“We are at a crucial moment in our collective
effort to build sustainable, equitable and
inclusive societies.” p5

“The SDGs … (are) overlapping,
they’re not clean, with sub-areas that are
not mutually exclusive.” p6

“What do we do with all this stuff? …
We’ll stick it all in a hole. Then we became aware
that we don’t have enough holes.” p17

SCIENCES
TH E N E W YO R K AC ADE MY O F

M A G A Z I N E

•

S P R I N G

2 0 1 8

17 GOALS TO “PRESERVE AND CHERISH
THE PALE BLUE DOT” p31


W W W. NYA S .O RG

BOARD OF GOVERNORS
CHAIR
Paul Horn, Senior Vice
Provost for Research,
New York University
Senior Vice Dean for
Strategic Initiatives and
Entrepreneurship, NYU
Polytechnic School of
Engineering
VICE-CHAIR
Paul Walker, Technologist
and Philanthropist
TREASURER
Donna Milrod, Former
Managing Director and
Head of DTCC Solutions,
Chairman of the Board of
DTCC Deriv/SERV LLC and
Chairman of the Omgeo
Board of Managers
PRESIDENT
Ellis Rubinstein, President
and CEO, The New York
Academy of Sciences

SECRETARY
Larry Smith, The New York
Academy of Sciences
GOVERNORS
Dr. Ellen de Brabander,
Senior Vice-President,
Research and Development
Global Functions,
Governance and
Compliance, PepsiCo
Jacqueline Corbelli,
Chairman, CEO and
Co-Founder, Bright Line
Mikael Dolsten, President,
Worldwide Research and
Development; Senior
Vice President, Pfizer Inc
MaryEllen Elia, New York
State Commissioner of
Education and President of
the University of the State
of New York (USNY)
Elaine Fuchs, Rebecca C.
Lancefield Professor in
Mammalian Cell Biology
and Development, The
Rockefeller University;

Investigator, Howard
Hughes Medical Institute
Beth Jacobs, Managing
Partner of Excellentia Global
Partners
John E. Kelly III, SVP,
Solutions Portfolio and
Research, IBM
Seema Kumar, Vice President of Innovation, Global
Health and Science Policy
Communication for Johnson
& Johnson
Pablo Legorreta, Founder
and CEO, Royalty Pharma
David K.A. Mordecai,
RiskEcon® Decision Metrics
Lab/New York University,
Courant Institute of Mathematical Sciences & Stern
Graduate School of Business
Gregory A. Petsko,
Professor of Neurology at
Weill Cornell Medicine in
New York City, and Tauber
Professor of Biochemistry
and Chemistry, Emeritus,

at Brandeis University in
Waltham, Massachusetts
Thomas Pompidou, Founder
and Partner at Marker LLC
Kathe Sackler, Founder
and President, The Acorn
Foundation for the Arts &
Sciences
Mortimer D. A. Sackler,
Member of the Board,
Purdue Pharma
Peter Thorén, Executive
Vice President, Access
Industries
William Wachtel, Partner,
Wachtel Missry LLP
Grace Wang, Vice Chancellor
for Research and Economic
Development for the State
University of New York
(SUNY)
Michael Zigman, President
and CEO, NYC FIRST

S. “Kris” Gopalakrishnan,
Chairman, Axilor Ventures;
Co-founder Infosys
Paul Greengard, Nobel Laureate; Prof. of Molecular and
Cellular Neuroscience, The
Rockefeller University
Glenda Greenwald, President, Aspen Brain Institute
David Gross, Nobel Laureate;
Chancellor’s Chair Professor
of Theoretical Physics,
Kavli Institute for Theoretical
Physics, UCSB
William A. Haseltine, Chairman and President, ACCESS
Health International, Inc.
Hon. Jerry MacArthur
Hultin, Senior Presidential
Fellow, New York University;
President Emeritus, Polytechnic Institute of NYU; former
Under Secretary of the Navy
Eric Kandel, Nobel Laureate;
Prof., Physiology and Cell
Biology, Columbia University
Mehmood Khan, Vice Chairman and Chief Scientific
Officer of Global Research
and Development, PepsiCo
Roger Kornberg, Nobel Laureate; Professor of Medicine,
Stanford University Medical
School
Kiyoshi Kurokawa, Former
Science Advisor to the Prime
Minister of Japan; Professor,
National Graduate Institute
for Policy Studies (GRIPS)
Leon Lederman, Nobel
Laureate; Pritzker Prof. of
Science, Illinois Inst. of Tech.;
Resident Scholar, Illinois
Math and Science Academy
Roderick MacKinnon, Nobel
Laureate; John D. Rockefeller,
Jr. Prof., The Rockefeller University; Investigator, HHMI
Richard Menschel, Senior
Director, Goldman Sachs

Ronay Menschel, Chairman
of the Board, Phipps Houses;
Board of Overseers, Weill
Cornell Medical College
Ferid Murad, Nobel Laureate; Director, IMM Center for
Cell Signaling, The University
of Texas at Houston
John F. Niblack, Former President, Pfizer Global Research
and Development; Honorary
Life Governor, The New York
Academy of Sciences
Paul Nurse, Nobel Laureate;
Former President, The
Rockefeller University;
Former President, The
Royal Society, London; Chief
Executive, The Francis
Crick Institute
Yoshinori Ohsumi, Nobel
Laureate; Professor, Institute
of Innovative Research, Tokyo
Institute of Technology (IIR)
John O’Keefe, Nobel Laureate; Wellcome Trust Principal
Research Fellow and Prof.
of Cognitive Neuroscience,
Sainsbury Wellcome Centre,
University College London
Venkatraman Ramakrishnan, Nobel Laureate; President, The Royal Society
Richard Roberts, Nobel Laureate; Chief Scientific Officer,
New England Biolabs
James E. Rothman, Nobel
Laureate; Yale University
School of Medicine, Fergus
F. Wallace Professor of
Cell Biology and Professor
of Chemistry; Chairman,
Department of Cell Biology;
Director, Nanobiology
Institute
Jeffrey D. Sachs, Special
Advisor to the UN Secretary
General on the Sustainable Development Goals
and Director of Center for
Sustainable Development,
Columbia University

PRESIDENT’S COUNCIL
Peter Agre, Nobel Laureate;
Univ. Prof. and Director,
Johns Hopkins Malaria
Research Inst., Dept.
Molecular Microbiology and
Immunology, Bloomberg
School of Public Health
Richard Axel, Nobel
Laureate; University
Professor, Columbia Univ.;
Investigator, HHMI
David Baltimore, Nobel
Laureate; President
Emeritus, Caltech
Etienne-Emile Baulieu,
Former President, French
Academy of Sciences
Paul Berg, Nobel Laureate;
Professor Emeritus, Dept.
of Biochemistry, Stanford
University
Len Blavatnik, Chairman,
Access Industries, Inc.
Irina Bokova, Former Director General, United Nations
Educational, Scientific
and Cultural Organization
(UNESCO)
Sydney Brenner, Nobel
Laureate; Distinguished
Prof., Salk Inst.
Michael S. Brown, Nobel
Laureate; Prof. of Molecular
Genetics, Univ. of Texas
Southwestern Medical
Center
Linda Buck, Nobel Laureate;
Investigator for HHMI;
Member of the Fred
Hutchinson Cancer
Research Center
Karen E. Burke, Dermatologist and Research Scientist;
Honorary Life Governor,
The New York Academy
of Sciences
Thomas R. Cech, Nobel
Laureate; Distinguished
Prof., University of
Colorado, Boulder

Martin Chalfie, Nobel Laureate; University Professor
of Biological Sciences,
Columbia University
Steven Chu, Nobel Laureate;
William R. Kenan, Jr. Prof. of
Physics, Prof. of Molecular
and Cellular Physiology,
Stanford University; Former
U.S. Secretary of Energy
Aaron J. Ciechanover, Nobel
Laureate; Distinguished Research Professor, Tumor and
Vascular Biology Research
Center, Faculty of Medicine,
Technion-Israel Inst. of Tech.,
Haifa, Israel
Kenneth L. Davis, President
and CEO of the Mount Sinai
Health System in New York
City
Peter Doherty, Nobel Laureate; Researcher, St. Jude
Children's Research Hospital,
Memphis, Tennessee; Univ.
of Melbourne, Australia
Mikael Dolsten, President,
Worldwide Research and
Development; Senior
Vice-President, Pfizer Inc
Jan Eliasson, Former Deputy
Secretary-General to the
United Nations
Edmond H. Fischer, Nobel
Laureate; Professor Emeritus,
Department of Biochemistry,
University of Washington
Joachim Frank, Nobel
Laureate; Director, Frank Lab,
Columbia University
Jerome I. Friedman, Nobel
Laureate; Institute Professor
and Professor of Physics,
Emeritus, Massachusetts
Institute of Technology
Joseph Goldstein,
Nobel Laureate; Chairman,
Molecular Genetics, Univ.
of Texas Southwestern
Medical Center

INTERNATIONAL
BOARD OF GOVERNORS
Seth F. Berkley, Chief Executive Officer, The Global

Alliance for Vaccines and
Immunization
Stefan Catsicas, Chief Technology Officer Nestlé S.A.
Gerald Chan, Co-Founder,
Morningside Group
Alice P. Gast, President,
Imperial College, London
S. “Kris” Gopalakrishnan,
Chairman, Axilor Ventures;
Co-founder Infosys
Toni Hoover, Director
Strategy Planning and
Management and COO for
the Global Health Program,
The Bill and Melinda Gates
Foundation
Johan Rockström, Executive
Director of the Stockholm
Resilience Centre, Chairman
of the EAT Advisory Board
Paul Stoffels, Chief
Scientific Officer, Johnson
& Johnson; member of
the Johnson & Johnson
Executive Committee &
Management Committee;

Bengt Samuelsson, Nobel
Laureate; Prof., Medical
and Physiological Chem.,
Karolinska Inst.; Former
Chairman, The Nobel
Foundation
Ismail Serageldin, Emeritus
Librarian of the Bibliotheca
Alexandrina and member of
the Board of Trustees of the
library of Alexandria
Phillip A. Sharp, Nobel
Laureate; Director, The McGovern Institute, MIT Center
for Cancer Research
Feike Sijbesma, CEO/Chairman of the Managing Board,
Royal DSM
Paul Stoffels, Chief
Scientific Officer, Johnson
and Johnson; member of
the Johnson and Johnson
Executive Committee and
Management Committee;
Worldwide Co-Chairman,
Pharmaceuticals Group
Jack W. Szostak, Nobel Laureate; Investigator, Howard
Hughes Medical Institute;
Professor of Genetics,
Harvard Medical School;
Professor of Chemistry and
Chemical Biology, Harvard
University; Alex. A. Rich
Distinguished Investigator,
Department of Molecular
Biology, Massachusetts
General Hospital
Diana Taylor, Vice-Chair,
Solera Capital LLC
Marc Tessier-Lavigne, President, Stanford University
Craig B. Thompson, President and CEO, Memorial
Sloan Kettering Cancer
Center
Shirley Tilghman, President
Emerita/Professor of
Molecular Biology,
Princeton University

Worldwide Co-Chairman,
Pharmaceuticals Group
CHAIRS EMERITI
John E. Sexton, Former
President, New York
University
Torsten N. Wiesel, Nobel
Laureate & former Secretary
General, Human Frontier
Science Program Organization; President Emeritus,
The Rockefeller University
Nancy Zimpher, Chancellor
Emeritus, The State University of New York (SUNY)
HONORARY
LIFE GOVERNORS
Karen E. Burke, Dermatologist and Research Scientist
John F. Niblack, Former
President, Pfizer Global
Research & Development

Rainer Weiss, Nobel
Laureate; Professor
of Physics, Emeritus
Massachusetts Institute
of Technology
George Whitesides,
Woodford L. and Ann A.
Flowers University Professor,
Harvard University
Torsten N. Wiesel, Nobel
Laureate; Chairman Emeritus, The New York Academy
of Sciences; Former Secretary General, Human Frontier
Science Program Organization; President Emeritus,
The Rockefeller University
Frank Wilczek, Nobel
Laureate; Herman Feshbach
Professor of Physics,
Massachusetts Institute
of Technology
Ernst-Ludwig Winnacker,
Secretary General, Human
Frontier Science Program
Organization; Former
Secretary General, European Research Council;
Former President, Deutsche
Forschungsgemeinschaft,
Germany
Andrew Witty, Chancellor,
University of Nottingham
UK; Former Chief Executive
Officer, GlaxoSmithKline
Michael W. Young, Nobel
Laureate; Richard and Jeanne
Fisher Professor/Vice President for Academic Affairs,
The Rockefeller University
Tan Sri Zakri Abdul Hamid,
Science Adviser to the Prime
Minister of Malaysia
Elias Zerhouni, President,
Global Research and Development, Sanofi France
Guangzhao Zhou, Former
Chairman, Chinese
Association of Science
and Technology

SPRING 2018

Contents
Executive Editor
Marie Gentile
Copy Editors
Robert Birchard
Mandy Carr
Design
Strong Studio NYC
LLC
Matthew Strong
Kate Allaire
Contributors
Robert Birchard
Douglas Braaten
Mandy Carr
Charles Cooper
Jennifer Costley
Alan Dove
Lori Greene
Ann Griswold
Hallie Kapner
New York Academy of
Sciences Members
Lauren Savage
Charles Ward
Dan Zenowich

Editorial Office
7 World Trade
Center
250 Greenwich St,
40th Fl
New York, NY
10007-2157

COVER STORY:
17 GOALS TO PRESERVE AND
CHERISH THE PALE BLUE DOT
4

P: 212.298.8645
F: 212.298.3655
Email: magazine@
nyas.org
Membership &
Annals Orders
P: 212.298.8640
F: 212.298.3650
Email:
customerservice@
nyas.org

6

9

Advertising
Inquiries
P: 212.298.8636
Email: magazine@
nyas.org
Visit the Academy
online
www.nyas.org

The New York Academy of Sciences is committed
to sustainable practices. This magazine was
printed on recycled Forest for All Forever
https://ic.fsc.org/en stock in soy-based inks.

12

“The [Millenium Development
Goals] have helped to end
poverty for some, but not for
all. The SDGs must finish the
job and leave no one behind.”


p4

NEW YORK ACADEMY OF SCIENCES
TALENT SHOWCASE
20

17 GOALS TO TRANSFORM
OUR WORLD
The evolution of the Sustainable
Development Goals.

Meet the inaugural honorees of
the Blavatnik Awards for Young
Scientists in Israel and the U.K.

24

SCIENTISTS STEP INTO
NEW ROLES TO END POVERTY
How economic development
provides a key to ending poverty
and reducing inequalities.

The Innovators in Science
Awards honorees are breaking
new ground in neuroscience.

COLUMNS
26 ACADEMY eBRIEFINGS
Summaries of recent eBriefings.

GOOD HEALTH FROM
THE GROUND UP
Researchers are looking at cultivating sustainable new food sources
to reduce hunger and promote
good health and well-being.
SCIENCE AND THE CITY
Cities present promising opportunities to make urban development
more sustainable.

THE CUTTING EDGE
16 TECH’S MESSY CHALLENGE:
FINDING THE Rx FOR
GLOBAL E-WASTE
A look at the growing problem
of technology waste.

28

ANNALS HIGHLIGHTS
Recent and upcoming Annals
volumes.

30

THE LAST WORD
A Time for Us.

17 Goals to Transform
Our World by 2030
In 2015 the United Nations (U.N.) adopted the 2030 Agenda for Sustainable Development and the
Sustainable Development Goals (SDGs), an ambitious plan to end poverty, protect the planet, and
ensure prosperity for all. Since that time, the New York Academy of Sciences — with the support of the
U.N. — has convened two Summits on Science and Technology Enablement for the Sustainable
Development Goals.
In this issue of the New York Academy of Sciences Magazine, we learn about research being
conducted by Academy Members and others in the scientific community that will help these
goals guide the transformation our world.

Finding Common
Solutions in a
Disparate Global Society
By Dan Zenowich, NYAS Contributor
The 17 transformative Sustainable Development Goals (SDGs)
are universal and inclusive and were designed with the intent that
they would help all countries — from the richest and most advanced, to the poorest and least developed.
The SDGs were not plucked out of thin air. They were three
years in development, coinciding with the 2015 conclusion of
the eight Millennium Development Goals (MDGs) and built
upon their accomplishments and lessons. They are a plan of
collective action by the international community to transform
our world in ways that harmonize economic growth, social inclusion and environmental protection.
Amina Mohammed, the Deputy Secretary-General of the U.N.,
who — before joining the U.N. — also served as Special Advisor
on the MDGs, provides a valuable perspective. “The MDGs were
a huge success which mobilized the international community as
never before. Progress has been remarkable but there is still considerable work to do,” she said. “The MDGs have helped to end
poverty for some, but not for all. The SDGs must finish the job
and leave no one behind.”
FROM MDGS TO SDGS
Whereas the MDGs focused on a limited number of goals to address the most pressing needs in some of the world’s least developed countries, the SDGs have expanded their scope to encompass the entire world and the needs of everyone — no small task!
With such an ambition, it was essential that the SDGs be
formulated in a participatory way. To that end, the development process embraced society in all its complexity, ensured
that all 193 U.N. member states participated, surveyed some
4
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5 million-plus individuals about their wants and needs, and
made sure that 1,000-plus civil society groups and NGOs also
participated. In the words of Thomas Gass, Assistant Secretary-General for Policy Coordination and Inter-Agency Affairs,
United Nations Department of Economic and Social Affairs
(UN-DESA): “Basically the doors of the U.N. and these diplomatic negotiations were opened [to the world] — and maybe
we can say that the emotional intelligence of this organization
was released.”
And while the goals are given individual distinctions (No Poverty, Quality Education, etc.) there are myriad ways in which they
overlap, so it’s worth taking a look at how 17 goals emerged.
First came a stocktaking phase in which experts briefed lead
negotiators from the Member States. Dedicated teams listened
to recognized experts explain where the world stood on issues
such as the fight against malaria, clean water and sanitation,
industrialization, trade-offs between promoting a reduction of
inequalities and promoting wealth and economic growth, as well
as the importance of good governance to achieve progress in
health systems.
The lead negotiators then progressed to a structure-goalstargets phase assisted by an international team of facilitators.
They listened, assembled and shaped a new text. The summer
of 2014 saw tough negotiations because these targets would
form a real social contract between the leaders and their people. In the final phase, those targets were negotiated in fine
detail. Countries have the responsibility for the follow-up and
review of the progress made in implementing the goals.
The result: a strategic plan consisting of 17 goals with a combined 169 targets to address the most pressing issues of the
planet and a shared vision for humanity, recognizing all of its
diversity and complexity.
The program is not simply philosophical, it is technical, practical and precise. The U.N. statistics commission agreed on 232
indicators by which to monitor on an annual basis the 169 targets that underpin the goals in all countries. All 193 Member
States came together to unanimously approve the plan.

THE MULTIFACETED ROLE OF THE TARGETS
The targets were designed to focus efforts to fulfill the SDGs, but
they also reveal the interdependency, conflicts, trade-offs, synergies and opportunities that can exist between the different goals.
For example, the target of providing electricity for households is related to the goals for Health, Education and Affordable Energy. Initiatives for sustainable biofuels could compete
with allocation of land and water resources for food crops to
alleviate Hunger. And energy-intensive fossil fueled desalination plants, while meeting a goal of the need for Clean Water,
conflict with goals for Clean Energy and Climate Action, and
potentially Life below Water.
But structured this way, the targets foster an integrated and
more holistic approach that encourages implementers to think
and act outside the constraints of insular “silo” approaches to
resources.

 Amina Mohammed

Deputy Secretary-General
of the United Nations
q Thomas Gass,

Assistant SecretaryGeneral for Policy
Coordination and
Inter-Agency Affairs,
United Nations
Department of
Economic and
Social Affairs
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REPORTS FROM THE SDGS’ SECOND YEAR
Governments are expected to take ownership and establish
national frameworks for the achievement of the 17 goals, drawing on additional needed support from international agencies,
NGOs and the private sector. Thomas Gass, is encouraged with
the steps countries are taking to implement the SDGs. “It’s very
meaningful when you have a country like Colombia — that is really in the midst of a peace process — who actually says, ‘We are
going to address the root causes of this 52-year-old conflict, and
the way we are going to do that is by taking a holistic approach,
looking at economic growth, but also reducing inequalities, making sure that no one is left behind, and making sure there is better
governance, a better service to the people.’”
It’s also meaningful to Gass when a highly developed country like Germany states goal-by-goal not only what it will do
for developing countries, but also what it needs to do domestically to implement the SDGs. Germany recognizes as well
what it must do to improve the coherence of its policies. It’s
easy to say you want to promote poverty eradication, but are
you also waiving tariffs and duties on imports from those
countries? You say you don’t want anyone left behind, but
how does that apply to your immigration policy? You say that
you want to reduce the negative effects of climate change, but
are you prepared to decarbonize your economy?
“We are at a crucial moment in our collective effort to build
sustainable, equitable and inclusive societies,” said Gass. “Billions of people continue to live in poverty and are denied a
life of dignity. There are enormous disparities of opportunity,
wealth and power, and an alarming number of people who suffer in ways that others do not.”
Interconnectedness of goals and accountability for actions
drive successful approaches to sustainable development. As
does the awareness that no one will be left behind when we
treat others the way we expect others to treat us. Call it the
golden rule, or a categorical imperative — or, simply, sustainable development.
For more information on the Academy’s SDG initiative,
go to www.nyas.org/SDGs 

ICONS

ICONS

51

52

COLOUR & BLACK/WHITE

GOOD H
AND WE

ZERO
HUNGER

ICONS
ICONS
ICONS
#4 QUALITY EDUCATION
#5 GENDER EQUALITY#6 CLEAN WATER AND SANITATION
COLOUR & BLACK/WHITE

ICONS

ICONS

54

COLOUR & BLACK/WHITE

COLOUR & BLACK/WHITE

RED

MUSTARD

KELLY GREEN

PMS: 185 C
C 1 M 100 Y 92 K 0
R 229 G 36 B 59
HEX: e5243b

PMS: 7555 C

PMS: 7739 C

C 18 M 37 Y 100 K 1

C 81 M 15 Y 100 K 2

R 221 G 166 B 58

R 76 G 159 B 56

HEX: DDA63A

HEX: 4C9F38

55

ICONS
ICONS
ICONS
#9 ECONOMIC
INDUSTRY, INNOVATION
#7 AFFORDABLE AND#8CLEAN
DECENT
ENERGY
WORK AND
GROWTH AND INFRAS
ICONS

COLOUR & BLACK/WHITE

COLOUR & BLACK/WHITE

DARK RED

RED ORANGE

PMS: 200 C

PMS: BRIGHT RED C

C 16 M 100 Y 86 K 7

C 0 M 90 Y 94 K 0

R 197 G 25 B 45

R 255 G 58 B 33

HEX: C5192D

HEX: FF3A21

ICONS

57

58

COLOUR & BLACK/WHITE

BRIGHT BLUE

AFFORDABLE AND
CLEAN ENERGY

INDUSTRY, I
AND INFRA

DECENT WORK AND
ECONOMIC GROWTH

PMS: 638 C
C 82 M 7 Y 9 K 0
R 38 G 189 B 226
HEX: 26BDE2

ICONS
ICONS
ICONS
#12 AND
RESPONSIBLE
CONSUMPTION & PR
#10 REDUCED INEQUALITIES
#11 SUSTAINABLE CITIES
COMMUNITIES
ICONS

COLOUR & BLACK/WHITE

COLOUR & BLACK/WHITE

YELLOW

BURGUNDY RED

PMS: 1235 C

PMS: 1955 C

C 0 M 31 Y 100 K 0

C 29 M 100 Y 70 K 27

R 252 G 195 B 11

R 162 G 25 B 66

HEX: FCC30B

HEX: A21942

ICONS

60

COLOUR & BLACK/WHITE

ORANGE

RESPON
CONSU

PMS: 1585 C
C 0 M 71 Y 98 K 0
R 253 G 105 B 37
HEX: FD6925

AND PRO

ICONS
ICONS
ICONS
#13 CLIMATE ACTION #14 LIFE BELOW WATER
#15 LIFE ON LAND
ICONS

COLOUR & BLACK/WHITE

COLOUR & BLACK/WHITE

MAGENTA

GOLDEN YELLOW

PMS: 219 C

PMS: 1375 C

C 6 M 98 Y 9 K 0

C 0 M 45 Y 96 K 0

R 221 G 19 B 103

R 253 G 157 B 36

HEX: DD1367

HEX: FD9D24

63

DARK GREEN
PMS: 7742 C

BLUE
PMS: 7461C
C 96 M 41 Y 6 K 0
R 10 G 151 B 217

HEX: 3F7E44

HEX: 0A97D9

ROYAL BLUE
PMS: 7462 C

NAVY BLUE
PMS: 294 C

C 100 M 86 Y 29 K 23

R 0 G 104 B 157

R 25 G 72 B 106

HEX: 00689D

HEX: 19486A

67

C 18 M 48 Y 100 K 2
R 191 G 139 B 46

66

LIME GREEN

PEACE AND JUSTICE

PMS: 361 C
C 75 M 4 Y 100 K 0

STRONG INSTITUTIONS

R 86 G 192 B 43
HEX: 56C02B

The New York Academy of Sciences Magazine • Spring 2018

C 100 M 71 Y 22 K 5

ICONS

PMS: 131 C

HEX: BF8B2E

COLOUR & BLACK/WHITE

R 63 G 126 B 68

64

DARK MUSTARD

ICONS

C 74 M 32 Y 95 K 19

ICONS

COLOUR & BLACK/WHITE

ICONS
ICONS
#16 PEACE AND JUSTICE
#17 PARTNERSHIPS
STRONG INSTITUTIONS
FOR THE GOALS
COLOUR & BLACK/WHITE

61

5

COVER STORY: 17 GOALS

Scientists Step Into New Roles
To End Poverty
By Charles Ward, NYAS Contributor
Based on aerodynamic laws bumblebees should not be able to Milstein, who directs the Center for Sustainable Global Enfly, and yet they do. Similarly if past lessons of human histo- terprise at Cornell University’s Samuel Curtis Johnson Gradry are reliable guides to future performance, ambitious global uate School of Management. “The SDGs really capture that
commitments to address poverty, inequality and sustainable — they’re overlapping, they’re not clean, with sub-areas that
development should quickly founder amidst human foible. are not mutually exclusive.”
A strategic management expert by training, Milstein stradAnd yet, in the three years since their adoption, the United
Nations’ Sustainable Development Goals (SDGs) have al- dles the intersection where situation-specific solutions and
ready changed the conversation about what collective will can broad, transferable scientific insights merge or collide. Exaccomplish. The shift has taken place, thanks in part to mem- plicitly, Milstein specializes in framing the world’s social and
bers of the world’s scientific community, who have stepped environmental challenges as unmet market needs, often best
into informal roles as conceptual interpreters, brokers be- addressed by the private sector. Tacitly, as someone who
consults extensively with business entities to help them eftween advocacy and realpolitik, and coalition builders.
fect change, he’s a translator. “For somebody like
When 193 U.N. member states signed onto the
myself, rigorous scientific inquiry means training
SDGs in 2015, there was fresh evidence that seemto examine and analyze data sets, and look for
ingly intractable issues of poverty, growth and intrends,” says Milstein. “How do you go about doing
equality could in fact yield to collective effort. The
work that can adhere to scientific rigor while still
U.N.’s preceding framework, the Millennium Detrying to move the needle on these critical issues
velopment Goals (MDGs), had met its most wellthat we believe have to be addressed?”
known objective of “cutting extreme poverty in
The private-sector SDG actors who are making
half” five years ahead of schedule. The SDGs raise
decisions and on-the-ground investments, Milstein
the poverty goalposts even higher — by redefining
notes, tend to be focused on immediate problem
poverty beyond purely monetary terms as a threesolving. They’re equally committed to their own SDG
fold condition that includes economic, social and
projects, he notes, but often working with shorter
environmental factors.
deadlines, and applied research that leans more to
The SDGs have pulled in active participation from
market needs and decisions. Part of his job, he elaba growing spectrum of stakeholders that include
ACTION
ACTION
orates, is using the kind of knowledge science can
governments, multi-lateral organizations,
NGOs
produce to help private business along. “Since we’re
and private-sector actors. But with every stakeholdtalking about how it makes sense for the private
er pressing ahead with its own SDG priorities, what
sector to get involved and stay involved, we have to
actually addresses global poverty is the question
make sure the questions we’re asking are as clear as
that connects all parties. This common need for
can be, that we’re being very specific about the lanshared, fact-based understanding has put scientific
guage that we use and the data that we collect, and
disciplines into a position of de-facto referee. The
ACTION
perceived apolitical objectivity of scientific methods and the the conclusions that we draw from that,” he explains. “There’s
historic training of scientists in the transfer of knowledge offer no reason why applied research cannot be rigorous the way aca glue strong enough to hold together would-be SDG collabora- ademic research is.”
For SDG scientist stakeholders, dynamic tension is built
tors and partners, and dissolve tensions born out of perceived
into the multiple roles they are asked to play. Working as a
biases or competing agendas.
Scientists involved with the SDGs acknowledge they are a policy expert for the U.N. Development Program (UNDP), Dr.
complex, even sprawling web of interdependent causes and Esuna Dugarova walks a tightrope every day between scieneffects. The scientific teasing apart of causes, conditions and tific detachment and the realities of SDG realpolitik. “Being
valid findings would be challenging even before all the cultur- part of the U.N. system, I’m here to promote the framework of
al, political and environmental variables that prevail across the SDGs, and to provide recommendations to governments
the globe are factored. “How do you talk to people when sus- on how to implement the 2030 Agenda,” says Dugarova, emtainability is an unfolding, dynamic entity?” asks Dr. Mark B. phasizing that her perspective on SDG multi-tasking is her
6
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own, and not that of UNDP. “On the other hand, in my capacity as a researcher, I do research and analysis. Sometimes, the
recommendations are not always what governments want to
hear. I’m also critical about what kind of data should be used,
and how to incorporate that data to make good policy advice.”
As one example, Dugarova points to her research work on
unemployment and poverty in Central Asia. Accurate findings
are difficult to obtain, she recounts, partly because large portions of local employment are not parts of formal economies,
and thus underreported. Additionally, host governments are
sensitive about their image, creating a delicate atmosphere
for the presentation of the data. “One must be mindful about
how to process data,” says Dugarova.
Dugarova has a very definite point of view about one of the
major levers that drive progress against poverty, inequality and
towards sustainable development: gender equality. “There are
certain universal accelerators. Gender equality is one of them,
capable of achieving many goals at the same time, whether
it’s economic development, food security, climate change or
political participation.”
But here again, Dugarova is keenly aware of her role as an
informal broker of facts to sometimes unreceptive national
governments, who happen to be her major professional stakeholders. She can easily point to gender-equality progress. For
example, two-thirds of developing countries have achieved
gender equality in primary education, female political participation is growing strongly in Latin America and U.N. economic models show strong correlation between female labor force
participation and economic growth.
She’s also aware of structural, institutional and cultural bottlenecks in the way of further progress, citing gender-based violence as an example. As a policy expert and advocate for gender
equality, Dugarova realizes it’s one thing to know that 49 countries still have no legal framework to address domestic violence,
it’s entirely another to go up against social and cultural norms
that are often woven into national identity. “If you address gender norms that are embedded in national identity, you have to
address or even change national identity, and these are deeply
embedded in the nation-state,” she elaborates. Dugarova does
not have to state the obvious, that the nation-state is the foun Mark B. Milstein, PhD, Clinical Professor of

Management; Director, Center for Sustainable
Global Enterprise, Samuel Curtis Johnson Graduate
School of Management, Cornell University

Empowering Girls
Through Education
According to United Nations’ estimates, more than 188
million people currently live in Nigeria. Of this number it
is estimated that 80 percent are living in extreme poverty. The school drop-out rates for girls are very high,
largely due to poverty and a culture of early marriage
— oftentimes girls are sent to work to help support their
families instead of attending school.
One of the organizations working to change this system is Nigerian-based Girl Child Concerns (GCC). This
non-governmental organization provides opportunities
to young women from indigent homes and crisis areas in
the country, to receive an education and a way to break
the cycle of poverty. Their scholarship program helps
young women attend school.
Hauwa Muhammed, 17, is one of the young women
GCC is sponsoring, and she recently joined the New
York Academy of Sciences 1000 Girls, 1000 Futures initiative. Through GCC, Hauwa was selected for a STEM
program at her school because of her interest in STEM
subjects. She attended the Academy’s Annual Gala,
in November, 2017 as a special guest of the Academy.
Hauwa aspires to be a gynecologist like her role model,
GCC’s Chairperson, Dr. Mairo Mandara.
Much of the driving force behind this career goal was
her observation that in the only hospital in her community,
there are no women to handle women’s health issues. “I
aspire to be a gynecologist like Dr. Mandara,” said Hauwa.
“Most of the gynecologists in Nigeria are men. I believe a
woman would be better at treating a woman because they
can relate to the patient.”
Because of GCC and similar organizations supporting
empowerment of girls through education, young women
are getting the opportunity to realize their dreams.
For more information about Girl Child Concerns visit:
girlchildconcerns.org/

 Hauwa Muhammed

(center) at the 2017
New York Academy
of Sciences Gala
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dation of the U.N. system.
There does seem to be consensus among stakeholders that
achievement of the SDGs will require unprecedented levels of
cooperation, and entirely new models of partnership. Dr. Robert
Lepenies is a Research Scientist at the Helmholtz Centre for Environmental Research (UFZ) in Leipzig, Germany, and a member
of the Global Young Academy. He has watched the specific ways
in which the world’s scientific communities coalesce around the
SDGs, and is an active participant in related coalition-building.
The SDGs, Lepenies points out, have put new initiatives in motion to bring together scientists, policy specialists and non-governmental actors, with impacts yet to be revealed. Lepenies
mentions cooperation between statistical agencies worldwide
to agree on metrics to determine whether the SDGs have been
successfully met. In no way is this a finished process, notes Lepenies, and scientists must use the prestige of their positions to
continue to press for accountability and statistical rigor. “I think
the major advantage is that the discussion has been changed for
good now,“ Lepenies says. “It is simply assumed that partnerships must be interdisciplinary, transdisciplinary, participatory
and draw on different types of input.”
Lepenies is particularly optimistic about relatively new
entities such as the Global Young Academy, and innovative
hybrid frameworks such as Future Earth’s Knowledge-Action
Networks. “I am personally very excited about the pioneering roles played by national science academies, particularly
young academies in places like Africa, and even associations
of science academies such as the InterAcademy Partnership,”
Lepenies observes. “Poverty is back on the agenda, defined in
ways that will contribute to huge capacity building for social,
economic and environmental statistics around the world.”

The Holy Grail for SDG scientists who attempt to address
the economic, social and environmental dimensions of poverty are universally applicable solutions — processes, methodologies and approaches — that are in fact sustainable, scalable and replicable.
But the reality seems to be much messier, with progress
that takes the form of scalpels rather than hammers, and localized, population-specific solutions rather than sweeping
antidotes. In the past three years, scientists invested in the
success of the SDGs may have built or picked up an increasingly fine-grained understanding of what works, what doesn’t
and why. They’ve learned new ways of communicating with
SDG partners who think and speak in a different idiom. And
they’ve demonstrated willingness to partner with each other
and with non-scientist stakeholders.
Scientists are also learning, perhaps, to remain participants
in an SDG universe of calibrated expectations and incremental
advancements. The U.N.’s own SDG charter contains terms
like “slow and uneven progress.” As Lepenies says, “The SDGs
are primarily about the long-term vision we have for our planet. Even though the agreed-upon goals represent a non-binding consensus, I think we should look at the 2030 Agenda as
the best chance to achieve a ‘realistic utopia,’ a global endeavor to bring about social and intergenerational justice. A more
just world is possible, and the SDGs give us a pretty good shot
at achieving this.”
Editor’s Note: The views expressed by the participants quoted in
this article are personal and do not necessarily reflect the positions of their affiliated institutions or the New York
Academy of Sciences. 

 Esuna Dugarova, PhD,

Policy Specialist, United
Nations Development
Program (UNDP)

p Dr. Robert Lepenies, Helmholtz Centre

for Environmental Research (UFZ) &
Member of the Global Young Academy,
Leipzig, Germany
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Good Health, From the Ground Up
By Hallie Kapner, NYAS Contributor
To the untrained eye, the black dots speckling the corn leaves
in the greenhouses at Iowa State University’s Plant Sciences
Institute could be anything — blight, mold, rot. But to Patrick
Schnable, the Institute’s director and the C.F. Curtiss Distinguished Professor and Iowa Corn Endowed Chair in Genetics
at ISU, the dots are the future of precision irrigation — a simple
and inexpensive window into how plants use a precious global
resource: water. Dubbed the “plant tattoo,” the dots are bits
of graphene oxide deposited on a gas-permeable tape to form
an easily applied sensor that precisely measures
transpiration — water loss — on an individual-leaf
basis. As leaves lose water, the moisture changes
graphene’s electrical conductivity. By measuring
those changes, Schnable and his collaborators can
observe transpiration in real time. “If you have a
plant under drought stress and you water it or it
rains, you can track water moving up through the
plant,” Schnable said. “For the first time ever, we
can observe plants reacting to an irrigation event
as it happens.”
The plant tattoo is one of countless research initiatives underway worldwide that aim to conserve
and maximize natural resources, improve access
to nutrition, prevent and treat disease, ACTION
and boost
the health and well-being of the planet’s people
and wildlife.
Schnable and his collaborator, Liang Dong, associate professor of electrical and computer engineering at ISU, envision a day when farmers can
use plant sensors to guide irrigation decisions and
ACTION
breeders can use them to create drought-resistant
varietals. The researchers are already adapting the technology for use beyond the Iowa cornfields. While the current
version requires connection to a control box to provide both
voltage and transpiration rate analysis, plant tattoo 2.0 will
be wireless and smartphone-compatible. Such refinements
will drop the cost of the system even further, making the sensors accessible for areas of the developing world where every
drop of water counts.

Maximizing efficiencies in breeding and irrigation of agricultural crops is one key part of meeting the global goals related to
hunger, nutrition and stewardship of the land. Equally critical are
efforts to identify and promote staple crops that pack maximum
nutrition, explained Ujjawal Kr. S. Kushwaha, PhD Scholar in Genetics and Plant Breeding at G.B. Pant University of Agriculture
and Technology in Pantnagar, India. More than half of the world’s
population relies on rice for at least 20 percent of their daily calories. If Kushwaha had his way, the typical white rice of subsistence would be replaced by black rice, an heirloom
variety sometimes called “forbidden” rice, and one
of nature’s nutritional powerhouses. “No other rice
has higher nutritional content,” Kushwaha said. “It’s
high in fiber, anthocyanins and other antioxidants,
vitamins B and E, iron, thiamine, magnesium, niacin
and phosphorous. Consumed at scale, it could have a
significant impact on malnutrition.”
Decades of effort to boost the nutritional content
of rice have yielded biofortified varietals rich in iron,
zinc and provitamin A. While addressing these highly
prevalent micronutrient deficiencies is critical, Kushwaha contends that black rice could address both
a broad spectrum of nutritional deficiencies as well
as provide anti-inflammatory and anti-atherogenic
benefits. However, black rice is not widely cultivated outside of China, and most varietals are relatively
low-yield, which drives the crop’s high cost. Kushwaha is working to shift that equation, spreading the
black rice gospel with the hope of boosting demand
and incentives for farmers to develop higher-yield
varietals, which could make a crop once reserved for
royalty as affordable as white rice.
Anticipating the potential hurdles of acceptance — factors
such as taste and color often determine whether new varietals
are adopted or rejected — Kushwaha and others cultivating nutrient-rich rices have determined that black rice could be bred
to minimize color while preserving much of its nutritional value.
“Some of the qualities could be reduced, but it’s still far better
than white rice,” he noted.

 Ujjawal Kr. S. Kushwaha, PhD Scholar,

Department of Genetics and Plant Breeding,
College of Agriculture, G. B. Pant University
of Agriculture and Technology, Pantnagar,
India; Scientist at Nepal Agricultural
Research Council, Nepal
 Patrick Schnable, PhD, Director, Iowa State

University, Plant Sciences Institute

The New York Academy of Sciences Magazine • Spring 2018

9

COVER STORY: 17 GOALS

Drone Delivery
Takes Off In Rwanda
Delivering goods via drones is not a new idea, but it’s providing an important sustainable lifeline to rural communities in Rwanda that are benefiting from the technology.
California-based automated logistics company, Zipline
and the Government of Rwanda have collaborated on the
world’s first national drone delivery service for on-demand
emergency blood deliveries to transfusion clinics across
the country. Since its launch in October, 2016, Zipline has
flown more than 7,500 flights covering 300,000 km, and
delivered 7,000 units of blood to physicians and medical
workers in Rwandan villagers nationwide.
Zipline’s technology was developed for longer-haul
flights than typical drones and have a round trip range of
160 kilometers. The drones can carry 1.5 kilos of cargo
and cruise at 110 kilometers an hour. More importantly
the craft are built to handle the challenges of Rwanda’s
mountainous terrain and extreme weather conditions.
They look more like fixed wing airplanes than the typical quadcopter image, but it is one of the reasons why
they are capable of flying faster and farther than standard
craft; imperative for speeding-up the delivery of life-saving medical supplies to remote communities.
The airplanes are powered by lithium-ion battery packs.
Two twin electric motors provide reliability at a low operating cost. Redundant motors, batteries, GPS and other
electronics provide the safety features, in addition to a
parachute-enabled landing system. The planes fly on predetermined routes and are monitored by a Zipline operator.
flyzipline.com

Photo: Zipline
International
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PLANT POWER
Plants already do far more than just feed the world — we derive fuel, fabrics, medicinal compounds and much more from
them. Yet over the past two decades, a new role for plants has
emerged — one that may revolutionize one of the most important pipelines for global health: vaccine production. Conventional vaccine manufacturing relies on primary cells — like
chicken eggs — mammalian cell lines, yeast cells or bacteria.
These approaches have well-known limitations, such as long
production times, variable yields and risk of contamination by
other human pathogens. As Kathleen Hefferon, a virologist
and Fulbright Canada Research Chair of Global Food Security
at the University of Guelph explained, plants are not merely viable alternative bioreactors for many types of vaccines — they
are production superstars.
First-generation plant-made biopharmaceuticals were
derived from transgenic crops, but public concerns about
GMOs, as well as variability in the amount of vaccine protein
produced per plant, drove the development of a second — and
now dominant — production method. Plant virus expression
vectors are used to deliver genes for producing vaccine proteins into the leaves of plants such as tobacco and potato,
turning common crops into factories capable of churning out
huge quantities of vaccine protein faster and more cheaply
than any other method. Plant-made vaccine proteins carry no
risk of contamination with mammalian pathogens, and better
still, plants can produce similar post-translational modifications to human cells, which increases biocompatibility.
Hefferon believes plant-made biopharmaceuticals will grow
exponentially over the next five years, due in part to increased
interest in stockpiling vaccines against pandemic flu and other
diseases. “It’s hard to stockpile vaccines produced in mammalian systems, and it’s very hard to produce enough vaccine
in time to be helpful in an outbreak,” she said. “Plants offer
a clear advantage here.” Several pharmaceutical companies
have plant-made vaccines and therapeutics in clinical trials,
but the public is already familiar with one experimental drug
that made headlines in 2015 — ZMapp, which was used to
treat several Ebola-infected healthcare workers in West Africa. Hefferon is also quick to emphasize that the lower-cost
profile of plant-made vaccines has special relevance for cancer prevention in the developing world, where rates of cancers
linked to vaccine-preventable viruses, including HPV, are skyrocketing. “We’re already in the running to advance the science toward pharmaceutical production in plants,” she said.
“The current systems have so many limitations and plants are
an incredible alternative.”
ON LAND AND SEA
Just as human health is inextricably tied to the health of the air,
soil, water and environment, so too is the health of the animals
we rely on for work and food. In the tropical regions of Mexico,
scientists including veterinarians Felipe Torres-Acosta and Car-
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los Sandoval-Castro, and organic chemist Gabriela Mancilla, of
Universidad Autonoma de Yucatan (UADY), are studying how
sheep and goats regulate their own health through diet.
The team at UADY has been devising strategies to improve
the health of ruminants in tropical environments for 30 years.
One of their standout findings is that malnourished animals
are less resilient to native parasites, and while farmers can
boost resilience with supplemental food, access to native flora
is critical for keeping the host-parasite relationship in balance.
The UADY team showed that sheep and goats left to forage
on their own in the Mexican jungle feast on an astonishing 60
different plant species per day, adjusting their food choices
based on seasonal availability. Diving deeper into the connection between diet and immune resistance, Torres-Acosta’s
team collected samples of ruminants’ preferred foods, analyzing them for nutritional content and the presence of anthelmintic activity. Analysis reveals that most local flora do
contain anti-parasitic compounds, and Mancilla is working to
discover the mechanisms by which they act to control parasite load. The team is investigating whether animals intentionally seek a diet rich in plants that naturally limit parasite
infection. This work, as well as similar research in sheep and
goats around the world, is already impacting how some small
farmers treat infections. “If animals have access to their native
foods, they can keep parasites in check, which reduces the
need for medication and allows farmers to treat only the sickest animals,” Torres-Acosta said. “The most interesting things
we’re learning come directly from observing the animals —
given the choice, animals know what they need to eat to stay
healthy, and we can learn so much from their innate wisdom.”
Off the shores of Long Island, New York, Stephen Frattini,
founder of the Center for Aquatic Animal Research and Management (CFAARM), is trying to bring a similar sensibility
to the seafood industry, which supplies three billion people
worldwide with their primary source of protein. Frattini, a veterinarian, focuses not just on how fisheries and aquaculture
operations could improve fish welfare, though his passion
for that subject runs deep. His goals are bigger, and include
uniting experts in animal welfare, engineering, health management, feed development and consumer psychology to
transform the seafood industry from a profoundly siloed one,
rife with inefficiencies and transparency issues, to an integrated one that places the health of the environment, people
and fish front and center. Frattini believes that a more integrated seafood industry could revitalize coastal communities
both in the United States and developing countries, as well
as advance production strategies already known to improve
fish health, such as emphasizing diversity over monoculture.
“We still need a much better understanding of fish behavior
in captivity and what we can do to create happier, healthier
animals, but I’m convinced we can increase efficiencies while
increasing fish contentment, which is a win for animals, the
environment and the industry,” he said.

A MATTER OF WILL
Decades of fast-paced discovery in medical research, coupled with high-tech advances in equipment, procedures and
information technologies have yielded many of the solutions
necessary to provide high-quality healthcare to all. No cohort
in history has been better equipped than ours to identify problems, connect patients with preventative and acute care and
measure and understand the outcomes. Yet nations around
the globe, from the most developed to the least, struggle to
manage the cost, logistics and delivery of basic human health
services. A desire to identify best practices and help spread
their adoption drove William Haseltine, a biologist and former
professor at Harvard Medical School, known for his pioneering research on HIV/AIDS and the human genome, to found
the nonprofit ACCESS Health International 10 years ago.
ACCESS Health has since partnered with nations in every region of the world to better understand the systems that improve
primary care, lower maternal and child mortality, and meet the
needs of an aging population while maintaining affordability.
From a revolutionary emergency-response system in India that
serves 700 million people each year with greater efficiency and
lower cost than any system in the West, to hospitals using information technology to implement radical transparency and
accountability systems that are improving patient safety, Haseltine and the ACCESS Health team have found no shortage
of strategies that save and improve lives within budget. Bringing them to bear on the global problem of healthcare access is
mainly a matter of will. “We have a lot of knowledge that can be
deployed broadly across the globe, but there has to be a desire
and incentive to change,” Haseltine said.
The 17 SDGs can be viewed as a tally of ways people and
planet can suffer and struggle. But they can also be viewed
as vision of hope, a commitment by 193 nations to alleviate
pain and work toward a healthier, more equal future. “We
have come to the point where we have the ability to dramatically improve health outcomes, whether it’s in environmental
health, or improving maternal and infant mortality,” said Haseltine. “It all comes down to the question: do we have the will
to do it? When the answer is yes, it’s transformative.“

p Stephen Frattini, DVM, Owner/President,

Center for Aquatic Animal Research and
Management. Photo: Hudson Rivers
Fisheries Unit Staff
 William A. Haseltine, Chairman and

President, ACCESS Health International, Inc.
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Making Urban Development
Sustainable
By Alan Dove, PhD, NYAS Contributor
tions. Figueres emphasizes that the Global Covenant of Mayors
has neither the authority nor the desire to try to synchronize
urban policies across national boundaries. Instead, the group
serves as a clearinghouse for cities to share data, strategies and
ideas and discuss their experiences and results.
Science is a central part of all of these efforts, in measuring
greenhouse gas emissions, studying and predicting the potential
impacts of future climate change and also identifying the most
effective measures cities can take to reduce their environmental
impact and mitigate risks. Figueres points to a project in Myanmar, where scientists are developing models that can predict
storm surges from cyclones, and others that identify areas at the
highest risk of earthquakes and fires. That information will help local leaders plan disaster responses to
focus on the areas with the greatest needs, while also
guiding future infrastructure development. Data from
that project could inform similar efforts in coastal cities around the world, as rising seas and temperatures
will likely make natural disasters more frequent.
Climate change is fundamentally a problem of
ACTION
physics and atmospheric chemistry, but responding
to it will require many other disciplines. Figueres emphasizes that in cities especially, researchers need to
focus on social aspects of sustainability. "We have a
tendency to dehumanize cities, as though the purpose of cities were to have buildings and infrastructure, [but] the purpose of cities is actually to be the
home for human beings," says Figueres.
For policymakers to make the best use of science,
scientists also need to explain it in human terms.
"It does no good to come with science, accurate as
it may be, if it's not made relevant and understandable," says Figueres.

In 1900, about 13 percent of the world's population lived in cities. Today, well over half of it does, and that proportion continues to grow. Cities now account for three-fourths of global
gross domestic product, and about the same fraction of human-generated carbon emissions.
Because they concentrate huge amounts of human activity
into small areas, cities are ideal test beds for new sustainability
efforts. Inspired by the United Nations' Sustainable Development Goals (SDGs) new collaborations have sprung up between political leaders, scientists, communities and non-governmental organizations. From global data-sharing efforts to
local educational campaigns, these new urban sustainability
projects are shaping the cities of the future.

THE POLITICAL CLIMATE
Nations formally sign international agreements such
as the SDGs, but in the case of urban sustainability,
it falls to the leaders of individual cities to implement
relevant policies. Fortunately, compared to national or
regional governments, “cities are much more in tune
with the direct impact of their policies, and they are
much more in tune with the quality of life of citizens ...
from day to day,” says Christiana Figueres, Vice Chair
of the Brussels-based Global Covenant of Mayors for
Climate and Energy.
Figueres’ group provides a global network through
ACTION ACTION
which city leaders can share their ideas and results
in pursuing sustainability. "We're a very important
platform for city officials to learn what has worked,"
says Figueres. She points to examples such as Seoul's
renewable energy campaign, Paris' expanding bicycle
infrastructure, and a multi-city effort in India that has
exchanged over 700 million incandescent lightbulbs
for high-efficiency ones.
The central focus of the Global Covenant of Mayors is helping
cities design and implement ambitious climate action plans, but
that remit intersects with many of the U.N.'s other SDGs. “How
we pursue building our cities for the future — such as using
high-carbon or low-carbon infrastructure, the way we change
our consumption and production patterns, the way we deliver
economic growth — are all relevant to the sustainable development goals and will largely determine the quality of life on this
planet,” says Figueres.
While cities around the world face common problems, they're
also bound by the particular laws and circumstances of their na12 www.nyas.org

HUNGRY FOR CHANGE
While the Global Covenant of Mayors is helping scientists and
city leaders work together globally, individual researchers are
also taking local action in their own towns. New York's Urban17
Initiative exemplifies this trend. "I wanted the students who are
part of our team to focus on urban sustainability in New York
City, because it's a great city to model hypotheses," says Melanie
Uhde, Urban17's founder and managing director.
Urban17 currently consists of about a half-dozen volunteer analysts, mostly graduate students and young researchers from different disciplines and universities around the city. Despite its small
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size and lack of funding, the ambitious group is already tackling a
project with global relevance, studying the overlapping problems
of obesity and hunger. "We know that, for example, the rates of
obesity and hunger in the Bronx are the highest [in the city], so
they're basically bedfellows, which is a very common phenomenon in urban environments throughout the world," says Uhde.
It may seem paradoxical for hunger and obesity to overlap, but
interconnected problems can yield exactly that result. "It's definitely poverty, but it's unfortunately much more complicated,"
says Uhde, adding "even if you have money, do you have access
to food, do you have the education, do you know what's actually
good for you, [and] do you have the time to put effort into a nutritious meal?" In poor urban neighborhoods, the answers to those
questions are often 'no,' causing synergistic deficits that can produce the entire spectrum of dietary problems.
To address that, Uhde and her team are combining data on
obesity and hunger with the locations of groceries, parks, fitness
centers and schools.
Public schools provide good anchors for the project, not only
in mapping the extent of obesity and hunger in some of the
most vulnerable populations, but also in implementing solutions. "Education is a very important factor to achieve sustainability, and we're seeing [how] other factors like obesity or hunger influence education," says Uhde. Malnourished students
aren't likely to learn well, which in turn can perpetuate poverty
and poor health. Improving school meal programs and health
classes could help break that cycle.
Uhde hopes other scientists will start tackling sustainability
problems in their own towns. “Sustainability ... affects everyone
in every aspect of life,” she says, adding that “we're living in this
era where we have to do something no matter what.”
Jennifer Costley, PhD, Director, Physical Sciences, Sustainability
and Engineering, New York Academy of Sciences contributed
to this story. 
 Melanie Uhde, PhD, Managing
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7 World Trade Center
— A Sustainable Office
By Robert Birchard, NYAS Staff
The New York Academy of Sciences’ office at 7 World Trade
Center (7 WTC) was the first office building in New York
City to receive a LEED (Leadership in Energy and Environmental Design) gold rating for its shell and core. Sustainable buildings not only reduce maintenance and operation
costs, but can improve employee health and productivity.
Gold rated LEED buildings must meet a variety of energy-saving and sustainability standards. For example, recycled materials were used throughout construction of 7
WTC, most notably recycled steel for the structural beams,
while fly ash — a byproduct of burnt coal — supplemented
the building’s concrete. During construction 90 percent of
the solid waste generated by the project was recycled.
The building makes productive use of rainwater which
is collected and stored in tanks on the building’s roof, and
beneath Silverstein Family Park, a “green space” located
across from the 7 WTC entrance. The rainwater is used
for the building’s heating, ventilation, air-conditioning system and to irrigate the park. Using rainwater has reduced
sewer run-off by 25 percent.
The building’s 13.6 foot-long sheets of ultra-clear “water white glass,” are designed to maximize the entrance of
light, while keeping out unwanted solar heat. Offices are
kept cool in the summer by the “ceramic frit” embossed
at the top of each window that absorbs the summer heat.
The incoming natural light, combined with interior lighting
controls, can result in a 10 percent energy savings.
A light-dimming system in the ceilings adjusts to the
amount of available sunlight. High-efficiency cooling and
heating systems employ filters to improve indoor air quality. Offices are further ventilated by the rooftop air intake
that utilizes activated carbon to clean the building’s air.
High-efficiency plumbing systems, such as automatic faucets and low-flow automatic flush toilets have reduced water consumption throughout the building by at
least 30 percent.
The building’s elevators are integrated with the security
system. Visitors and workers are directed to a smart elevator that already knows their destinations. An algorithm directs the minimum number of elevators to efficiently deliver
the maximum number of visitors to their destination.
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Green is the New Black in Fashion
By Mandy Carr, NYAS Staff
How much stuff do you have in your closet? If you’re like
most people, it’s way too much and with clothing you probably seldom wear. According to Mattias Wallander, CEO of
USAgain, Americans purchase five times as much clothing as
they did in 1980 — largely due to “fast-fashion” — low-quality, inexpensive fashions typically found at retailers like H&M
and Forever 21. As a result, textile waste grew 40 percent
between 1999 and 2009, according to the Council for Textile
Recycling. In 2014 the EPA reported that 10,460,000 tons of
textile waste was thrown into landfills.

In the State of Fashion 2018 report by Business of Fashion and McKinsey & Company, Dame Ellen MacArthur
said, “Today’s textiles economy is so wasteful that in a business-as-usual scenario, by 2050 we will have released over
20 million tons of plastic microfibers into the ocean.” Those
stats show a frightening trend, but according to a 2014 article
in The Atlantic, of the clothing that is collected by charities:
45 percent is used for second hand clothing, 30 percent is
cut down and made into industrial rags, 20 percent is ground
down and reproduced and five percent is unusable. Less than
one percent is recycled into new textile fiber.
So why isn’t more disused clothing being recycled? According
to Natasha Franck, the founder of EON, a collective focused on
making fashion sustainable, the biggest barrier to recycling textiles is the lack of material transparency. Fabric cannot be recycled if its composition is unknown. Seventy percent of retailers
plan to provide item level tagging by 2021 and EON is developing the first global tagging system for textile recycling, making it
easier to sort through fabrics.
Some retail companies are developing their own solutions.
International fashion retailer Zara, for example, is installing collection bins across all its stores in China, while Swedish retailer
H&M, has invested in Re:Newcell the first garment in the world
made from chemically recycled used textiles. C&A introduced
a mass market price T-shirt that is “Cradle-to-Cradle” certified
i.e. designers and manufactures have undergone a continual
improvement process that looks at five quality categories; material health, material reutilization, renewable energy and carbon management, water stewardship, and social fairness. Each
product receives a level of achievement in each category — basic, bronze, silver, gold or platinum.
Many cities have their own recycling programs. New York City
has NYC Grow collection points to donate clothing. Unwanted
clothes are picked up at collection stations and then taken to a
facility to be sorted and recycled. Germany-based I:CO — short
for I:Collect — provides global solutions for collection, reuse and
recycling of used clothing and shoes. Their worldwide take-back
system and logistics network currently operates in 60 countries
and helps cities and retail outlets to develop recycling solutions.
Note: The Academy is in the planning phase for a program
on fashion sustainability. Check the Academy website
at www.nyas.org/SDGs for updates. 
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Students Envision a Neural
Network to Build a
Better, Greener Future
By Lori Greene, NYAS Contributor
Today’s students will be the inhabitants of tomorrow’s cities,
so they want more sustainable ways of living and working in
urban ecosystems. That was the premise behind United Technologies’ Future of Buildings Innovation Challenge created by
the New York Academy of Sciences and launched in September, 2017. Fifty-two teams of students 13 to 18 years old from
across the globe competed to conceive the most inventive
green building solution.
Imagining an “Intellicity,” where neural networks run a
building’s systems to ensure that people, machines and the
environment work in concert to adroitly use and conserve
available resources, was the creation of one team.
In the “Intellicity” paradigm, little is wasted. Solar panels
and wind turbines create an on-going source of clean, abundant, renewable energy, while rainwater collected from the
roofs of buildings provide water for indoor plumbing and hydroponic systems. Once inside, hydroponic walls can repurpose rainwater for food growth. Intellicity’s student founders
want to ensure that people are harnessing energy generated by city activity and putting it to use. Floor tiles in larger
structures convert footsteps into electrical energy, and waste
is turned into fertilizer. Solar panels on windows maximize
sunlight and capture the energy to help run a building’s lighting and temperature systems. Revolving doors connected to
electric generators can be used to capture energy as people
walk in and out, creating another source to power the structure’s electricity, heating and cooling needs.
Using artificial intelligence (AI), energy is redistributed to
increase the comfort and productivity of building occupants.
The AI system that would run the integrated interior and exterior building networks “learns” from several inputs and the
resulting outputs. For example, during high usage times, the
power could go towards controlling lighting as well as heating
and cooling rooms. Over time, the network records occupant
preferences and automatically adjusts the room, heat and
light depending on who enters and leaves.
In a similar way, the team was looking to give people an
opportunity to interact with their building using a “neural
network,” a computer system developed around the human
nervous system, to allow the building to communicate back
through an app detailing the energy being collected, used and
wasted in the structure.

With the flexibility of AI, the team imagines that all of this
can also be implemented in a variety of structures ranging from transportation hubs such as airports, to office and
apartment buildings. According to the plan, each section of
the building could provide sustainable energy with minimal
impact to the environment around it. Rather than redesigning structures, the team suggests using sensors in every room
along with monitoring software that can help devise a customized solution to redistribute energy exactly where and
when it’s needed.
Integrating neural networks into buildings to create an energy efficient sustainable future is Intellicity’s ultimate goal.
Check: nyas.org/challenges/ for information about the UTC Future
Buildings and Cities Challenge winners. 

NEXUS-NY helps commercialize earlystage hard tech innovations which
promise to significantly reduce
greenhouse gas emissions.
Over the past 4 years, we’ve screened more than 300 technologies
and helped 39 startup teams launch 21 new companies, 15 of
which have gone on to raise more than $34 million in follow-on
funding, with 7 already generating early revenue.
If you are interested in engaging with and supporting innovative
technologists and technologies, go to NEXUS-NY.org
to learn more and get involved.
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The Cutting Edge
How technology is shaping the future of scientific research.

Tech's Messy Challenge:
Finding the Rx for Global E-Waste
By Charles Cooper, NYAS Contributor
In the decade following the debut of the first iPhone in 2007,
Apple has released 18 different models of its iconic smartphone, some major, some minor — all designed with the idea
of appealing to buyers thirsting for the latest and the greatest
technology from Silicon Valley’s most iconic brand.
That’s the way our gadget-addicted economy works. Products rarely remain in their original owners’ hands for longer
than a few years. Planned obsolescence is the rule as slick
marketing campaigns encourage consumers to trade up to
faster, cheaper and smaller devices that roll off assembly lines, because yesterday’s state-of-the-art
technology won’t hold a candle to what’s coming
tomorrow.
“The problem we run into in the IT industry is
profound because the functionality of these devices advances so quickly,” said Dr. Matthew Realff, a
professor of chemical and biomolecular engineerACTION of Technology. “The
ing at the Georgia Institute
components that were state-of-the-art two years
ago are now obsolete in today's world. This is not
a technological problem but a societal one. Replacing your phones every six months or every year or
two, may not, from a sustainability perspective, be
needed. The problem is that the industry wants to
drive functionality at every step.”
So as digitization transforms how society communicates
and does business, there are now billions of smartphones,
personal computers and connected devices in use worldwide.
But what happens when these and other high-tech appliances
— televisions, printers, scanners, fax machines and other technology peripherals — reach the end of their useful lives? That
darker side of the digital revolution is having a major impact on
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the lives of millions of people and their environment every day.
Electronic waste (e-waste) now constitutes the fastestgrowing stream of municipal solid waste in the world, according to the National Institute of Environmental Health Sciences.
People now generate some 40 million tons of e-waste each
year — up 20 percent in just two years, leading the United
Nations to warn of a veritable “tsunami of e-waste" inundating the Earth.
The toxic threat to health is so severe that scientists warn
of a global safety threat linked to the release of
harmful substances such as lead, mercury, cadmium and arsenic, in discarded electrical devices and
equipment. The implications are particularly acute
for developing nations where older products often
get dumped in landfills. As more e-waste winds up
in landfills, the exposure to environmental toxins
creates health hazards for workers and residents,
including greater risks of cancer and neurological
disorders.
Alarm over the public health challenge has forced
the issue onto the global agenda. In fact, one of the
U.N.’s Sustainable Development Goals (#12) is a
pledge to “substantially reduce waste generation
through prevention, reduction, recycling and reuse”
by 2030. The success of that initiative will be closely intertwined with progress made battling e-waste.
Given the magnitude of the challenge, it’s too early to handicap the outcome. Experts in the field are guardedly optimistic, saying it will take a combination of smart engineering and
equally smart public policies to help reverse a years-in-themaking problem paradoxically created by the very technology
used to solve so many other societal problems.

THE CUTTING EDGE
DON’T EXPECT A QUICK FIX
“Originally, you had a paradigm in which these products were
never considered from an end-of-life cycle perspective,” said
Nancy Gillis, Chief Executive Officer of the Green Electronics
Council. “In fact, the IT sector was treated no differently from
any other products in our consumer society. So when people
asked the question, `What do we do with this stuff later on?’
the response was `We know … we’ll stick it all in a hole.’ Then
we became aware of the fact that we don’t have enough holes.
They’re not big enough and they’re costing us.”
Compounding the challenge, she said, is the incessant churn
of new technology into the market. Projections vary, but tens of
billions of IoT devices will be online by the end of this decade.
“When you start putting sensors in your shirts and shoes
or when toys become as much IT as IT is considered, then
we’re ill prepared for that also becoming part of the [e-waste]
stream,” Gillis added. “It’d be great if technology just evolved
along the same timeline as our understanding of its impact …
we wouldn’t have a problem. But it’s not. This is a development
cycle made up of many players and it involves an extremely
complex supply chain.”
HIGH-TECH ALTERNATIVES IN FLUX
Realff has thought a lot about how supply chain management
could make a difference in controlling e-waste. One area where
he sees potential is in the application of advanced computational
methods, such as machine learning and mathematical programming to improve product tracking as materials flow through
supply chains. By adding smart tags to products, companies will
soon be able to wirelessly track items flowing through supply
chains to customers to get a comprehensive picture.
“We’re getting to the point where our ability to label individual items and keep track of them is about to increase exponentially,” he said. “With the availability of inexpensive embedded sensors and ubiquitous wireless networks, we’ll know
how long they are in use and when they eventually get retired.”
As these and other technologies, including Big Data and IoT
improve supply chain visibility, it should also clear the way for
companies to do a better job retrieving value from discarded
e-waste. There’s money to be made cleaning up e-waste as
many products contain valuable materials — including gold,
silver, copper and palladium — that can be resold. The International Telecommunication Union put the estimated value
of recoverable material generated by e-waste in 2016 at $55
billion. However, only 20 percent of that e-waste was found to
have been collected and recycled despite the presence of those
high-value recoverable materials. In other cases, perfectly fine
machines still capable of productive service are getting discarded. That’s where better analytical insights into the data can give
them a second life.
“We need to figure out how to reuse those systems in ways

Who generates the
most e-waste?
According to The Global E-waste Monitor 2017, a publication produced by the Global E-waste Statistics Partnership,
Asia takes the lead followed by Europe and the Americas.
The Global E-waste Partnership is a collaborative
effort of the United Nations University (UNU), represented through its Vice-Rectorate in Europe hosted
Sustainable Cycles (SCYCLE) Programme, the International Telecommunication Union (ITU) and the International Solid Waste Association (ISWA).
18.2 MT
12.3 MT
11.3 MT
2.3 MT
.7 MT

ASIA

EUROPE

AMERICAS

AFRICA
OCEANIA*

*(Mostly Australia & New Zealand — the islands produce negligible
amounts of e-waste)
All data is from 2016 and "Mt" is metric tons

in which they benefit the less fortunate parts of the world,”
said Realff. “We may not need top-of-the-line servers to do
certain tasks, but how do we take servers that may not be
used in a Google warehouse and use them where they could
still have value? It's less a technology issue, than an organizational issue.”
From a sustainable development goal perspective, nanotechnology and synthetic biology are two emerging fields of science
and technology that have attracted interest due to their broad
applicability and their potential as alternative solutions.
Bart Kolodziejczyk, co-author of a recent paper on recycling
standards to handle nanowaste, pointed to the history of polymers and plastic, which were originally hailed as game-changing
developments. But they also led to unintended consequences.
“Not only are we surrounded by plastic waste that take decades to decompose in the environment, but only recently
have we reached the point when the very first plastic waste
The New York Academy of Sciences Magazine • Spring 2018

17

THE CUTTING EDGE
finally starts degrading,” he said. “While we should be happy,
“The components that were state-of-the-art
there is another problem … the degradation of polymeric materials is incomplete; partially degraded plastic nanoparticles two years ago are now obsolete in today's
can be currently found in 83 percent of the world's tap water, world. This is not a technological problem
including most U.S. cities. You can imagine that these plastic
but a societal one...”
fibers are not good for your health, cannot be easily digested
–Dr. Matthew Realff
and build up in your body.”
Similarly, he said there are still unanswered safety questions
around nanowaste and synthetic biology waste.
“We certainly don’t know how to deal with hazards associ Nancy Gillis, CEO
ated with these two very promising technologies. I am even
Green Electronics
more skeptical when I attend different workshops and conCouncil
ferences organized by international organizations because
policy makers simply don’t know how to deal with this type
of a threat.”
“Nanowaste disposal will be a big issue because different
nanoparticles will require different and tailored waste treatment
protocols,” Kolodziejczyk added. “While most organic nanoparticles, such as polymers, can be potentially digested by flame, q
Bart Kolodziejczyk,
inorganic nanoparticles, such as oxides known for high thermal
Chief Technology
Officer, H2SG Energy
stability will require more sophisticated methods.”
Despite the clear challenges, Gillis says that growing recognition of the e-waste problem is reason enough for optimism
that things can improve.
“We’re starting to think seriously about end of life while
designing products and there’s also a recognition that there’s
money involved in getting those core resources back,” she
said. “Companies are leaving money on the table which is
foolish.”
As we wait for market forces and new technologies to
come to the rescue, the easiest way to reduce the amount of
e-waste would be for people and businesses to resist the urge
to discard perfectly usable older products just because a newer, more robust version hit the market.
But is it reasonable to expect users to resist the siren call of
advertising and change age-old consumption patterns? Maybe that’s asking for too much. For Realff, however, it’s a question that needs to get asked — if only to avoid the inevitable
consequences of continuing along the current path.
“Maybe we can't all have the latest and greatest,” he said.
“And I’m not just referring to consumers here in the West
but also to the billions of consumers in the rest of the world.
We will not be talking about tsunamis of e-waste; we will be
 Professor
talking about a planet full of e-waste — which obviously is
Matthew J. Realff,
David Wang Sr Faculty Fellow
not feasible.”
Charles Cooper, is a Silicon-valley based technology writer and
former Executive Editor of CNET. 
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New York Academy of Sciences
Talent Showcase
Meet the rising scientific stars taking center stage at the 2018 Blavatnik
Awards for Young Scientists in Israel and in the United Kingdom.

2018 Blavatnik Award
Laureates, Israel
LIFE SCIENCES LAUREATE
Oded Rechavi, PhD, Senior Lecturer, Department
of Neurobiology, Tel Aviv University
Dr. Rechavi’s research upends the traditional laws of inheritance. The notion that
traits acquired over the course of a lifetime could influence heredity was heresy
until recently, when Dr. Rechavi showed
how environmental conditions can imprint
“molecular memories” that govern the
passage of acquired traits to future generations. Rechavi’s work
in C. elegans, a species of small worms, illustrates how various
stressors can induce heritable changes mediated not by DNA,
but by small RNAs. By transferring small RNAs from the regular
cells of the body that are impacted by the stressor, to the “germline” cells (eggs and sperm) that pass on traits to the next generation, the experiences of one generation can produce long-lasting
impacts on gene regulation in multiple subsequent generations.
Rechavi’s lab published the first proofs of this effect, showing that
exposing the parent worms to a virus confers immunity on the offspring through the transfer of small RNAs. He later showed that
a similar mechanism allows the offspring of starved worms to live
longer and to better survive periods of starvation. His group has
identified the genes and determined the rules that govern which
changes are heritable, as well as the potential duration of that inheritance. Rechavi has hypothesized that similar mechanisms of
small-RNA-based inheritance exist in mammals, including humans. Encompassing genetics, evolutionary biology and developmental biology, Rechavi’s research is fundamental to advancing
understanding of the heritability of complex traits and diseases.

CHEMISTRY LAUREATE
Charles Diesendruck, PhD, Assistant Professor of Chemistry,
Technion — Israel Institute of Technology
Dr. Diesendruck works at the intersection of chemistry, physics and materials
science, in the recently resurgent field of
mechanochemistry. Diesendruck and his
collaborators are using mechanically driven
reactions to create novel molecules and
new materials capable of responding to
both physical and chemical stimuli. As polymers and fiber-composites have become ubiquitous, the tendency of these materials
to break, split or otherwise degrade under pressure have limited
their application, especially in high-strain environments such as
aircraft and automobiles. Diesendruck’s research seeks to better understand how mechanical forces can change molecular
bonds and alter the properties of materials, using this knowledge
to design resilient, responsive macromolecules for next-generation polymers. In Diesendruck’s vision, these “smart” materials
will be customized with specific stress conduction characteristics, respond productively to mechanical strain, and be able to
detect and reinforce or repair structural damage. Diesendruck
was among the research team that created the first autonomously “self-healing” fiber-composites, a key step toward producing
materials that maximize the benefits of composites, including
strength and weight, while minimizing the risks from damage and
increasing the longevity of these materials in transportation and
other applications. Diesendruck’s group is also engaged in exploratory research probing difficult or previously inaccessible chemical transformations that may lead to new reactions and reactants.
PHYSICAL SCIENCES & ENGINEERING LAUREATE
Anat Levin, PhD, Associate Professor, The Andrew & Erna
Viterbi Faculty of Electrical Engineering, Technion —
Israel Institute of Technology
Prof. Levin is a leader in the emerging field
of computational photography, which
blends computing with traditional imaging
techniques to transcend the limitations of
even the most advanced cameras, producing novel imaging results and capabilities. Levin’s work is rooted in discovering
mathematical foundations and applying them to solve real-

2018 Blavatnik
Award Honorees,
United Kingdom

Presented By

OCT

24-25

JOIN
US

PHYSICAL SCIENCES & ENGINEERING LAUREATE
Henry Snaith, PhD, Professor of Physics, University of Oxford

2018
SAVE THE DATE
Healthcare in the Era of Big Data:
Opportunities and Challenges
Big data in healthcare is an exciting new frontier
that sparks important ethical questions. Join
prominent representatives from academia,
industry, patient groups, regulatory agencies,
and tech for 2 days of panel discussions to
guide this next era of innovation.
For more information,
go to www.nyas.org/events

FREE
EVENT
Location
The New York
Academy of Sciences
7 World Trade Center
250 Greenwich Street
40th Floor
New York, NY 10007

Sponsored By

world challenges in imaging and optics. She is the creator of a
prototype computational camera specialized to capture moving
objects and scenes, which introduces a constant, quantifiable
degree of motion blur during exposure to allow for streamlined
blur removal in post-processing. Prof. Levin has also worked to
optimize the process of colorizing grayscale images and videos, simplifying a historically time-consuming and expensive
process using a method that automatically propagates color
among pixels based on the intensity of neighboring pixels. Advances in computational photography will have implications
that extend well beyond digital photography, including improving medical, microscope and telescope imaging, and ultimately
transforming videography. More recently, Levin has published
methods for utilizing patterns of light scatter to determine the
chemical composition of a material, a technique that could have
implications for fields as diverse as ultrasound imaging and air
quality assessment. She has also developed dynamic digital displays that instantly adapt to changes in light and viewing angle,
and prototype displays that may ultimately enable large-scale,
glasses-free 3D movie viewing.
OPPOSITE LEFT: (Back Row L to R) Ellis Rubinstein, President and CEO,
New York Academy of Sciences, Dr. Charles Diesendruck, Technion-Israel
Institute of Technology, Prof. Anat Levin, Technion-Israel Institute of
Technology, Len Blavatnik, Chairman, Access Industries/Blavatnik Family
Foundation, Dr. Oded Rechavi, Tel Aviv University.
(Front Row L to R) Nechama Rivlin, First Lady of Israel, Reuven Rivlin,
President of Israel, Prof. Nili Cohen, President, Israel Academy of Sciences
and Humanities

Prof. Snaith has striven to develop
new photovoltaic technologies based
on simply processed materials, which
have promised to deliver solar energy
at a fraction of the cost of incumbent
silicon modules. Through a series of key
discoveries, he found that metal halide
perovskite materials, which had been overlooked for decades
because of their very low photovoltaic energy efficiency, can
be employed in highly efficient solar cells. He has developed
a low-cost synthesis method for the perovskite solar cells,
and significantly raised their energy efficiency from 10.9 percent in his first publication to over 22 percent in a single junction perovskite solar cell, and more recently to 25 percent by
combining perovskites with silicon solar cells. He is currently
pushing the perovskite-on-silicon tandem cells to surpass
the 30 percent efficiency mark, making them very promising
for industrial applications. He has also significantly improved
long-term stability of perovskite solar cells and discovered
numerous key fundamental aspects of the perovskite semiconductors, which helped broaden the application range of
these materials to include light emission, radiation detection,
memory and sensing. Prof. Snaith’s work toward a significant
cost reduction in photovoltaic solar power could help propel
society to a sustainable future.
PHYSICAL SCIENCES & ENGINEERING FINALISTS
Claudia de Rham, PhD, Reader in Theoretical Physics,
Imperial College London
Dr. de Rham has revitalized massive gravity theory, which is one way of modifying
General Relativity to solve the open puzzles of cosmology. The early versions of
massive gravity theory had been known
for their dangerous pathologies, including a ghost mode and a discontinuity with
General Relativity in the limit where the mass of a graviton goes
to zero. In 2010, Dr. de Rham solved such problems by constructing a nonlinear theory of massive gravity, which is ghost
free and theoretically consistent. Since this breakthrough, Dr.
de Rham has further established the effective quantum theory
of massive gravity to describe the accelerated expansion of the
universe as a purely gravitational effect, with the role of dark energy being played by massive gravitons. Her work has continued
The New York Academy of Sciences Magazine • Spring 2018
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to define the field beyond Einstein's theories of gravity and cosmology, and revolutionized our understanding of the fundamental evolution of the universe and the quantum nature of gravity.
Andrew Levan, PhD, Professor of Astronomy,
University of Warwick
Prof. Levan works on the observation of
gamma-ray bursts (GRBs), which are the
most luminous and energetic explosions
in the universe. He has achieved a new
understanding of the rich relativistic
physics behind GRBs, and has deployed
such phenomena as powerful probes
that act as lighthouses to the distant universe. For instance, a
new type of GRB he discovered opened an entirely new window onto the properties of black holes at the center of galaxies. Most recently, Prof. Levan has also played a major role
in the characterization of the first electromagnetic counterpart to a gravitational wave source, GW170817. This included
the identification of the infrared counterpart and leading the
first observations of this counterpart with the Hubble Space
Telescope. These events provide the astrophysics community
with a completely new way to study the Universe, and explore
new information from deep inside extreme events, places that
cannot be seen with normal light.
CHEMISTRY LAUREATE
Andrew Goodwin, PhD, Professor of Materials Chemistry,
University of Oxford
Prof. Goodwin is a world leader in the
study of the dual roles of mechanical
flexibility and structural disorder in the
chemistry and physics of functional materials. Examples of materials that rely on
localized disorder to enhance functionality include semiconductors and glass.
Goodwin’s laboratory utilizes advanced diffraction and modelling techniques to probe disordered materials and subsequently produce new, tailored materials that display unique properties. Most materials expand upon heating and shrink when
compressed; however, Goodwin has discovered that by careful
control of the disorder within the structure of a substance, the
opposite can occur — materials will shrink upon heating (negative thermal expansion) and expand when compressed (negative linear compressibility). These counterintuitive processes
are useful in the design of heat-resistant materials, advanced
pressure sensors, artificial muscles and even body armor.
Goodwin has also played a key role in the structural analysis of
amorphous materials using total scattering methods, which, in
the case of amorphous calcium carbonate, the key structural
component in bones and shell, led to a complete understand22
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ing of the ability of organisms to nucleate different crystalline
structures from the same biomineral precursor.
CHEMISTRY FINALISTS
Philipp Kukura, PhD, Professor of Chemistry,
University of Oxford
Prof. Kukura develops and applies novel
spectroscopic and microscopic imaging techniques with the aim of visualizing and thereby studying biomolecular
structure and dynamics. Of particular
importance are Prof. Kukura’s recent
breakthroughs in scattering-based optical microscopy, where his group was the first to demonstrate
nanometer-precise tracking of small scattering labels with
sub-millisecond temporal resolution, which enables highly accurate measurements and mechanistic insight into the structural dynamics of biomolecules such as molecular motors and
DNA. His group was also able to develop ultrasensitive label-free imaging and sensing in solution, down to the single
molecule level, which has the potential to revolutionize our
ability to study molecular interactions and self-assembly. The
Kukura group continues to challenge what we believe we can
measure and quantify with light and use it to improve our understanding of biomolecular function. Ultimately, this technology has the potential to enable a variety of universally applicable and quantitative methods to probe molecular interactions
at the sub-cellular level.
Robert Hilton, PhD, Reader, Department of Geography,
Durham University
Dr. Hilton’s research has provided new
insights on Earth’s long-term carbon
cycle and the natural processes that
transfer carbon dioxide (CO2) between
the atmosphere and rocks. His research
has uncovered how erosion of land in
the form of geomorphic events (earthquakes and resulting landslides), weathering of organic carbon in rocks, and the export of carbon by rivers can impact atmospheric CO2 concentration. Dr. Hilton and colleagues have
developed geochemical and river sampling methods which
allow this to be done.
The release of CO2 into the atmosphere through the actions
of humans burning fossil fuels has become a concern in recent decades. Dr. Hilton’s research highlights that the natural
rates of this process (by weathering and breakdown of rocks)
is much, much slower. The planet is currently undergoing dramatic changes with respect to global climate, and it is crucially
important to consider whether these aspects of the carbon
cycle may amplify human impacts.

TALENT SHOWCASE
LIFE SCIENCES LAUREATE
M. Madan Babu, PhD, Programme Leader, MRC Laboratory
of Molecular Biology
Dr. Babu’s multi-disciplinary work employs techniques from data science, genomics and structural biology to analyze
biological systems. Using this innovative
approach, Dr. Babu has made important
discoveries about proteins called G-protein-coupled receptors (GPCRs). These
proteins are implicated in numerous human disorders, and
drugs targeting GPCRs represent nearly 30 percent of all drug
sales. Dr. Babu has shown that many GPCRs targeted by common drugs can differ significantly from one person to another,
so patients with different versions of the same GPCR are likely
to have different responses to the same drug. These findings
will begin to identify problematic treatments, and could potentially revolutionize personalized medicine. In a parallel body of
work, Dr. Babu has also made fundamental discoveries in the
role of so-called “disordered” proteins. About 40 percent of human proteins have a region where the protein becomes more
flexible, less structured — these floppy, flexible parts of proteins have puzzled structural biologists for decades. Dr. Babu
and his team have helped to establish the roles of disordered
proteins in health and disease. Together, these studies shed
light on key types of proteins that are integral to human health.
LIFE SCIENCES FINALISTS
John Briggs, DPhil, Programme Leader, MRC Laboratory
of Molecular Biology

Timothy Behrens, DPhil, Professor of Computational
Neuroscience, Nuffield Department of Clinical Neurosciences
and Deputy Director, FMRIB Centre, University of Oxford;
Honorary Lecturer, Wellcome Centre for Imaging Neuroscience,
University College London
Prof. Behrens uses mathematical models, behavioral experiments and neural recordings to dissect the biological
computations that underlie human behavior. He has uncovered key aspects of
how we represent the world around us,
make decisions and guide our behavior. His group has shown that the neural structures used to
represent physical space are also used to represent abstract
concepts — the brain uses a similar mechanism to encode
“maps” of abstract ideas. Such findings have impact on neural
network computing and artificial intelligence, but also on our
understanding of cognition and mental health. Prof. Behrens
has also worked to map the precise anatomy of the human
brain, and is leading a large-scale collaboration to map networks of neurons important for cognition. Few fields are more
intimately related to our sense of what it means to be human
— and Prof. Behrens and his team are at the forefront of this
understanding. 

q The Inaugural Honorees

of the 2018 Blavatnik Awards
for Young Scientists in
the United Kingdom

Dr. Briggs uses and develops stateof-the-art techniques in electron microscopy to understand the structure
and functions of biological molecules.
He pioneered a technique called cryoelectron tomography (cryo-ET), which
allows visualization of biological specimens at near-atomic resolution. He has combined this technique with other types of microscopy to identify and image
rare and dynamic cellular events. Dr. Briggs was the first to
achieve pseudo-atomic resolution for visualization of a biological structure using cryo-ET by imaging the capsid domains of HIV. This remarkable achievement revealed the
network of protein interactions governing the assembly of
HIV particles, and provides new insights into viral function.
Dr. Briggs is at the forefront of structural biology, leading the
search for higher resolution visualizations of cellular processes directly within their native environments. By turning
these techniques to important biological questions, his work
stands to have broad impact on our understanding of the biology of cells and viruses.
The New York Academy of Sciences Magazine • Spring 2018
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The Innovators In Science Award
Honorees Are Breaking
New Ground In Neuroscience
By Ann Griswold, NYAS Contributor
Albert Einstein reportedly once said, “Not everything that
can be counted counts, and not everything that counts can
be counted.” Though the 2017 honorees of the Innovators
in Science Award have plenty of countable achievements,
their stories reveal a common thread — creative approaches
to their work and the development of disruptive tools that
transformed scientific understanding in their discipline.
UNMASKING CELLULAR MESSENGERS
During medical school, Shigetada Nakanishi, MD, PhD, became frustrated when he
realized how little was known about the
etiology of many diseases. “As a consequence, I gradually began to think that research work on basic medicine to explore
the mechanisms of diseases is more valuable as my life work,” he says.
This change of heart set him on a path of scientific discovery
that has shaped modern understanding of the brain’s function. Nakanishi, Director of the Suntory Foundation for Life Sciences Bioorganic Research Institute and Senior Scientist Winner, has uncovered essential components of neural networks, including diverse
glutamate receptors that mediate communication between neurons. His work has also revealed how the cerebellar and basal ganglia circuits control motor coordination, learning and motivation.
Along the way, he developed an innovative cloning strategy
for cloning membrane-embedded transmitter receptors, and
uncovered genes encoding NMDA and G-protein coupled glutamate receptors.
“Science can be fruitfully done and [is] enjoyable when you
design and carry out your experiments according to your own
questions and ideas,” he says. “Then, you will be deeply inspired
and surprised with the beauty of nature.”
PAIN RELIEF BEGINS WITH BASIC SCIENCE
In a field as urgent and divisive as pain
control, the race to market new drugs
often overshadows a slower yet essential expedition: curiosity-driven science.
But in David Julius’ lab at the University
of California, San Francisco, curiosity has
always been king.
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As a graduate student in the early 1980s, Julius, a Senior Scientist Finalist, became fascinated with neurotransmitter systems.
He read every paper he could find about the effects of psychoactive drugs on the nervous system, including works by Timothy
Leary and Sol Snyder. Eventually his curiosity led him to clone the
serotonin receptor, a groundbreaking feat that introduced molecular biology into the field of pain research, long dominated by
physiologists, pharmacologists and psychologists.
In the years since, he has taken a molecular approach to explore how plant-derived products such as capsaicin from chili
peppers and menthol from mint leaves “tickle the pain pathway.”
His findings have shed light on various pain receptors in the brain
and uncovered ion channels that regulate sensory neurons in response to thermal or chemical stimuli.
“If any of these lead to a new pain drug, I’ll be incredibly gratified
by that,” says Julius, PhD, a professor of physiology. “But in the end,
these [new drugs] arise from asking basic questions about somatosensation and pain. It’s important to keep that in mind, because you
never know when a basic discovery will transform an area.”
UNCOVERING A NEW ROLE FOR GLIA CELLS:
SHAPING THE NEURAL COMMUNICATION NETWORK
Before Ben Barres, MD, PhD, began studying glia — cells that safeguard and anchor
neurons — they were thought to play a
relatively minor role in the nervous system. But Barres’ work revealed that glial
cells, which far outnumber neurons, serve
a more important function.
“Ben pioneered the idea that glia play a central role in sculpting
the wiring diagram of our brain and are integral for maintaining
circuit function throughout our lives,” said Thomas Clandinin,
PhD, and professor of neurobiology at Stanford in a university
press release. Clandinin was a colleague of Barres, who passed
away in December 2017.
Barres, a Senior Scientist Finalist and former Chair of Neurobiology at Stanford, began his career as a clinical neurologist, but
became disillusioned by the medical field’s poor understanding
of neural degeneration. While reviewing pathology slides, he
noticed that degenerating brain tissue was often surrounded by
a high density of unusually shaped glial cells.
He pursued a PhD and eventually characterized three types of

TALENT SHOWCASE
glial cells, revealing how they shape electrical signal transmission.
He shared the tools and reagents for cloning these cells, sparking
widespread interest in glial function.
Barres’ most recent work showed that rogue glial cells drive
neurodegenerative disorders such as Alzheimer’s and Parkinson’s
diseases, a finding he described as “the most important discovery
my lab has ever made.”
ILLUMINATING THE BRAIN’S CIRCUITRY
As an undergraduate, Viviana Gradinaru,
PhD, the Early-Career Scientist Winner,
became fascinated with the underpinnings
of neurodegeneration. But few tools existed to dissect the phenomenon. Undeterred, she set out to create her own.
During graduate school, Gradinaru borrowed light-sensitive proteins from algae and bacteria and introduced them to mammalian neurons, hoping to switch individual
cells on or off in response to laser stimulation. Using this strategy,
she revealed how specific brain circuits underlie locomotion, reward and sleep. One of Gradinaru’s tools, dubbed “eNpHR3.0,”
is now widely used in the field of optogenetics — a field that her
work helped launch.
Now an Assistant Professor of Biology and Biological Engineering at Cal Tech, Gradinaru has moved on to other tools and
methods, including tissue-clearing techniques that render organs
transparent. These see-through systems allow scientists to visualize where neurons start and stop, for example, and how the cells
behave along the way.
Gradinaru’s team was also among the first to introduce vectors
that can shuttle genes across the blood-brain barrier with high
efficiency. These genes can express colors, allowing scientists to
visualize neural pathways, or they can normalize biochemical or
electrical properties in a disease model.
“Developing tools and perfecting them to the level where they
can work in other people’s hands,” she says, “is key to maximum
impact.”
Ultimately, Gradinaru says she hopes these tools will inspire
non-invasive therapies that can repair faulty brain circuits and address issues such as neurodegeneration.
BIOLOGICAL UNDERPINNINGS OF THE MIND
Michael Halassa, MD, PhD, an Early-Career Scientist Finalist, has traced the neural correlates of cognition from the thalamus to the cortex and beyond. But his
interests in neurocomputational frameworks can be traced even farther — to
the first time he watched “The Matrix.”
As he watched the film’s characters grapple with a simulated
reality, Halassa began wondering how something as intangible as
the mind can perceive reality in the first place. If we were to look
inside the brain, he wondered, where would we find the mind?

How do we make decisions and solve problems?
“If we can understand how these functions are normally accomplished by the physical device we call the brain, then we’ll
have a better understanding of how these functions go awry
in conditions such as schizophrenia, autism or ADHD,” says
Halassa, an Assistant Professor of Brain and Cognitive Science
at Massachusetts Institute of Technology (nominated while at
New York University in New York).
Halassa abandoned the traditional tactic of studying the molecular and electrical properties of individual cells. Instead, he
assembled computational frameworks that could map physical features, such as synapses, onto abstract processes such as
thought. His approach revealed that the thalamus, a brain region
long assumed to relay simple sensory input to the cortex, actually streams detailed instructions that allow the cortex to shift
between tasks.
“From moment to moment, your brain is being reconfigured on
the fly to perform different types of tasks. That reconfiguration
is what defines things like intelligence, productivity and performance.” Glitches in this network configuration may contribute to
psychiatric diseases, he says.
His findings could lead to artificial intelligence systems that display similar cognitive flexibility. Such “neuromorphic computing”
could lead to a greater understanding of how we perceive reality.
BRIDGING PSYCHOLOGY AND NEUROSCIENCE
During her undergraduate years at the
Massachusetts Institute of Technology,
Kay Tye, PhD, an Early-Career Scientist Finalist, enjoyed taking psychology classes
alongside her load of neuroscience coursework. But the contrast revealed each field’s
shortcomings: Psychology felt unsatisfying, she says, because it lacked a mechanism to trace thought and
emotion back to neural mechanisms. And neuroscience focused
on sensory or motor systems without hinting at how these systems give way to thought and emotion.
Eventually, she devised a plan to bridge the fields. She began
using optogenetics to tease apart the underpinnings of motivation and reward. “The dream has always been to completely
understand on every level how complex social and emotional
representations exist in the brain,” says Tye, Assistant Professor
at MIT’s Picower Institute for Learning and Memory. Using this
approach, Tye has made startling discoveries about the neural
networks involved in social interaction, including the finding that
loneliness drives social interaction.
Going forward, she aims to explore how social representations
are parsed in the brain. This research program, she says, could
someday lead to targeted therapeutics for psychiatric conditions
that have minimal side effects.
“If we understand the cells and circuits and synapses that give
rise to different emotional states,” she says, “then we can understand when there are perturbations and how to fix them.”
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Academy eBriefings
eBriefings are online multimedia reports documenting recent Academy events.
Find new and noteworthy ones here and more at www.nyas.org/eBriefings.
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Controlled Trials q

HIV Prevention p

THE NEED TO ACCELERATE THERAPEUTIC
DEVELOPMENT: MUST RANDOMIZED
CONTROLLED TRIALS GIVE WAY
The enterprise of drug development is a crucial lifeline for
patients and their families. Those who need new and better treatment options depend on researchers to deliver safe
and effective therapies as quickly as possible, meaning experimental drugs must first be tested on human volunteers
before they can be approved for widespread use. Since the
mid-twentieth century, the randomized controlled trial (RCT)
has been considered the gold-standard in research design
because of its ability to overcome bias and yield high-quality
evidence. But it comes at a steep cost: The average new drug
requires six to eight years of human testing and $100 million
to fund the clinical trial phase alone. Moreover, conducting
an RCT is not always feasible or moral, such as during a pandemic or in the case of a very rare disease. In such cases,
alternative trial designs may produce faster and cheaper results, but in doing so, they must not compromise appropriate
levels of standards of safety and efficacy, say regulators, patients and insurers. While more rapid development is critical
to save lives, difficult questions remain about how to tread
this delicate balance.
On June 21–22, 2017, the Academy convened a colloquium
at which academic and pharmaceutical researchers, federal
regulators, bioethicists, executives, patient advocates and
lawyers met to discuss the relevance of the randomized controlled trial as the default model for human subject research.
With the success of emerging interventions like genomic therapy and immunotherapy, a cultural conversation has opened
up around issues such as determining how clinical trials should
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be designed in this new era, who may participate in research
and when promising therapies should reach the market. Formulating answers to these urgent questions could benefit millions of patients and reshape the future of medicine.
The opening panel set the stage for the role RCTs have
played in the history of medical research. Susan Lederer described how clinical trials first came to be. In the 1760s, James
Lind was a ship’s surgeon in the British navy faced with a
rash of scurvy cases. In a bid to stop the outbreak, he divided
twelve sailors into groups of two, rotating each through different sets of treatments. The groups tried sea water, sulfuric
acid, vinegar, cider, a tamarind paste and oranges and lemons.
When that last treatment proved effective, Lind realized he
had hit upon a cure.
But officially randomizing treatment into a control arm and
a trial arm didn’t gain traction until the mid-twentieth century,
when World War II prompted a massive influx of federal dollars for research, and the pharmaceutical industry began to
transform American medicine. In the early 1960s, after many
pregnant women took the drug thalidomide, which caused fetal deaths and birth defects, Congress established laws calling
for “adequate and well-controlled” studies that demonstrated
efficacy as well as safety before drugs could be approved.
Speakers also examined the need for alternatives to RCTs,
the risks associated with both RCTs as well as alternatives,
ethics and patient advocacy in clinical trial design, modern
trends in clinical drug development and clinical trial innovation, among many other topics.
Full eBriefing by Kira Peikoff:
www.nyas.org/ebriefings/2017/the-need-to-accelerate-therapeuticdevelopment-must-randomized-controlled-trials-give-way/

ACADEMY eBRIEFINGS
NEUROPLASTICITY, NEUROREGENERATION,
AND BRAIN REPAIR
Many promising strategies for promoting neuroregeneration
have emerged in the past few years, but a further research
push is needed for these ideas to be translated into therapies
for neurodegenerative diseases. On June 13–14, a symposium
presented by Eli Lilly and Company and the New York Academy of Sciences brought together academic and industry researchers working on multiple neurodegenerative diseases
as well as clinicians and government stakeholders to discuss
cutting edge basic and clinical research on neuroregeneration
and neurorestoration. Topics included neuronal plasticity, inflammation, glial cell function, autophagy and mitochondrial
function, as well as analysis of recent drug development failures and how to move forward from them.
Full eBriefing by Alla Katsnelson:
www.nyas.org/ebriefings/2017/neuroplasticity-neuroregenerationand-brain-repair/

LONG-ACTING HIV PREVENTION METHODS
The development of antiretroviral drugs for HIV treatment,
and in more recent years, for prevention has dramatically reduced disease burden for millions of people with access to
adequate treatment and prevention programs. However, UN-
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Full eBriefing by Ann Griswold:
www.nyas.org/ebriefings/2018/long-acting-hiv-prevention-methods/

PROVE YOUR CONCEPT.

Innovators in Science Award
in Regenerative Medicine
April 16, 2018: Nominations Open
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To learn more or to nominate a scientist,
please visit www.TakedaInnovators.com
The Innovators in Science Award recognizes a
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areas of Neuroscience, Gastroenterology, Regenerative
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accepted in the field of Regenerative Medicine.
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AIDS reports that 25 million people in Sub-Saharan Africa are
still living with HIV, accounting for more than two-thirds of the
infected population worldwide, and that young women (aged
15–24) in this region are disproportionately impacted. Importantly, the number of young women nearing or in this age
range is currently very high, placing us at a critical juncture.
Without adequate intervention and a reduction in the rate of
new infections, the most likely outcome is a resurgence of the
HIV epidemic.
The scientific community must develop new and effective
prevention strategies to reduce HIV transmission in order to
prevent this devastating outcome. Taking into consideration
economic, social and cultural barriers to current HIV prevention strategies, approaches such as long-acting therapies are a
promising path forward; however key questions remain before
this approach can be put to use in community settings. On
September 22, 2017, the Bill & Melinda Gates Foundation and
the Academy’s Microbiology and Infectious Diseases Discussion Group gathered scientists, policy makers and community
leaders to address current scientific barriers to development
of long-acting prevention methods for HIV.

PowerBridgeNY is a New York-based proof of concept center that
turns cleantech innovations from the academic research labs of our
six partner institutions into strong, cleantech businesses. We provide
awardees with grants of up to $150K to engage in customer discovery,
develop a prototype, and conduct in-field testing to move cleantech
innovations closer to commercialization.
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Learn more at powerbridgeny.com
Follow us at @PowerBridgeNY
ARE YOU A RESEARCHER AT ONE OF OUR PARTNER INSTITUTIONS?
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THE PARTNER INSTITUTIONS ARE:

Administered By

The New York Academy of Sciences Magazine • Spring 2018

27

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.
Learn more and order copies at www.nyas.org/annals.

Folate status in women
and neural tube defect
prevention
Neural tube defects (NTD) are one of the most common types
of congenital malformations characterized by incomplete closure
of the embryonic neural tube. Anencephaly and spina bifida are
the two most common types of NTD that affect the brain and
spinal cord, respectively. These defects occur between 21 and 28
days after conception when most women are unaware of their
pregnancies. NTD contribute to stillbirths, as well as neonatal,
infant, and under-five mortality, along with life-long disability and
substantial health care costs among those who survive.
The March of Dimes Global Report on Birth Defects, using
methods developed by Modell and colleagues, published a global
estimate of the number of live births with NTD. According to this
report, an estimated 324,000 births (2.4 per 1000 live births)
were affected by NTD globally during the year 2001, which contributed to over 2.3 million disability-adjusted life years.
This special Ann NY Acad Sci issue was developed in support
of the technical consultation “Folate Status in Women and Neural Tube Defect Prevention,” convened by the Micronutrient Forum and supported through Nutrition International by a grant
provided by the Bill & Melinda Gates Foundation. The Bill & Melinda Gates Foundation also provided support for open access of
the 10 papers comprising the special issue.
In the special issue, Blencowe et al. extended the Modell
methodology and estimated 260,100 NTD-affected pregnancies worldwide in 2015, of which approximately 50 percent were
electively terminated. Over 75 percent of NTD-affected births
resulted in death by 5 years of age. The global prevalence of
NTD was estimated by Blencowe and colleagues to be 1.86 per
1000 live births in 2015, while varying in different regions of the
world between 0.75 and 3.12 per 1000 live births.
The other individual papers cover many areas related to folate
status and prevention of NTD, including a public health approach
for preventing neural tube defects; the safety of folic acid; investment case for folic acid fortification in developing countries; and
a proposal for an integrated strategy to support and accelerate
birth defect prevention.
Special Issue:
Folate Status in Women and
Neural Tube Defect Risk Reduction
Ann NY Acad Sci 1414: 1–136
February 2018

28

www.nyas.org

Getting complex drugs
to market: the regulatory
and scientific hurdles
The rise of biotechnology and nanotechnology has accelerated
the development of complex drug products and their copy versions, the growth of which is expected to increase significantly.
While regulatory guidance for authorization of generic versions
of small molecule drugs is well established, guidance for complex drug products is still evolving. Experts from various backgrounds and parts of the world gathered at the New York Academy of Sciences to discuss the current regulatory frameworks,
share experiences and identify open issues. The outcome of
these discussions and the identified outstanding challenges are
reported in the Ann NY Acad Sci special issue “Equivalence of
Complex Drug Products: Scientific and Regulatory Challenges.”
The complex drug landscape classifies products based on
the challenge of assessing pharmaceutical equivalence (PE)
and bioequivalence (BE) of two drug products. According to
this classification, complex drug products can be divided into
two categories: (1) products with complex active ingredients
and/or complex formulations for which both PE and BE are
difficult — if not impossible — to demonstrate, and (2) products with complex routes of delivery, dosage forms or complex drug–device combinations, where either BE or PE is difficult to establish. The first category includes the majority of
nonbiological complex drugs (NBCDs).

ANNALS HIGHLIGHTS
NBCDs are fully synthetic materials: They are medicinal products but not biological medicines, where the active substance is
not a homogeneous molecular structure but consists of different
closely related and often nanoparticulate structures that cannot be isolated and fully quantitated, characterized and/or described by physicochemical analytical means. The composition,
quality, and in vivo performance of NBCDs are highly dependent
on the manufacturing processes of the active ingredient, as well
as (in most cases) the formulation. Although the term NBCDs
is not officially recognized by the European Medicines Agency
(EMA) or the U.S. Food and Drug Administration (FDA), it is
gaining traction in the scientific community.
This special issue presents seven papers discussing the
challenges of evaluating and regulating complex biological and
non-biological drugs in a number of contexts, including the example of the World Health Organization standards for biotherapeutics and biosimilars, and specific examples of complex drugs
such as iron sucrose, used in the treatment of iron-deficiency
anemia, and glatiramer acetate, a complex nonbiological drug
for treatment of multiple sclerosis.

Additional
Recent
Annals volumes
Special Issue:
Musculoskeletal Repair and
Regeneration I & II
Ann. N.Y. Acad. Sci. 1409: 1–94 and
Ann. N.Y. Acad. Sci. 1410: 1–106
December 2017
Special Issue:
The Year in Diabetes and Obesity
Ann. N.Y. Acad. Sci. 1411: 1–183.
January 2018
Special Issue:
Myasthenia Gravis and
Related Disorders I & II
Ann. N.Y. Acad. Sci. 1412: 1–177 and
Ann. N.Y. Acad. Sci. 1413: 1–169
January and February 2018

Special Issue:
Equivalence of Complex Drug Products:
Scientific and Regulatory Challenges
Ann NY Acad Sci 1407: 1–89
November 2017
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2018 Ross Prize in
Molecular Medicine
Join the Feinstein Institute for Medical
Research and Molecular Medicine in honoring
Dr. Huda Y. Zoghbi, the winner of the
2018 Ross Prize in Molecular Medicine,
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THE LAST WORD

A Time for Us
The ever-eloquent Carl Sagan, a rare scientist who could soar could envision and articulate a way forward: the Millennium
above the clouds of human existence to enlighten the citizen- Goals Plan. And then he assigned Jeff and Columbia University’s
ry in unexpected and moving ways, penned a book: “The Pale Earth Institute, which Jeff headed, to actually achieve eight of
Blue Dot: A Vision of the Human Future in Space,” a particularly the most challenging goals ever envisioned.
moving segment of which we believe is worth republishing. The
How did it go? According to the 2015 U.N.’s Millennium De“Pale Blue Dot” (opposite) is the ultimate reminder that, despite velopment Goals Report some of the goals reached include:
the power and promise of science and technology, humanity
• In 2010 — five years ahead of schedule — they met their
will need to rely on our “Planet A” because — in at least our
target of reducing extreme poverty (defined as making less
grandchildren’s lifetimes — there is no “Planet B” for us.
than $1.25 per day) by half! Seven hundred million fewer
And that is why, despite all the devastating headlines, I bepeople lived in poverty in 2010 than in 1990.
lieve that Carl Sagan, if he were alive today, would be optimistic
• In Southern Asia, only 74 girls were enrolled in primary
about the progress humanity has achieved since his premature
school for every 100 boys in 1990. Today, 103 girls are endeath in 1996.
rolled for every 100 boys.
Another outstanding communicator, Harvard’s Steven Pinker,
• Two billion people gained access to improved drinking water.
has just published a book predicated on this notion, but going
• The maternal mortality ratio was cut nearly in half.
back much further than the last three decades. Enlightenment
• And there was a 58 percent decline in malaria mortality
rates worldwide — averting over 6.2 million deaths primarily
Now: The Case for Reason, Science, Humanism and Progress proin children under five in Sub-Saharan Africa.
vides hard facts that support the assertion that the percentage
How in the world was this unprecedented global success
of humanity living longer, healthier and happier lives has never
possible?
been higher. For example:
The spirit of Carl’s vision of the future of humanity is at the core
• According to the World Health Organization, the average
life expectancy at birth of the global population in 2015 is of the successes achieved by Jeff … and, by extension, his formal
71.4 years old.
and informal team of tens of thousands of sci“The 17 Sustainable
• Since 1990 the lives of more than 100
entists, technologists, policy makers and indiDevelopment
Goals
…
million children have been saved thanks
vidual villagers. He proposed a fully integrated
to vaccinations, treatment of diarrhea, will ONLY be implemented approach to water, food production, disease
promotion of breast-feeding and other
through collective action.” control, connectivity and, of course, education.
simple steps.
They succeeded thanks to science and technol• Between 1961 and 2009 the amount of land used to grow ogy, but also two crucial words: COLLECTIVE ACTION.
food increased by 12 percent, but the amount of food grown
The power of this principle — never practiced on a global scale
increased by 300 percent.
before or during Carl Sagan’s lifetime — became so evident, the
This isn’t an abstraction to me. I have had the extraordinary U.N.'s next Secretary General, Ban Ki-moon, convinced the 193
privilege of witnessing an unprecedented application of the prin- U.N. member nations to build on what had been achieved in the
ciples underlying Pinker’s portrait of global progress. My wife, Developing World by undertaking the even grander challenge of
Dr. Joanna Rubinstein, was selected by the macroeconomist ensuring a sustainable “pale blue dot.”
(and Academy Honorary Member) Jeffrey Sachs to serve as his
The 17 Sustainable Development Goals endorsed by every
Chief of Staff as he labored to convert from theory to action, U.N. member nation can be achieved through the wise applicahumanity’s first effort to dramatically reduce extreme poverty tion of science and technology. But they will ONLY be implemented
and unnecessary death by disease, to increase education and through collective action. What an honor that the New York
bring hope for self-sufficiency to the poorest countries on earth. Academy of Sciences was chosen by Secretary General Ban and,
This was the Millennium Development Goals Project. It was now, by the new Secretary General António Guterres’ appointed
conceived in 1999 by then United Nations Secretary General executive charged to achieve the Goals by 2030 — the indomitaKofi Annan. First he persuaded the 191 United Nations member ble Deputy Secretary General Amina Mohammed — to bring our
states (at that time) and more than 20 international organiza- extraordinary network of expert Members and Member institutions, to commit to what seemed like a hopelessly aspirational tions to the challenge. I hope you feel inspired. 
notion: that a roadmap for systemic change could be developed
… and even implemented … in 15 years that would dramatically
improve the lives of the world’s poorest people.
Ellis Rubinstein
Then he hired Jeffrey Sachs to create a team of experts who President & CEO
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Pale Blue Dot: A Vision of the
Human Future in Space
By Carl Sagan

“Look again at that dot. That's here. That's home. That's
us. On it everyone you love, everyone you know, everyone you ever heard of, every human being who ever was,
lived out their lives. The aggregate of our joy and suffering,
thousands of confident religions, ideologies, and
economic doctrines, every hunter and forager, every hero and coward, every creator and destroyer of civilization, every king and peasant, every young
couple in love, every mother and
father, hopeful child, inventor and
explorer, every teacher of morals,
every corrupt politician, every
“superstar,” every “supreme leader,” every saint and sinner in the
history of our species lived there, on
a mote of dust suspended in a sunbeam.
The Earth is a very small stage in a vast cosmic arena. Think of the endless cruelties visited by
the inhabitants of one corner of this pixel on the scarcely distinguishable inhabitants of some other corner, how frequent
their misunderstandings, how eager they are to kill one another, how fervent their hatreds. Think of the rivers of blood

CARL SAGAN (1934-1996) was the Director of Cornell University’s Laboratory for Planetary Studies. He played a leading role in
the American space program and was an adviser to NASA since
its inception. He briefed the Apollo astronauts before their flights
to the Moon, and was an experimenter on the Mariner, Viking,
Voyager, and Galileo expeditions to the planets. He helped solve
the mysteries of the high temperatures of Venus (answer: massive greenhouse effect), the seasonal changes on Mars (answer:
windblown dust), and the reddish haze of Titan (answer: complex
organic molecules).

spilled by all those generals and emperors so that, in glory
and triumph, they could become the momentary masters of
a fraction of a dot.
Our posturings, our imagined self-importance, the delusion
that we have some privileged position in the Universe, are
challenged by this point of pale light. Our planet is
a lonely speck in the great enveloping cosmic
dark. In our obscurity, in all this vastness,
there is no hint that help will come from
elsewhere to save us from ourselves.
The Earth is the only world known
so far to harbor life. There is nowhere else, at least in the near
future, to which our species could
migrate. Visit, yes. Settle, not yet.
Like it or not, for the moment the
Earth is where we make our stand.
It has been said that astronomy
is a humbling and character-building
experience. There is perhaps no better
demonstration of the folly of human conceits
than this distant image of our tiny world. To me, it
underscores our responsibility to deal more kindly with
one another, and to preserve and cherish the pale blue dot, the
only home we've ever known.”
— Carl Sagan, Pale Blue Dot: A Vision of the Human
Future in Space, Random House, 1994 

For his work, Dr. Sagan received the NASA medals for Exceptional Scientific Achievement, and the Pulitzer Prize winner
for The Dragons of Eden. His 1980 television series COSMOS: A
Personal Voyage won the Emmy and Peabody awards.
The National Science Foundation declared that his “research transformed planetary science… his gifts to mankind
were infinite.”
Copyright © 1994 Carl Sagan. Reprinted with permission from Democritus Properties, LLC. All rights reserved this material cannot be further circulated without written
permission of Democritus Properties, LLC.
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