for healthcare providers in aerospace medicine. Audrey said, “Becoming a NASA Flight Surgeon and/or
Medical Officer would be a dream job!”
The New York Academy of Sciences Magazine • Fall 2018
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The “Unglamour” of Space
By Charles Ward, NYAS Contributor

Examining the intricate realities of sustainable commercial development of space.
Fifty years ago, 2001: A Space Odyssey thrilled audiences with
a vision of space travel, as a Pan Am space shuttle docked and
delivered passengers to an international space station, all to the
ravishing notes of Josef Strauss’ The Blue Danube. The station
embodied life in space as the futurists of 1968 saw it: all-white
physical environs, iconic red Olivier Mourgue lounge chairs, and
an international cast of characters devoting themselves equally to
science, business and hospitality, while they awaited scheduled
departures for other destinations.
The business of space has always been a delicate balancing act,
poised between the intense romance of popular imagination and
decidedly unglamorous mechanics that it takes to bring vision into
reality. The prosaic details include technology, capital outlays, human organization, the marshalling of resources, and legal or policy
frameworks. During the period when Arthur C. Clarke co-wrote
2001: A Space Odyssey with the film’s director Stanley Kubrick,
the authors had more than imagination behind them: Peak-year
funding for the U.S. Apollo program reached four percent of the
American GDP, an extraordinary financial commitment and the
tangible tip of a huge mobilization of public enthusiasm.
Now, the business of space is in fashion again — or at least
in the news. In February 2018, the Trump administration announced plans to privatize the International Space Station
(ISS) operations beginning in 2025. Three private space
companies led by high-profile businessmen — Elon Musk’s

SpaceX, Richard Branson’s Virgin Galactic and Jeff Bezos’
Blue Origin — are proclaiming ambitious public goals and
even more ambitious timetables.
Derek Webber author of The Wright Stuff: The Century of Effort
Behind Your Ticket to Space has been to this rodeo before. In 2010,
he was Vice Chair of Judges for the Google Lunar XPRIZE competition, the latest in a line of scientific competitions designed to
push the frontier of space travel. Webber has been a long-time
advocate for space tourism, conducting original market research
and contributing to the development of regulations via various
working groups associated with the regulators such as the FAA’s
Office of Commercial Space Travel. “I was forecasting 2012 as
the start date for the sub-orbital space tourism business,” says
Webber. “It was particularly exciting in 2004, during the Ansari
XPRIZE competition, when commercial sub-orbital space tourism seemed just around the corner, but here we are, some 14
years later, still waiting.”
The re-release of 2001: A Space Odyssey gave Webber the
opportunity to compare the vision of 1968 with the realities of
2018. He is well aware of the power of visionary pull — and its
practical undercarriage. “I saw that movie and I loved it. I’m still
carrying the torch,” he says. He reflects on a favorable regulatory environment, ample funding and recurring peaks of interest. “But I think in practice things are going to be more nuts and
bolts than we saw in ‘2001.’ The reality of things is less exotic.”

u 1967 signing of the

Outer Space Treaty
Photo Credit: UN
qP
 hoto Credit:

NASA, Flickr

u UNISPACE I conference,

Photo Credit: UN
6

www.nyas.org

1968

COVER STORY: BEYOND 2030
AT THE INTERSECTION OF CAPITAL AND TECHNOLOGY
Amir Blachman is well positioned to consider nuts and bolts.
As Vice President of Strategic Development at Axiom Space,
he leads the financial planning, funding and growth strategy
of a company that currently provides astronaut training services and is working towards operation of the world's first
private, international commercial space station when the ISS
is decommissioned in 2024. Blachman’s own professional
background includes the U.S. Air Force and the investment
management industry. “When I look at a television series with
a sequence of a space vehicle under repair, with astronauts in
pods buzzing around scaffolding,” says Blachman, “I want to
know who provided the worker’s comp.”
Blachman takes the longitudinal view of an evolving industry, marking off key inflection points in an accretive build-up
of capital infusions, practices, technologies, processes and
infrastructure. One of the most apt historic analogies, Blachman says, comes from Dr. Howard McCurdy’s 2013 research
report, The Economics of Innovation: Mountaineering and the
American Space Program, which in nearly forensic detail examined the parallel logistical challenges and economic paths
of climbing Mount Everest and crewed space flight. “Climbing Everest and going to space are expensive and have risk,”
says Blachman, “and they’re both motivated by science, commerce, national prestige and a personal desire for challenge
and exploration. The similarities are uncanny.”
McCurdy chronicled a ten-fold reduction in the cost of expeditions in the first 90 years of climbing Everest, and parallel falls in mortality rates. Building off his work, Blachman
outlines a six-phase development model, in which: 1) Innovation leads to cost reductions; 2) Lower costs encourages
entrepreneurs to enter; 3) The promise of profits encourages
investors to enter; 4) Profits lead to competition; 5) Competition produces further innovation, cost reduction and scale;
6) Price becomes low enough so ordinary people can afford
it. “In terms of space we are at step three and it will probably
be another twenty to thirty years before we get to the point
where ordinary people can afford it,” says Blachman. “But it
is happening.”
The emerging ecosystem of actors for the business of space,
says Blachman, will still include incumbents like governments
and their space agencies, as well as traditional “cost-plus”
defense and aerospace private contractors such as Boeing.
An additional slice will be made up of an emerging mass of micro-gravity innovators, who are building the companies focused
on manufacturing and research in space. Rounding out those
segments are “intrapreneurs,” in-house entrepreneurs who
are developing the services and technologies used in low Earth
orbit, or providers of additive manufacturing sub-platforms.

“When I look at a television series with
a sequence of a space vehicle under
repair, with astronauts in pods buzzing
around scaffolding,” says Blachman,
“I want to know who provided the
worker’s comp.”
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“engage in the commercial exploration and exploitation of space
THE NOT-SO-HIDDEN HAND
In The Wealth of Nations, Adam Smith coined his “invisible hand resources,” excluding biological life. According to Martinez, the
of the marketplace” concept as the ultimate guide to economic Act was careful not to assert U.S. sovereignty over any terrestrihistory. But in space, the highly visible hand of the U.S. govern- al body, but it does allow private entities rights to “extract, own,
ment has been and still remains the prime agent for space-relat- transfer and sell materials derived from other celestial bodies.”
For now, the legal regime that governs outer space is largely
ed developments. The government made the massive initial investments in space activity; the ISS alone is reported to have cost bearing up under the stresses and strains of many new players
$100 billion to build. Some industry observers say NASA's switch on the scene, according to Martinez. The Outer Space Treaty,
from purely cost-plus contract bidding to fixed-fee bidding, was which celebrated its 50th anniversary in October 2017, still proas significant a financial advance for the industry as SpaceX's vides the international legal foundation for all outer space activsuccessful reusable launch vehicle was a technological advance. ities carried out today. Subsequent to the adoption of the Outer
Dr. Peter Martinez is keeping a wary eye on governments and Space Treaty in 1967, four other treaties were adopted that adcommercial players for their effects on another invisible hand: dress issues such as liability for accidents involving space obthe treaties and regulations which currently set the rules for all jects, the registration of space objects, the rescue of astronauts
parties. Martinez is the Executive Director of the Secure World and return of space objects that land on Earth, and the exploraFoundation, a private operating foundation that works with tion and use of the moon and other celestial bodies. Following
governments, industry, international organizations, and civ- this period of space law-making in the 1960s and 1970s, the
il society to develop and promote ideas and actions to achieve international community has focused on the implementation
of the treaties, supplementing them with
the secure, sustainable, and peaceful uses
“The future is always
additional “soft-law” mechanisms, such as
of outer space. He recently chaired the U.N.
the
projection
screen
principles and guidelines that address topCommittee on the Peaceful Uses of Outer
ics such as remote sensing, space debris,
Space Working Group on the Long-term Suson which we throw
and the use of nuclear power sources in outtainability of Outer Space Activities, which
our plans for today.”
er space. The field of space law has largely
was tasked with producing voluntary space
sustainability guidelines for States and space actors. “There are focused on implementation issues arising from the growth of
new actors coming into the space arena, people who tradition- space activities. There are still many open, unaddressed issues,
ally don’t have this background,” says Martinez, speaking of the he says, for example the lack of an international agreement on
diverse individuals in what some call the New Space movement. delimitation between airspace and outer space. “The real dan“These are people who are personally passionate, like Musk, not ger, of course, is that the reality of development will outpace the
content to sit around and wait for national space programs to ability of regulators to keep up,” he says, outlining scenarios in
develop the capabilities to take people to the moon or to Mars which commercial entities, looking for the most favorable reguor whatever. They’re actually going to go out there and do these latory environment, could engage in “regulation shopping” and
choose to put themselves under the legal auspices of nations
things themselves.”
From Martinez’s perspective, the commercialization of space with unsophisticated legal systems.
Other legal developments stem from the fact that space is
is opening up new questions, including “can space resources be
appropriated?” Under the 1967 Outer Space Treaty, the first and no longer purely the province of science, or even regarded as
most important of the five U.N. treaties that govern space-relat- "somewhere out there," says Martinez. Citing GPS, he says,
ed law, the moon and asteroids are not subject to the territorial “Space is part of the plumbing of everyday life. Most people
claims of any nation. Three years ago, however, the U.S. upped are unaware of the critical role that space plays in our daily
the ante, with its “Commercial Space Launch Competitiveness lives. If space were to go down for one day, it would be cataAct of 2015” (“Spurring Private Aerospace and Competitiveness strophic — for stock exchanges, elevators, airports. The glamEntrepreneurship Act”), opening the doors for private parties to our is there, but we‘re so used to it, we don’t see it anymore.”
u Lucianne Walkowicz, PhD,

Baruch S. Blumberg/NASA
Chair of Astrobiology,
Library of Congress, and
Astronomer, The Adler
Planetarium
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AWARENESS AND ATTITUDES
While government-sponsored agencies like NASA may be retreating from crewed space activity, government hasn’t entirely
abandoned the field. Military imperatives have always played
an enormous role in the evolution of the space industry, their
public profile whether obvious or not, their under-the-radar initiatives never disappearing entirely. When Vice President Pence
announced the formation of the U.S. Space Force, he called it
"an idea whose time had come." The Vice President went on to
say, “It is not enough to merely have an American presence. We
must have American dominance in space.”
Astronmer Lucianne Walkowicz invites audiences to simply
be aware of the underlying attitudes in terms such as "dominance." Walkowicz, based at the Adler Planetarium in Chicago, straddles the professional worlds of hard science, education, art and philosophy. She’s the author of Fear of a Green
Planet: Inclusive Systems of Thought for Human Exploration of
Mars, and speaks frequently on the implications of space-related imagination and futurism.
As just one example, she points to magazine illustrations envisioning man in space published in popular American magazines
during the 1950s. Those illustrations had outsized impact on the
public imagination then, and their influence can still be found in
the marketing materials of commercial space companies today.
A lot of those images are rooted in the military history of space,

notes Walkowicz, with hierarchic organization of missions or
crews. “The reason that they are expressed that way visually is
that they’re expressions of different philosophies about how human beings should live, not only in space, but here on Earth,” she
says. “The future is always the projection screen on which we
throw our plans for today.”
Walkowicz does a lot of public communication about the
implications of ideas on a day-to-day practical basis. For more
specialized audiences, like her astronomy graduate students,
she delves into the ethical implications of professional development, and the responsibilities of science and scientists.
Against very real facts such as the discovery of frozen underground bodies of water on Mars, Walkowicz helps peers and
generalist audiences alike look differently at grand schemes
such as “terraforming” planets like Mars to make them more
like Earth and suitable for human colonization. “If it was possible to do a large scale global engineering project that transformed Mars into Earth, we wouldn’t have climate change
here on Earth,” says Walkowicz.
“Astronomers need to be aware they are part of a larger ecosystem. Technology is not separated from the rest of human endeavor, and it shouldn’t be,” she says. “We can look at our own
history and see myriad examples of places where we pushed
ahead in areas and did not consider the impact prior to going
ahead. That, generally speaking, has turned out badly.” 
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Staying Safe and Eating Well,
100 Million Miles from Home
By Hallie Kapner, NYAS Contributor

A packet of periwinkle seeds is being prepped for a ride into orbit,
tucked into a pouch on a SpaceX rocket bound for the International Space Station (ISS). The seeds won’t be grown on board
— at least not yet. Rather, they’re one part of a broad research
effort to probe the ancient botanical pathways that yield some
of today’s most widely used medications — including analgesics,
antimalarials and powerful chemotherapeutic agents — and to
learn what secrets common plants have yet to reveal.
Joseph Chappell, keeper of the periwinkles and chair of the
department of pharmaceutical sciences at the University of
Kentucky, hatched what he and his collaborators at Space Tango, a Lexington-based startup, admit was a far-fetched plan
when they hypothesized that the microgravity environment of
space could unlock previously unknown therapeutic pathways
in plants. Much the way that a yearlong stint aboard the ISS
altered astronaut Scott Kelly’s patterns of gene expression,
Chappell wondered whether the unique stress of microgravity might trigger epigenetic changes in plants that produce
medicinal molecules. Uncovering new compounds could be a
boon to commercial drug development, but the payoff could
be at least a decade and a billion dollars away. Chappell and
his collaborators have more immediate goals in mind.
“If we want to support astronauts on Mars missions or other deep space explorations, we have to provide food, fiber and
medicine,” Chappell explained, referencing a trifecta of essential
needs that NASA and research teams around the world are strategizing to meet as they plan for manned missions beyond the
moon. A round trip to the red planet is chief among their goals,
a voyage that would propel one courageous crew farther than
humans have ever traveled. A trip to Mars is expected to last at
least three years, amid conditions and stresses unimaginable on
Earth. Beyond developing new drugs for terrestrial use, Chappell and his team are studying the potential for stints in space
to evoke beneficial epigenetic changes in plants that he claims
“offer the whole suite — sources of nutrition, sources of fiber for
clothing and other materials, and sources of drugs” — plants that
astronaut crews could both grow and utilize on long-term space
missions. One plant that piques his interest is hemp, the utilitarian varietal of Cannabis sativa, which has a 10,000-year history
as a fiber for rope and fabrics, and a more recent reputation as
a source of protein-rich seeds and oil rife with non-intoxicating
cannabinoids used to treat maladies ranging from inflammation
and insomnia to epileptic seizures.
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NO SMALL FEAT
The demands placed on the first Mars crew will surpass those of
any astronauts in history. Far beyond the traditional roles of pilot,
commander, flight engineer or payload specialist, the crew will
need to be gardeners, diagnosticians, health care providers and
perhaps even settlers, as some projections for a Mars voyage involve the temporary establishment of the first human accommodations on another planet. Crews will struggle with isolation and
confinement, as well as the psychological toll of being separated
from family, friends and gravity for years at a stretch. In circumstances where maintaining health, strength and well-being are
critical, crews will be reliant on freeze-dried or thermostabilized
meals as their primary nutrition source. With no possibility of resupply missions from NASA, a case of menu fatigue will be riskier than ever. Medical care will be millions of miles away, and even
a consultation with a flight surgeon will become increasingly impractical as the crew ventures farther into space: a single round
trip radio transmission from Mars to Earth takes 40 minutes.
u Joe Chappell,

Professor and Chair Department
of Pharmaceutical Sciences
College of Pharmacy,
University of Kentucky

q Cannabis sativa
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which we get the vinca alkaloids,
compounds used to treat a
variety of cancers.
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How to keep deep space astronauts healthy, sane, comfortable
and collaborative are concerns that require at least as much attention as the technological and engineering developments required to mount a mission to Mars. Balancing the research needs
of the mission and the human needs of the crew is no small feat.
Accounting for these needs for several years in a profoundly resource-constrained environment requires galactic-scale ingenuity from a team of fiercely optimistic scientists, engineers and
entrepreneurs from around the world.

sions will likely travel in advance of the crew. Those rations need
to be safe, appealing, and nutritious from the moment of liftoff
until crews consume them on Mars as well as the flight home.
This necessitates an ambitious evolution of the space food system and the development of new technologies to sterilize and
store meals without compromising appeal, essential nutrients,
or adding excess waste or preparation time.
NASA currently packages meals in the same pouches used
for military rations, foil-lined sacks that Douglas claims are “the
best thing out there” for meeting the strict weight and barrier
“THIS IS WHAT I WANT TO EAT”
requirements of space packaging. Yet even the best option can’t
Chappell’s vision of growing multi-purpose plants in space is far touch the five-year mark, as the methods used to sterilize and
from sci-fi, although zero-gravity farming is still in its infancy. ISS stabilize meals can jumpstart the processes by which nutrition
astronauts have already grown several varieties of lettuce and and quality degrade over time. New technologies, such as miother leafy greens, thanks to an onboard plant growth cham- crowave-assisted thermal sterilization, may help extend the life
ber aptly named Veggie. While some space-grown greens have of Mars-bound meals, but will also require the development of a
been eaten in orbit, crews rely heavily on pouched meals metic- next-generation pouch compatible with such methods. Douglas
ulously designed by the Space Food Systems group at NASA’s explained that NASA is also exploring how different environJohnson Space Center. What space cuisine lacks in presentation mental conditions — including deep freezing — may be used to
it makes up for in ease of preparation and nutrition — in less than preserve nutrients and quality for longer than the current limits.
30 minutes, astronauts can reconstitute a meal with (recycled)
Here on Earth, food scientists like Sudhir Sastry, professor of
water, heat it and dine directly from the package. Astronaut fare food, agricultural, and biological engineering at Ohio State Uniis created to deliver essential nutrients and
versity, are pioneering techniques for killing
calories through meals that may look unpathogenic microbes without compromising
“For a Mars mission,
usual, but often taste good and, equally imnutrition or quality. One such method, ohmic
the menu needs to be heating, may have some utility for long-haul
portant, are familiar and appealing to crews.
“For a Mars mission, the menu needs to be
something that people space travel. Rather than relying on steam
something that people are content to eat for
pressure, ohmic heating uses electrical
are content to eat for and
a long time, and that’s a big challenge,” said
fields to sterilize or reheat packaged food
a long time, and that’s evenly in seconds, rendering it safe for conGrace Douglas, advanced food technology
lead scientist at NASA and leader of a group
sumption while retaining many essential
a big challenge...”
working to devise a food system for deep
nutrients. According to Sastry, about 90
space exploration. “If the food isn’t highly acceptable — if crews percent of even the most heat labile nutrients, such as vitamin
don’t look at the options and say, ‘this is what I want to eat’ — C, remain after sterilization. Dr. Megan Bourassa, a biochemist
then they’ll eat enough to get by, but not enough to maintain and an expert in nutrition science at the New York Academy of
weight, which can compromise bone and muscle mass and even Sciences, believes finding a way to retain nutrients is crucial.
immune health,” she explained.
“Stability and shelf-life of nutrients are definitely huge issues on
In space, as on Earth, food is more than simply fuel, and our as- Earth, especially in fortified foods,” said Bourassa. “For a fivesociations with what we eat are both emotional and physical. Far year journey, food would probably have to be over-fortified to
from home, we often miss the familiarity of both food and fam- account for degradation over time and loss after cooking.”
ily, craving the meal itself as much as the companionship. Such
evocations make Douglas’ job both more difficult and more im- GREENING THE RED PLANET
portant. Among all the comforts long-haul astronauts will forego, Moviegoers will remember Matt Damon’s character in the film
Douglas believes some comfort from food should remain.
The Martian cleverly repurposing human waste as fertilizer to
grow potatoes in a makeshift greenhouse on Mars. Douglas conTHE PERFECT PACKAGE
firms that while Damon’s character didn’t have the resources to
Oxygen, temperature, time, moisture: meet the enemies of nu- build such a robust growing operation, Mars travelers will liketrient-rich food that tastes great for up to five years. “None of ly have the ability to grow and consume leafy green vegetables
the food we send up now has that kind of shelf-life in terms of during their voyage. “As we move further from Earth, we are going
stable nutrition and quality,” Douglas said, noting that the stated to need to have systems of growing food,” Douglas said, although
shelf life for current astronaut food is 18-24 months. For Mars, the notion of a Martian-style greenhouse remains quite futuristic.
five years is the magic number. Weight and space are precious,
Research teams have simulated the environmental conditions
expensive commodities on a spacecraft, and some food provi- on Mars to determine how crops might someday be grown there
The New York Academy of Sciences Magazine • Fall 2018
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— likely hydroponically — safe from the planet’s freezing temperatures, carbon dioxide-rich atmosphere and high levels of galactic cosmic radiation. University of Kentucky’s Joseph Chappell
noted that plants grown in deep space as well as in the Martian
atmosphere may undergo gene expression changes or mutations
that either boost or degrade the nutritional profile of edible plants
— another area of research that must be explored before crews
could safely rely on Mars-grown food as a source of calories and
nutrients. “To be reliant on a system like that you’d need a surplus
to ensure that if you had a loss of crop, it didn’t mean a loss of
crew,” Douglas added.
Then there is the issue of water. Despite the recent discovery
of what appears to be a 12-mile-wide body of water buried under
a mile-thick layer of polar ice, there is no known source of fresh
water on Mars. Any liquid water found on the planet is likely to
contain toxic levels of perchlorates and other chemicals. If terraforming Mars is to become a reality, settlers will need a source
of fresh water for drinking, preparing food and for agricultural
purposes. The carbon dioxide that comprises 95 percent of the
Martian atmosphere has been eyed as a feedstock for reactions
that could produce a steady supply of water for use on the planet,
although technologies capable of performing those reactions at
scale have yet to be realized.

gene expression, and may also alter the progression of diseases including cancer and cardiovascular disease. Insights
derived from organoids in microgravity today may lead to
protective mechanisms for tomorrow’s astronauts, and could
yield new therapeutics for use on Earth.
Similar research using cell cultures tests the impact of yet another deep space concern on the human body: galactic cosmic
radiation. Earth is constantly bombarded by solar radiation and
cosmic radiation from within the Milky Way, yet everything on
the planet is doubly shielded — first by a geomagnetic field that
deflects dangerous rays and particles, then by Earth’s thick atmosphere. Those who venture beyond the bubble lose these
protections. Mitigating the risks of radiation damage is a major
challenge for Mars mission planners.
Researchers at the NASA Space Radiation Laboratory at
Brookhaven National Laboratory are simulating cosmic radiation by blasting biological samples with ions that mimic the rays
Mars travelers will encounter in space. Plans both practical and
seemingly outlandish abound for combating space radiation,
from a protective vest currently used to protect soldiers and first
responders from radiation threats, to an artificial magnetic shield
that would restore Mars’ own magnetosphere, lost to solar wind
erosion billions of years ago. Solving the radiation problem will
require a combination of advances in materials science, physical shielding measures for
craft and crew, and potentially even pharma“I think of our planet
ceuticals that could reduce gene mutations
as a paradise. We are resulting from radiation exposure or accelervery lucky to be here.” ate the restoration of radiation depleted cell
populations.

THE BODY WEIGHTLESS
Two hours a day at the gym would qualify
anyone as an exercise nut on Earth, but in
space, it’s the norm. Without gravity providing resistance for muscles and bones, both
can weaken over time. Today’s ISS astronauts
toggle between several different pieces of exercise equipment, all designed to counter the effects of microgravity and minimize bone loss. Mars-bound crews will have a
smaller spacecraft, and a new generation of compact exercise
devices is already being developed for deep space flights. Despite
their workout regimen, today’s ISS crews universally experience
muscle weakness upon returning to Earth. In his book, Endurance,
Scott Kelly described the physical sensation of “all my joints and
all my muscles protesting the crushing pressure of gravity” after
a full year of weightlessness. Mars astronauts will clock at least
three times more time in zero or reduced-gravity than Kelly did,
making the return to Earth more difficult and highlighting the
importance of maintaining muscle strength and cardiovascular
stamina on long missions.
Despite the experiences of more than 250 ISS astronauts
and more than 350 shuttle astronauts, there is still much to
learn about the specific effects of microgravity on the body and
its tissues over long periods of time. To accelerate the process,
the U.S. Center for the Advancement of Science in Space has
partnered with researchers around the world to send human
tissue samples into orbit, growing three-dimensional cultures
that allow scientists to study the direct effects of microgravity
on various organs. Spaceflight is known to induce changes in
12
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IT’S LONELY OUT IN SPACE
Rocket Man, Elton John’s 1972 anthem of the homesick space
traveler, presciently articulated the concerns of many researchers working to realize the dream of a trip beyond our planet.
Humans have long braved extreme isolation and remote environments in the name of discovery, but never without gravity, fresh air, sunrise and sunset. Add loneliness, confinement,
boredom, separation from loved ones and a healthy mix of fear
and anticipation, and the potential for psychological difficulties
among deep space astronauts ranks highly.
Nobody has spent more consecutive days in space than Russian cosmonaut Valery Polyakov, who logged a remarkable 438
days on the Mir space station in the 1990s. A Mars mission will
last far longer. In order to better understand the limits of loneliness and the triggers of distress, and to identify factors that
promote resilience in tough conditions, teams of researchers in
Hawaii, Moscow and Antarctica have studied groups of fellow
scientists living in conditions similar to those of a future Mars
mission. Complete with field work analogous to the tasks astronauts would need to complete on Mars, time-delayed communication with mission control, pre-packaged and freeze-dried
foods, close quarters, and irregular sleep and wake cycles, these

COVER STORY: BEYOND 2030
simulations have provided valuable insights into human behavior and helped hone in on personality traits that may be desirable in a Mars crew.
Identifying activities and amenities that boost astronaut morale are also high priorities. Among the wellness-enhancing
pursuits that may be reasonably accessible on a Mars mission,
tending to green plants ranks high, as does exercise. Virtual reality technologies are also being tested as a method to reconnect astronauts to the sights and sounds of Earth — be it waves
crashing on a beach, the green grass of the countryside, or birds
soaring over the glass-like surface of a lake.
After completing a series of missions that serve as critical
stepping stones to deep space flight, NASA plans to launch a
manned mission to Mars in the 2030s. The scientific community’s tireless efforts to realize the day when a human will set foot
on Mars throws into stark relief the intricate, perfectly-tuned biological machinery that allows us to thrive effortlessly here, on
our blue planet. As we prepare to travel farther than ever before,
it is impossible not to appreciate how well-suited we are to life
at home. Upon his final voyage to repair the Hubble Space Telescope in 2009, shuttle astronaut Mike Massimino, awed at the
beauty of the Earth, said it best: “This is what heaven must look
like,” he said. “I think of our planet as a paradise. We are very
lucky to be here.” 
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Trashing The Final Frontier
By Robert Birchard, NYAS Staff

Increased human activity in space has created a very Earth-like problem:
how to deal with tons of waste in space.
In 1957, the former Soviet Union launched the first satellite, Sputnik, into orbit. Not to be outdone, the United States responded
with its first successful satellite, Explorer, in 1958. The Space
Race was officially on.
Sixty plus years later, Earth’s orbit is no longer the exclusive
realm of Cold War superpowers. Today satellites are ubiquitous,
launched by operators from the public and private sectors, touching all aspects of the economy and modern life. When Sputnik
first left Earth’s orbit this frontier seemed limitless, but it has become more crowded with over half a century of satellite launches.
Mostly concerned with getting satellites into orbit, few scientist and engineers bothered about what happened once they got
there, until NASA scientist Donald Kessler posited what is known
as the “Kessler Syndrome.” This nightmare scenario envisioned
a point where the density of objects in orbit would be such that
a collision would generate enough space debris to increase the
likelihood of further collisions, eventually rendering Earth’s orbit
unusable for any satellites.
Space debris refers to the manmade objects that still orbit the
Earth, but no longer serve any purpose. This includes anything
from derelict satellites and their abandoned orbital launchers,
to tools lost by astronauts on spacewalks, to specks of paint
chipped off the exterior of a satellite. It is estimated that Earth’s
orbit contains 21,000 objects larger than 10 centimeters (cm),
500,000 objects from 1-10 cm in diameter, and over 100 million
objects smaller than one cm.

According to Juan Carlos Dolado-Pérez, PhD, Head of the
Space Debris Modelling and Risk Assessment Office, the Centre National d’Etudes Spatiales (the French Space Agency), the
increase in catalogued space debris followed a rather linear increase of nearly 200 objects per year from 1957-2007. Recent
catastrophic events have demonstrated the resulting risk and
the difficulties in navigating an increasingly crowded orbit. The
Chinese Fengyun satellite was destroyed in 2007 during an anti-satellite test adding over 3,000 catalogued debris fragments
to orbit. Then a 2009 collision between the active Iridium-33 and
out-of-service Cosmos-2251 satellites created over 2,000 catalogued debris fragments.
The real question is not if, but under which conditions, exponential growth of space debris will create more serious problems
for space activities,” said Dolado-Pérez. “We study this question
with space debris evolutionary models. Such models don’t predict the future, they allow space debris experts to study the most
likely future. This is a very complicated task with many uncertainties, which need to be taken into account during calculations,” he
explained. “In many models future launch traffic is defined based
on past activity, but with the emergence of the commercial space
sector, aspects of these models have to be updated and take into
account the uncertainty of how space will be used in the coming
decades. Moreover the quality of debris mitigation efforts and
levels of compliance will have a major impact on the size of the
debris population.”
q Nikolai Khlystov,
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Besides variables like the increasing rate of satellite launches,
there are factors outside of human control affecting space debris
in orbit. “The solar activity affects orbital drag, which can make
it easier or more difficult for space debris to drop out of its orbit,
and unfortunately our capability for properly predicting future
solar activity is limited,” Dolado-Pérez explained. “Also the increase of gases like carbon-dioxide, (due to human activity), will
have an effect on the Earth’s upper atmospheric density, which
will affect the time it takes for space debris to fall out of orbit.”
Sir Isaac Newton is credited with the adage that “what goes
up must come down,” but when referring to Earth’s orbit, the
rate at which items can fall to Earth, varies. “Low Earth orbit is
heavily populated with satellites. Everything sent there will come
down eventually,” said James Ryan, PhD, a professor in the Department of Physics and Space Science Center at the University
of New Hampshire. “The other extreme is geosynchronous orbit
where the orbital lifetime is practically unlimited. But mid-level
orbit may be the most problematic. The orbital lifetimes there are
extremely long. Junk will accumulate over hundreds of years.”
These timeframes are too long to rely on natural forces to clear
Earth’s orbit. Human efforts to remove debris requires overcoming several hurdles and there is no curb-side pick-up in space.
“Manually removing debris from any orbit is awkward, inefficient,
expensive and energy consuming,” Ryan explained. “One has to
sidle up to the errant object, and either move it to a lower orbit,
capture it or boost it to an out of the way orbit. This takes energy
and is basically a one-by-one process on thousands of objects.”
Ryan would prefer to focus on preventing the buildup of space
debris in the first place. “An ounce of prevention is worth a pound
of cure,” he said. “The design of satellites must include policies and procedures for carrying out easy deorbiting. Recycling
boosters like those used by SpaceX solves a lot of problems, and
shows promise. Piece-by-piece removal is impractical, except for
very specific circumstances, such as a large spacecraft with no
means to remove itself from orbit.”
“We should not only design resilient satellites, we also need to
operate them responsibly … and ensure we minimize the creation
of new debris as we expand orbital operations,” said Nikolai Khlystov, Lead for the Aerospace Industry at the World Economic
Forum. “The key challenge with the current regime is that current
international guidelines are not enforceable.”
Khlystov suggests that a framework called the Space Sustainability Rating (SSR) could help minimize the creation of
new space debris. The SSR was developed by the Global Future
Council on Space Technologies, a multi-stakeholder group of international space experts and passed on to the Forum for actual
development. The SSR would provide a single, simple and transparent system to identify debris mitigation compliance in satellite
design, launch and operation, thereby limiting confusion caused
by overlapping and non-binding regulations put forth by various
government space agencies. Private companies would benefit by
“showcasing and advertising their rating without disclosing any
sensitive details, as the rating would be published by a neutral

third party,” he said.
The SSR would provide transparency and allow the public to
identify the responsible actors in the space sector. “The fact that
private actors have been entering the space sector in large numbers is a good thing. Their entrance brings innovation, new ideas,
increased funding and lots of other benefits. We need to work together in a public-private partnership way to solve this particular
challenge,” he added.
“Beyond SSR, one could imagine in the future a sort of consortia of public-private stakeholders — space agencies, satellite operators, launch providers, insurance companies and even
investors — who come together and pool resources to solve
the common problem of space debris. Of course, this kind of
set-up would need careful planning and agreement,” Khlystov
explained. “In principle all these actors are interested in maintaining the sustainability of orbits as they all have resources and
interests that are at stake.”
Although space is infinite, Earth’s orbit is not. Its harshness
belies its fragility. “Our society is extremely reliant on space activities. Digital TV and radio broadcast, weather reporting, GPS,
bank transactions and the internet all require satellites to function,” said Dolado-Pérez. “When we launch new satellites, it has
to be done in a manner that keeps space sustainable. Earth’s orbit
needs to be cherished because it is unique.” 

Frontiers in Regenerative Medicine:
2019 Innovators in Science Award Symposium
Friday, April 26, 2019
This symposium will honor the 2019 Innovators in
Science Award Winners and highlight their outstanding
research accomplishments. The event will also feature
new discoveries by distinguished scientists who are
transforming human health by advancing therapeutic
applications of Regenerative Medicine.
Event Time

9:00 AM to 6:00 PM JST

Location

Shonan iPark
26-1, Muraoka-Higashi 2-chome,
Fujisawa, Kanagawa 251-8555, Japan

Keynote Speaker

Shinya Yamanaka, Kyoto University

Register

www.nyas.org/2019Innovators

Contact

TakedaInnovators@nyas.org

Presented By
@NYASciences
@TakedaPharma
#TakedaInnovators

The New York Academy of Sciences Magazine • Fall 2018

15

COVER STORY: BEYOND 2030

What To Wear, What To Wear...?
By Alan Dove, PhD, NYAS Contributor

Fashionistas planning trips to the stars will need a whole new range of wardrobe options.
As space agencies consider sending astronauts on voyages that
could last months or years, ordinary activities that we take for
granted on Earth become major scientific and engineering challenges. Consider that most mundane of all human chores: laundry.
Aboard the International Space Station, astronauts receive
regular deliveries of fresh clothing from Earth. They typically
wear each outfit for several days before throwing it into the trash,
which is then “de-orbited” to burn up in Earth's atmosphere. That
approach is clearly unsustainable. If future space crews want to
reach more distant destinations, they'll need to move past incinerating their underwear.
Given the impracticality of planting acres of cotton on Mars or
raising silkworms in microgravity, sustainable space clothing will
require entirely new strategies for manufacturing and maintaining
textiles. Fortunately, researchers working at the frontiers of fabric
design are already exploring ideas that could make clothing more
sustainable both in space and on Earth.
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SWEAT EQUITY
Many of the requirements for clothing a human body on Earth
will be the same anywhere in the universe. “One of the most important things is thermal comfort, when the weather gets cold
you want to keep yourself warm, and when the weather is hot,
how do you cool yourself down?” says Yi Cui, Professor of Materials Science and Engineering at Stanford University. He adds that
“we [also] need to get the sweat out.”
Cui and his colleagues have developed several types of textiles
that can help with those challenges. In one project, the researchers created a nanoporous metallic coating that can be embedded
into cloth, causing it to reflect infrared radiation back towards the
body. Another effort yielded a nanoporous polyethylene textile
that allows infrared radiation to escape.
The two technologies can be combined in a single garment.
“This bifunctional textile has two layers of coating ... so you can
wear it one way and this can keep your body warm, but if you
wear it inside out ... then you can cool your body down.”
Widespread use of such garments could save significant
amounts of energy, either aboard space stations or inside office
buildings. “If you wear this in the indoor environment, then your
air conditioning does not need to be so cool in the summer, and
the set point can go up several degrees Celsius,” says Cui. His
calculations show that this change alone could decrease building
energy consumption by 30 percent in a warm climate.
For space exploration, bifunctional outfits could help astronauts to adapt to enormous temperature changes from day to
night on planets with thin or nonexistent atmospheres.
Cui has also thought about the laundry problem. “Would you
be able to wash your clothing? Probably you would not have
that much water [in space],” says Cui. Instead, he envisions
self-cleaning clothing, perhaps using nanoengineered antibacterial coatings to inhibit odors and continuously sanitize the cloth.
Keeping an antibacterial coating active might require energy,
but that could also come from the clothing itself. Cui explains that
future textiles may incorporate photovoltaic systems to generate their own power supply from available light. Alternatively, an
outfit could exploit the temperature difference between the body
and the environment to generate power, an approach that could
work especially well when the garment is designed to cool the
wearer. Instead of simply letting the excess heat escape, a power-generating garment would redirect it to generate electricity.
Harvesting energy from clothing is a high priority for textile
engineers, as they already have plenty of ideas that will require
power. “Sensing body condition could become important, and ...
textiles could even do therapeutics, deliver drugs and things like

COVER STORY: BEYOND 2030
that,” says Cui. Clothing that senses and responds intelligently to
the wearer's condition and the environment would help long-distance space travelers cope with extreme conditions, while likely
finding clinical uses on the ground as well.
Space outfits loaded with smart sensors, personal climate
control, and energy collecting circuitry could have one major
drawback, however: maintenance. When these complex systems inevitably break down, they'll need to be fixed or rebuilt
without support from Earth. Cui points out that the cooling fabric
he developed, at least, is recyclable. Astronauts could theoretically melt it, extrude fresh fibers, and weave them into a new
garment to replace the old one.
SCORE ONE FOR THE COWS
Other textile developers agree that recyclability will be critical
for sustainable space travel. “You can't have things shipped to
you, you need to be working with some sort of system ... using your own waste stream as an input for anything that you
need to consume,” says Suzanne Lee, Chief Creative Officer for
Modern Meadow and founder of the Biofabricate Conference in
New York City.
Modern Meadow's approach to sustainability draws on the
original closed-loop recycling system: biology. The company's
first product is a biofabricated leather produced by microbial
fermentation. “We actually start with collagen, which is the
protein that makes up a material like leather, but we have it in a
liquid form, and then we can do endless things with that protein
in that form,” says Lee.
While the notion of omitting animals from leatherworking
may appeal to vegans, Lee explains that the benefits of biosynthesis extend much further. Fermentation can be scaled to use
far fewer resources than animal farming, and genetically engineered microbes can make collagen from a wide range of potential feed stocks, including waste that might be produced on
a space voyage.
Biofabrication also shortens the path to the final product.
Rather than being constrained by the shape and thickness of
an animal hide, Modern Meadow's leather can be sprayed, extruded and molded in whatever ways product developers need.
“You're also able to form it potentially around a three-dimensional form, so then you get into reducing the numbers of processes that you might have in manufacturing, [negating] the
need for a piece of equipment like a sewing machine,” says Lee.

SPIDERMAN WAS ON TO SOMETHING
While biofabrication could help produce a sustainable supply of ordinary clothing for astronauts, Lee cautions against
trying to apply it too broadly. “Let's not underestimate the
complexity of materials for space,” she says. For example,
a space suit for extra-vehicular use is likely too complex
to consider growing from scratch. Instead, multi-layered
garments and spacecraft components with sophisticated
life-support roles would likely be repaired rather than recycled on a long voyage.
That said, at least some of the components of future
space fabrics may come from biofabrication. Lee points
to spider silk, the strongest natural fiber, which several
research teams and companies are now trying to manufacture at commercial scale. Clothing and even structures
may soon incorporate spider silk, taking advantage of its
extraordinary strength-to-weight ratio combined with its
relatively low environmental impact.
Rather than pure spider silk bridge cables or textiles, Lee
sees this and other biofabricated fibers being combined with
more conventional materials. “You might want the functionality of a biofabricated material, but combine it with an existing yarn or an existing textile structure,” says Lee.
None of the new bio-materials have achieved the manufacturing scale needed to meet demands on Earth, and making
these processes portable enough for space travel will require
even more development. However, the field has produced
some promising prototypes. Modern Meadow, for example,
collaborated with sportswear giant Adidas recently to produce a biodegradable athletic shoe. Another company, Bolt
Threads of Emeryville, CA, produced a pilot batch of leather-like hats made with fungal mycelium.
Whether future astronauts actually end up recycling their
clothing or growing new pairs of socks from their garbage,
thinking about the constraints of space travel gives researchers a framework for improving sustainability closer to home.
“It's an environment where you're really trying to get the most
out of the smallest amount of resources you have,” says Lee,
adding that “as we think about a more populous Earth, then
I'm sure it will have applications here too.”
It might even be the demise of the weekly laundry chore as
we know it. 

 Suzanne Lee, Founder, Biofabricate

Photo credit: Adam Fithers.
Sample Adidas sneaker made
from Ocean Plastic material

 Yi Cui, Professor of Materials Science and
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The Cutting Edge
By Charles Cooper, NYAS Contributor

The urban planner's ultimate challenge: Building an infrastructure 1,000 miles above Earth.
Space may indeed be the final frontier, but it's also becoming
increasingly crowded.
Not today. And perhaps not tomorrow. But it won't be long
before space becomes home to an assortment of commercial,
industrial and scientific outposts. In fact, about 900 satellites
already circle in low Earth orbit (LEO), most notably the International Space Station (ISS) and the Iridium network of communication satellites. They're about to have company.
A startup made headlines earlier this year with plans to build
a luxury hotel by 2022 that would host 12-day stays in space.
Russia's space agency is reportedly working on a project to add
private suites to the ISS, complete with big windows, exercise
equipment and, of course, Wi-Fi. Elsewhere, shorter space tourism ventures are being worked on by the likes of Jeff Bezos' Blue
Origin and Virgin Galactic's suborbital SpaceShip.
But space tourism is just a sideshow to the main event: A future
in which humans are able to live safely beyond the Earth for extended, even indefinite, periods of time — and do it sustainably.
However, before any of those futuristic scenarios materialize,
governments and organizations back on Earth need to come to
an agreement on rules to manage the emergence of what will be
a complicated ecosystem shared by public and private entities.
SETTING UP A SPACE TRAFFIC CONTROL SYSTEM
Prior to World War II, the air traffic control system was established to coordinate and track flights. Could something similar
work for LEO? In theory, yes, but with a few tweaks.
“Each country has air traffic control responsibilities over their own
territory, [but] space is different,” said Dr. William Ailor, the principal engineer for the Center for Orbital and Reentry Debris Studies at
The Aerospace Corporation. “For things that are in orbit, there is no
way to control that; a satellite goes over all of our countries.”
Any system would need to track a constellation of constantly moving satellites and platforms, requiring feeding continual
streams of data to operators to move their spacecraft when needed. It would also require acceptance at the international level,
which raises its own set of challenges. What form would a space
traffic management system take and who would pay for it? And
how to ensure it remains in operation regardless of what's happening on Earth. “If there's a war going on, the satellites are still up
there and so you still need to protect them,” said Ailor, adding that
despite the challenges, there's general acceptance of the need to
provide space traffic management and space situational services.
“It's a dynamic situation but I think it's agreed that space is a
common domain and that we all have to work together to bring
together the best data possible to be able to provide warnings.
There are large constellations of satellites being proposed for
LEO. I think the operators of these satellites know they will need
assistance … [so] it's important to pursue this.”
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THINKING ABOUT A POST-ISS FUTURE
Since Apollo 17's final moon mission in 1972, NASA hasn't
pursued human exploration beyond LEO. The agency's focus subsequently shifted to building and operating the Space
Shuttle and the ISS for testing and research. It's been a successful tenure and the ISS, which services a number of participating partner nations, has demonstrated the viability of
putting installations into LEO for extended stretches. The next
step would be the commercialization of LEO with platform
services as well as a fleet of smaller, space stations and other
installations to pursue various commercial endeavors.
For example, Elon Musk's SpaceX is considering the deployment of a 4,000 satellite constellation to offer global Internet service worldwide. Companies like SpaceX, United Launch Alliance
— a partnership between Boeing and Lockheed Martin — and
others, have all sprung up to provide cargo and commercial transportation services for the space station. Stratolaunch, the space
company of billionaire Microsoft co-founder Paul Allen, is also
getting into the market, with plans to develop medium-lift rockets
and a reusable space cargo plane that would carry cargo to and
from Earth with a follow-on variant that could carry people.
“At the end of the day, the government wants to be a minority
customer of those services,” says Christian Maender, who serves
as the Director of In-Space Manufacturing and Research at Axiom
Space. Maender envisions the development of a space economy
in which government no longer takes the lead, but instead buys a
myriad of space services, just as it would for terrestrial purposes.
Relieved of the need to provide the infrastructure, space-faring
nations like the U.S. will be looking for a place to fly its astronauts
to train in LEO in advance of missions to the moon and Mars.
They'll also have an interest in continuing some baseline level of
microgravity research to answer questions relevant to exploration and basic science investigation. According to Maender, “As
long as the government's needs are being met by a platform, they
are happy to see the private sector design a space station that
addresses their needs as well as the market demand from the
commercial sector.”
Perhaps no issue is more crucial to the future settlement of
LEO than safety. Unfortunately, more than 20,000 metric tons of
debris has been sent into orbit over the last five decades. While
some of this flotsam has returned to Earth, most of it remains in
orbit and is likely to remain so, possibly for millions of years.
If LEO does eventually host tens of thousands of people, companies specializing in removing debris from orbit will have incentive to help clean it up. Until then, however, any space platforms
or habitations will need to be equipped with collision avoidance
systems to reduce accident risk.
u Jeff Bezos, founder

of Blue Origin
Photo credit: Blue Origin

SPACE MANUFACTURING BECOMES A REALITY
Scientists envision a future in which certain manufacturing processes wind up getting transferred from the Earth, a move that
would both save money and make it easier to send other craft to
explore deep space. Indeed, LEO may also offer manufacturing
opportunities to build superior products. Microgravity offers a
unique environment that provides an almost near-perfect vacuum and excellent conditions for the manufacture of many products. A fiber optic that's uniformly pure when made in microgravity would drastically reduce the number of repeaters needed to
run a signal. Indeed, the signal would extend without attenuation
for hundreds of kilometers longer than you would find on Earth.
New alloys could be combined to produce better single crystal
turbine blades or other types of products — the result being
stronger and lighter parts for aircraft.
Nowadays, spacecraft are built to survive fairly violent liftoffs from their launch pads on Earth. But if you can build a
spacecraft in LEO, the process would require much less material since you're sending less mass into orbit. Deep space
missions won't require rockets to be weighed down with extra
shielding to protect crews against radiation. Or, as Maender
puts it, “you can essentially build butterfly wings instead of
building buttresses for launch.”
What's more, there's the possibility of a space gift for Mother Earth. Looking into the future — perhaps in another century or two — scientists say it's possible to imagine scenarios
in which some of the most environmentally damaging manufacturing processes get moved off the Earth. At that point,
many pollutants currently produced on Earth either will be
processed differently or left in the vacuum of space. 
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Mapping Mars Using
Aerial Reconnaissance
Sometime around February 2021, NASA will drop a new
rotorcraft on Mars that will be the first device to fly in
the atmosphere of a planet besides Earth.
“In deep space exploration we have never done anything
like this before,” said Mimi Aung, the project manager
overseeing a team at NASA's Jet Propulsion Laboratory
(JPL) that has labored since 2013 to demonstrate the viability of heavier-than-air flying vehicles on Mars.
The Mars Helicopter, as it’s called, is a technological marvel. Weighing in at slightly less than four pounds, it sports
a fuselage that’s about the size of a softball. NASA used
off-the-shelf materials, including lightweight avionics, solar
cells, high-density batteries and carbon fibers. The flying
device is also a completely “green” piece of equipment, built
with solar panels that can collect solar energy to recharge
the battery when the helicopter is at rest.
Upon landing, the helicopter will spend most of the day on
the Martian surface recharging its lithium-ion batteries as it
prepares to venture into the Martian atmosphere during the
planned 30-day flight test campaign. The idea is to perform
reconnaissance missions of nearby regions that the Rover
cannot access due to ground impediments or steep terrain.
In its initial flight, the helicopter will hover three meters
above the surface for about 30 seconds. NASA hopes to
send the helicopter as high as 40 meters into the atmosphere. The maximum flight distance will extend a few
hundred meters from the Rover and the longest it will remain aloft at any one time is 90 seconds.
“When we explore the surface with Rovers we want the
ability to see ahead with high-definition images. This is going to allow detailed information about the Martian surface
that we’ve never had before,” Aung said.
NASA controllers will send commands to the Rover,
which will then relay information to the helicopter. The
transmissions will take between four and 12 minutes to arrive. Time lag will vary depending on the relative position of
the Earth and Mars.
The helicopter will need to survive on its own through
the cold Martian nights, which can get down to 90 degrees
below zero centigrade. The unit includes a heating mechanism controlled by an onboard computer that reads the
temperature sensors to prevent freezing. NASA envisions
that future generations of aerial vehicles will be equipped
with far more robust features, allowing them to travel farther and higher.
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FAMILY FOUNDATION

SCI EN CE KN OWS N O B O RD ERS
The Blavatnik Family Foundation salutes the contributions
of American and foreign-born scientists to the United States,
Israel, and the United Kingdom.
Since 2007, the Blavatnik Awards for Young Scientists have honored
249 young scientists and engineers from 44 countries.
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The New York Academy of Sciences
Talent Showcase
Meet the rising stars who are receiving recognition for their ground-breaking research.

The Blavatnik Awards
for Young Scientists
National Winners
By Anni Griswold, NYAS Contributor

LIFE SCIENCES LAUREATE
Janelle Ayres, PhD, The Salk Institute for Biological Studies
An unexpected truce in the war on pathogens
Much of immunology’s past has focused
on defense: Generations of grad students
have untangled host strategies for detecting and eliminating biologic threats. Legions of labs have designed antibiotics to
stock the host’s arsenal. But the field may
have an altogether different future, says
Janelle Ayres, PhD, the Helen McLoraine Developmental Chair of
the NOMIS Center for Immunobiology and Microbial Pathogenesis at the Salk Institute. “The traditional assumption was that you
just had to be able to kill the pathogen — that’s all it took to survive
an infection,” Ayres says. “That didn’t make sense to me because
of the physiological damage that can happen. During an infection,
the host immune response is doing far more damage than the microbe.” More than a decade ago, while other graduate students
traced signaling pathways of the innate immune system, Ayres
— then a doctoral student in David Schneider’s laboratory at

Stanford — pursued an idea gleaned from plant biology literature:
What if humans, like plants, express genes that boost fitness and
allow them to coexist with pathogens until they can safely ride out
an infection? In the years since, Ayres has uncovered an accomplice to the traditional immune system. The “cooperative defense”
system, as she calls it, is less focused on death and destruction
and more on cooperation and survival. “Often, a patient’s immune
system is fully capable of killing an infection, but the patient dies
from the pathology before they’re able to kill the infection,” Ayres
says. Or, in other cases, the pathogen produces toxic compounds
or disrupts physiological functions. By engaging the patient’s cooperative defense system, the patient can remain healthy enough
for the immune system to come in and clear the infection. Her
discovery has inspired a new branch of immunology and earned
Ayres the 2018 Blavatnik National Award for Young Scientists.
In a groundbreaking paper published on September 20th
2018 in Cell, Ayres described the system in action. Mice infected with the diarrheal pathogen Citrobacter, a close relative of
the pathogenic Escherichia coli strains, remain symptom-free by
consuming iron-supplemented chow for two weeks. “We can
promote co-operative defenses by giving a short course of dietary iron, which induces an acute state of insulin resistance,”
she says. “This reduces the amount of glucose absorbed from
the gut and suppresses expression of the pathogen’s virulence
program.” The mice resumed their normal diet after treatment
and are still alive a year later. “They’re perfectly healthy,” Ayres
says. The microbe remains in the mouse gut, but no longer
causes symptoms — even when that microbe is isolated and
injected into naïve mice. “We’re not only able to treat the in-
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fection, but we also turn the microbe into a commensal and we
drive the selection for strains that lose their virulence genes,” she
says. Therapies that engage cooperative defenses could help humans gain an advantage in the war on drug-resistant microbes.
“We are essentially in a pre-antibiotic era, meaning we’re running out of antibiotics that used to be our last resort. Many are
no longer effective,” says Ayres. “We’re basically in as bad shape
now as we were before we even developed antibiotics.” While the
oft-touted solution is to develop newer, stronger antibiotics, Ayres
champions a more farsighted approach. “We need to develop
novel classes of antibiotics, but we also need to acknowledge that
by focusing on methods that kill microbes, we’re driving the global crisis of antimicrobial resistance. We can’t solely think about
treating infections from this antagonistic perspective,” she says.
Therapies that engage the body’s cooperative defenses will drive
human survival rather than microbial demise. As such, those therapies will likely be “evolution-proof,” meaning they won’t further
the problem of drug resistance. Ayres’ findings suggest the war
against pathogens can’t be won with defense alone. “And so,” she
says, “we’re taking a completely different perspective.”

CHEMISTRY LAUREATE
Neal K. Devaraj, PhD, The University of California, San Diego
When molecules become life
The smallest unit of life — the cell — has
fascinated and bewildered scientists for
ages. The prospect of producing a synthetic cell from scratch is particularly
tantalizing, given the practical applications for diagnosing and treating disease.
But to achieve that feat, scientists must address the simplest,
most profound questions. “It’s almost philosophical: What is
life? What is the chemistry from which life can emerge? Quite
literally, when does chemistry become biology?” says Neal K.
Devaraj, PhD, a professor of chemistry and biochemistry at
the University of California, San Diego, and a winner of the
2018 Blavatnik National Award for Young Scientists. “I’m
constantly reminded that life can come about from nothing.
But if you really dive into it, it’s a black box. We really have
no idea how this occurred,” he says. “What’s truly exciting,
from a scientist’s perspective, is the unknown.” Though scientists haven’t yet produced a living cell from synthetic materials, Devaraj and others have come close. Chemistry-minded
teams tend to tackle this goal from the bottom up, recreating
reactions that spawned the first cell. Biology-minded teams
work from the top down, stripping cells to their bare essentials in hopes of revealing the minimum requirements for life.
Devaraj’s team takes a hybrid approach, examining the interface between chemistry and biology. “We’re not so concerned
about the origin of life,” he says. “We’re more concerned about
understanding how one creates materials that mimic cellular
22
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form and function, in a lab, using anything at our disposal.” His
team uses chemical tools to parse biological questions, like
the significance of a cell’s lipid coating. After dissecting the
fatty compounds’ function, his lab introduced synthetic cells
that can reproduce in perpetuity once encased in lipid shells
and fed a proper diet. This has revolutionized strategies for
diagnosing and treating lipid-related disorders. “These cells
are far from being as sophisticated and complex as modern
cells. They don’t contain DNA. They don’t undergo Darwinian
evolution. But looking back at how cells may have evolved billions of years ago, who knows? Maybe the first cells did start
off simply, like this,” he says. Devaraj’s longstanding curiosity
about the origins of life burgeoned during his undergrad years
at MIT, where he pursued a double major in chemistry and
biology. During his doctoral studies at Stanford, he was tasked
with writing a mock proposal for a faculty research position. “I
was imagining what I could work on that would remain really
exciting and difficult for decades,” he recalls. “And I was inspired by this idea of trying to mimic life.” One of his doctoral
advisors, James Collman, specialized in biomimetic chemistry:
creating compounds that mimic enzyme function. “If you think
about it, the natural progression of biomimetic science is to
mimic life itself, to mimic cells,” he says. “I was inspired to take
it a bit further by exploring the minimal chemistry from which
life can emerge.” Though his research is gratifying, Devaraj
says his collaborations with students and postdocs are even
more so. “What really gets me up every morning are the conversations about new data, new ways of thinking. It’s a very
collaborative effort.” Early on, he staffed his lab with post docs
and students that came from diverse backgrounds. “Some of
my first postdocs had a thorough training in synthetic organic
chemistry, much more so than I had. By working together, we
were able to achieve something that neither of us on our own
could have achieved.”

PHYSICAL SCIENCES & ENGINEERING LAUREATE
Sergei V. Kalinin, PhD, Oak Ridge National Laboratory
Sculpting materials from the
finest matter
Sergei V. Kalinin is an architect of the
most peculiar sort. His blueprints are
atomic structures; his pencil an electron
beam. Whereas other architects build
cathedrals brick by brick, Kalinin aims
to build nanomaterials, atom by atom. His tailored materials
could form the groundwork for tomorrow’s microchips, transistors, quantum computers and medical devices. If successful, Kalinin’s advances promise to revolutionize human health,
space flight and the computer-brain interface. “Science rarely
develops along a straight trajectory,” says Kalinin, director of
the Institute for Functional Imaging of Materials at the Oak
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Ridge National Laboratory. His contributions to scanning
transmission electron microscopy and scanning probe microscopy, recognized with the 2018 Blavatnik National Award
for Young Scientists, are no exception. Like many innovations,
Kalinin’s craft came about serendipitously. His tools for building atomic-scale structures stem from a flaw in electron microscopy, a powerful method for observing a material’s crystal
structure. Scientists have long known that the microscope’s
electron beam can inadvertently jostle atoms out of position.
In a 2015 paper in the journal Small, Kalinin and colleagues
fashioned this flaw into a precise, powerful tool for sculpting
atomic matter in 3-D. “The assumption was that if you see
atoms, you will understand them. But that’s not enough,” he
says. “You can image atoms, but the question is what can you
learn from it? Eventually you need to read the blueprints of
nature to understand how an atomic configuration achieves a
certain functionality. Then you can learn how to make your own
blueprints, and use electron beams to build your own configurations.” His interest in the field burgeoned three decades ago,
when the scientific literature buzzed with papers describing
scanning tunneling microscopy. In 1990, the renowned physicist Don Eigler used a scanning tunneling microscope to form
individual atoms of xenon into the letters I-B-M. “That was
essentially the beginning of nanotechnology,” Kalinin recalls.
“In a sense, the fields of nanotechnology and quantum computing are predicated on the ability to put the atoms where we
want them and to characterize the properties of these structures,” he says. “But even more, we need to control and shape
the matter’s electronic properties, and find ways to combine
these materials with existing semiconductor technologies.” To
achieve those goals, Kalinin’s lab uses smart approaches —
artificial intelligence, big data and machine learning — to understand how atoms can be positioned in a way that achieves
a desired function. Working with Stephen Jesse, an expert in
the real-time big data behind scanning probe and electron microcopy, Andy Lupini, an original inventor of aberration correctors in STEM, and Rama Vasudevan and Maxim Ziatdinov,
experts in deep learning applications and physics extraction
from atomically resolved data, they aim to design nanoscale
and mesoscale materials for use in energy storage, information technology, medicine and other applications. “If we talk
about grand ideas like exploring the solar system, we need to
make devices and machines that are light, versatile and can
interact with surrounding materials of any form and action,”
he says. “To achieve that, you need to move from imaging to
understanding to atomic-level control.” 
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Women in STEM:
Shattering “Imposter Syndrome”
By Kari Fischer, PhD, NYAS Staff

Dr. Huda Zoghbi, winner of the Feinstein Institute's 2018 Ross Prize in Molecular Medicine,
reveals how she addresses the challenges facing women in STEM careers.
Huda Zoghbi, MD, is a highly decorated scientist, with multiple month-old daughter at home, she experienced the associated
awards garnered for her work unveiling the genetic mutations anxiety of a working mother who might be missing out. While
underlying two rare neurodegenerative diseases: Rett syndrome seated at a teaching microscope with Dr. Dawna Armstrong,
and spinocerebellar ataxia. After receiving the sixth annual Ross former Professor of Pathology at Baylor, she remembered, “We
Prize in Molecular Medicine (2018), she confessed that she could were not even looking at each other, and she could sense my tennot appreciate her success until well into her 50s. This is far too sion … We’re looking at brain section after brain section, and in
late for a woman in science, when many leave research careers the midst of that she said, ‘You know they sleep all the time at
before they even begin.
this age, you’re not missing much’.” Just one reassuring sentence
While traveling as a guest lecturer, meeting hundreds of brought her instant relief.
young researchers, Dr. Zoghbi observed this same distrust in
This style of mentoring may not come naturally to many, “I
one’s own accomplishments, otherwise known as “imposter don't expect every mentor to be super nurturing, and that’s
syndrome,” in women, but not in men. “Many women doubted okay … give your trainees an opportunity to find other menif they could be good enough; that they could move on to the tors to help them in areas where you don’t feel qualified.” She
next step of their careers.”
also cautions that in the same way small gestures can bolster
These women are manifestations of the “leaky pipeline” — in a career, a few words can also derail one, even if that was not
2015, only 35 percent of tenured biology professors were women, the intention. “Women have shared with me, ‘I dropped out of
though they represented over half of the PhD candidates. Their science because my mentor said ‘X’, and that made me believe I
career misgivings are one among many challenges women face, can’t do it.’” She emphasized, “What you say can have a lasting
including an overlap in timing between
impact on your trainees.”
“She shares her experience
postdoctoral fellowships, seeking tenure,
On a larger scale, scientific prizes like
and starting a family; potential psychiatthe Ross Prize are another way to extend
to effectively tell them
ric disorders and depression (one-third
‘If I can do it, you can do it.’” a message of affirmation to women. “I get
of PhDs are at risk); and pervasive gender
embarrassed by the attention,” Dr. Zoghdiscrimination. An understandably difficult path.
bi admits. “[But] so many young girls emailed me, and told me
Describing her own trainees, “I see the drive, the intellect, the that after watching the videos of [an acceptance] speech, now
value they bring to science, and it troubles me when I see them they want to be a scientist and they believe they can do it.” The
going on a job interview, not walking out of the lab with the approbation and visibility female scientists receive from these
same confidence as a man.” Dr. Zoghbi’s approach for coun- awards galvanizes the next generation. With more mentors like
tering self-doubt is simple, and easy to apply while other barri- Dr. Zoghbi, their biggest challenge will not be themselves, but the
ers await institutional change. She uses the best tool a scientist science itself — which is as it should be. 
has: evidence. “Whenever a woman in my lab would tell me,
‘I just don't know if I can make it,’ I would pull out my CV and The Ross Prize in Molecular Medicine was established in
show them where I was at their stage, and highlight how much conjunction with the Feinstein Institute for Medical Research
more impressive they are.” She share shares her experience to and Molecular Medicine.
effectively tell them “If I can do it you can do it” … “I think that
simple act helped me keep many women in science.”
She models her actions on the women who supported her own
uDr. Huda Zoghbi, with Hsiao-Tuan
career. While crediting her scientific mentors for her success, Dr.
Chao, MD, PhD, previously a graduate
Zoghbi also recognizes the importance of her “life mentors,” and
student in the lab who recently
completed a child Neurology
the little moments that were impactful.
residency and was named winner
Upon returning to her neuropathology rotation, with a two
of the NIH DP5 award.
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Academy eBriefings
eBriefings are online multimedia reports documenting recent Academy events.
Find new and noteworthy ones on our website.

Immigration q

Hidden Hunger q

Fibrosis 

Women's Health 

ADVANCES IN TRANSLATIONAL MODELS TO STUDY FIBROSIS
Fibrosis is the critically important process that allows our blasts, myofibroblasts, fibrocytes and pericytes, migrate into
tissues and organs to heal themselves after injury; it allows the wound site or are produced in situ from other cell types.
organs to remodel to meet physiological needs. Because of These effector cells also produce profibrotic signaling moleits importance, fibrosis occurs through multiple, redundant cules, creating a positive feedback loop that stimulates furmechanisms that include a wide range of signaling pathways ther fibrosis. Fibroblasts and myofibroblasts, the key cells in
and effector cells. While protective, these mechanisms also this process, use their abilities to produce extracellular matrix
provide many opportunities for things to go wrong, leading (ECM) and change shape to stiffen, thicken and remodel surto the overproduction of fibrotic tissue. Excessive, pathologic rounding tissue.
fibrosis is a feature of some of the most common causes of
Although the end result is excess fibrotic tissue, the exact
human disease, disability and death, including heart failure, details of pathologic fibrosis can differ considerably in specific
liver cirrhosis and chronic kidney disease (CKD). A number of tissues and organs. On April 17, 2018, nine researchers who are
rare diseases, such as systemic sclerosis (SSc) and idiopath- using a wide range of experimental models to investigate these
ic pulmonary fibrosis (IPF), are also caused by the pathologic details convened at the New York Academy of Sciences to disaccumulation of fibrotic tissue.
cuss their research progress. Several researchers discussed
Extensive study of pathologic fibrosis over the past few de- studies on SSc, including Jonathan Garlick, who described his
cades has led to considerable insight into its molecular mech- work developing three-dimensional in vitro models of SSc skin
anisms. Fibrotic changes often begin with epithelial cell injury, that can better replicate in vivo conditions and thus provide
which stimulates an inflammatory response and triggers the new insight into fibrotic mechanisms for drug development.
wound-healing response. Immune cells that are recruited to Robert Lafyatis discussed genomic and single cell gene exthe injury site produce profibrotic signaling molecules, such as pression work using SSc skin biopsies that has identified pocytokines and growth factors that stimulate and recruit other tential biomarkers for disease severity as well as shed light
cell types. Fibrogenic effector cells, which can include fibro- on fibroblast heterogeneity in normal and diseased skin.
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Galina Bogatkevich described work focused specifically on
the interstitial lung disease experienced by patients with SSc,
including the identification of regulatory pathways leading to
fibrosis in SSc lungs and discovery of a potentially therapeutic
peptide. Two other researchers also described work on lung
fibrosis, but in the setting of IPF: Eric White, who is studying
the ECM’s role in regulating fibrosis in lungs from individuals
with and without IPF, and Scott MacDonnell, who is using single cell sequencing to investigate fibroblast heterogeneity in
IPF lungs in an effort to identify drug targets.
Pathologic fibrosis was discussed in the context of kidney
and gastrointestinal disease as well. Researchers working in
the area of CKD included Katalin Susztak, who is using human
kidney tissue and mouse models to identify genes involved in
kidney fibrosis; Joseph Bonventre, who is developing kidney
organoids to investigate kidney disease mechanisms and potential therapies; and Mary Choi, whose detailed analysis of
signaling pathways in kidney fibrosis has suggested new therapeutic targets and research avenues. In the gastrointestinal
context, Florian Rieder presented his work on bowel strictures
in patients with Crohn’s disease, which result from pathologic
fibrosis that is regulated somewhat differently than fibrosis in
other tissues and diseases. Work on pathologic fibrosis has
advanced considerably in the past few decades. The continuing development of new experimental systems to study this
ubiquitous phenomenon will contribute greatly to the development of new therapeutic approaches to fibrotic disorders,
many of which currently have no effective treatments.
Full eBriefing by Megan Stephan:
https://www.nyas.org/ebriefings/2018/advances-in-translational-modelsto-study-fibrosis/

HIDDEN HUNGER: SOLUTIONS FOR AMERICA’S
AGING POPULATION
Micronutrient deficiency in older adults is caused by a number of
biological factors, such as reduced absorption and environmental
factors, including food access. These factors may not be immediately obvious to health care providers and are often referred to as
“hidden hunger.” As a result, the condition is not well diagnosed
or documented. On March 23, 2018, the Sackler Institute for Nutrition Science at the New York Academy of Sciences presented
Hidden Hunger: Solutions for America’s Aging Population. This
one-day event, designed for public health officials, healthcare
practitioners and scientists interested in elder nutrition, focused
on our current understanding of hidden hunger in the U.S. and
highlighted the policies that encourage quality health care practices and promote adequate nutrition among the elderly.
Full eBriefing :
https://www.nyas.org/ebriefings/2018/hidden-hunger/

IMMIGRATION INFO SESSION FOR ADVANCED
DEGREE HOLDERS IN STEM
Immigrants account for a significant share of advanced degree
holders in STEM fields in the United States and are crucial to the
country’s continued edge in technological innovation. In fact, the
National Science Foundation estimates that the current number
of immigrant scientists and engineers in the U.S. workforce is
5.2 million, constituting almost 20 percent of the sector. But the
avenues for foreign nationals not only to enter this country, but
also to continue their work, may seem complicated. On April 10,
2018, the Columbia University Postdoctoral Society, INET NYC,
Españoles Científicos en USA – NY, and the New York Academy
of Sciences hosted an Immigration Info Session for Advanced Degree Holders in STEM. The event provided a unique opportunity
for international PhD students, postdocs and other early-career
researchers to learn about their options to obtain a work visa
(H1B, O1) or permanent residency (including family-based, EB1,
EB2, DV lottery).
Full eBriefing by Kristifor Sunderic:
https://www.nyas.org/ebriefings/2018/immigration-info-session-foradvanced-degree-holders-in-stem/

IMPROVING WOMEN’S HEALTH: HIV, CONTRACEPTION,
CERVICAL CANCER, AND SCHISTOSOMIASIS
Approximately 36.7 million people currently live with HIV worldwide. Successful treatment with antiretroviral therapy has controlled the virus and prevented transmission in more than 20 million people. However, barriers to treatment and prevention such
as stigma and discrimination, especially against women, are still
prevalent in the communities most affected by HIV. According to
the United Nations, an integrative strategy is required, not only in
response to HIV, but also for the advancement of women’s sexual
and reproductive health and rights. To accomplish this, they have
focused on three main areas of intersection between HIV and
women’s health: hormonal contraception, cervical cancer and
female genital schistosomiasis (FGS). Recent scientific advances
raise the possibility of enhancing women’s health through closer collaboration and engagement between women, their health
care providers and health programmers, and policy makers.
On March 15, 2018, the Joint United Nations Programme on
HIV/AIDS , the World Health Organization, and the Microbiology
& Infectious Diseases Discussion Group at the New York Academy of Sciences presented Improving Women’s Health: HIV, Contraception, Cervical Cancer and Schistosomiasis. Coinciding with
the 62nd session of the UN, the daylong symposium focused on
improving women’s health in line with the UN Sustainable Development Goals designed to broaden community response to HIV
and identify methods of intervention and treatment for reproductive diseases that afflict women.
Full eBriefing by Pinelopi Kyriazi:
https://www.nyas.org/ebriefings/2018/improving-womens-health/ 
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Annals Highlights
Annals of the New York Academy of Sciences is the premier publication of the Academy,
offering review articles in topical areas and proceedings of conferences.
programs. There remains an urgent need to prioritize the improvement and expansion of evidence-based programs by
examining how, for whom, and at what cost the programs are
implemented across the different stages of scale.
Special Issue:
Implementation Research and
Practice for Early Childhood Development
Ann NY Acad Sci 1419: 1–271
May 2018

Fostering early
childhood development
Globally, 250 million children fail to meet developmental potential in the first five years of life — 45 percent of all children
under five. Young children require nurturing care in order to
thrive and develop healthily. Yet, few programs that support
development and enable nurturing actually reach young children and caregivers.
While a growing body of evidence describes what interventions work and show promise for supporting young children’s
development, little exists on how to implement effective programs at scale.
A series of commissioned papers on implementation research and practice for early childhood development (ECD)
was published in May 2018. The collection of 19 papers serve
as a guide for better implementation research and practice, including improved reporting of implementation structures and
processes of ECD programs. The special issue advances evidence on implementation to effectively scale-up high quality
interventions for nurturing care that promote ECD, and calls for
evidence on implementation of nurturing care interventions.
Authored by global researchers and practitioners — from
academicians, funders, think tanks, UN agencies and non-government organizations — the papers relay experiences of
adaptation of nurturing-care interventions and evaluation of
implementation effectiveness trials of home visits as well as
community-based and preschool interventions.
Other topics include costing and financing interventions that
support ECD, shaping demand, supporting ECD in fragile contexts, capacity building and transitioning to scale. Global programmatic experiences include descriptions from trials in Australia, Brazil, Colombia, India, Jamaica, Malawi, Pakistan, South
Africa and Zimbabwe.
The special issue is intended to serve as a guide for better
implementation research and practice, including improved reporting of implementation structures and processes of ECD
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Treating the destructive
effects of metabolic
syndrome
Metabolic syndrome (MetS) is a group of various metabolic abnormalities including high blood sugar, insulin resistance, high
blood pressure, abdominal obesity and high serum triglycerides
that is linked to a much greater risk of developing type 2 diabetes and cardiovascular disease. MetS has become prevalent in
recent decades due to rising obesity from the easy availability
and overconsumption of high-calorie foods and an increasingly
sedentary lifestyle; it is a major public health concern.
In an effort to treat MetS, researchers have been studying
various compounds. Melatonin, a neurohormone known for
regulating circadian rhythm and has antioxidant and anti-inflammatory effects that can improve metabolic disorders.
Researchers previously showed that the drug ramelteon —
a powerful and highly selective agonist of the high-affinity receptors for melatonin, which has the same antioxidant and anti-inflammatory effects as melatonin — could improve the high
blood pressure and weight gain in a rat model of hypertension.
However, it was unclear what effects ramelteon would have on
metabolic disorders such as MetS.
In Effects of ramelteon on cardiac injury and adipose tissue pathology in rats with metabolic syndrome, Kohzo Nagata and colleagues
at Nagoya University demonstrate that ramelteon improves a
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number of the pathological features in a rat model of MetS.
Among the improvements, cardiac damage observed in
MetS rats was reduced; the rats had less left ventricular fibrosis
and cardiac oxidative stress, as well as less inflammation that
appeared to be the result of antioxidative effects of ramelteon
acting in the heart as a scavenger of free radicals that can induce cardiac injury.
Ramelteon also attenuated weight gain seen in the MetS rats.
And while it did not reduce the mass of the problematic abdominal white adipose tissue, it did lessen the pathological inflammation seen in this tissue. Another positive effect of ramelteon
was to prevent the pathological conversion of brown adipose
tissue — which has the beneficial effect of burning fat to generate heat — to white adipose tissue.
Overall, these results suggest that ramelteon is promising for
treating various aspects of MetS. The authors note, however,
that further research will be necessary to characterize the molecular basis of the effects of ramelteon on MetS.
This original article from Nagata and colleagues is included
among three review articles and five original articles in the June
special issue Annals Reports. 
Special Issue:
Annals Reports
Ann NY Acad Sci 1421: 1–109
June 2018

Additional Recent Annals volumes

volume 1420, special issue

may 2018

Special Issue:
The Year in Neurology and Psychiatry
Ann. N.Y. Acad. Sci. 1420: 1–71
May 2018

The Year in Neurology and Psychiatry

volume 1422, special issue

june 2018

The Year in Evolutionary Biology

volume 1423, special issue

july 2018

The Neurosciences and Music VI:
Music, Sound, and Health

volume 1424, special issue

july 2018

Special Issue:
The Year in Evolutionary Biology
Ann. N.Y. Acad. Sci. 1422: 1–103
June 2018

Special Issue:
The Neurosciences and Music VI
Ann. N.Y. Acad. Sci. 1423: 1–446
July 2018

Special Issue:
Attention in Working Memory
Ann. N.Y. Acad. Sci. 1424: 1–177
July 2018

Attention in Working Memory

THE NEW YORK ACADEMY OF SCIENCES
AND JOHN WILEY & SONS
ANNOUNCE A JOINT BOOK SERIES
Academy Members are invited to submit proposals for scholarly
book projects in any field of the life and physical sciences.
Proposals should include:

• A detailed outline of the book
• An estimated length and timeframe for completion
• Author(s) curriculum(s) vitae

Proposals and/or questions should be submitted to annals@nyas.org

Academy
Members enjoy a
25% discount
on everything at
wiley.com
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THE LAST WORD

Creating a Sustainable Infrastructure,
1,000 Miles Above Earth
A chance to get it right from the start.
If you are a person of a “certain age,” you may remember a
bright summer day nearly 50 years ago when grainy black
and white images were beamed down to our television sets
from the surface of the moon. The world watched in awe as
an astronaut named Neil Armstrong stepped gingerly onto its
dusty surface.
When he uttered the now immortal words “That’s one small
step for a man, one giant leap for mankind,” we knew we had
done it. Humankind had achieved what was once thought to
be laughably impossible — developed the technology to escape the gravitational pull of our home planet and land on
another terrestrial surface. How could anyone feel anything
other than the most incredible sense of pride and wonder?
And of course for Americans, it was a defining moment —
as a nation we had won the “space race” through a technological achievement by which all others would be measured.
In the decades since, space travel has become relatively
commonplace. There were seven subsequent manned moon
missions, as well as unmanned missions conducted by the
Soviet Union, the European Space Agency, Japan, India and
the People’s Republic of China. Later, the Space Shuttle would
serve as the world’s first interstellar “work horse,” carrying
and fetching loads back and forth from the International Space
Station. Such trips barely registered on the news cycle.
Fast forward to 2018 and we stand on the precipice of a new
“space race.” There are billions of dollars in private investment
being pumped into various space related start-ups around the
world, making the commercial space race — in theory at least
— anyone’s to win. Technology and capital hurdles aside, this
is an opportunity for humanity to get something right from the
beginning. The UN Sustainable Development Goals, launched
in 2015, represent an unprecedented global commitment to
addressing global challenges through collective action in science and technology. But they are also a potent reminder of
what is at stake if we fail — combatting hunger, educating children, developing new treatments for disease and new technologies to support sustainable infrastructure and economic
development. As we mobilize to address these worthy goals,
we must also recognize the lessons to be learned from our
past mistakes, and apply them to the sustainable development of space for human use.
Unlike Earth, space has no borders. We cannot rope off a
section or build a wall and say to others “this is ours and you
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may not enter.” Perhaps the greatest challenge of the next
century will be to build a space infrastructure that will serve
all of humanity, rather than only a privileged few. How will
we construct buildings in space and where will we put them?
How will we grow food? How will space traffic be managed?
Who will collect all that space trash? There are already a
myriad of issues to be addressed — and these are the ones
we know about. It will require collaboration across all of our
planet’s governments, and across the global scientific community, to develop answers to these questions and the ones
still to be asked.
Much of our work at the New York Academy of Sciences is
tied to achieving the UN Sustainable Development Goals because we believe that they can be achieved, and they WILL be
achieved, if we work together. As NASA, other space agencies and private sector companies ponder humanity’s future
in space, it is incumbent on all of us in the scientific community and the public at large to consider what that future might
be. If we’re smart and are willing to learn from past mistakes,
we stand a very good chance of getting it right from the beginning. And maybe as we aim for a sustainable future in space,
we’ll succeed in solving the major challenges facing our own
planet along the way.
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THE FUTURE OF
STEM IS POWERED
BY WOMEN!

“With the help of a mentor
who was as invested in my
ambitions as I was, my career
goals no longer seemed like
abstract, far away dreams.“
– Urooj A. New York, NY

“Before, I was afraid of facing challenges
that might occur in my journey to
become a scientist…Thanks to the 1000
Girls, 1000 Futures program, I have
developed [the] skills necessary for
my success, and...I am now able to see
myself as a scientist, doing research in
the laboratory in the near future.”
- Tsion T; Hawassa, Ethiopia

1000 Girls, 1000 Futures is a groundbreaking global initiative to
support and encourage young women interested in science, technology,
engineering, and math (STEM), and advance their pursuit of STEM careers.
Since launching in 2015, the program has inspired more than
1000 girls from over 90 countries.

Become a mentor today
and inspire the next generation of women in STEM!
VISIT NYAS.ORG/1000GIRLS

7 World Trade Center
250 Greenwich Street, 40th floor
New York, NY 10007-2157

@ the New York Academy of Scienc es

HOST YOUR NEXT EVENT AT
Downtown Manhattan’s
Hidden Gem
High above the hustle and bustle of New York City’s
streets sits The Helix @ the New York Academy of
Sciences, a full-service sustainable event space offering
breathtaking views and epicurean catering, and
providing a guest experience that will leave your group
talking about your event long after it’s over.
From high-level conferences to galas and private parties, The
Helix @ the New York Academy of Sciences, with its dazzling
backdrop of the Manhattan skyline, can accommodate from
25 to 500 guests in four magnificent event spaces.

FOR MORE INFORMATION,
OR A VIRTUAL TOUR OF THE SPACE,
visit www.nyas.org/rent-our-space, or contact
Shana Fiorianti, Sales Manager at hostanevent@nyas.org.

