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An Aedes aegypti

Science:: | mosauito
L engorged with

" blood, perched
on a human arm.
This species
can transmit
viral diseases
such as dengue,
Zika, chikungunya, and yellow
fever. This week, a special news
package examines new strategies in
humanity’s battle against mosquito-
borne disease. See page 162.
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EDITORIAL

Business backs the basics

arlier this year, a number of leaders from major

U.S. corporations gathered at Sunnylands in Cali-
fornia to discuss the critical importance of basic
scientific research. For decades, the private sector

has withdrawn from some areas of basic research,

as accelerating market pressures, the speed of in-
novation, and the need to protect intellectual
property in a global marketplace made a Bell Labs-style,
in-house model of discovery
and development hard to
sustain. However, the leaders
who gathered for the “CEOs
and Leaders for Science” re-
treat* (which we convened)
agreed that basic research
will make or break corpora-
tions in the long term. Why?
Long-term basic research,
substantially funded by the
US. government, underlies
some of industry’s most prof-
itable innovations. Global
positioning system technol-
ogy, now a staple in every
mobile phone, emerged
from Cold War Defense De-
partment research and de-

=
A
|

vanced degrees in science and technology in the United
States come from abroad because of the nation’s scientific
excellence. For decades, American companies could at-
tract and retain the finest talent from around the world.
But if the U.S. loses its edge in research, it may also lose
this vital resource of expertise and innovation.
Consequently, business leaders assembled at Sunny-
lands resolved to use their individual and collective cred-
ibility, and their stature as
(—1 heads of enterprises that fuel
i the economy, to advocate for
greater government support
for basic scientific research
to revitalize the science eco-
system. However, they will
need to lift sagging pub-
lic opinion because many
Americans now see basic
research as a luxury rather
than a necessity. A 2015 Pew
poll found that Americans
who view publically funded
basic research as “not worth
it” rose from 18 to 24% be-
tween 2009 and 2014. At
the same time, those who
believe private investment is

“ L3 L
cades of National Science ...basic research will enough to ensure scientific
Foundation explorations. As ke b k t‘ progress also increased from
well, long-term public-pri- ma or orea Corp orations 29 to 34%
vate partnerships in basic in the long term.” With that in mind, the

research have driven U.S.

leadership, from information technology to drug devel-
opment and medical advancement. For example, the Hu-
man Genome Project combined $14.5 billion in federal
investment with a private-sector initiative, generating
nearly $1 trillion in jobs, personal wealth for entrepre-
neurs, and taxes by 2013. Such endeavors created a sci-
ence ecosystem that in turn generated the talent pipeline
upon which it depended.

Although for-profit corporations still invest in propri-
etary product development and expensive clinical trials,
industry finds itself unable to invest in basic research the
way it once did. The need for increased corporate secrecy,
market force-driven short-term decision-making, and
narrowing windows to monetize new technologies have
whittled away industry’s willingness and ability to con-
duct basic research. This change threatens U.S. preemi-
nence in research. For instance, the nation may lose its
ability to attract and retain the finest talent from around
the world. A good fraction of the students who earn ad-

CEOs will partner with aca-
demic leaders to educate the public about the importance
of basic research. Together, they will advocate for this in
meetings with federal officials, through various media
channels, and by asking presidents in the Association
of American Universities to identify corporate leaders in
their respective communities to join the effort. The hope
is that this concerted action positions basic research atop
the next U.S. president’s agenda.

History has shown that investments in basic research
are the primary engine by which humanity has advanced,
and major economic gains—often unanticipated when
the research was initially funded—have been realized. In
the United States, that will require a long-term commit-
ment from the government, complementing the ongoing
investment of risk capital and key industry sectors.

America’s leadership role in scientific innovation is an
inherited responsibility and an economic imperative. It
must not be neglected.

—Subra Suresh and Robert A. Bradway

*www.annenbergpublicpolicycenter.org/business-leaders-agree-u-s-funding-of-basic-research-advances-prosperity-security-well-being/
__________________________________________________________________________________________________________]
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k& Science is global. ... If | look back to my old country,
it's in a real mess because it thinks it can raise borders to
people coming in. This is not good for science.99

U.K. native Fraser Stoddart of Northwestern University in Evanston, lllinois, who last week
was one of three winners of the 2016 Nobel Prize in Chemistry. http://scim.ag/2016chemnobel

AROUND THE WORLD
IN BRIEF India drives rise in TB cases

GENEVA, SWITZERLAND | Tuberculosis
(TB) in 2015 sickened an estimated

10.4 million people, a jump of 500,000
from 2014, and Killed 1.8 million—more
than HIV. But the apparently alarming
rise mainly reflects improved surveillance
in India, which accounts for 24% of the
cases, says the annual Global Tuberculosis
Report released this week by the World
Health Organization (WHO) in Geneva,
Switzerland. “India’s always been a major
problem,” says Mario Raviglione, head

of the TB program at WHO. “They have
400 million people living in poverty” The
poor often share rooms, have little access
to health care, and depend on alterna-
tives like Ayurvedic medicine that keep
them away from proven cures. The report
also emphasizes that the world has made
scant progress against multidrug-resistant
TB, and needs to increase its investment
by $1.7 billion a year in low- and middle-
income countries to properly combat it.

Contract theory nabs econ Nobel

sTockHoLMm | The 2016 Nobel Prize in
Economic Sciences has been awarded to
key figures in the development of contract
theory—conceptual work that explains

the logic of CEO bonuses, privatization

of government services, and other kinds
of contracts. Bengt Holmstrom of the
Massachusetts Institute of Technology and
Oliver Hart of Harvard University, both

in Cambridge, Massachusetts, will share
the prize. Holmstrom’s theories inform
how compensation packages should be
structured: In 1979, he published the
informativeness principle, which says that
pay should be based on information about
effort. He later noted that fixed pay might
be better than bonuses for jobs with many
kinds of output, some more quantifiable
than others, as an incentive structure
would encourage employees to prioritize
easily measured aspects over others—such
as student test scores over critical think-
ing. In the mid-1980s, Hart and colleagues
studied the idea of incomplete contracts,
which lay out how disagreements will be
resolved, such as who will take control
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Gender bias in telescope time

stronomers wanting time on the European Southern
Observatory's (ESO’s) telescopes are less likely to get it if
they're women, an internal ESO study reported last week on
the preprint server arXiv. The study examined 13,420 pro-
posals submitted by 3017 principal investigators from 2008

ESO's Very Large Telescope array
at Cerro Paranal in Chile:

fellows and students—and there were four times as many profes-
sional male applicants. But after accounting for the career level
of the proposer, a gender gap persisted: The success rate for men
was 22.1%, whereas women's success rate inched up to 19.3%.
Both male and female reviewers tended to rank proposals from

to 2016. Male-led proposals were selected 22.2% of the time,

compared with 16% for female-led proposals. One reason may
be that men are overrepresented at more senior career levels:
Professional astronomers tended to win out over postdoctoral

female applicants at all career levels more poorly. A 2014 study of
proposal reviews for the Hubble Space Telescope also found that
men were more successful than women in getting time.
http://scim.ag/ESOgender

of assets. His group also examined when
governments should privatize services,
noting the potential for a tradeoff between
cost and quality, but also the possibility for
competition to avert quality declines.
http://scim.ag/2016EconNobel

Nuclear R&D pact suspended

moscow | Even during the Cold War,
things were never this bad. Last week, the
Russian government suspended an agree-
ment with the United States on nuclear R&D
cooperation and terminated another agree-
ment to retool Russian research reactors to

SCIENCE sciencemag.org

no longer run on weapons-grade uranium
fuel. The suspensions are largely symbolic,
but nonetheless plunged relations between
Russian and U.S. nuclear science communi-
ties to a new low. The Russian government
framed the suspension of the September
2013 R&D agreement as a “countermeasure”
to U.S. sanctions imposed on Russia after

its annexation of Crimea in March 2014

and U.S. support for rebels in eastern
Ukraine. That suspension “is particularly
unfortunate,” says a U.S. official, because the
agreement was “the first framework follow-
ing the collapse of the Soviet Union in which
the two sides came together as equals.” After

Despite the suspension of nuclear R&D cooperation,

joint U.S.-Russia efforts to remove highly enriched
uranium from Poland continue.

Published by AAAS

the Soviet Union collapsed in 1991, U.S.
assistance to Russia’s nuclear establishment
for many years was geared toward securing
nuclear materials and redirecting weapons
scientists to civilian projects. The Russian
government stated that cooperation could
resume when “justified by the general con-
text of relations with the United States.”

Europe signs onto climate deal

STRASBOURG, FRANCE | The European
Union and seven member states, includ-
ing Germany and France, last week
officially signed onto the global treaty to
curb climate change reached in Paris last
November. The deal sets a global target of
slowing the flow of greenhouse gases into
the atmosphere and holding temperature
increases during this century to below 2°C.
The European backing means the Paris
agreement will have been adopted by more
than 55 nations totaling more than 55%
of greenhouse gas emissions—the level
required for the agreement to take effect.
The climate deal takes effect 30 days after
hitting the two “55” targets. Although

195 nations endorsed the agreement in
Paris, each country then needs to go
through its national process of approving
the deal. In early September, the United
States and China jointly pledged to offi-
cially sign the agreement; India, another
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major player in climate politics, approved
it on 2 October. New Zealand and Canada
also signed last week. Under the agree-
ment, once a country has adopted it

and it has taken effect, the country must
wait at least 4 years to withdraw.
http://scim.ag/climate55

NEWSMAKERS

Three Qs

Biologist Cory Williams of Northern
Arizona University in Flagstaff is using
activity trackers akin to Fitbits to track
the energy consumption of arctic ground
squirrels in Alaska. In a recent study in
Royal Society Open Science, he found that
male squirrels spend more time outside
of their burrows but are less active than
females, which have limited time to spare
when caring for their young but use it to
forage for food. He chatted with Science

Bumble bees prove their smarts

Apes, crows, and parrots often get acclaim for their intelli-
gence. But small-brained bumble bees can solve tasks that
may impress even a bird cognition researcher, a new study
suggests. String pulling is often used to assess the intel-
ligence of animals such as birds and apes. So a team of
cognitive scientists from Queen Mary University of London
designed one for bees: a clear plastic table containing

A tracker detects the arctic ground squirrel’s activity.
about creating a squirrel Fitbit and

how technology is improving ecological
research. http://scim.ag/squirrelfitbit

Q: Why arctic ground squirrels?

A: [They’re] one of the only Arctic animals
that keep a rigid schedule even when
there’s no light/dark cycle for 6 weeks—
meaning, they emerge from and return

to their burrows the same time every day
and they eat the same time each day.

Bumble bees mastered
a test used to assess the
intelligence of birds and apes.

three flat artificial blue flowers that each held a well of sugar water. To get the sugar water,
the bee had to pull the flower out by tugging on an attached string (inset). The team put
110 bees, one at a time, next to the table—and watched. Some tugged at the strings and
gave up, but two kept at it until they retrieved the reward, the team reported last week

in PLOS Biology. The team also placed untrained bees behind a clear plastic wall, where
they could watch the other bees retrieve the water. More than 60% of the watchers knew
to pull the string when it was their turn; furthermore, when trained bees were returned to
their colony, a majority of the workers picked up string pulling by watching them—hinting
at a rudimentary form of culture, the team says.
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Q: What technology did you use for

the trackers?

A: The trackers were epoxied onto a col-
lar that the animals wore. We used light
loggers that ... detect the presence or
absence of light to see if the squirrels are
in their burrows. The accelerometers take
measurements once every second in three
axes of direction, which lets us measure
the index of movement.

Q: What could be done with the
technology in the future?

A: Td like to implant a single device in

an animal that can give us measures of
physiology and behavior besides energy
expenditure. ... Data on heart rate, metabo-
lism, and what hormones it’s producing.
And now that wireless charging is more
common, we could recharge the implanted
device and send the animal on its way. I'm
interested to see how we can implement
technology more into ecological studies.

BY THE NUMBERS

Lowest concentration of
carbon dioxide, in parts per
million (ppm), measured
for 2016 at Mauna Loa in Hawaii
in late September, before values
climb again. The site may
now have passed the 400-ppm
mark permanently.

0%

Proportion of sperm count
in boys conceived by
injecting sperm directly into
the egg, compared with boys con-
ceived naturally. The sons
probably inherited their fathers’
poor fertility, scientists say
(Human Reproduction).

Number of the seven new
Nobel laureates in the natural sciences
who were born in Scotland.
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Better use of social science might have improved local intelligence before a 1983 bombing in Lebanon that kllled the 241 service members listed on this memorial.

U.S. INTELLIGENCE

Spy agencies team up with National Academies

Expanded ties include new board, first-ever survey of social sciences and security

By Jeffrey Mervis

n an unprecedented move, U.S. intelli-
gence agencies are teaming up with the
nation’s most prestigious scientific body
in a bid to make better use of findings
from the country’s leading social and be-
havioral scientists.

The partnership between the Office of the
Director of National Intelligence (ODNI) in
Tysons Corner, Virginia, and the National
Academies of Sciences, Engineering, and
Medicine aims to build bridges between
communities that historically have either
ignored one another or butted heads. The
effort includes the creation of a permanent
Intelligence Community Studies Board at the
academies, which will meet for the first time
next week, as well as a first-ever study of how
social and behavioral science research might
strengthen national security.

David Honey, ODNI director of science
and technology under Director of National
Intelligence James Clapper, says he hopes
that the new partnership will help the intel-
ligence community improve how it collects
and analyzes information. He and others are
eager for help picking out useful and relevant
research, as well as grasping where there is
a lack of good science. Understanding “the

SCIENCE sciencemag.org

limitations of our knowledge,” says Robert
Fein, a national security psychologist in Cam-
bridge, Massachusetts, and a member of the
new intelligence board, “will help to protect
us against armies of snake oil salesmen.”
One area in dire need of better research is
figuring out when people are lying, Fein says.

“We’re looking for truth.
But we're particularly looking
Jor truth that wor.

Charles Gaukel, National
Intelligence Council

After the start of the wars in Afghanistan and
Iraq, he notes, intelligence agencies poured
money into research on both mechanical—
think polygraphs—and behavioral—think
interrogations—methods of detecting de-
ception. But the results were disappointing,
recalls Fein, who led a 2006 report on interro-
gation techniques for the director of national
intelligence. “Researchers overpromised,” he
says, “and there were few useful results after
millions of dollars were spent.”

Even research that generated solid results
had serious flaws, he adds. “For example,

Published by AAAS

none of the studies [of deception] involved
people who didn’t speak English,” Fein notes,
making them of questionable value for use in
many current hot spots around the globe.

Last week, Honey harvested the first fruits
of the fledgling collaboration at a 2-day pub-
lic summit in Washington, D.C., designed
to feed ideas into the upcoming survey of
social and behavioral science. Prominent re-
searchers presented talks on everything from
decision-making under stress to how social
media fuel conspiracy theories. In addition,
a panel of intelligence analysts offered a rare
glimpse into their classified world and how
scientific results need to be tweaked before
they can be applied to intelligence and policy.

“Scholars like to say, ‘In general, X is the
case. But as practitioners, we are asked to
respond to a specific situation,” explained
Charles Gaukel of the National Intelligence
Council in Washington, D.C., which consists
of senior officials from each of the 16 intel-
ligence agencies across the government.
Gaukel also debunked the popular notion
that intelligence analysts try to forecast
global events. “Our role is not to make predic-
tions,” he said. “Rather, we try to give policy-
makers a sense of what’s out there, and how
the enemy is likely to respond.”

The new survey won’t follow the usual
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blueprint for so-called decadal surveys,
which look ahead 10 years. Traditionally,
decadal studies help a particular discipline,
such as astrophysics or geoscience, set pri-
orities among competing facilities and proj-
ects. They may also recommend how federal
agencies can fill gaps and maximize their
research portfolios.

In contrast, the new study won’t seek to
balance competing demands for scientific
facilities or examine existing research port-
folios at the intelligence agencies. Instead,
Honey hopes it will identify current and fu-
ture research areas that might be useful for
national security. Speaking at the summit,
Fein suggested that those on the decadal
survey might want to convene a panel of in-
telligence practitioners who would propose
areas “that might benefit from the relevant
perspectives, data, and knowledge” of social
and behavioral scientists.

“I can’t forecast what we will learn”
from the study, Honey says. “But the his-
tory of decadal studies shows their value in
pointing to where the research community
is headed.”

The survey is expected to take 2 years, and
more than 300 people have been nominated
for the panel’s 18 slots. Despite that strong
show of interest, some scientists who sup-
port the effort worry that getting involved
could harm their research because of public
unease about the spy agencies’ activities.

“I'm a citizen scientist, and I think this
collaboration is great,” says Paul Glimcher,
a neuroeconomist at New York University
in New York City who spoke at the summit
about the Kavli HUMAN project, a deep
dive into the behavior and characteristics
of 10,000 New York City residents that he
leads. But he says his team has “promised
our subjects that the data will never be
shared with the government. And I'm con-
cerned they might react negatively to my
being involved in a study funded by U.S.
intelligence agencies.”

Some observers see the new intelligence
board as a successor to an ODNI science
advisory panel that Clapper abolished af-
ter becoming the nation’s top spy in 2010.
“It seems like at least an admission that the
abandonment of [that advisory board] was
a mistake and that there is an important
role for independent advice from academics
to the intelligence community,” says Steven
Aftergood, who leads the government se-
crecy project at the Federation of American
Scientists in Washington, D.C.

Gaukel may have inadvertently given the
pending decadal survey its marching orders
during his summit talk on what intelligence
analysts do. “We're looking for truth,” he
said. “But were particularly looking for
truth that works.”

156 14 OCTOBER 2016 » VOL 354 ISSUE 6309

Artist’s impression
of the Thirty
Meter Telescope.

ASTRONOMY

As Hawati deliberates, giant
telescope considers new home

State could prove inhospitable even if TMT wins permit

By Daniel Clery

fyou are going to spend more than a bil-

lion dollars building one of the world’s

biggest telescopes, you’ll want to put it

in a place with the best possible view of

the stars. But in the case of the Thirty

Meter Telescope (TMT), an instrument
that promises unprecedented images of
everything from the most distant galaxies
to nearby exoplanets, builders may have to
settle for second best.

Next week, the fierce legal and cultural
battle that has engulfed efforts to build the
TMT on Mauna Kea, a 4207-meter-high
peak in Hawaii, will reignite as state of-

The sky’s the limit

Troubles at Mauna Kea have forced the Thirty Meter
Telescope to consider alternative sites. Lower eleva-
tions generally offer inferior observing conditions.

ELEVATION
LOCATION (METERS)
Mauna Kea, Hawaii 4050
San Pedro Martir, Mexico 2830
Roque de los Muchachos, Spain 2400
Antofagasta region, Chile 2300-4500
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ficials open a pivotal hearing on whether
to allow construction. The peak is rated
as the best observing site in the Northern
Hemisphere, but for Native Hawaiians it
is sacred land, and many residents oppose
the project. “The risk [to the project] is
by no means small,” says project manager
Gary Sanders of the TMT International Ob-
servatory in Pasadena, California, and “the
cost of delay is significant” So the proj-
ect is also hedging its bets by considering
alternative sites.

The TMT is one of three giant telescopes
expected to dominate ground-based op-
tical astronomy beginning in the next
decade. The European Extremely Large
Telescope (with a 39-meter mirror) and the
Giant Magellan Telescope (24.5 meters) are
already under construction, both in Chile.
The TMT was also supposed to be under-
way by now, having won a construction
permit from Hawaiian officials in 2011 af-
ter a long approval process. But the project
ground to a halt after Native Hawaiian pro-
testers disrupted a 2014 groundbreaking
ceremony and later blocked workers from
reaching the site. Then in December 2015,
native activists won a ruling from Hawaii’s
supreme court that invalidated the TMT’s
building permit because of procedural vio-
lations. The court ordered the state’s Board
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of Land and Natural Resources to reopen
hearings designed to give the public a
voice in the decision.

The new hearings begin on Hawaii’s Big
Island on 18 October and will last into late
November. Sanders says the TMT’s appli-
cation is essentially unchanged. Witnesses
have already supplied written statements,
and more than a dozen parties, mostly op-
posing the project, will have a chance to
ask questions. In the end, “it seems likely
we’ll get the permit,” says astronomer
Robert Kirshner, head of science programs
at the Gordon and Betty Moore Foundation
in Palo Alto, California, which has so far
ploughed $180 million into the TMT. But
any decision, which is unlikely before the
end of the year, will probably end up again
in Hawaii’s supreme court.

Even if the TMT ultimately gets a go-
ahead, supporters worry that continuing
opposition may make it difficult to build,
staff, and operate the telescope. Protests
on the mountain have become heated at
times, according to press reports, and there
have been arrests. “We can’t take risks with
people’s safety,” Sanders says.

If Hawaii proves inhospitable, the TMT
will try to relocate. Since this past February,
experts have been reviewing alternative
sites, including several that were studied
when the TMT began serious planning in
the mid-2000s. Cerro Armazones, a peak in
northern Chile, was a favorite for the TMT,
but it is now ruled out because Europe’s
giant scope is taking up residence. Other
sites nearby are in contention. But moving
the TMT to Chile would put all three giant
telescopes in the Southern Hemisphere,
where they would be unable to see much of
the northern sky.

Potential Northern Hemisphere sites in-
clude San Pedro Martir in Baja California
in Mexico and Roque de los Muchachos on
La Palma, a Spanish island off the Atlantic
coast of Morocco. “Our friends in La Palma
are pushing hard” to get the TMT, says Matt
Mountain, president of the Association of
Universities for Research in Astronomy in
Washington, D.C. But neither alternative
matches the seeing conditions on Mauna
Kea, and they would bring extra cost and
complication. The project has already ruled
out sites in the Himalayas, put forward
by India and China—both TMT partners
along with the United States, Japan, and
Canada—because they are too far from
ports and have short construction seasons.

The TMT governors are expected to
choose their top alternative site later
this month. Regardless of what happens
in Hawaii, the governors have vowed to
start construction—on Mauna Kea or
elsewhere—no later than April 2018.
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AIDS

Surprising treatment ‘cures’
monkey HIV infection

Antibody keeps SIV suppressed, but it’s unclear how

By Jon Cohen
“ ascinating” “A complete first”

“Striking.” “Too amazing to be
real” Those are some of the re-
actions researchers are having
to a provocative, baffling monkey
study suggesting that a mono-
clonal antibody used to treat inflammatory
bowel disease in humans might lead to a
“functional” cure of an infection with the
AIDS virus.

HIV therapies have improved to the point
that combinations of antiretroviral (ARV)
drugs routinely knock
down the virus so effec-
tively that standard tests
cannot detect it in the
blood. Researchers have
long sought strategies
that would allow peo-
ple to stop taking their
ARVs without the virus
rebounding—a functional
rather than complete
cure, because patients
would still harbor the vi-
rus, which integrates its
genes into the DNA of a
host’s cells. Yet save for a
few notable exceptions,
almost everyone who has
stopped taking ARVs has
seen the virus jump back
to high levels a few weeks
later. To keep the virus at
bay, HIV-infected people
must take ARVs for life.

On p. 197, a team led
by immunologist Aftab
Ansari of Emory University School of Medi-
cine in Atlanta describes infecting eight
monkeys with SIV, the simian version of
HIV, treating them with ARVs, and then
infusing them with an antibody similar to
an approved drug for Crohn’s disease and
ulcerative colitis that targets a receptor on
immune cell surfaces known as a437. More
than 9 months after the ARVs and antibody
treatments were stopped, all eight animals
had low or undetectable levels of SIV in their
blood. In seven SIV-infected control animals
that received what amounts to a placebo
antibody, the virus rebounded to high levels
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This SIV-infected monkey shows far less
virus (red-yellow) after treatment with an
antibody to «4B7 (bottom).

within 2 weeks of stopping ARVs. “The re-
sults knocked us out, they were so stunning,”
says co-author Anthony Fauci, an immuno-
logist who heads the U.S. National Institute
of Allergy and Infectious Diseases (NIAID) in
Bethesda, Maryland.

Ansari stresses that animals treated with
anti-a4B37 remain infected. “They’re not
cured—far from it,” Ansari says. Moreover,
he and Fauci don’t know how the treatment
works. “It has made us think 10 times over,
‘What the hell is going on in the system?’”
Ansari says. “It’s really a puzzle.”

He, Fauci, and other AIDS researchers be-
came interested in a4p7
because it is found on
the surface of CD4 cells,
the immune cells that
are the main target of
HIV. The protein helps
CD4 cells home in on the
gut, where they gather
in large numbers. Un-
fortunately, «4B7 can
also bind to HIV’s surface
protein, which makes
CD4: cells far more sus-
ceptible to infection and
explains why the virus
destroys those cells in
the gut early in an infec-
tion. Ansari and Fauci
were also tantalized by
results from an earlier
monkey study they con-
ducted, which showed
that the o4@7 antibody
could thwart infection
with SIV. They proposed
a straightforward mecha-
nism for the protection: The antibody re-
duced the CD4 cells’ tendency to home in on
the gut, providing fewer targets for any AIDS
virus there.

Weirdly, the monkeys in the new experi-
ment had higher levels of a4f7-studded
CD4 cells in their guts. And a novel posi-
tron emission tomography/computerized
tomography scan that can show tagged
viruses revealed that the animals treated
with the anti-a4B7 had higher levels of
SIV than the control animals in some
parts of the body, such as the small intes-
tine. The treated monkeys did show signs
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of immune responses that might have
helped them control SIV, but none was
particularly strong.

“Everything they expected to happen
didn’t happen, but what did happen was
interesting,” says Steven Deeks, a clinician
who conducts HIV cure studies at the Uni-
versity of California, San Francisco. “The
immune system is unknowable, dynamic,
complicated, and it always surprises you.”

Despite the lack of a clear-cut mecha-
nism, immunologist Rafick-Pierre Sékaly at
Case Western Reserve University in Cleve-
land, Ohio, predicts the apparent success
will trigger a bevy of new studies. “That
paper is going to orient the research in a
completely new direction,” he says. Sharon
Lewin, a leading HIV cure researcher at the
Peter Doherty Institute for Infection and
Immunity in Melbourne, Australia, says the
work “has very convincing data” and that
it’s “a really impressive finding.” But Lewin
adds a word of caution echoed by many,
including the study authors: “Whether it’s
a quirk of the monkey model, we don’t
know,” she says.

It’s also possible that anti-oa4@7 worked
because the experimental design tipped
the scales toward success in a way that
doesn’t reflect a typical HIV infection. For
one thing, Ansari and Fauci’s team started
the monkeys on ARVs 5 weeks after infec-
tion, which is far earlier than most people
start treatment. Louis Picker, an immuno-
logist who develops AIDS vaccines at Ore-
gon Health & Science University, Beaverton,
also wonders whether the SIV used might
have been weakened, as his own experi-
ments with the same strain have produced
far higher peak levels of virus in the blood
of untreated animals.

Picker suspects some undefined im-
mune response explains the viral control.
“What this experiment appears to be do-
ing is nudging the viral/immune balance
to the host rather than the virus,” he says.
“I suspect if you took an antibody to CD4
and did the same experiment you’d see the
same thing.”

But Picker allows that no other group has
yet published similar results. And perhaps
most important, unlike the CD4 mono-
clonal antibody, the one against o437 has
a human version, vedolizumab, already
approved for clinical use. Indeed, NIAID
began studies of it in HIV-infected people
3 weeks ago. The trial, which hopes to en-
roll 20 people, is mainly a safety assess-
ment, but participants will go off ARVs, and
then the researchers will closely monitor
them to see whether their HIV levels rise
or remain suppressed. “We're going to find
out very soon whether this is all a bunch of
nonsense or actually works,” Fauci says.
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NANOTECHNOLOGY

Chemistry

Nobel heralds age

of molecular machines

Primitive parts have evolved into more useful devices that
pump, drill, move, and assemble other molecules

By Robert F. Service

he automated textile loom, patented

in 1785, helped launch the Industrial

Revolution. But early specimens were

finicky and fussy handmade contrap-

tions. Gears, rollers, and yarn shuttles

regularly broke down, and inventor
Edmund Cartwright never made
any money. Yet 40 years later,
fully automated, steam-powered
looms were the norm, and the
world never looked back.

That developmental arc could
now be happening for molecular
machines. Last week, the 2016
Nobel Prize in Chemistry went to

machines.”

CHEMISTRY NOBEL

“... for the design and
synthesis of molecular

Jean-Pierre Sauvage
Fraser Stoddart

Bernard Feringa

several years,” says R. Dean Astumian, a
physicist at the University of Maine, Orono.

In 1983, Sauvage started things off by us-
ing a copper ion to knit together two inter-
locking rings of organic compounds. He later
figured out how to inject ions to chemically
trigger the rotation of one ring as it passed
through the other. Though that simple mo-
tion didn’t do anything useful,
the efficiency of the reactions en-
ticed other researchers. Stoddart
followed that up nearly a decade
later by looping an electron-
deficient molecular ring around a
dumbbell-shaped molecule with
electron-rich patches at either
end, to which the ring would

a trio of researchers who in the

1980s and ’90s painstakingly created the
first simple devices out of molecular rings
and rods: Jean-Pierre Sauvage of the Univer-
sity of Strasbourg in France, Fraser Stoddart
of Northwestern University in Evanston,
Illinois, and Bernard Feringa of the Univer-
sity of Groningen in the Netherlands. Today,
more than 3 decades later, the components
they devised are giving birth to mechanisms
with potentially useful abilities: pumping,
drilling, transporting, and assembling other
molecules. “I think we will see this nascent
field take off with applications over the next
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stick. He then added heat to flip
the ring back and forth between the ends: a
rudimentary shuttlecock. Feringa upped the
complexity another notch in 1999 when he
created a rotary motor capable of using light
to spin a pair of molecular paddles.

Like Cartwright’s loom, these primitive
molecular machines were quirky, difficult
to control, and wholly impractical. But to-
day’s molecular machines work better and
accomplish much more. Since developing
the original paddle wheel motor, Feringa’s
team has developed dozens more that, for
example, move water droplets and control
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Artist’s impression of an electrically
powered nanocar on a copper surface.

chemical reactions. In 2011, he and his col-
leagues attached four motors to the corners
of a chassis, creating a molecular car able
to drive across a surface. Next spring, six
teams are scheduled to race their electri-
cally powered molecular cars across a gold
surface in the first-ever NanoCar Race in
Toulouse, France.

Other researchers are dreaming up new
uses for molecular motors. Last month,
for example, Jim Tour, a chemist at Rice
University in Houston, Texas, reported
preliminary work at a meeting that he and
his colleagues had modi-
fied a motor to act as a
molecular drill bit able
to target cancer cells.
Attached to the drill
are small protein frag-
ments, called peptides,
which home in on cell
surface receptors specific
to cancer cells, bringing
the drill into position.
When let loose in cell
culture media, the ma-
chine drilled holes in the
cell membranes. Down
the road, Tour hopes to
use the approach not
only to tear apart cancer
cells, but also to create
openings in other dis-
eased cells for inserting
gene therapy drugs or
other medicines.

Stoddart’s original
shuttlecock has spawned
a set of switchlike devices
that respond to light or
heat. In 2007, he teamed
up with Jim Heath, a
chemist at the California
Institute of Technology in Pasadena, and
others to assemble millions of switches into
a molecular memory device. The devices
were fragile, lasting only a hundred switch-
ing cycles or so, Heath says. Since then,
Stoddart and his Northwestern colleagues
have packed their switches inside porous
crystals to make these memories more
durable. Eventually, Stoddart says, assem-
blies of nanoswitches could form the basis
for molecular scale sensors, and possibly
even computers.

Not all ideas are so Silicon Valley. At the
University of Manchester in the United
Kingdom, researchers led by chemist David
Leigh are taking an approach that would
have been at home in his city’s 19th cen-
tury mills. In 2010, Leigh reported that he
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Six teams are set to drive molecular
cars across a gold surface next year at
the NanoCar Race.

and his colleagues made a small molecule
that walks down a molecular track—a
miniature railroad—much as biological
motor proteins called kinesins haul cargo
across cells by walking along scaffolds
known as microtubules. Last year, his team
made another device evoking heavy indus-
try: a sort of robotic arm capable of lifting a
small hydrocarbon, swinging it around, and
dropping it a couple of nanometers away.
Combining the two machines could make a
molecular assembly line.

Biology is providing other inspiration.
During photosynthesis, plants use proteins
driven by the sun’s energy to pump ions
against a chemical gradient, storing en-
ergy that other proteins
harness to synthesize
sugars needed for the
plant to grow. Research-
ers can’'t accomplish
anything so sophisti-
cated yet. But last year,
Stoddart and his col-
leagues reported creat-
ing a simple molecular
pump that uses chemi-
cal energy to squeeze
molecular rings onto a
rod, in effect storing en-
ergy. And in 2013, Leigh’s
group imitated a ribo-
some, the cellular organ-
elle that builds proteins,
by triggering a molecule
to march down a mo-
lecular rod, pick up three
amino acids and link
them together. That’s
not anything macro-
scale machines can’t do
already. But it may spur
other molecular-scale
chemical synthesizers.

For now, these chem-
ists struggle with power-
ing, controlling, and even imaging their
devices. When it comes to nanomachines,
molecular Dbiologists have it easier:
They can edit genomes to code for novel
protein-based pumps and motors, then
rely on cells to actually build them. But the
new molecular machines that the chemists
are devising have the potential to operate
efficiently in harsh environments, without
the need to keep organisms alive.

Molecular machines haven’t exploded
into a new industrial revolution just yet.
Tour says the revolution will come in
time, and could be even more far-reaching
than that of the 19th century. “In 100 to
200 years, I think we will fabricate every-
thing from the bottom up” using molecular
machines, he says.
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Joint research
push targets
fast-melting

Antarctic ice

UK-U.S. “Thwaites
invasion” aims to refine
sea-level rise estimates

By Paul Voosen, in Sterling, Virginia

f there’s one question that scientists
working on the West Antarctic Ice Sheet
hear from their friends and families, it’s
this: “How fast is the sea going to rise?”
The ice sheet is one of the biggest wild
cards in sea-level projections for the next
century, threatening up to several meters of
rise. It was once expected to be stable for
centuries, but satellite and airplane observa-
tions have shown that parts of the sheet are
thinning and could become unstable. When
that might happen is uncertain, with esti-
mates ranging from as soon as the next few
decades to the next few centuries.

In a bid to refine these estimates, this
month the National Science Foundation
(NSF) and the United Kingdom’s Natural
Environment Research Council will an-
nounce a project to support coordinated
fieldwork on the Thwaites Glacier, a remote,
OKlahoma-sized expanse of ice that is emerg-
ing as the epicenter of melt on the West Ant-
arctic Ice Sheet. Although NSF declined to
disclose exact figures, the initiative will likely
provide tens of millions of dollars for Antarc-
tic research and infrastructure over 5 years.

The “Thwaites invasion” will be “the big-
gest thing to happen in our area of science
for quite a long time,” said David Vaughan,
director of science at the British Antarctic
Survey in Cambridge at an annual interdis-
ciplinary workshop for West Antarctic scien-
tists held last week in Virginia. The initiative
aims to feed data directly into the sea-level
forecasts produced by the Intergovernmen-
tal Panel on Climate Change. “We want real
outcomes that improve projections,” he said.

Several recent studies have found
evidence of ice retreat and thinning at
Thwaites and other West Antarctic glaciers
draining into the Amundsen Sea. Thwaites
is a textbook example of why the health of
such glaciers concerns scientists. It has a
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wide front on the ocean’s edge and sits on
ground below sea level, where warming wa-
ters can slowly melt its base. For now, this
deep water is held back by a submerged
ridge, but on the landward side the bedrock
slopes down into a basin of uncertain topo-
graphy and slipperiness. Once water sur-
mounts this grounding line, it could trigger
a slow but irreversible collapse of the ice
sheet. If the entire West Antarctic Ice Sheet
melts over many centuries, it would raise
sea levels by 3.3 meters, inundating cities.
The rise would be 30% worse for the coastal
United States thanks to a decline in Antarc-
tica’s gravitational pull.

Thwaites seems to be thinning faster
than neighboring glaciers, adding to con-
cerns. But from the evidence coming from
satellites, airplanes, and models, it remains
difficult to say for sure whether the melting
at Thwaites represents a true tipping point
for the planet or how fast it might happen.

Those alarming studies “set the tone
for the [past] 2 years,” said Ted Scambos,
a scientist at the U.S. National Snow and
Ice Data Center in Boulder, Colorado, who
helped devise the initiative. At a series of
meetings, U.K. and U.S. scientists realized
they were both focusing on Thwaites. Given
tight budgets, a joint, targeted campaign
made sense. “We already know what the
right things to do are,” Scambos said. They
just have to do them.

Many measures are needed to improve
projections, including a clear picture of the
land hidden beneath Thwaites: Is it smooth
and slippery, or rough enough to hold the
sheet in place? Another vital question is the
stability of ocean-facing ice cliffs as they
grow in height during glacial retreat: At
what height do they fail? To answer such
questions, the initiative will support a mix

WY 17 AN

of fieldwork on the ice sheet and in the sur-
rounding sea. Projects could include new
automatic weather stations, sub-ice shelf
moorings, robotic submersibles, shallow ice
cores, and radar and seismic surveys of the
bedrock. The project will also finance mod-
eling, paleoclimate reconstruction, and re-
search on glaciers deemed directly relevant
to Thwaites. It will support 5-year missions,
beginning next October, with the primary
field seasons expected between fall 2019
and spring 2021.

Thwaites is far from any U.S. station,
and about as remote from existing infra-
structure as one can get in Antarctica.
Working there is “at the limit of people’s
comfort level,” says Chris Shuman, an Arc-
tic scientist at NASA Goddard Space Flight
Center in Greenbelt, Maryland. It has a rug-
ged surface and harsh weather. To make
these campaigns happen, Vaughan said at
the meeting, “we are committing a huge
amount of our logistics resources.”

Although NSF will continue to support
investigator-driven research in Antarctica,
this campaign will unavoidably ding the fi-
nancing for other projects, Eric Saltzman,
head of NSF’s Antarctic science program in
Arlington, Virginia, told the meeting. “Will
it have an impact? Yes.” U.K. polar research
will likely feel a similar strain.

Despite the sacrifices, the approach
seems “sensible,” says Martin Siegert, a
polar scientist at Imperial College London
who has worked on the East Antarctic Ice
Sheet. Thwaites surely holds universal les-
sons, he notes. At the meeting, Robin Bell,
an Antarctic scientist at Columbia Univer-
sity, added that she and her colleagues have
a responsibility to the public to provide
answers about the fate of West Antarctica.
“This is a moral and social imperative.”

Antarctica’s Thwaites Glacier is shattering and thinning at its margin. But its future is uncertain.
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Chinese
scientist jailed
over theft of
hybrid corn

Investigators used secret
terrorism warrant to gather
evidence and unravel plot

By Mara Hvistendahl, in Des Moines
‘ ‘ have destroyed everything that I
wanted,” said Mo Hailong, sobbing
with remorse here in U.S. District
Court on 5 October. “My reputation,
my job security, my family’s respect.
My heart is broken because I know
that I am to blame.” An engineer by train-
ing, Mo had earlier pleaded guilty to having
participated in an elaborate plot to steal pro-
prietary hybrid corn seed and transport it to
China, where scientists could presumably an-
alyze and reconstruct its traits. After his sear-
ing statement and plea for mercy last week,
Mo was sentenced to 36 months in prison.
The U.S. Department of Justice of late has
aggressively pursued charges of industrial
espionage against Chinese scientists. Several
high-profile cases have unraveled, including
one involving the chair of Temple University’s
physics department (Science, 13 November
2015, p. 732). This time, the charges stuck.
“The theft of agricultural trade secrets, and
other intellectual property, poses a grave
threat to our national economic security;” U.S.
Attorney Kevin E. VanderSchel for the South-
ern District of Iowa here said on 5 October.
The case, which began in 2011 when Mo
was discovered on his knees in a remote test
field in Tama County in Iowa, led to the in-
dictment of Mo and five co-defendants in De-
cember 2013, for what the U.S. government
alleged was a highly orchestrated conspiracy
to steal the germplasm, or genetic makeup, of
DuPont Pioneer and Monsanto corn seed. The
companies and the U.S. Attorney’s office de-
clined in court filings to release details about
the seed varieties in question, citing the need
to protect trade secrets. New hybrid seeds are
so closely guarded that even the farmers who
manage test fields aren’t given many details
about the varieties they are growing.
The government claimed that Mo, as di-
rector of international business for Beijing
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Corn dries on the ground in China’s Shandong province. A Chinese scientist was sentenced to prison last week for his role in a plot to spirit stolen corn seed to China.

Dabeinong Technology Group, or DBN, a
leading Chinese agricultural firm, was en-
listed in a scheme to swipe whole ears of
corn as well as spring seedlings and transport
them to China.

DBN was apparently looking for a short-
cut to producing new, high-yielding varieties.
Government restrictions on selling foreign
seed mean China lags behind the United
States in seed technology, says Carl Pray,
an agriculture expert at Rutgers University,
New Brunswick, in New Jersey. Companies
have to develop their own varieties, an ef-
fort that, if done right, has “about a 10-year
pipeline,” says David Miller, director of re-
search for the Iowa Farm Bureau Federation
here. By “stealing [seed] in year 9 of the re-
search,” he says, a company could sidestep
significant groundwork.

China has a pressing need for high-yielding
corn. Most corn in China is fed to pigs, chick-
ens, and cows, and as the Chinese improve
their standard of living and eat more meat,
corn has supplanted rice as China’s leading
crop. But the U.S. Department of Agriculture
forecasts Chinese corn yield for 2016-17 at
6 metric tons per hectare, compared with
nearly 11 metric tons per hectare for the
United States. That’s because of a combina-
tion of poor agronomy practices and inferior
seed lines, Miller says.

The alleged kingpin of DBN’s scheme to
rapidly close that yield gap was Li Shaoming,
the head of DBN subsidiary Beijing Kings
Nower Seed. According to court proceedings,
Mo, a 47-year-old U.S. permanent resident
with a Ph.D. in mechanical engineering from
Kansas State University in Manhattan who
has taught at several universities in Florida,
took directions from Li and DBN’s founder,
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Shao Genhuo, who is Mo’s brother-in-law.
“There is no evidence that [Mo] was either
the decision-maker or the organizer of what
occurred in the United States,” stated U.S.
District Judge Stephanie Rose here in Des
Moines. Charges are still pending against Li
and four other defendants, who are overseas
and have not been apprehended. The case
against Mo’s sister, Mo Yun—the wife of DBN
Founder Shao and the company’s head of
research—was dropped in 2015 after a judge
ruled out critical evidence.

When a DuPont Pioneer manager caught
Mo in the test field, according to an af-
fidavit submitted by Federal Bureau of
Investigation (FBI) agent Kevin Kohler,
Mo claimed that he worked for the Uni-
versity of Iowa and was on his way to a

“The theft of agricultural
trade secrets, and other
intellectual property, poses a
grave threat to our national

economic security.”
Kevin E. VanderSchel, U.S. attorney

conference. Suspicious, the manager took
down Mo’s license plate number. The seed
grown in the test field was a “highly an-
ticipated” variety—no other details about
it were made public—that DuPont Pio-
neer planned to bring to market within
2 to 3 years, Kohler wrote.

FBI agents spent months collecting evi-
dence implicating Mo and his co-defendants
by installing GPS tracking devices on their
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rental cars, bugging the vehicles’ interiors,
and even flying drones overhead. They did
so using a warrant intended for monitoring
terrorists and foreign government agents,
which investigators obtained under the
Foreign Intelligence Surveillance Act. In a
court filing, Mo’s attorneys called the war-
rant a “breathtaking and unprecedented
expansion” of the government’s use of the
act. Judge Rose disagreed, however, allow-
ing evidence collected under the warrant.

In January, Mo pleaded guilty to one
count of conspiracy to steal trade secrets.
The crime carries a maximum of 10 years
in prison and a $250,000 fine, but as a con-
dition of his plea agreement, Judge Rose
agreed to limit prison time to 5 years. She
reduced his sentence to 36 months in the
hearing last week because Mo is in remis-
sion from synovial sarcoma, a rare cancer.
“Mo appreciates the certainty that the sen-
tencing hearing brings and the ability to be-
gin putting this matter behind him and his
family,” defense attorney Mark Weinhardt
of Weinhardt & Logan here wrote in a state-
ment emailed to Science.

Meanwhile, Chinese firms are making
more legitimate inroads into agricultural
R&D beyond its borders. Last February, for
instance, China National Chemical Corpora-
tion announced a planned $43 billion take-
over of Swiss seed company Syngenta. Two
months later, Bill Niebur, a former general
manager for DuPont Pioneer who oversaw
the company’s Asia operations, was ap-
pointed CEO of the Chinese seed company
Origin Agritech. As Mo sat in court await-
ing his sentence, Origin Agritech quietly
opened its first branch outside China—here
in Des Moines.
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By Martin Enserink and Leslie Roberts

ost people would not shed a tear if mosquitoes disappeared from
the planet. At best, the bloodsucking critters are a nuisance; at
worst, as events such as this year’s massive Zika epidemic in Latin
America have shown, they spread devastating diseases far and
wide. But for now, the best we can do is beat back the threat. That’s
because the weapons we have developed—including insecticides,
window screens and bed nets, repellents, and plain old swatting—
are far from perfect.

The mosquito that infects untold millions with malaria every
year—Anopheles gambiae, pictured on these pages—is developing resistance to
pyrethroids, a class of insecticides developed decades ago. No alternatives have
come online for years, in part because the compounds don’t promise big prof-
its for companies. Scientists are busy working on long-overdue replacements;
meanwhile, they are devising ways to use pyrethroids more efficiently while
they last. Others hope to turn African homes into clever mosquito traps using
humans as bait.

Insecticides have never worked very well against Aedes aegypti, the species on
the cover of this issue, which transmits not just Zika, but also dengue, chikun-
gunya, and yellow fever. Some scientists hope to fight it by releasing billions
of designer mosquitoes. They would carry either a lethal gene that can cause
populations to crash, or a helpful bacterium that protects mosquitoes from viral
invaders. Brazil, which has suffered more from Zika than any other country, is a
testing ground for both strategies. The battle continues.
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Brazil plans to release billions of

designer mosquitoes to stop the spread
of infectious diseases. Will it work?

By Kelly Servick, in Bragil

very Saturday morning, Maria do
Carmo Tunussi goes door to door
asking her neighbors to scour their
houses and yards for flowerpots,
buckets, clogged gutters—anything
that could collect water and offer
mosquitoes a place to breed. For
17 years, Tunussi has been a commu-
nity health agent at the local clinic
in CECAP/Eldorado, a district of about 5000
people in the small city of Piracicaba, 2 hours
northwest of Sao Paulo, Brazil. She has seen
many surges of the mosquito-borne dengue
virus, which causes fever, nausea, and ago-
nizing joint pain. The task sometimes feels
futile. “You remove the breeding site one
day, and the next day, it’s back,” she says. “It
never ends.”

Last April, CECAP became the first
neighborhood in Piracicaba to try something
new—a mosquito control tool that Tunussi
believes not only stamped out dengue, but
kept the Zika virus from taking hold. That
tool is OX513A—a strain of transgenic Ae-
des aegypti mosquitoes designed to reduce
the population by passing a lethal gene to
their offspring.

In Florida, a planned release by Oxitec, the
company behind the insects, is mired in pub-
lic resistance. But here in Piracicaba, few res-
idents seem to bat an eye at the little clouds
of mosquitoes spilling out the window of the
Oxitec van on its slow morning route.

That may be because dengue is so com-
mon here. The virus sickened about a mil-
lion and a half people in Brazil last year, and
more than 1600 in Piracicaba between July
2015 and July 2016. Panic over the spread of
the Zika virus has only amplified interest in
solutions beyond pesticides, which aren’t all
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that effective against A. aegypti, and breed-
ing site removal, which, despite Tunussi’s ef-
forts, is hard to keep up year after year. So
it’s not surprising that, 7 years after releasing
the world’s first genetically modified (GM)
mosquito, Oxitec has chosen Brazil as the
site of a major scale-up. It is moving from
small-scale pilot projects like the one in
CECAP to planned releases covering tens of
thousands of people.

Indeed, Brazil is becoming a proving
ground for tailored mosquitoes. About
600 kilometers to the east, in the coastal
cities of Niter6i and Rio de Janeiro, another
lab strain of mosquitoes is on the wing. Bred
by a nonprofit organization called Eliminate
Dengue, this one is infected with a bacte-
rium called Wolbachia pipientis that pro-
tects it from infection with dengue, Zika, and
a third virus named chikungunya.

Most scientists are confident that both
mosquito strains are safe for humans and
the environment. But the two projects are
radically different in both their scientific ap-
proaches and their funding models. Whether
either one can actually reduce rates of
mosquito-borne disease is still an open ques-
tion. And if either proves effective, Brazil and
many other developing countries will face one
more question: Does buying and releasing
billions of mosquitoes make economic sense?

OXITEC’S BRAZILIAN headquarters, in the in-
dustrial city of Campinas, stinks of the soggy
fish food used to feed mosquito larvae. Here,
the company can usher about 4 million mos-
quitoes a week through their life cycles: from
an ashy powder of eggs to writhing gray
strands of larvae, then dense black pupae the
size of rice grains, and, finally, flying adults
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Oxitec's transgenic
mosquitoes swarm
out of a container in
Piracicaba, Brazil.

bouncing around in plastic tubs the size of
take-out containers.

They are roughly the 200th generation of
descendants from a single mosquito created
14 years ago in a University of Oxford lab in
the United Kingdom, where geneticist Luke
Alphey and his team inserted a new gene
into insect embryos. It codes for a protein
known as a transcriptional activator, which
drives the expression of other genes by bind-
ing to DNA and certain proteins involved
in transcription. But the gene Oxitec uses,
known as tTAV (tetracycline-repressible
transcriptional activator variant) is designed
to drive the expression of even more t7AV in
what becomes a fatal feedback loop.

How the process Kills mosquitoes isn’t en-
tirely clear; the excess tTAV protein may tie
up the cell’s protein production machinery.
“It basically causes genetic havoc, and the
organism dies,” says Al Handler, an insect
geneticist at the U.S. Department of Agri-
culture in Gainesville, Florida.

sciencemag.org SCIENCE

Downloade


http://science.sciencemag.org/

PHOTO: ® PAULO FREIDMAN

Oxitec mosquitoes bearing the lethal gene
grow up feeding on tetracycline, an anti-
biotic that blocks tTAV activity and keeps
them alive. Males, which don’t bite humans,
are released in towns and cities, where they
mate with wild females. Their offspring
quickly accumulate the lethal protein, and
the vast majority die before maturing.

Alphey focused on A. aegypti in part be-
cause it’s the principal transmitter of den-
gue, a major global health problem. Malaria,
although a greater burden, is carried by
multiple Anopheles species, making genetic
control more difficult. Aedes is also easier to
rear, exists at low population densities that
seemed easier to cut down, and, compared
with other mosquitoes, is harder to control
with measures such as bed nets, Alphey says.

Picking Aedes also made business sense.
It is prevalent in middle-income countries
like Brazil that could potentially afford to
evaluate and regulate the new product—
and, eventually, to buy it. Alphey spun out a
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company in 2002, backed by private venture
capital firms and Oxford. Last year, the U.S.
synthetic biology behemoth Intrexon Corpo-
ration purchased Oxitec for $160 million.
Oxitec has built up scientific evidence—
and a business case—through field trials in
countries where regulators were friendly to
experimental releases. The first, in the Cay-
man Islands in 2009, was largely unknown
to the world until Oxitec shared results, and
it stirred criticism that the company had
rushed a GM organism into the field with-
out properly consulting the public (Science,
19 November 2010, p. 1030). But the results
were encouraging: Oxitec reported roughly a
96% reduction in the mosquito population in
the tiny 0.16-square-kilometer release area.
Oxitec also did field tests in Panama and
Malaysia, and it put down roots in Brazil
through an academic collaboration with the
University of Sdo Paulo and the nonprofit re-
search facility Moscamed. Between 2011 and
2013, the team released Oxitec mosquitoes
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in three neighborhoods in the northeastern
state of Bahia. It reported at least 90% popu-
lation reductions in all three.

But the collaboration was rocky. Oxitec
provided the mosquitoes and its expertise,
but funding for releases and data collection
came primarily from Bahia, and collabora-
tors clashed over how involved the company
should be in the research. An independent
evaluation of the product would have been
more valuable, says Margareth Capurro,
a University of Sao Paulo, Sao Paulo, bio-
chemist who co-led the project. “We [fought]
for a year because they wanted to be first
and last authors.” Andrew McKemey, Oxitec’s
head of field operations in Abingdon, UK.,
says company scientists were rightfully in-
cluded in the papers they helped produce.

The Bahia results helped Oxitec win ap-
proval from Brazil’s National Technical Com-
mission for Biosecurity to release mosquitoes
commercially. They also impressed Pedro
Mello, Piracicaba’s health sec