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Guest editorial
Now is the time to
curate your data
This is a guest editorial by Alexander J.
Norquist, professor of chemistry at Haverford College, and Joshua Schrier, Kim B.
and Stephen E. Bepler Chair Professor of
Chemistry at Fordham University.

A

s an experimentalist and a
computational chemist who
have worked together for
years, the COVID-19 pandemic
is affecting us differently. While computational scientists can remain active amid
laboratory shutdowns, those of us who
rely upon experiments for our work face
a new reality. Instead of preparing for the
summer research season, the hoods are
empty, and the benches are gathering dust.
The pandemic is forcing us to rethink how
we can be productive.
You may have already started diving
into a new part of the literature, writing
proposals, or preparing manuscripts. But
how can we make full use of the host of
experimental students who are ready
and willing to work, including countless
undergraduates who have been effectively furloughed by summer research
programs?
This current crisis is an opportunity
for experimentalists to fully embrace the
data-driven age in which we all now live.
Now is the time to digitize and curate
experimental data that languishes in handwritten laboratory notebooks and in files
scattered with arbitrary names and formats on hard drives. Let’s use this crisis as
an opportunity to do something important
that all too often never makes it to the top
of our to-do lists, but that has lasting value
for our discipline and our students.
In our own work, we’ve found that
digitizing the records from old laboratory
notebooks provides a valuable source of
data about otherwise unreported experimental failures. By analyzing all our past
experiments, we were able to uncover
molecular properties that most affected
the outcomes of our reactions, namely the
polarizability of the organic amines in our
hydrothermal crystal growth experiments
(Nature 2016, DOI: 10.1038/nature17439).

Our first-year undergraduate students
digitized each reaction in less than 2 min
from written notebooks. While doing so,
they got a firsthand look at what makes
a good and bad laboratory notebook and
learned how to best organize data.
Digitization and curation of data locked
in lab notebooks can also reveal our biases
as experimenters. Those biases limit our
ability to explore chemical space, which in
turn limits the utility of the resulting data
to train machine-learning models (Nature
2019, DOI: 10.1038/s41586-019-1540-5).
Collecting synthetic reaction data is a first
step to identifying unexplored areas of
chemical space. For example, in a recent
collaboration with chemists from Northwestern University, we collected a series
of hydrothermal syntheses. Upon plotting
the data, it became apparent that certain
combinations of reaction conditions had
never been tried. Our reactions in that
unexplored region produced novel polar
racemates (J. Am. Chem. Soc. 2020, DOI:
10.1021/jacs.0c0123). This type of exploratory data analysis can be an excellent
introductory research activity for students
at all levels.
Finally, digitizing and curating your
data can also be the first step toward
collaborating with machine-learning experts—or learning how to build predictive
machine-learning models yourself. Creating a proper database of experiments is
not only the prerequisite for building such
models, but it also forces you to think
about the structure of the problem and
pose questions in a more formal way. Machine-learning models can help you both
quantify existing guiding principles of
your science and discover new ones that
can be tested in the laboratory once the
crisis is over.
If you are uncertain about where to
start, don’t despair. Based on our experience training undergraduate students
to digitize and curate data, we’ve collected a list of 12 practical steps you can
take to make the summer of COVID-19
as productive as possible. Find them at
cenm.ag/curate.

Views expressed on this page are those of the author and not necessarily those of C&EN or ACS.
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VACCINES

The firm says its experimental mRNA vaccine
is safe and induced promising levels of
antibodies in a small Phase I clinical trial
Preliminary data from a small study of an
experimental COVID-19 vaccine developed by Moderna suggest that the vaccine
is safe and can spur the immune system
to produce antibodies that neutralize
SARS-CoV-2, the coronavirus that causes
the disease. It’s the first time that results
from any COVID-19 vaccine study in humans have been announced.
The news, disclosed May 18, quickly
swept the globe and was widely credited
as a catalyst for a rise in the stock market.
Moderna’s stock soared more than 20%,
putting the company’s value at nearly
$30 billion—versus about $6.5 billion at
the start of the year. The biotech firm said
it would raise $1.25 billion in a public stock
offering and put the money toward manufacturing its COVID-19 vaccines.
But scientists hoping to parse the news
themselves are out of luck. “I was disappointed that they didn’t disclose any data.
It is hard to interpret their results without
the numbers,” says Laura Walker, director
of antibody sciences at the biotech firm
Adimab.
Moderna announced the news in a press
release and a briefing. The firm said the
US National Institutes of Health, which
conducted the 45-person clinical trial,
would publish detailed results before a
Phase III trial of the vaccine begins in July.
“The problem with this science by press
release is that you don’t see the data. You
are asked to trust the company,” says Paul
Offit, a pediatrician and director of the
Vaccine Education Center at Children’s
Hospital of Philadelphia. “What is irre-
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sponsible here is that it offers you a shred
of hope,” he says, but the small study
doesn’t prove that the vaccine is protective or safe. “We’d like to have information
on more people than the number that you
could invite to a small barbecue.”
Scientists won’t know if the vaccine is
safe and effective until Moderna conducts
its Phase III study, with thousands of volunteers, to show that people who get the
vaccine are less likely to develop COVID-19
than those who receive a placebo injection.

It normally takes years of work to get to
a Phase III study and several more years
to conduct the study and monitor participants for any long-term safety risks. But
the global pandemic is forcing Moderna
and many other drug groups to compress
their vaccine development timelines like
never before.
The company began working on its vaccine soon after the SARS-CoV-2 genome
was published online in January. Moderna
uses lipid nanoparticles to deliver messenger RNA (mRNA) into human cells, where
it is used to make the SARS-CoV-2’s spike
protein. The virus uses that protein to infiltrate our cells. Moderna hopes its vaccine
will allow our immune systems to make

Moderna’s mRNA manufacturing
facility in Norwood, Massachusetts

CR E DI T: M O DE R N A

Moderna provides cursory glance
at first COVID-19 vaccine data

antibodies against the spike protein before
we’re ever infected with the real virus.
Nearly all the 100 vaccines in development for COVID-19 are betting on a similar strategy based on the spike protein.
Many of those are made with the spike
protein itself rather than mRNA encoding
the protein. Indeed, no mRNA vaccine
has ever been approved for human use,
although Moderna is one of nearly a dozen
groups developing mRNA vaccines for
COVID-19.
In just a little more than 2 months,
the company designed the vaccine, manufactured the first clinical batches, and
shipped them to the NIH.
The first volunteer in the study was
injected March 16. The study was designed
to evaluate the safety and immunogenicity
of low, medium, and high doses of the vaccine in 45 people aged 18–55. Everyone got
two shots of the vaccine, 1 month apart.
The preliminary data that Moderna announced May 18 came from blood samples
that were collected just 2 weeks after the
second injection. Moderna used convalescent plasma, the antibody-rich fraction
of blood obtained from people who have
recovered from a natural SARS-CoV-2 infection, to benchmark the antibody levels
in the vaccinated volunteers.
Moderna says everyone in the study
developed antibodies to SARS-CoV-2 after
vaccination. The 15 people who received
the low dose of the vaccine had antibody
levels similar to those found in convalescent plasma. Promisingly, 10 people who
got the medium dose of the vaccine had
antibody levels that Moderna says are significantly higher than those seen in convalescent plasma. Antibody data are not yet
available for the remaining 5 participants
in the medium-dose group or the 15 in the
high-dose group.
Although encouraging, the results are
no guarantee that the vaccine will work.
“The problem is the lack of long-term follow-up,” says Norbert Pardi, who is developing an mRNA vaccine for COVID-19 at
the University of Pennsylvania. “A critical
issue with many vaccines is that strong,
potentially protective, immune responses
wane over time.”
Further, our immune systems can make
many antibodies that bind to a virus but
fail to prevent it from infecting our cells.
Those that prevent infection are called
neutralizing antibodies. It’s the quality of
antibodies, not just the quantity, that can
make or break a vaccine.
Moderna plans to test for neutralizing
antibodies in all participants in its Phase
I study but has announced these results
from only eight people—four who got the

low dose and four who got the medium
dose. When these neutralizing antibodies
were tested against SARS-CoV-2 in cell
experiments in the lab, they prevented the
virus from infecting cells as well as or better than neutralizing antibodies from convalescent plasma, according to Moderna.
“This statement is close to meaningless,” Adimab’s Walker says, because the
levels of neutralizing antibodies in convalescent plasma are known to vary widely.
Some people infected with SARS-CoV-2
don’t develop any detectable neutralizing
antibodies, while others develop extremely high levels, she adds.
The goal of a vaccine should be to in-

“The problem
with this science
by press release
is that you don’t
see the data.”
—Paul Offit, director of the Vaccine
Education Center at Children’s Hospital of
Philadelphia
duce levels of neutralizing antibodies that
greatly exceed the levels that people develop during a natural infection, explains David Corry, an immunologist and allergist at
Baylor College of Medicine. “It is not clear
if Moderna has got to that point,” he says.
The Phase I study was also designed
to test the vaccine’s safety. The company
says one person who received the medium dose had a severe skin reaction to the
injection, and three people had “systemic
symptoms” after the second injection of
the high dose.
Observing even a few reactions in a
small study suggests that the vaccine’s
side effects are likely to become more
prevalent once it is tested in thousands of
people, Offit says. Severe side effects are
often tolerated in vaccines for more severe
diseases, he adds. For instance, about 10%
of adults who get the shingles vaccine
Shingrix experience severe systemic reactions such as headaches, fevers, or fatigue.
Moderna has recently expanded its
Phase I study to test the vaccine’s safety
and immunogenicity in 60 older people:
30 aged 56–70 and 30 aged 71–99. “It is a
good idea,” Pardi says. “Vaccines very often do not work well in older people.”
A Phase II study of 600 people is expected to begin soon. In that study, Mod-

erna will ditch the low dose (25 μg) and
the high dose (250 μg). Instead, the firm
will compare the medium dose (100 μg)
against a new dose of 50 μg and a placebo
shot. The company says the change was
not based on safety of the high dose but
on the fact that both the low and medium
doses induced neutralizing antibodies.
Moderna is hoping that the 50 μg dose
is effective, since a lower dose would
allow it to make more vaccines with
the same amount of mRNA. Earlier this
spring, the company began manufacturing the mRNA that it will use in vaccines
for its upcoming Phase III study. And in
May, the firm announced a collaboration
with the contract manufacturer Lonza to
produce up to 1 billion 50 μg doses of the
vaccine per year.
The head start on manufacturing is in
line with a recently announced US government COVID-19 vaccine initiative, called
Operation Warp Speed. The government’s
ambitious goal is to make and deliver a few
hundred million doses of vaccine by the
end of the year. This will require manufacturing millions of doses of the most promising vaccines before they are approved,
President Donald J. Trump said at a May 15
press briefing. “It is risky. It is expensive,”
Trump said. “But we will be saving massive
amounts of time.”
Moncef Slaoui, a former head of vaccines at GlaxoSmithKline, will lead the
US initiative. He had been a member of
Moderna’s board, but resigned upon being
appointed.
The federal government has already
committed more than $2 billion to help
develop and manufacture three COVID-19
vaccines: $483 million to Moderna’s vaccine, more than $500 million to Johnson &
Johnson’s vaccine, and up to $1.2 billion to
AstraZeneca, which is developing a vaccine
designed by the University of Oxford (see
page 13). J&J hopes to make a billion vaccines for distribution in 2021. AstraZeneca
said it will provide 300 million doses of
Oxford’s vaccine to the US starting this
October, out of 400 million doses it has
agreements for so far.
Moderna’s COVID-19 vaccine program
is the most advanced in the US. In the UK,
Oxford has already dosed more than 1,000
volunteers in a placebo-controlled Phase
I/II study. Results are expected soon. In
China, three groups—CanSino Biologics,
Sinovac Biotech, and China National Pharmaceutical Group—have already begun
Phase II trials of their vaccines, although
they have yet to disclose any details about
the results of their Phase I studies. The
clinical trial for J&J’s vaccine is scheduled
to start in September.—RYAN CROSS
MAY 25, 2020 | CEN.ACS.ORG | C&EN
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GREENHOUSE GASES

Can NO treat COVID-19?
Multiple trials are testing the gas on
patients and health-care workers
Multiple clinical trials across the US and
Canada are testing whether inhaled nitric
oxide can protect the lungs of people with
COVID-19, the disease caused by the novel
coronavirus SARS-CoV-2. Researchers think
the gas’s power to boost oxygen levels in
the lungs may speed recovery for people
infected with the virus and prevent them
from requiring mechanical ventilation.
Hints from lab studies also suggest that the
gas may have virus-killing properties.
In 2003, during the severe acute respiratory syndrome (SARS) epidemic caused
by the SARS-CoV-1 coronavirus, people in

An electrical
spark can
produce nitric
oxide from
nitrogen and
oxygen gases
in air.

Beijing who received inhaled NO recovered faster than those who didn’t get the
gas, with treated patients’ blood becoming
better oxygenated and their lungs clearing faster from signs of pneumonia (Clin.
Infect. Dis. 2004, DOI: 10.1086/425357). Follow-up lab studies showed that NO interfered with that virus’s ability to fuse with
host cells and replicate (Virology 2009,
DOI: 10.1016/j.virol.2009.09.007).
The genomes of “SARS-CoV-1 and
SARS-CoV-2 overlap 85–90%,” says Lorenzo Berra, a critical care physician at Massachusetts General Hospital (MGH) who
is leading three of the COVID-19 trials.
“The similarity between the two viruses

6

C&EN | CEN.ACS.ORG | MAY 25, 2020

is so close that we anticipated NO would
have a virucidal effect.”
Currently, 11 trials in total are testing
NO against COVID-19, six of which are
multicenter randomized controlled trials.
Berra is leading two multicenter trials that
are administering high doses of inhaled
NO—one in people with mild or moderate
COVID-19 infection who are breathing on
their own, and another in people who are
on a ventilator.
Berra is also leading a third trial at
MGH that is testing whether the gas can
protect health-care workers who are exposed to COVID-19
patients. The workers will inhale the
gas at the beginning
and the end of their
shifts. Such a preventative treatment
would be a game
changer, Berra says,
adding that more
than 500 MGH employees have tested
positive for the virus.
“I think it’s promising,” says Mark
Gladwin, a pulmonary
critical care doctor
at the University of
Pittsburgh who has
studied inhaled NO.
“Anything we can do
to keep people off
the ventilator longer
would be powerful.” Multiple studies of
people with lung injury have shown that
NO improves oxygenation, so that isn’t in
doubt, he says. What’s less clear is whether
it improves survival.
Gladwin also points out that, so far, the
laboratory evidence of NO’s ability to kill
SARS-CoV-2 is “preliminary at best.” Berra
and his colleagues hope to provide more
data on that front. They are collaborating
with researchers at the National Emerging
Infectious Diseases Laboratories at Boston
University to test whether cells infected
with the virus survive longer when exposed to NO-generating molecules.—ALLA

KATSNELSON, special to C&EN

CO2
emissions
drop by 17%
during the
pandemic
Policies requiring people to stay
home during the COVID-19 pandemic have resulted in dramatic
reductions in global carbon dioxide
emissions. At their lowest point,
CO2 emissions dropped by 17% in
early April, as China was ramping
its economy back up and the US
and other countries slowed theirs.
Researchers expect that these
extreme decreases won’t last the
entire year and estimate that daily
CO2 emissions will be down by
at least 4% overall for 2020 (Nat.
Clim. Change 2020, DOI: 10.1038/
s41558-020-0797-x).
The 17% decline is the biggest
change in CO2 emissions since
World War II, and may turn out to
be the most precipitous drop ever
observed, says Robert Jackson, an
earth system scientist at Stanford
University.
To estimate changes in CO2
emissions, Jackson and a team of
researchers led by University of East
Anglia climate scientist Corinne Le
Quéré used data on traffic, flights,
steel production, electricity usage,
and more. The main contributor to
the decline in CO2 emissions was a
decrease in passenger vehicle traffic.
CO2 emissions cannot currently
be measured directly on a global
scale. So the team relied on traffic
information and mobile phone data
to estimate emissions and monitor
changes in near real time.
Each country’s peak decline was
about 25%; in the US the changes
were even more extreme, with daily
CO2 emissions falling by 32% from
April 7 to 20. “Who could have
imagined that US emissions would
drop by one-third for a couple weeks
in April?” Jackson says. “Absolutely unprecedented.”—KATHERINE

BOURZAC

C R E D I T B . WI LS O N/ MAS SACH US E T TS GE N E RA L H O S P I TA L

INFECTIOUS DISEASE

K–12 EDUCATION

Glitches mar AP Chem exam
Students report technical problems that
prevented them from uploading their answers
High school students around the world
took the Advanced Placement (AP)
Chemistry exam on May 14, but for many
students the relief they should have felt at
completing a difficult test quickly turned
into anxiety when they were unable to
upload their responses because of glitches.
Students reported similar problems with
other AP exams, which began on May 11.
“I was submitting my second exam
question, but when I hit the Submit button, I was confronted with an error stating, ‘We did not receive your response,’ ”
says Khushi, a sophomore in Georgia, of
her experience taking the AP Chemistry
exam. (She asked not to use her last name
because of college admission concerns.)
High school students who score well
on AP exams can earn college credit or
place into higher-level courses at their
universities. The College Board, which administers the AP exams, decided to move
to a shortened, online format for the tests
in response to widespread school closures
because of the COVID-19 pandemic. The
exams are typically given in school. The

AP Chemistry exam consisted of two questions requiring long-form answers.
“After the first few days of testing, our
data show the vast majority of students
successfully completed their exams,
with less than 1% unable to submit their
responses,” the College Board said in a
statement released a few hours after the
AP Chemistry exam.
But anecdotal reports suggest the number of students who experienced glitches
on the AP Chemistry exam is higher.
Juleen Jenkins-Whall, a science educator
in Michigan, maintains a crowdsourced
spreadsheet of more than 4,000 students
who took the AP Chemistry exam; about
10% reported technical difficulties.
“We share the deep disappointment of
students who were unable to complete
their exam—whether for technical issues
or other reasons,” the College Board
said in its statement. In the wake of the
glitches, the testing service allowed students to submit their responses via email
if they experienced difficulty uploading
their answers. But that’s only for students

Students took to social media to show
the technical difficulties with the AP
Chemistry exam.
who took the exams beginning May 18.
AP Chemistry students who experienced
uploading problems will have to retake the
exam on June 2. Many students say they
shouldn’t have to retake a stressful exam
because of technical problems on the College Board’s end.—BETHANY HALFORD

ENERGY STORAGE

Switchable materials release
heat at subzero temps
Arylazopyrazoles could help defrost
frozen engines in extreme cold
Materials that soak up and release heat
through phase changes are used as heating
pads in high-performance clothing and to
protect food or electronics from temperature changes. These phase-change materials, typically waxes or fatty acids, don’t
work in freezing temperatures and can’t
release their stored heat on demand. Researchers have now made a phase-change
material that can do both. The molecule
can store heat below 0 °C and discharge
it when triggered by light (J. Am. Chem.
Soc. 2020, DOI: 10.1021/jacs.0c00374).
The ability to store heat at subzero temperatures makes the new material valuable for quickly defrosting water boilers,

engine oils, and machine parts in frigid
environments.
Grace G. D. Han of Brandeis University,
Matthew J. Fuchter of Imperial College
London, and their colleagues started with
photoswitchable arylazopyrazole compounds and added a dodecanoate group.
The E isomers of the materials store heat
when they melt like wax between 60 and
90 °C. Shining ultraviolet light on the
molecules transforms them into their Z
isomers, which can remain as stable liquid for 2 weeks at temperatures as low as
–30 °C, allowing them to continue to hold
the stored heat. Shining visible light on the
materials triggers them to revert to their

N

N

N
N

O
O

Functionalized arylazopyrazole

original E isomers, which crystallize into
a solid and thus release the stored heat.
The materials can withstand thousands of
phase-changing cycles, Han says.
The team has demonstrated the concept
with a few hundred milligrams of the material. Real-world applications would require
hundreds of grams or more to store enough
heat. That will bring some challenges, Han
says, because UV light cannot penetrate
deep into that much material.
Mogens Brøndsted Nielsen of the
University of Copenhagen calls the work
elegant and says it uses “clever molecular
engineering to overcome the important
challenge of keeping the liquid below
0 °C.”—PRACHI PATEL, special to C&EN
MAY 25, 2020 | CEN.ACS.ORG | C&EN
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VACCINES

New malaria vaccines
show promise
Genetically engineered, weakened parasites
may generate a stronger immune response
Two experimental malaria vaccines
have delivered promising results in
first-in-human trials, demonstrating how
genetic engineering is driving a new wave
of vaccines that could protect people from
this killer disease.
The World Health Organization
estimates that there are more than
200 million cases of malaria each year,
causing almost half a million deaths. Although malaria can be treated with drugs,
researchers have spent decades trying to
develop vaccines that could prevent and
potentially even help eradicate malaria. In
2019—after 32 years of development and
clinical trials—a vaccine called Mosquirix
(also known as RTS,S) was finally rolled
out to young children in pilot programs
across three African countries.
Mosquirix acts against the most deadly
form of human malaria, caused by the parasite Plasmodium falciparum. It is the only
malaria vaccine to move beyond Phase III
clinical trials, but it is no silver bullet. The
vaccine only prevents about 40% of malaria cases, and the protection wanes after
a few years. More than 20 other vaccines,
which are still moving through the development pipeline, aim to improve on that
performance.

One of the big challenges for these
vaccines is that malaria parasites have a
very complex life cycle, shape-shifting
as they move through mosquitoes and
human hosts. Mosquirix tackles the parasite when it is a sporozoite—the form
that mosquitoes inject into their victims’
bloodstreams, and which then infects liver
cells. The vaccine contains a circumsporozoite protein (CSP) that induces the human body to generate antibodies against
sporozoites.
Two new vaccines also target the liver
stage, but contain whole sporozoites that
have been attenuated—they are alive, yet
unable to cause malaria. Since sporozoites
carry dozens or hundreds of proteins that
could trigger an immune response, researchers think the two vaccines may offer
more robust protection than the lone CSP
in Mosquirix.
The first vaccine, PbVac, uses Plasmodium berghei, a relation of P. falciparum
that infects rodents but does not cause
disease in humans. “The parasite is naturally attenuated, so it’s inherently safe
in that way,” says Miguel Prudêncio at
the University of Lisbon, part of the team
behind PbVac. The researchers genetically
modified P. berghei sporozoites to express

P. falciparum CSP.
Mosquitoes inject
Volunteers who
Plasmodium
were treated with
falciparum
PbVac and then insporozoites into
fected with malaria
their human hosts,
had, on average,
causing malaria.
a 95% reduction
in P. falciparum in their livers. In vitro
tests showed that the vaccine triggered
an antibody response that stopped sporozoites entering liver cells (Sci. Transl. Med.
2020, DOI: 10.1126/scitranslmed.aay2578).
Prudêncio says that it should be possible
to further engineer P. berghei sporozoites
to carry other antigens in addition to CSP.
The second vaccine, PfSPZ-GA1, was
developed by a team in the Netherlands,
in collaboration with biotechnology
company Sanaria. It contains P. falciparum sporozoites that lack two genes
the parasite needs in order to develop in
the liver. Volunteers who were given the
vaccine and then infected with malaria
produced antibodies against CSP, along
with T cells (Sci. Transl. Med. 2020, DOI:
10.1126/scitranslmed.aaz5629).
“Ultimately, these are promising results,” says Stefan H. I. Kappe, a malaria
researcher at Seattle Children’s Research
Institute. “I think we are at the beginning of developing a very potent attenuated whole-parasite vaccine.”—MARK

PEPLOW, special to C&EN

BIOMATERIALS

Seeing inside someone’s heart. Stretching the mind. These aren’t just turns of
phrase but something that researchers
can physically do with help from polymer
science and microscopy. Massachusetts
Institute of Technology chemical engineer
Kwanghun Chung has found a way to turn
organs into flexible, transparent hydrogels (Nat. Methods 2020, DOI: 10.1038/
s41592-020-0823-y).
When he was a postdoc, Chung helped
develop a way to render brain tissue
transparent and fixed in polyacrylamide,
but the resulting samples were brittle.
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Chung and his team have now adjusted the
amounts of acrylamide, cross-linker, and
initiator to create an entangled hydrogel
rather than a cross-linked one. Because
the long polymer chains are entangled,
the links can slip around one another,
giving the gel structural integrity but also
flexibility and stretchability. The team call
the technique ELAST (entangled link-augmented stretchable tissue-hydrogel).
When their polymer formulation infuses biological tissues, cells and molecules
become entangled in a stretchy gel. That
makes fragile tissues easier to handle and

can speed up the process of fluorescently
labeling cells or biomolecules. Instead
of waiting for imaging probes to diffuse
through a thick sample, they can stretch
out ELASTicized samples and apply a
solution of fluorescent probes, maximizing the contact between the labels and
the samples and speeding up the labeling
process. When the gel snaps back to its
original shape, it’s ready for imaging and
the next round of labeling. Chung hopes
to use the technique to make a comprehensive map of the human brain.—LAURA

HOWES

C R E D I T: CD C/JA MES GAT H A N Y

Stretching the brain to image it

BIOLOGICAL CHEMISTRY

C R E D I T: UN I V E RS IT Y OF N EW S O UT H WA LES

Reconstructing
hemoglobin’s
ancestors
How proteins evolved the ability to
form complexes made up of multiple subunits—and what functions
this new structure enabled in early
multimeric proteins—isn’t well understood. To better understand how
such changes might have happened,
Joseph W. Thornton of the University of Chicago and coworkers used
ancestral protein reconstruction
to trace the evolutionary pathway
of the oxygen-transporting protein
hemoglobin (Nature 2020, DOI:
10.1038/s41586-020-2292-y).
Modern hemoglobin forms a
heterotetramer with two α subunits
and two β subunits. The researchers used computational methods
to infer the ancestral amino acid
sequences of each of those subunits, as well as the more ancient
precursor from which both α and β
likely originated. They engineered
bacteria to produce the proteins
and characterized them with mass
spectrometry and size-exclusion
chromatography. When expressed
together, the α and β subunits
formed hemoglobin-like tetramers,
but their ancient precursor formed
only dimers.
By introducing mutations that
happened during hemoglobin’s history into the reconstructed ancestral
protein sequences, and having the
bacteria produce them, the researchers found that just two changes at an
interface between the subunits were
sufficient to cause tetramers to form.
They also found that the formation
of tetramers causes cooperative
binding, in which the binding of oxygen increases the hemoglobin’s affinity for additional oxygen molecules.
The researchers suggest that the
ease of evolving structural complexity and cooperativity may not
be limited to hemoglobin. The team
plans to use this method to study
whether other proteins also evolved
multimeric structures and cooperative binding with relatively few
mutations.—CELIA ARNAUD

SOLAR POWER

Glass-polymer wrap
protects solar cells
Low-cost encapsulation method impedes
perovskite decomposition reactions
Solar-cell manufacturers typically don’t
offer a gift-wrapping option, but they may
start to do so. A new study reports that
the right wrapping material and method
can curtail decomposition processes that
quickly ruin device performance and
shorten service life.
Solar cells made with sunlight-absorbing, semiconducting perovskite
materials have been shining in the
photovoltaic spotlight in recent years.
These metallo-organic materials such as
methylammonium lead trihalides and
formamidinium analogs are less expensive to make and process than crystalline
silicon, a conventional photovoltaic
material, yet they offer comparable performance. But when exposed to heat,
moisture, and bright sunlight, perovskites
decompose and undergo structural
changes which cause the cells’ electrical
output to fall and have impeded the devices’ commercialization.
Researchers have come up with ways to
use films of epoxy, butyl rubber, ceramics, and chemical treatments to protect
perovskite cells. But some of the most effective methods require specialized equipment and are costly. Others guard against
high humidity or prolonged exposure to
heat, but do not stand up to harsh tests
that combine punishing conditions.
After experimenting with various
materials and solar-cell encapsulation
methods, a team led by Lei Shi and Anita
W. Y. Ho-Baillie of the University of New
South Wales reports that combining glass
with poly(isobutylene) or a poly(olefin)
does the trick. The researchers showed
that fully encapsulating the cells—not just
the edges, as in earlier studies—with an
inexpensive pressure-tight wrap made of
a thin glass-polymer sandwich enables the
devices to pass the damp-heat and humidity-freeze cycling tests of the International
Electrotechnical Commission (Science
2020, DOI: 10.1126/science.aba2412).
These accelerated aging tests mimic
demanding outdoor conditions by exposing the cells to 85% relative humidity and
repeated temperature cycling between
–40 and 85 °C, conditions that could
cause cells to delaminate from ice forma-

Ho-Baillie and coworkers wrap perovskite
solar cells with a protective glasspolymer layer.
tion. The encapsulated cells’ conversion
efficiency, a standard measure of performance, fell by less than 5% over the course
of 1,800 h of the damp-heat test and
75 cycles of the humidity-freeze test.
The team also developed a gas chromatography/mass spectrometry method
for analyzing gas products of perovskite
decomposition. By identifying methyl
halides, methylformamide, and other species, the researchers elucidated multiple
decomposition pathways. They showed
that their gas-tight encapsulation method
causes decomposition reactions to quickly
reach equilibrium and subside before the
cells are damaged.
“The results reported here are important,” says Sang Il Seok of Ulsan National
Institute of Science and Technology,
because they show that perovskite cells
can achieve high efficiency and longterm stability. He adds that with GC/MS,
researchers can now accurately identify
gas products and deduce decomposition
routes.—MITCH JACOBY
MAY 25, 2020 | CEN.ACS.ORG | C&EN
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Business Concentrates
OUTSOURCING

US signs huge COVID-19 drug
contract with a start-up
The Trump administration has granted
Phlow—a Richmond, Virginia–based company formed in January—$354 million to
manufacture medicines at risk of shortage,
including therapies required to respond to
the COVID-19 pandemic.
Phlow will receive the funding, plus a
possible $458 million for longer-term production, from the Biomedical Advanced
Research and Development Authority,
part of the US Department of Health and
Human Services.
The announcement follows mounting
political calls to establish US production
of active pharmaceutical ingredients
(APIs), which have been steadily outsourced over the past 20 years. Over 80%
of APIs and chemical ingredients used in
the US to manufacture generic and overthe-counter drugs are produced abroad,
Phlow says, mostly in China and India.
The name of the new company reflects
its intention to implement a continuous
manufacturing process known as flow
chemistry to produce drugs in a cost-competitive manner.
Establishing a wholly US–based supply
of pharmaceuticals is a complicated proposition, however, given the range of raw
materials and precursor chemicals now
produced in Asia.
The global nature of the pharmaceutical
chemical industry will also challenge any
made-in-America stance. Phlow’s manufacturing partner, California–based Ampac
Fine Chemicals, was acquired in 2018 by
SK Holdings, a South Korean firm.
Phlow says that it will build a new facility in Virginia but that it has already begun
producing precursor chemicals, APIs, and
finished drugs for COVID-19 treatment.
The company claims that the government
funding will enable it to deliver over
1.6 million doses of five generic medicines
used to treat COVID-19 to the US Strategic National Stockpile, including antibiotics, pain management therapies, and drugs
for sedating patients who require ventilator support.
Phlow says it is also establishing what it
calls a strategic active pharmaceutical in-
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ed the large government contract given
Phlow’s partnership with Ampac, one of
the largest contract API makers in the US.
Ampac’s former parent company, American
Pacific, is a rocket-fuel producer with a history of government contract work. “I think
this has been in the works for a while,”
Bruno says.
Phlow is still coming into focus, he adds.
“I’m not 100% sure where their assets are,”
Bruno says, noting that the Petersburg
plant has required major renovations since

gredients reserve, a government stockpile
of key ingredients used to manufacture essential medicines domestically. Responding via email to an inquiry from C&EN,
Eric Bovim, a spokesperson for Phlow,
wrote: “For national security reasons, we
are unable to discuss which medicines are
being made.”
Ampac operates three
plants in the US, including
one in Petersburg, Virginia.
The facility is a former
Boehringer Ingelheim API
plant that was acquired by
the Chinese firm UniTao
Pharmaceuticals in 2014 and
by Ampac in 2016.
Phlow is also partnering
with Civica Rx, a nonprofit
launched in 2018 by several
health systems to address
generic drug shortages in
the US, and with the Medicines for All Institute at
Virginia Commonwealth
Ampac acquired it. Ampac’s
University, which designs
Ampac’s Petersburg,
other US facilities are in
efficient production techVirginia, facility is a
Rancho Cordova, California,
nologies with an emphasis
former Boehringer
and La Porte, Texas.
on flow chemistry.
Ingelheim factory that
It is also unclear how
Ampac is among the
a Chinese firm owned
Phlow will fulfill the remit
pharmaceutical chemical
briefly before Ampac
of repatriating the entire
companies also pursuing
acquired it in 2016.
supply chain of critical medflow chemistry, which is
touted as being able to significantly reduce icines—from the raw materials to the final
dosage form.
cost and time in producing drugs.
“I’m all for this, don’t get me wrong, but
While Phlow CEO Eric Edwards is an
we’re still going to be buying our starting
unknown in the API manufacturing sector,
materials from China and India,” Bruno
its vice president of business development,
says. Phlow’s goal is to be a finished-dose
Malcolm Rosenthal, is an industry veteran.
The new company’s board includes Civ- drugmaker that is back-integrated into APIs
and starting chemicals. “That is not trivial,”
ica Rx CEO Martin van Trieste, formerly
he says.
the senior vice president for quality at
The deal’s announcement had an unAmgen and the founder of Rx-360, a conmistakable political tone.
sortium of drugmakers and API firms; and
“Years from now, historians will see this
Rosemary Gibson, chair of the board of
innovative project as a defining moment
Altarum Institute and the author of China
and inflection point for protecting AmerRx: Exposing the Risks of America’s Depenican families,” Peter Navarro, director of
dence on China for Medicine.
Industry consultant James Bruno says he the White House Office of Trade and Manufacturing Policy, said in a press release
is not surprised that a start-up rather than
about Phlow.—RICK MULLIN
an established API producer was award-

C R E D I T: A MPAC F I NE C H EM I CA LS

New Virginia firm partners with a pharmaceutical
chemical maker in its made-in-America gambit

FINANCE

Tough year for Japanese firms
Fiscal 2019 was hit by slowing growth in China,
poor automotive markets, and, of course, COVID-19
Japanese chemical makers were hit by pretty much everything during their fiscal 2019,
which ended March 31, and they expect a
challenging year ahead due to COVID-19.
Every large Japanese chemical maker
that C&EN surveyed reported lower sales
for the year, and all but one, Shin-Etsu
Chemical, posted a profit decline.
COVID-19 was partially to blame for the
bad results, but only late in the fiscal year.
Even before the pandemic, Japanese firms
suffered from slow sales in the auto industry, slumping prices for petrochemicals,
and sluggish business with China due to
that country’s trade friction with the US.
“In the global economy, business confidence deteriorated rapidly in the manufacturing sector,” Teijin says in an earnings
announcement. The fiber maker reported
a 44% decline in profits for the fiscal year
on a 4% drop in sales.
Teijin points to a pullback in Chinese
manufacturing due to US-China trade relations and reduced car demand in China
and Europe. In addition, the firm says, the
spread of the novel coronavirus impacted
“production and consumption activity
around the world toward the end of the
last quarter.”
Mitsubishi Chemical experienced a 68%
decline in earnings and a 7% sales drop. A

Japan’s annual results

The country’s chemical makers were hit
by COVID-19 and weakness in China.

Asahi Kasei
JSR
Kaneka
Mitsubishi Chemical
Mitsui Chemicals
Shin-Etsu Chemical
Sumitomo Chemical
Teijin
Tosoh
Ube Industries

% change from
prior fiscal year
Sales
Earnings
0.9%
29.5%
4.7
27.4
3.1
37.0
6.8
68.1
9.7
50.2
3.2
1.6
4.0
73.8
3.9
44.0
8.8
28.8
8.5
29.3

Source: C&EN tabulations based on company documents.

source of weakness for the company, Japan’s largest chemical maker, was its petrochemical unit, which was pummeled by
falling selling prices. The company closed
a polypropylene line in Kashima, Japan, as
part of an effort to improve efficiency.
Sumitomo Chemical, which had a 74%
earnings decline, also noted contract-

ing prices for chemicals. Ube Industries
blamed its results—a 29% earnings drop—
on softness in markets for nylon and the
nylon raw material caprolactam.
But news for the year wasn’t all bad.
Shin-Etsu managed to escape with only a
slight sales decline and even an uptick in
earnings. The firm cites strong polyvinyl
chloride demand in the US, firm cellulose
derivative sales to the drug industry, and
good performance in its semiconductor
silicon unit.
The spread of COVID-19 created some
demand in food and medical markets.
Kaneka, for example, says its nutrition
business benefited: “With more and more
people eating meals at home, demand for
products such as frozen food and instant
noodles increased.”
Looking ahead, Teijin predicts that it
will see gradual improvement in its fiscal
second quarter. Ube expects recovery to
begin in its third quarter.
Most companies refrained from making
specific financial predictions because of
the uncertainty around COVID-19. Mitsui
Chemicals was an exception, saying it
expects sales and earnings declines of 15%
and 47%, respectively, for fiscal 2020.
Mitsui also gave the most alarming warning about the year: “Growth rates in some
countries and regions could fall significantly short of the levels seen during the worldwide recession triggered by the Lehman
Brothers bankruptcy.”—ALEX TULLO

BIOBASED CHEMICALS

Cargill gives biobased acrylic acid one more go
Agribusiness giant Cargill says technology developed by Procter & Gamble will
breathe new life into its years-long effort
to produce acrylic acid from corn dextrose. Cargill is one of several companies
that have worked unsuccessfully for over
a decade to scale up fermentation routes
to the intermediate.
Cargill first partnered with fermentation expert Novozymes in 2008 in a
project to produce the acrylic acid precursor 3-hydroxypropionic acid from
sugar. BASF joined the project in 2012 but
pulled out in 2015. Dow and Evonik have
also tried their hands at biobased acrylic
acid.
But P&G scientists sidestepped the

need for a new fermentation process. Instead, they crafted a route based on lactic
acid, which Cargill produces from corn at
a giant plant in Blair, Nebraska, mainly as
a raw material for the polymer polylactic
acid.
P&G converts lactic acid to acrylic acid
with a dehydration catalyst made of metal-containing phosphate salts, according
to a P&G patent. Cargill has an exclusive
license to use the technology.
One of the largest markets for acrylic
acid is superabsorbent polymers used
in diapers. Strong consumer demand
for more sustainable diapers prompted
P&G—which makes Pampers—to develop the biobased chemistry and look for

a manufacturing partner, says Jill Zullo,
Cargill’s vice president for bioindustrials.
Cargill’s low-cost lactic acid makes for
a nice marriage, Zullo says. “They wanted
to know who they can have confidence in
for the scale-up, the technology, and the
economics.”
Finding a market for a greener but
likely pricier version of acrylic acid has
historically been a challenge, says Ron
Cascone, leader of biorenewable chemical
solutions at the consulting firm Nexant.
But today’s parents have grown up in an
environmentally conscious era, he says,
adding, “Cargill produces oceans of lactic acid, so if this doesn’t work, nothing
will.”—MELODY BOMGARDNER
MAY 25, 2020 | CEN.ACS.ORG | C&EN
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Business Concentrates
▸▸ Shell and CNOOC
expand China venture
Shell and China National Offshore Oil
Corp. (CNOOC) have agreed to expand
their petrochemical joint venture in
Huizhou, China. The project will include a 1.5 million-metric-ton-per-year
ethylene cracker, as well as styrene, propylene oxide, polyols, ethylene glycol,
polyethylene, and polypropylene units.
The new complex will also include the
first α-olefins plant in Asia to use Shell
technology. The two companies started
the joint venture in 2006 and expanded
it in 2018. Its ethylene capacity is now
2.2 million metric tons.—ALEX TULLO

BIOBASED CHEMICALS

▸▸ Kaneka expands
biopolymer in Japan
Kaneka plans to build a plant with capacity for 20,000 metric tons (t) per year of
poly(3-hydroxybutyrate-co-3-hydroxyhexanoate) (PHBH), a
biodegradable, biobased
polymer. Kaneka completed
a 5,000 t plant in December

Kaneka opened this PHBH
facility in Takasago, Japan,
in December.
at a cost of nearly $25 million. The company says
the resin is already gaining traction among firms
such as Japanese 7-Eleven
stores, which use straws made of PHBH.
The company hopes to expand capacity
to 100,000–200,000 t by 2030.—ALEX

TULLO

INVESTMENT

▸▸ Air Products plans
big Indonesian project
Air Products plans to spend $2 billion to
build, own, and operate a coal-to-methanol complex in Indonesia. The gasification
plant will have about 2 million metric
tons (t) per year of methanol capacity
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BUSINESS

COVID-19 pushes firms to
close plants, cut projects
Chemical companies are closing plants and abandoning projects as the impact of COVID-19 deepens. Solvay will close composite materials facilities in
Manchester, England, and Tulsa, Oklahoma, in response to a drop in demand
resulting from COVID-19. About 570 employees—20% of Solvay’s composites workforce—are set to lose their jobs as a result of the closures, along
with other positions across the business. Solvay says the measures will cost
$32 million but generate annual savings of $64 million. Borealis has ditched
plans for a $6.8 billion petrochemical project in Atyrau, Kazakhstan, featuring
a steam cracker and polyethylene plant because of the effects of the pandemic
and an increasingly uncertain market outlook. The complex had been scheduled to start up in 2026. Meanwhile, Arkema recently reduced its planned capital expenditures for 2020 by $108 million and its fixed costs by $54 million to
help it weather market conditions caused by COVID-19. Lanxess has cut its
planned capital spending for 2020 by $54 million.—ALEX SCOTT

when it opens in 2024. The methanol will
be purchased by the local firms Bakrie
Capital and Ithaca Resources, which
will supply 6 million t of coal per year.
Air Products has been investing heavily
in gasification. It has spent billions on
coal-to-chemicals plants in China and is
participating in a gasification-based power
plant in Saudi Arabia.—ALEX TULLO

CLIMATE CHANGE

▸▸ Oil firms to invest in
Norway CO2 storage
Equinor, Shell, and Total will invest
$695 million in a carbon storage project off
the coast of Norway. The Northern Lights
facility, scheduled to begin operating in
2024, will store 1.5 million metric tons (t)
of CO2 per year in a geological formation
2,500 m below the seabed. Future expansions could increase the annual storage to
5 million t; the site is expected to be able
to permanently hold around 100 million t.
The Norwegian government will make
a final decision on the project later this
year.—CRAIG BETTENHAUSEN

INSTRUMENTATION

▸▸ Sumitomo funds
COVID-19 detector
Sumitomo Chemical says it will provide
about 70% of the funds needed by Is-

raeli start-up NanoScent to develop a
COVID-19 diagnostic sensor that uses
scent recognition. NanoScent’s sensors
combine digital technology with nanoscale
materials, called chemiresistors, which
change their electrical resistance in response to chemicals in the environment.
If successful, the sensor will rapidly detect viral infections from breath exhaled
through the nose, Sumitomo says. It could
be used to screen at borders, airports, and
hospitals.—MELODY BOMGARDNER

SPECIALTY CHEMICALS

▸▸ BASF starts US
pearlizer production
US cosmetic makers can add luster to
their products with US-made materials
from BASF, thanks to its new pearlizer
plant in Mauldin, South Carolina. The
firm says the move will improve supply
reliability for its North American customers and lower the carbon footprint of its
product line. In addition to pearlizers,
New equipment
at BASF’s plant in
which add luster
South Carolina
to cosmetics, the

C R E D I T: KA N E KA ( P H B H FAC I LI T Y ) ; BAS F (P L A N T )

PETROCHEMICALS

plant will now make opacifiers; it already
produces surfactants and specialty esters.—CRAIG BETTENHAUSEN

SATYANARAYANA

OUTSOURCING

▸▸ WuXi plans first
US biologics plant

DRUG DISCOVERY

WuXi Biologics says it will build a $60 million biologics discovery, development,
and manufacturing center in Worcester,
Massachusetts. WuXi expects the 9,940 m2
facility, its first biologics plant in the US,
to open in 2022. The Chinese firm says
the plant will have 4,500 L of bioreactor
capacity and employ about 150 people. It
will run with continuous bioprocessing,
deploying single-use reactors for clinical
and small-volume commercial production.—RICK MULLIN

DIAGNOSTICS

▸▸ Partners seek
CRISPR COVID-19 test
Mammoth Biosciences will partner with
GSK Consumer Healthcare to create a
handheld, at-home COVID-19 test. The
test is based on CRISPR, a gene-editing
technology they are deploying to detect
viral RNA from SARS-CoV-2, the coronavirus that causes COVID-19. Mammoth

C R E D I T: S E RA P HI N A T H E RA P E UT I CS

says the test will produce results from a
nasal swab in under 20 min. The companies expect to apply later this year for a US
emergency use authorization.—MEGHA

▸▸ Protein degradation
links Roche, Vividion
Roche has formed a partnership with the
targeted protein degradation start-up Vividion Therapeutics. Part of the partnership’s
focus will be finding compounds that target
new E3 ligases, a family of proteins that
drag other proteins off for degradation.
That will give the companies tools for selectively degrading proteins linked to cancer and immune diseases. Vividion will get
$135 million in cash and potentially billions
more in milestone payments. Vividion was
founded by three chemists from Scripps
Research Institute: Benjamin Cravatt, Phil
Baran, and Jin-Quan Yu.—RYAN CROSS

NUTRACEUTICALS

▸▸ Seraphina launches
with new fatty acid
Seraphina Therapeutics has raised $5.5 million in a first funding round, led by Domain
Associates, to advance dietary supplements

Pentadecanoic acid is a
newly discovered saturated
fatty acid found in food.
and food fortifiers made
from pentadecanoic acid,
a trace odd-chain saturated
fatty acid found in butter and
some fish and plants. The California-based firm claims that the acid,
also called C15:0, is potentially essential
to cardiometabolic and liver health. C15:0
was discovered by Stephanie Venn-Watson,
Seraphina’s CEO. The company plans to
launch C15:0 supplements this fall.—MEL-

ODY BOMGARDNER

VACCINES

▸▸ US backs UK
COVID-19 vaccine
The US Biomedical Advanced Research
and Development Authority will provide
up to $1.2 billion to AstraZeneca to accelerate work on an adenoviral vector vaccine for COVID-19 that the UK drug firm
licensed from the University of Oxford.
The UK government is providing about
$80 million to the effort. AstraZeneca says
it has finalized agreements for at least
400 million doses of the vaccine, AZD1222,
and has secured production capacity for
1 billion doses. Deliveries could begin in
September under a fair allocation program
the firm is developing.—MICHAEL MCCOY

Business Roundup

alysts in large gasification facilities that it plans to build.

▸▸ Kemira will spend
$30 million to expand its
manufacturing capacity for
the bleaching chemicals sodium chlorate and hydrogen
peroxide at the Fray Bentos,
Uruguay, pulp mill of its customer UPM-Kymmene. The
additional capacity will supply the Fray Bentos mill and
one that UPM is building in
Paso de los Toros, Uruguay.

▸▸ Seevix Material Sciences
has sold an ownership stake
to the sports apparel maker
Asics. Seevix, a spin-off from
Hebrew University of Jerusalem, boasts a fermentation
process for making synthetic
spider silk, The firms plan to
codevelop sports goods featuring Seevix’s spider silk.

▸▸ Total has agreed to buy
some of the output of a polypropylene recycling plant
that PureCycle Technologies
is building in Ohio and to
evaluate building a similar
plant of its own in Europe.

The 48,000-metric-ton-peryear Ohio plant is based on
PureCycle technology for
separating contaminants
from polypropylene.
▸▸ OQ Chemicals is the
new name for the German
chemical maker Oxea, which
became part of Oman Oil
in 2013. OQ is a new brand
identity for nine companies
affiliated with the oil firm.
▸▸ Air Products and Haldor Topsoe have agreed to
collaborate on large-scale
ammonia, methanol, and
dimethyl ether projects. Air
Products will use Topsoe cat-

▸▸ Corteva Agriscience will
work with the French pheromone firm M2i on insect
control products. The pheromones trap insects or disrupt
mating and could extend the
usefulness of inherent, plantbased insect control traits,
Corteva says.

▸▸ GreenLight Biosciences,
which makes an experimental RNA interference
pesticide targeting the Colorado potato beetle, raised
$17 million to scale up its
messenger RNA (mRNA) vaccine manufacturing capacity.
The firm says it has designed
multiple potential mRNA
vaccines for COVID-19.
▸▸ Rallybio, a biotech startup founded in 2018, raised
$145 million in series B financing to develop therapies for
rare diseases. The company’s
lead program is a plasma-derived hyperimmune globulin
therapy to prevent uncontrolled bleeding in a condition
called fetal and neonatal alloimmune thrombocytopenia.
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Policy Concentrates
BIOTECHNOLOGY

USDA scales back oversight of GMO crops
Companies will determine whether biotech
products need regulatory review
The US Department of Agriculture will
leave it up to companies to determine
whether their biotech crops are likely to
pose a plant-pest risk, according to a rule
finalized May 18. If a company determines
that a crop is unlikely to pose a risk to
other plants and therefore doesn’t need to
go through the lengthy regulatory process,
it will not need to inform the USDA.
The USDA claims that the new rule will
help get innovative crops developed with
genetic engineering and gene
editing to the market faster and
reduce unnecessary regulatory
burdens for developers. Companies will assess the risk posed by
a crop based on the properties
of the plants, not on how they
were produced. Crops deemed
to be low plant-pest risks will be
exempt from regulation.
Environmental and public
health advocacy groups say the
rule will leave consumers in the
dark about new biotech products
and whether they should be exempt from regulation.
“The result is that government regulators and the public
will have no idea what products will enter
the market and whether those products
appropriately qualified for an exemption

from oversight,” Gregory Jaffe, biotechnology project director at the Center for
Science in the Public Interest, says in a
statement. “They will stealthily enter our
food supply at a time when consumers
want greater transparency, leading to potential consumer backlash and acceptance
problems, even for safe and beneficial
products.”
The rule is in line with President Donald J. Trump’s June 2019 executive order

Companies will determine whether new
genetically modified crops are exempt
from regulation under a new USDA rule.

directing the USDA, the Food and Drug
Administration, and the Environmental
Protection Agency to streamline the process for approving biotech crops, including those produced by gene editing. The
changes are the first major overhaul to the
regulations since 1987.
Environmental groups have been
pushing for years for stronger regulation
of genetically engineered crops, arguing
that safeguards are needed to prevent
contamination of traditional crops, pesticide-resistant weeds, and huge increases in herbicides used on crops that are
genetically modified to tolerate
such chemicals. Instead of fixing
those deficiencies and strengthening the regulatory system to
ensure proper oversight, “the
revised regulations dramatically
scale back USDA’s regulatory
authority, leaving most GMOs
unregulated,” Sylvia Wu, a senior
attorney at the Center for Food
Safety, says in a statement.
EPA administrator Andrew
Wheeler welcomed the new rule,
noting that the EPA is working
on its own efforts to reduce
unnecessary regulations and remove barriers to advancements
in biotechnology. “We plan to issue our proposed rule early this summer,”
he says in a statement released by the
USDA.—BRITT ERICKSON

POLLUTION

Texas says ethylene oxide is far less hazardous than the US Environmental Protection Agency determined in 2016.
The carcinogenic gas is a key building
block for pharmaceuticals and plastics
and is used to sterilize medical equipment. The chemical sector is a major
emitter of this toxic pollutant.
On May 15, the Texas Commission on
Environmental Quality (TCEQ) set a
risk-screening level of 2.4 ppb ethylene
oxide inhaled cumulatively over a lifetime.
The agency will use the number in decisions regarding air pollution permits.
In contrast, the EPA’s 2016 assessment
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concluded that there is a one-in-a-million
chance of developing cancer from inhaling
0.1 parts per trillion of ethylene oxide over
a lifetime.
The TCEQ’s action will make it easier
for chemical companies to get air pollution permits from the commission for
new facilities or plant expansions. It
will also bolster the chemical industry’s fight against stricter EPA
regulation.
The Ethylene Oxide Panel of the
American Chemistry Council,
an industry group, says it
backs the conclusion, adding

that the TCEQ “set the record straight” on
the EPA’s “flawed” number.
Activists warn that the commission’s
action could lead to greater health risks to
communities that have disproportionately
high levels of exposure to industrial emissions of ethylene oxide.
The EPA is under court order to publish
by May 29 a regulation on the emissions
of ethylene oxide and other hazardous
air pollutants from manufacturers of
miscellaneous organic
chemicals. The White
House is reviewing that
rule.—CHERYL HOGUE

C R E D I T S HU T TE RSTO CK ( BOT H )

Texas moves on ethylene oxide

POLICY

▸▸ Scientific integrity
effort at EPA needs
more work
The US Environmental Protection Agency
needs to do more to champion its policy
on scientific integrity, the EPA’s independent watchdog says. In a report based on
a 2018 survey of agency staff members,
the EPA Office of Inspector General
finds more than half of the respondents
dissatisfied with how the agency releases
scientific information to the public. Respondents said that information was not
released in a timely fashion and that EPA

CDC director Robert Redfield (right) speaking at a White House press
conference with President Donald J. Trump.

SCIENCE COMMUNICATION

CDC sidelined in
coronavirus briefings

C R E D I T: EPA ( LA B ) ; MI C H A EL R EY N O LD S /C N P/A D ME D I A / N EWS CO M ( R E DFI E L D)

During past disease outbreaks, the US Centers for Disease Control and Prevention has taken center stage in communicating research and health recommendations. But the CDC has been pushed aside by the White House in
communication about the COVID-19 pandemic, according to a new analysis
of press briefings by the Union of Concerned Scientists (UCS), a science advocacy group. For the 2016 Zika, 2014 Ebola, 2009 H1N1, and 2003 SARS epidemics, US presidents gave a combined total of 7 briefings, compared with
68 by the CDC. In contrast, President Donald J. Trump’s White House held
50 press events in the first 13 weeks of the COVID-19 pandemic, compared
with just 19 for the CDC; the CDC has held no briefings in the past 2 months.
CDC officials have occasionally been present and made remarks at White
House briefings. “When previous presidents were challenged with epidemic
disease, they put the experts out front, and let CDC do its job of informing
the public,” Anita Desikan, a UCS researcher, says in a statement. “The scientists have been sidelined and political officials have put themselves in between the facts and the public.”—ANDREA WIDENER

An EPA researcher filters Great Lakes
water samples aboard the research
vessel Lake Guardian.
leaders interfered with or suppressed its
release, possibly because of political or industry influence, according to the report.
The survey also says most respondents
were satisfied with peer review and advice
from external advisory committees. Most
were dissatisfied with the EPA’s management of those advisory panels, however,
citing 2017 changes on who can serve on
them—changes recently thrown out by a
federal court. Hundreds of respondents
indicated that they had experienced but
didn’t report possible violations of the
scientific integrity policy, saying they
feared retaliation, believed that reporting
would make no difference, or perceived
agency leaders would interfere.—CHERYL

HOGUE

CHEMICAL REGULATION

it was adding 160 PFAS to the inventory,
as mandated by a military spending law.
But the agency has since reviewed criteria established in that statute and found
172 PFAS that met the criteria and have
chemical identities that are not claimed as
confidential business information. The EPA
officially added these substances, including
8:2 fluorotelomer alcohol, which has been
US facilities that make, process, or use at
used in ski waxes, to the inventory. Facilileast 45 kg per year of any of 172 per- and
ties must submit reports by July 1, 2021, for
polyfluoroalkyl substances (PFAS), a class
their PFAS releases in 2020. The EPA says it
of highly persistent compounds, must replans to release these raw data to the public
port their releases of the chemical to the
Environmental Protection Agency. The EPA by July 31, 2021. Meanwhile, the agency is
reviewing confidentiality
has added these PFAS
F F F F F F
claims for other PFAS
to its Toxics Release
Inventory as required by
F3C
OH that meet the law’s criteria for addition to the
a law enacted in DecemF F F F F F F F
inventory.—CHERYL
ber. Earlier this year, the
8:2 Fluorotelomer alcohol
agency announced that
HOGUE

▸▸ Reports required
for US releases
of 172 PFAS

MAY 25, 2020 | CEN.ACS.ORG | C&EN

15

Features

Ion mobility-mass spec
expands its offerings
New instruments come online with improved
resolution, broadening applications for the technique
CELIA HENRY ARNAUD, C&EN STAFF

W

hen ion mobility spectrometry (IMS) and
mass spectrometry (MS) were first combined
in a commercial instrument more than a
decade ago, users had limited options. If they
wanted the analytical power this combination provides, they
could either purchase that single instrument, or they could
build their own. Today, more than 500 IMS-MS instruments
are in laboratories around the world, according to estimates
by Strategic Directions International, which tracks the
analytical instrument market. The ion mobility units in those
instruments come in four configurations rather than one, with
a fifth on the way (see page 18).

The explosion in IMS-MS instruments
is in response to a demand for more sophisticated chemical analysis. Adding IMS
to mass spec instruments enables users to
study more complex mixtures than ever
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before. It provides information about molecules that mass spec alone can’t provide.
MS separates ions on the basis of the
mass and charge of ions in a sample, and
adding IMS allows users to separate ions on

Students work
with an Agilent
ion mobility-mass
spectrometry
instrument at
Vanderbilt University
in January.

the basis of size and shape too. These extra
degrees of separation mean that molecules
in a sample can be more thoroughly characterized, leading to fewer false positives in
ion identification.
With more types of IMS-MS instruments
to choose from, scientists also have more
options in the resolution of their measurements. The many instruments available today come with a range of resolving powers,
which is a measure of the machine’s ability
to distinguish between two nearly identical
ions. The higher the resolving power, the
better the separation. So for instance, the
first two versions of IMS to be coupled with
MS—drift tubes and traveling waves—typically achieve resolving powers of 50–60
and 30–40, respectively. Newer types of
IMS instruments can achieve even higher
resolving powers. Trapped ion mobility
spectrometry (TIMS) achieves up to about
400–600 resolving power depending on
how fast the electric field is ramped, and
cyclic IMS achieves a resolving power of
about 750 by passing ions some 100 times
around its 1 m long track. Structures for
lossless ion manipulations (SLIM) devices,
the newest of the bunch, are built on printed circuit boards, which lengthen the path

C R E D I T: VA N ES SA A L LWA R DT/ VA N D ER B I LT U NI V ERS I T Y

MASS SPECTROMETRY

C R E D I T: BRA N D O N RU OTO LO

ions take through the compact devices.
This type of device could hypothetically
achieve a resolving power of 2,000 for ions
passing 100 times over its 13 m path length.
The high resolving powers of the various instruments open up new abilities for
analyzing molecules of all sizes. For large
molecules, IMS-MS is providing information about the landscape of configurations
a protein may take. For small molecules,
IMS-MS is being used to separate mixtures
of closely related species like isotopomers.
Isotopomers are compounds that have
the same molecular formula and contain
the same elemental isotopes. The only
difference between them is the location
of the isotopes within the compounds—
which atomic positions they reside on. For
instance, two otherwise identical organic
compounds could have a deuterium on a
terminal carbon or an internal carbon.
Richard D. Smith and coworkers at the
Pacific Northwest National Laboratory use
SLIM devices to tease apart isotopomers
as part of their efforts to better understand
how IMS separations work. The team
confirmed that SLIM could distinguish between isotopomers.
“At first blush, you would say these
things should have the same mobility. They
have the same shape, same charge, same
mass,” Smith says. But the difference in
the location of the isotopes is enough to
change the center of mass and the moment
of inertia of the molecules. Those changes
lead to slight differences in mobility that
can be seen with high enough resolving
power. And such high resolving power
has many practical applications, including
separations of structurally similar lipids,
glycans, and many isomers that have previously not yielded to separation by IMS.
IMS is finding applications in
forensics as well. Francisco A.
Fernández-Lima, a chemistry
professor at Florida International
University, uses TIMS to help his
forensics colleagues analyze structurally similar drugs such as cannabinoids and synthetic opioids.
Many of these drugs are positional
isomers, which means they have
the same scaffold with a functional
group appearing at different positions across that scaffold. The
drugs’ potency depends on which
isomer form they take on. “It’s not a mass
problem,” Fernández-Lima says. “It’s a
structural problem.”
Fernández-Lima also uses IMS-MS to
study complex environmental samples
such as crude oil and dissolved organic
matter. Typically the readout from IMS or
MS measurements gives users information

about the potential identity of ions in their
samples—it gives them chemical formulas
but not exact configurations. In Fernández-Lima’s environmental experiments,
he combines TIMS with a type of mass
spectrometry called ultra-high-resolution
Fourier transform ion cyclotron resonance
MS that provides such high mass resolving
power that he can determine unique molecular formulas. “It narrows a lot more the
potential candidates you actually have for
that chemical formula,” he says.
Another environmental application
for IMS-MS is the analysis of per- and
polyfluoroalkyl substances (PFAS). These
pollutants have been in the news because
of their reputation as “forever chemicals.”
A Chemours plant in Fayetteville, North
Carolina, spilled PFAS into the Cape Fear
River in 2017.
IMS expert Erin S. Baker and PFAS
expert Detlef R. U. Knappe, both at North
Carolina State University, added drift tube
IMS to an existing workflow for analyzing
PFAS (Anal. Chem. 2020, DOI: 10.1021/acs.
analchem.9b05364). With the IMS, they
were able to separate branched and linear
PFAS with identical masses but different
shapes. Such analyses that identify specific
pollutants in local water samples could
help inform public policy.
Baker and Knappe can also
separate PFAS into classes distinguished by
their head groups.
“This allows
you to
distin-

Ion mobility-mass spectrometry can be
used to map the energy landscape of the
collision-induced unfolding of antibodies
(shown) and other proteins. Such maps
can provide a fingerprint to characterize
biotherapeutics.

guish known PFAS and identify new PFAS
in untargeted analyses of biofluid, tissue,
and environmental samples,” Baker says.
Because PFAS impair lipid function,
Baker plans to combine IMS-based PFAS
analysis with lipidomics. Lipids, another
complicated mixture with many structural
isomers, can benefit from mobility separations. She wants to see how PFAS exposure
affects the various kinds of lipids in cells.
IMS provides extra information and separation that makes screening applications
easier, such as identifying the products of
enzyme reactions occurring inside cells.
“If we screen based on mass and mobility,
we have much better target hit rates for
our compounds,” says Perdita E. Barran,
a chemistry professor at the University
of Manchester. In monitoring enzyme reactions, mobility measurements help her
team easily distinguish between closely
related substrate and product ions.
Barran would like to see clinical instruments that combine high-resolution IMS
with low-resolution mass spectrometry.
“Ion mobility is cheap,” she says. “Mass
spectrometry is expensive” because it
requires costly vacuum pumps. Combining the techniques in this way would
enable labs that couldn’t normally afford a
high-resolution MS instrument to achieve
reasonably good results.
John A. McLean of Vanderbilt
University is combining IMS-MS
with desorption electrospray ionization imaging to rapidly screen
metabolites in genetically altered
cyanobacteria. “The genetic alterations can be made really, really
fast,” McLean says. But “knowing
the consequences of those changes
is the real bottleneck.” Researchers
want to use genetically modified
organisms like cyanobacteria as
chemical factories, programming
them to synthesize desired molecules. When testing their designer
organisms, the scientists need to
ensure the modifications they’ve put
in place are performing as intended,
and they do that by monitoring the
bacteria’s metabolites.
McLean and colleagues use CRISPR
gene editing to alter cyanobacteria’s
biological clock machinery and tweak the
microbes’ metabolic pathways. They use
imaging IMS-MS analysis to determine
which metabolites the organisms produce.
The applications don’t stop with small
molecules, however. IMS-MS is being used
for multiple protein-related applications,
from proteomics to structural biology.
For Matthias Mann’s groups at the Max
Planck Institute of Biochemistry in MuMAY 25, 2020 | CEN.ACS.ORG | C&EN
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The ion mobility toolbox
C&EN takes a spin through the catalog of instruments now available to enhance the molecular resolving power of mass spectrometry
with ion mobility.
Adding an ion mobility device to a mass spectrometer can improve the machine’s resolving power, meaning that it can distinguish more clearly
among the ions it’s analyzing. Some of the first ion mobility units to be added to mass spec instruments were drift tubes, which separate ions
based on their collision with buffer gases like helium inside the tube. In these devices, the larger the ion, the larger its so-called collision cross
section, and the longer it stays in the tube before eluting. This illustration highlights the many ion mobility devices offered by companies today—
from simple drift tubes to cyclic racetrack configurations.

Ions
in

Traveling wave ion mobility

Ion mobility cell
filled with buffer gas

Trap

Transfer

Ions
out

Electrode

Electric field strength

Example
output

Time

Distance ions travel

Drift tube

Large
ions

Small
ions

▸▸Ion resolving power: 30–40
▸▸First commercialized by: Waters in 2006
Although homemade drift tubes were the first
type of ion mobility device to be combined with
mass spectrometry in labs, they weren’t the first
to be offered by a major mass spec manufacturer.
That honor goes to traveling wave ion mobility
spectrometry devices. As in other forms of ion
mobility, in TWIMS, movement of ions is impeded
by collisions with a buffer gas. Here, though, voltage
pulses are applied along a gas-filled cell to generate
traveling waves: the repeating electric fields push
ions through the device, with smaller ions eluting
first, similar to the drift tube. The use of traveling
waves enables the device to operate at low voltages.

Front funnel Trapping gate

▸▸Ion resolving power: 50–60
▸▸First commercialized by:
Agilent Technologies in 2014

Ions
in

Ions
out

Because they’ve been tinkered
Trapping funnel
Drift tube
with the longest, drift tubes are
the best understood form of ion
mobility spectrometry. Inside a drift tube, a constant, homogeneous electric field is applied to a tube filled with a buffer gas, such as helium or niElectric field strength
trogen. As ions travel through the tube, collisions with the buffer gas slow
their movement. Larger ions undergo more collisions and thus travel more
slowly. Smaller, more compact ions come off the tube to arrive at the mass
Distance ions travel
spectrometer’s analyzer first. Data analysis methods involving multiple ion
packets increase the effective resolving power to more than 150.
Electrode

Gas flow
Ions
in

Ions
out

Electric field

Distance ions travel
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Example
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Trapped ion mobility

TIMS tunnel

Electric field strength

Rear funnel

Example
output
Large
ions

Small
ions
Time

▸▸Ion resolving power: Up to 400, with slow
ramping
▸▸First commercialized by: Bruker Daltonics in 2016
Unlike other forms of ion mobility, trapped ion mobility
devices push a buffer gas in the direction that ions
are traveling. They also apply an opposing electric
field, which pushes the ions in the opposite direction.
The force of the electric field counteracts the force of
the gas flow, resulting in ions of different sizes being
trapped at different places in the cell. Ramping down
the electric field releases the ions, with larger ions
eluting first, a reversal from drift tubes and traveling
wave devices.

Cyclic IMS

C RE DI T: YA N G H . KU/C& E N /A DAPT E D F RO M M AS S S P ECT RO M . R EV., WAT E RS , AG I L E N T T ECH N OLOGI ES, BRUKE R DALTON I CS, MOBI LI ON SYST E MS

▸▸Ion resolving power: ~750, by sending ions around the cycle 100 times
▸▸First commercialized by: Waters in 2019
Cyclic ion mobility is a geometric variant of TWIMS in which ions are sent
around a racetrack. In this version, a continuously varying electric field
is still used to separate ions, but it travels around the racetrack instead
of linearly. The device achieves a higher resolving power because it can
send ions around the cycle multiple times. Just as with standard traveling
wave devices, smaller ions usually elute faster than larger ions. The elution
order can change, however, if smaller, faster ions lap larger, slower ions. To
remove that possibility, scientists can selectively inject small groups of
mass-selected ions into the racetrack, or they can selectively eject from
the cyclic device ions that are outside the mobility range of interest.
Electric field strength

Ions
out

Transfer

Racetrack
containing
electrodes

Trap
Ions
in

Example
output
Large
ions

Small
ions
Time

Distance ions travel

Structures for lossless ion manipulations

Electrode

▸▸Ion resolving power: 200–300 for a 13 m path length;
up to 2,000 with multipass devices
▸▸To be commercialized by: MOBILion Systems, with a
projected launch in June 2021

Ions
in

SLIM is another variant of TWIMS. In this version, the
mobility cell is fabricated on printed circuit boards in
serpentine patterns. This technique enables a long path
length in a compact device. The initial commercial device
will have a 13 m ion path, with which it can achieve resolving
power of 200–300. It also has the ability to double the
length by sending ions through the device a second time.
The inventor of this approach, Richard D. Smith of the
Pacific Northwest National Laboratory, has shown that
multitiered devices can lengthen the mobility path even
more and achieve resolving powers of up to 2,000.

Ions
out

Electric field strength
Distance ions travel
nich and the University of Copenhagen,
adding TIMS to their existing proteomics
workflow has allowed them to achieve
better sensitivity, which in turn increases
the number of peptides they can detect and
quantify. They developed a method called
parallel accumulation-serial fragmentation
(PASEF) that allows them to accumulate
multiple precursor ions in the TIMS device
and then release them sequentially into the
mass spectrometer for tandem MS analysis
(Mol. Cell. Proteomics 2018, DOI: 10.1074/
mcp.TIR118.000900). “You get a huge signal-to-noise improvement,” Mann says.
In addition to using IMS to confirm the
identity of regular peptides he’s studying,
which reduces false discovery rates in

Example
output
Large
ions

Small
ions
Time

proteomics experiments, Mann says the
technique can help identify cross-linked
peptides. These peptides have a larger collision cross section, a parameter measured
by IMS that’s related to an ion’s shape and
conformation, than other peptides.
“They have a bigger cross section, so
they stick out in the graph,” he says, referring to where the cross-linked peptides
show up in the IMS-MS instrument’s
output.
IMS-MS has also long been a tool for
structural biology of proteins and protein
complexes. Christian Bleiholder of Florida
State University combines two TIMS cells
for top-down analysis of intact proteins, instead of digesting them into fragments first,

a common practice in protein mass spec
analysis. Bleiholder selects a species or protein conformation using the first TIMS cell.
Then he uses a high electric field to break
apart the ion and separate the fragments
with the second TIMS cell.
“We can do mobility-selective top-down
sequencing—the ability to get structure
and sequence at the same time,” Bleiholder
says. He’s particularly interested in using
the approach to analyze proteins with posttranslational modifications such as sugars.
He’s still working on developing the method, but he eventually wants to apply it to
disease-related proteins such as glycoproteins from HIV or the novel coronavirus,
SARS-CoV-2.
MAY 25, 2020 | CEN.ACS.ORG | C&EN
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In another protein-related application,
researchers use IMS-MS to monitor collision-induced unfolding (CIU) of antibodies. Brandon Ruotolo and coworkers at the
University of Michigan measure changes in
the collision cross section of antibodies as
a function of the energy. In this way, they
get a fingerprint of the intermediate states
an antibody goes through on its way from
being fully folded to fully unfolded. Ruotolo
is developing the method as a way for biotherapeutic manufacturers to ensure that
the antibodies they’re producing are in a
specific configuration.
With high-resolution mobility measurements, he can get an even more detailed
CIU fingerprint. He selects conformations
that were at low levels in the original fingerprint, enriches them using IMS, and
measures the CIU of that subset of ions.
“You tend to get new features that are not
well represented in the first fingerprint,”
Ruotolo says. In that way, a fingerprint with
four or five features can be expanded to
one with 10–20 features.
Sectors like the pharmaceutical industry
may also soon benefit from improvements
to IMS-MS. MOBILion Systems is collaborating with Agilent Technologies to launch
the first commercial SLIM instrument.
With a focus on improving the characterization of biopharmaceuticals, they’re
looking to use the high resolving power of
SLIM to reduce the need for liquid chromatography (LC) in applications such as
glycan analysis, peptide mapping, and intact protein analysis, says Melissa Sherman,
MOBILion CEO.
“For complex samples, we may not eliminate LC altogether, but we may use it in a
different way,” Sherman says. “We’re using

it to filter and spread the sample out to optimize the ionization.”
As the popularity of IMS-MS continues
to surge and more instruments come online, the user community is coming together to improve measurements for everyone.
One piece of information that IMS-MS
can provide is the collision cross section
of various conformational states of molecules. Typically, drift tube devices measure
absolute cross sections and can be used to
calibrate other instruments. But most labs
don’t have multiple types of IMS instruments. To make such calibration easier for
labs that don’t have a drift tube instrument
of their own, McLean started the Unified
Collision Cross Section Compendium as a
way to crowdsource IMS data that people
can use to calibrate other types of systems
(Chem. Sci. 2018, DOI: 10.1039/c8sc04396e).
Every value in the compendium goes
through a rigorous validation process.
“To help us validate entries in the CCS
Compendium, we have also compiled a
literature database of every cross section
published over the past 100 years,” McLean
says (Anal. Chem. 2016, DOI: 10.1021/acs.
analchem.6b04905). The compendium
itself has collision cross section data for
about 4,000 compounds. It’s available for
download so that researchers can incorporate it into their bioinformatics workflows.
It has also been incorporated into databases from the US National Institute of Standards and Technology and other organizations, McLean says.
These applications are just some of the
many to which IMS-MS is being applied.
Who knows how many more uses researchers will come up with as the technology
continues to improve. ◾
MAY 25, 2020 | CEN.ACS.ORG | C&EN
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DRUG DEVELOPMENT

his colleagues at Emory University began
a project funded by the Defense Threat
Reduction Agency to find an antiviral
compound that could fight Venezuelan
equine encephalitis virus (VEEV). During
the Cold War, both the US and the Soviet
Union studied VEEV as a potential biological weapon. Typically transmitted through
mosquito bites, VEEV causes high fevers,
EIDD-2801’s wily chemistry might make it an
headaches, and sometimes encephalitis,
ideal weapon in this pandemic and the next
swelling of the brain that can be deadly.
The scientists at Emory started screening molecules, focusing specifically on
BETHANY HALFORD, C&EN STAFF
nucleosides—purine or pyrimidine bases
This means if EIDD-2801 is shown to be attached to a sugar that are common mos the COVID-19 pandemic
safe and effective, people could take it at
tifs in antiviral compounds. “We had to
shut down much of the world,
home rather than in a hospital. That would find something that was active, had a high
George Painter’s life geared
allow EIDD-2801 to be taken earlier in the
barrier to resistance, and could penetrate
up considerably. In a matter of
course of the disease, killing off the virus
the blood-brain barrier, because it’s an enweeks, Painter and his collaborators have
before it wreaks havoc on the body.
cephalitic disease,” Painter explains.
seen the antiviral they were working on—
EIDD-2801’s other intriguing feature
Their screening efforts turned up
EIDD-2801—go from a promising therais that it appears to have a high barrier
N-hydroxycytidine, a small molecule the
peutic for influenza to a potential weapon
to resistance. Drugs can force viruses
Emory team dubbed EIDD-1931. “It’s a very
in the fight against COVID-19, the disease
to quickly develop mutants that aren’t
intriguing molecule,” Painter says. “It had
caused by the novel coronavirus. The drug
actually been looked at in the late 1970s by
candidate began a human safety trial in the affected by the drug, which then makes
the drug obsolete. But EIDD-2801 hasn’t
Russian and Polish scientists as a possible
UK in mid-April, and a US trial is planned
prompted that sort of resistance in lab
drug to treat smallpox infections.”
to begin in the next few weeks.
EIDD-1931 can
Painter, a virologist
HO
HO
exist in two forms. In
and chemist by trainH
one form, it mimics
ing, has devoted his
N
N
N
O
cytidine, with a single
career to working on
O
O
N
N
H
HO
HO
bond between the carantivirals, coinventing
OH
H OH
N
N
N
N
bon and N–OH group.
several approved drugs
N
N
HO
HO
H
In its other form,
for HIV and hepatitis
H
N
N
N
which mimics uridine,
B. In 2013, after decades in industry, he
H H
it has an oxime with
joined Drug Innovation Ventures at Emory
O N
O N
a double bond be(DRIVE) as its CEO and became director
HO
HO
tween the carbon and
of the Emory Institute for Drug DevelopO
O
N–OH group. These
ment (EIDD). DRIVE and the EIDD aim
two forms are known
to move drug candidates from early-stage
OH OH
OH OH
as tautomers, and
development and preclinical testing to
switching between them causes mismatchproof-of-concept clinical trials.
The oxime form on EIDD-1931 mimics
ing during transcription. So when the virus
Painter wakes up early every mornuridine, matching up with adenosine
grows in the presence of EIDD-1931, its
ing to check in on the progress of the
(left), while the other tautomer
RNA-dependent RNA polymerase reads the
EIDD-2801’s clinical trial in the UK, and afmimics cytidine and matches up with
compound as uridine instead of cytidine
ter a long day’s work of wrangling resourcguanosine (right).
and therefore puts an adenosine where it
es, he heads off to bed hoping that the drug
tests despite efforts to coerce such mushould insert a guanosine. This misreading
candidate works as well in people as it does
tants to arise.
creates a massive number of mutations in
in animals. “You just lie awake every night
“We always worry about resistance,”
the viral genome and the copied viruses
worrying that you’re giving a drug to peosays Andy Mehle, a virologist at the
can’t function.
ple, and you want them to be safe,” he says.
University of Wisconsin–Madison. “If
In tests with mice infected with VEEV,
Although doctors and scientists are
someone says resistance won’t emerge,
EIDD-1931 was able to get into the brain
testing a vast arsenal of existing drugs and
they just haven’t been around viruses
and halt viral replication. And because
drug candidates in the fight against the
long enough.” But he says that sometimes
the compound targets an enzyme that’s
novel coronavirus, SARS-CoV-2, EIDDviruses have to make so many changes to
common to many viruses, Painter and his
2801 stands out. It attacks the same viral
overcome a drug’s effect that they end up
colleagues thought it might be able to fight
enzyme, the RNA-dependent RNA polycrippled as a result. Alternatively, resismore than just VEEV.
merase, as Gilead Sciences’ remdesivir,
tance might require a simple change, but
Then the researchers ran into a probwhich the US Food and Drug Administhat change comes with a heavy cost to the lem. EIDD-1931 worked well enough in
tration recently granted emergency use
virus’s ability to replicate. That might be
mice and dogs but didn’t work in monauthorization, allowing it to be used by
the case with EIDD-2801, he says.
keys. Some sleuthing revealed that EIDDdoctors in the pandemic. But unlike remEIDD-2801’s story starts years before
1931’s 5'-OH was getting phosphorylated,
desivir, which has to be given intravenousthe coronavirus crisis. In 2014, Painter and causing the compound to get trapped in
ly, EIDD-2801 can be taken orally as a pill.

An emerging antiviral
takes aim at COVID-19

A
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in cell culture studies and experiments in
alerted him that the new pathogen was
the cells that line the monkeys’ guts. It
mice with SARS-CoV and MERS-CoV. To
probably a coronavirus—one that EIDDnever had the opportunity to fight the vihave an impact, it will need to be given
2801 could potentially combat.
rus in infected cells.
early, she says, before the virus has had
Denison says the research team knew a
To get around this, the Emory team
time to harm the body. EIDD-2801 “would
coronavirus outbreak was inevitable. “Evdesigned a prodrug, or a molecule that is
probably not be useful for the later stages
ery single one of our grants, every single
inactive until metabolized, of EIDD-1931.
of the disease but would be useful for disone of our papers predicted that this event
Using an ester group to block the 5'-OH
ease prevention potentially,” she says.
was going to happen that’s occurring right
where phosphorylation was occurring
Painter says that ideally, EIDD-2801
meant enough of the molecule could reach now,” he says. “The whole goal of our drug
would be given once someone has been
development was to plan for this.”
the bloodstream, where enzymes cleave
the ester and release the active form of the
molecule.
“It wasn’t some major eureka moment;
it was an application of a tried-and-true
way to protect that 5'-OH,” Painter says.
Remdesivir, for example, is also a prodrug
with a blocking group at its 5'-OH. Still, he
adds, because the researchers created a new
—Mark Denison, coronavirus expert, Vanderbilt University
chemical entity, EIDD-2801, they had to reexposed to SARS-CoV-2—to prevent infec“We thought, ‘Oh my god, it’s a coronapeat many of their toxicological studies.
tion—or up to a week or so after someone
With hints that EIDD-2801 and its active virus. We should be ready,’ ” Painter recalls.
has been infected.
In early March, the research team testmetabolite, the triphosphate of EIDD-1931,
“We have published over and over again
ed EIDD-1931 in human cells infected with
might be able to fight other RNA viruses,
that if these drugs are given late, they
SARS-CoV-2. The compound was able
Painter and his collaborators began testing
don’t work,” Denison says of his work
to knock out the virus. It also effectively
it against Ebola, chikungunya, and influenwith remdesivir and EIDD-2801. They kill
fought coronaviruses that are resistant to
za. It knocked them all out. For example,
the virus no matter when you give them,
remdesivir.
just three doses of EIDD-2801 could save
but he says it’s as if your arm catches on
The researchers sped up efforts to get
ferrets (animals commonly used to study
fire: “Someone can come along with a fire
EIDD-2801 into clinical studies for SARShuman respiratory viruses) infected with
extinguisher and put it out, but that’s not
CoV-2. Painter says they wrote the invesinfluenza from the 2009 H1N1 pandemic.
going to treat your arm. If the damage is
tigational new drug application for EIDDThe success prompted the Emory team
done, the damage is done.”
2801 in 48 h. The application also had the
to reach out to researchers at Vanderbilt
The fact the EIDD-2801 can potentially
University and the University of North Car- fastest turnaround—about 7 days—he’s
be active against a broad range of viruses
ever seen from the US Food and Drug
olina at Chapel Hill in 2015 to see if their
is a rarity, says Dennis C. Liotta, inventor
Administration.
compounds, EIDD-1931 and EIDD-2801,
of several key HIV drugs and executive
In March, DRIVE licensed EIDD-2801
could fight coronaviruses. Mark Denison,
director of the EIDD. “Almost no antiviral
to Ridgeback Biotherapeutics for human
who leads the Vanderbilt team studying
agent is active against multiple viruses,”
studies. In April, the
coronaviruses and how
HO
OH
he says. “Most of our drugs are what we
FDA and the UK Meddrugs can shut them
O
call ‘one bug one drug’ compounds.”
icines and Healthcare
down, says his group
O
That broad activity is important when
Products
Regulatory
was shocked to see that
HN N O
you’re preparing for pandemics, Liotta
Agency cleared the
EIDD-1931 was as efHO
O
says. “Once you demonstrate its safety and
way to begin Phase I
fective as remdesivir at
N
efficacy, you’d like to build up a big suphuman
testing,
which
fighting SARS-CoV, the
EIDD-2801
ply of it so that when the next pandemic
began April 10 in the
coronavirus that causes
comes along, you have something you can
UK. In his whistleblower complaint, Rick
severe acute respiratory syndrome, and
potentially try with people, and if it works,
Bright, who was removed as head of the
MERS-CoV, the coronavirus that causes
you can stop that viral pandemic in its
US Biomedical Advanced Research and
Middle East respiratory syndrome.
tracks.” Even if it doesn’t work, he adds, at
Development Authority (BARDA) in April,
“We aren’t interested in moving forleast you’d have something in your arseasserts that Ridgeback pressured BARDA
ward with any compound unless it works
nal, which we don’t really have now.
to provide funding to manufacture EIDDagainst every coronavirus,” Denison says.
Before this outbreak, “a lot of people
2801 despite Bright’s concerns that similar
EIDD-2801 passed that test.
said, ‘Who cares about coronaviruses?’ ”
drugs in its class have mutagenic propIn late 2019, Painter got a contract
Liotta says. They “weren’t given the kind
erties. Painter, who did not respond to
from the National Institute of Allergy and
of priority that, clearly now, the situation
C&EN queries about the allegations, has
Infectious Diseases to move EIDD-2801
suggests they deserve.” The coronavirus
stated publicly that Emory scientists and
into Phase I clinical trials for influenza.
crisis, he says, should be a wake-up call
The plan was to file an investigational new their academic partners have conducted
to funding agencies around the world to
drug application and find a partner to help extensive safety tests in animals in adrethink their priorities. “It’s a terrible way
vance of human trials.
with the clinical work.
to have to do that. But I do think that we
Virologists are encouraged by EIDDJust as the team was contemplating its
were ahead of the curve, and we need a lot
2801’s performance in published reports.
next move, word of a virus spreading in
of people to be ahead of the curve, because
Juliet Morrison, a virologist at the UniverWuhan, China, was starting to make news.
no one has a monopoly on how to make
sity of California, Riverside, says the comOne of Painter’s collaborators, UNC coroeffective drugs.” ◾
pound appears promising from its success
navirus expert Ralph Baric, immediately

“Every single one of our grants, every single
one of our papers predicted that this event was
going to happen that’s occurring right now.”
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Retailers face rolling
shortages of cleaners and
disinfectants amid record
demand from consumers.

SAFETY

A chemist’s guide to disinfectants
Has your local store run out of sanitizing wipes? This cheat
sheet can help you find and understand alternatives

“Y

ou’re a chemist, right?
We’re almost out of wipes.
Do you have any ideas on
what else we could use
to disinfect?” As supplies in grocery store
cleaning aisles dwindle, chemists and other
people with science backgrounds are fielding questions like these from friends and
relatives about what they can use to kill the
novel coronavirus, SARS-CoV-2.
Although manufacturers of disinfectants are doing all they can to keep up,
demand is through the roof, and some raw
material supply chains are strained. So
how should you advise your friends and
family on their available options?
C&EN constructed this guide to explain
the ingredients in disinfectants and help
you give good advice. The most important
thing is to read the labels. The US Environmental Protection Agency regulates
disinfectants used on hard and soft surfaces under its authority to regulate pesti-
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cides. The agency vets and stands behind
the efficacy promises on the labels, as long
as you follow the instructions.
Labels offer guidance on how to use
disinfectants safely—for instance, in a
ventilated area—and they explain which
cleaning products shouldn’t be mixed
with other chemicals. Interactions you
might not expect can create toxic gases or
make the mixture stronger or weaker than
anticipated.
Even the type of cloth you use when
cleaning hard surfaces might alter how a
disinfectant works. For instance, paper
towels can decompose after long soaks in
some disinfectants and deactivate others.
The fabric in wipes is specially formulated
to be unreactive, so experts advise that
you don’t try to make your own premoistened wipes. Instead, you should spray a
liquid disinfectant onto the target surface,
let it sit for at least the “dwell” or “contact” time listed on the label, and then

wipe dry or let the liquid evaporate. For
soft surfaces like cloth or food, experts
suggest different cleaning methods.
SARS-CoV-2 is an enveloped virus,
which means it is surrounded by a lipid
membrane. That’s good news, because a
wide variety of disinfectants can disrupt
lipid membranes, killing the virus they
were protecting. Few disinfectants have
been rigorously tested against SARS-CoV-2
in the lab, but the EPA maintains a public
database of products it recommends for
use against SARS-CoV-2 on the basis of
their proven efficacy against similar viruses. Users can search EPA’s database, called
List N, by product name, active ingredient,
type of product, and more.
Disinfectant wipes and sprays used to
clean hard surfaces are currently scarce, so
we’ve curated the list below to describe the
chemicals used in those products. You can
use this information as a cheat sheet while
you read the labels on what you can find.

C R E D I T: S H UT T ERSTO C K

CRAIG A. BETTENHAUSEN, C&EN STAFF

Alcohols

Reducers

How you’ll see them

How you’ll see them

Ethanol
(ethyl alcohol)

Isopropanol
(isopropyl alcohol or 2-propanol)

Citric acid

How they work
By denaturing a virus’s proteins, disrupting its lipid
envelope, and reducing critical viral components

Wet contact time needed*
1–5 minutes

Wet contact time needed*
5 minutes

Use notes
Ensure adequate ventilation and wear gloves

Use notes
Wear gloves

Safety concerns
Flammable, poison risk upon ingestion and can
damage plastics and cause heady fumes

Safety concerns
Generally recognized as safe, though they can
irritate skin

Found in

Found in

Hand
sanitizers

Wipes
Sprays

Oxidizers

Quaternary ammonium salts

How you’ll see them

NaClO
Bleach
(sodium
hypochlorite)

How
w you’ll see them

Hydrogen
peroxide

Peracetic acid

How they work
By denaturing a virus’s proteins, disrupting its lipid
envelope, and oxidizing sulfur bonds in proteins,
enzymes, and other metabolites

C R E D I T: YA N G H . KU/C& E N /M O LV I EW/S HU T T ERSTO C K

L-lactic acid

How they work
By disrupting a virus’s lipid envelope or by clumping
or denaturing its proteins

Sources: US Environmental
Protection Agency; Ryan
Cotroneo, UNX Industries;
Steven Bennett, Household
and Commercial Products
Association; Kevin Coyne,
Wexford Labs; J. Vet. Med.
Sci. 2000, DOI: 10.1292/
jvms.62.85; Kirsten M.
Thompson, “The Science of
Disinfectants,” Cleaning and
Maintenance Management,
April 25, 2012; ScienceDirect.
Note: “Wet contact time
needed” means the time the
disinfectant should sit on a
surface before being wiped
away.
Note: To sanitize soft
surfaces such as clothes and
food, use these tried-and-true
methods. To disinfect textiles
like your clothes, running
them through the laundry with
detergent is the best choice.
For your hands, soap is the
best tool, and hand sanitizer is
a good on-the-go alternative
if you’re not near a sink. For
fruits and vegetables, the
US Department of Health
and Human Services says
to cut away any damaged
or bruised areas, then rinse
under running water without
soap, bleach, or commercial
produce washes. The agency
recommends you don’t wash
bagged produce marked
“prewashed” or meat, poultry,
or eggs.

Alkyldimethylbenzylammonium chloride
(benzalkonium chloride)

Octyl decyl dimethylammonium chloride

Wet contact time needed*
Bleach, 1 minute; hydrogen peroxide, 5 minutes;
peracetic acid, 2-5 minutes

How they work
By removing a virus’s lipid envelope, denaturing its
proteins, and disrupting its enzymes

Use notes
Ensure adequate ventilation and wear gloves

Wet contact time needed*
10 minutes

Safety concerns
Can irritate skin, mucus membranes, and airways
and can damage clothing

Use notes
Deactivated by hard water and fabric; wear gloves

Found in

Safety concerns
Can irritate skin
Found in

Wipes

Sprays

Concentrates

*The time the disinfectant should sit on a surface before being
wiped away to ensure it works

Wipes

Sprays

Concentrates Antibacterial
hand soap
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ATMOSPHERIC CHEMISTRY

C&EN talks with
Kerri Pratt, Arctic
atmospheric
researcher
The University of Michigan chemist
and her team track climatecritical reactions in the Arctic
DEIRDRE LOCKWOOD, SPECIAL TO C&EN

How did you get interested in chemistry and the Arctic?

I was originally an environmental science major in college,
and someone told me that I could tackle whatever environmental
problem I wanted to if I became a chemist. I then went and got
a bachelor’s degree in chemistry. I learned through doing solid-state NMR [nuclear magnetic resonance] and mass spectrometry as an undergraduate that I really liked instrumentation.
My PhD adviser, Kim Prather, remembers me talking about the
Arctic in my first year of my PhD, but the group was doing work
in the Maldives. She introduced me to Paul Shepson at Purdue
University, who studies Arctic atmospheric chemistry, so I went
and did my postdoc there.

Why is it important to study the Arctic right now?

The Arctic is warming at over two times the rate of anywhere
else in the world. The system is very sensitive, and there has been
rapid, dramatic sea-ice loss in the last several decades.

What is it like to work there?

Imagine flying your custom instrument far away, putting it on
the back of a pickup truck, then on a sled behind a snow machine,
and hoisting it into a shed on the tundra. And then getting the instrument in the best possible shape to work, at the lowest limits
of detection, despite power outages and frigid temperatures outside. Throw in isolation and 24 h of darkness during some campaigns just to test your mental stability. These are my research
group’s normal challenges.
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Vitals
▸▸Hometown: Brooklyn, Pennsylvania
▸▸Current position: Assistant professor of chemistry, University of
Michigan
▸▸Education: BS, chemistry, Pennsylvania State University,
2004; PhD, chemistry, University of California San Diego, 2009;
postdoctoral fellowship, Purdue University, 2010–13
▸▸Favorite part of the atmosphere: The Arctic troposphere—the
portion of the atmosphere that “touches” the Earth’s surface and
participates in a wide range of multiphase reactions involving snow,
aerosols, and clouds
▸▸Most memorable fieldwork experience: A whaling captains’
meeting held by the native community of Utqiagvik (then known as
Barrow), Alaska, during my first field campaign in the Arctic. We were
requesting permission to conduct our measurements on the local
tundra. Afterward, I was invited to a whaling captain’s house and
later to the community-wide whaling blessing ceremony.
▸▸Biggest takeaway from these experiences: My fieldwork
became broader than our measurements, and I gained a deep respect
for the local Inupiat community and their traditional and local
knowledge of the rapidly changing Arctic.
Tell me about one of your current projects there.

Until recently, I had two PhD students up in an oil field in
Alaska, where we’re studying the interactions between atmospheric halogens and emissions from the oil fields. There is increasing development across much of the Arctic, where there’s
drilling for oil and gas. And so we need to understand what we’re
putting into the sensitive ecosystem, especially since combustion
emissions contribute to warming. And then we also need to understand the reactions that these emissions undergo under the
unique conditions of cold and dark.

How do the atmospheric reactions you’re studying impact
Arctic ecosystems?

Mercury—primarily from human-made sources around the
world—builds up in the Arctic atmosphere. That’s important
because mercury is toxic when it bioaccumulates in ecosystems

C R E D I T: CO URT ESY O F K ER R I PRAT T
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erri Pratt has always loved winter, cold, and snow.
Now she works in the Arctic tracking myriad chemical
reactions in the region’s atmosphere. The Arctic is
warming faster than anywhere else on the planet, and
her work is making sense of the rapid changes there and helping
predict what’s to come. She is also investigating how oil and gas
development in the Arctic is affecting air quality, which influences the health of its residents.
Pratt, an analytical environmental chemist at the University of
Michigan, uses cutting-edge analytical methods to answer these
questions, including single-particle mass spectrometry and chemical ionization mass spectrometry. Deirdre Lockwood spoke with
Pratt about her fieldwork and research findings.

in the form of methylmercury.
When elemental mercury in
the atmosphere is transformed
into Hg(II), it deposits on the
Earth’s surface and can enter
ecosystems. Until recently,
researchers suspected that
bromine atoms were reacting
with elemental mercury to
form Hg(II), but no one had
measured bromine atoms in
the atmosphere.
We were the first to measure
atmospheric bromine atoms,
using chemical ionization mass
spectrometry (Proc. Natl. Acad.
Sci. U.S.A. 2019, DOI: 10.1073/
pnas.1900613116), which allows
us to measure trace gases at
single-digit parts-per-trillion
levels and lower.
We showed that the dominant source of the bromine
atoms is Br2, a gas that is photochemically
produced in the snowpack. Br2 photolyzes to produce these bromine atoms. Our
measurements quantitatively showed the
reaction of bromine atoms with elemental
mercury.

How does the melting of sea ice influence

the atmospheric reactions you’re
studying?

We have studied fractures in the sea ice
that look like rivers flowing through the
ice. These cracks can produce particles,
similar to production of sea-spray aerosols over open water. And those sea-spray
aerosols can form cloud droplets. You
also have more convection, which leads to
clouds forming. For accurate climate modeling of the region, you really need to be
able to predict clouds, which means you
need to understand the particles that are
forming the clouds.

You’re also coleading an initiative to
study air pollution in the Arctic. Why?

With increasing development in the
Arctic and given the many communities
there, we need to understand their air
quality. One of the first field campaigns as
part of this initiative will be held next winter in Fairbanks, Alaska, which has some of
the worst air quality in the US. Researchers from across the US and Europe will
each contribute unique measurements of
the air in Fairbanks, and there will be a citizen science project as part of the work.
Most of our understanding about atmospheric pollution chemistry is based on
studies in warm, sunny conditions. Fair-

banks in the wintertime is cold and dark.
The air-quality models cannot predict
the composition of the air there. We’ll be
going there with our single-particle mass
spectrometer.

What can you learn with the singleparticle mass spectrometer?

We can distinguish between different
types of particles. Each particle has a
chemical fingerprint, based on the ions
that are produced when you hit it with a
laser in the mass spectrometer. For example, we showed recently that the particles
over an oil field in Alaska were sea-spray
aerosols that had undergone reactions
in the atmosphere, in addition to diesel
soot and amine-containing organic sulfate
particles linked with the oil field (Environ. Sci. Technol. 2019, DOI: 10.1021/acs.
est.9b04825). There are only a handful of
these instruments in the US, and we’re
the only ones who have deployed it on the
ground in the coastal Arctic.

Deirdre Lockwood
is a freelance writer.
A version of this story
appeared in ACS Central
Science: cenm.ag/pratt. This interview was
edited for length and clarity.
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Cover story

A spike protein (red) on the
surface of a coronavirus
binds to the angiotensin
converting enzyme 2 (ACE2)
(blue), which it uses to get
into human cells. The image
is based on a 3-D rendering of
crystal structures.
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Rethinking the role
of blood pressure
drugs in COVID-19
Once thought to boost levels of ACE2, the
novel coronavirus’s doorway into human
cells, these widely used medicines are
now contenders to treat the disease
LEIGH KRIETSCH BOERNER, C&EN STAFF

C R E D I T: JUA N GA E RT N ER / S H UT T E RSTO C K

A

ll it takes is a simple cough: a sharp
intake of breath, the compression of
air in the lungs, and the throat flying
open to spew air, spit, and mucus. If the
person coughing is infected with the
novel coronavirus, it comes along for
the ride on droplets, which can travel
up to 50 miles per hour. When someone breathes
those droplets in, the virus can get into the lungs.
Once inside, it uses a spike protein on its surface
to target an enzyme—ACE2—scattered over the
outsides of the airway’s cells. If the spike protein
connects with its target, the coronavirus uses
ACE2 as a door to slip inside the cell. Thus begins
an infection.
During the early days of the coronavirus outbreak, researchers hypothesized that the likelihood
of contracting COVID-19, the disease caused by
the novel coronavirus, could be related to the
amount of ACE2 on someone’s cells—the more
doors for the virus to enter through, the higher the
risk.
That idea prompted doctors around the world
in March to warn the millions of people taking two
classes of blood pressure medications, angiotensin-converting enzyme inhibitors (ACEIs) or angiotensin II receptor blockers (ARBs), of a potential danger: these medications appear to increase
ACE2 levels in cells, at least in some studies, so the
drugs may make their users more susceptible to
the novel coronavirus, SARS-CoV-2.

In brief
ACE2, the enzyme that
the novel coronavirus
uses to enter cells, helps
regulate blood pressure
in our bodies. Early in the
pandemic, scientists thought
that certain blood pressure
drugs, taken by millions of
people, increased ACE2
levels, in turn raising the risk
of contracting COVID-19.
But as more research
emerges, this idea has been
flipped on its head: scientists
now wonder if these blood
pressure medicines, known
as ACE inhibitors (ACEIs)
and angiotensin II receptor
blockers (ARBs), might help
fight COVID-19. We review
the existing drugs in clinical
trials to test that theory and
the companies developing
novel treatments that target
the ACE2 system.
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But ACE2 doesn’t make such a tidy
villain in this story. As the pandemic
has raged on, some scientists have begun to think those same blood pressure
medicines may be a good treatment for
COVID-19.
The medications don’t directly affect
ACE2. But they do affect the renin-angiotensin system, which regulates blood
pressure, the circulatory system, and other
functions in the body. ACE2 is a critical
component in this system because it regulates a hormone called angiotensin II.
Evidence is gathering that if angiotensin II
isn’t kept in check, it may play a role in the
severe lung damage and runaway inflammation in COVID-19 patients, which can
lead to death.
Scientists are trying to figure out
ACE2’s complicated role in the disease.
Since January, over 700 studies on the
relationship between ACE2 and COVID-19
have been published, according to CAS, a
division of the American Chemical Society,
which publishes C&EN.
Researchers are also actively working
on ways to better control angiotensin II
in our bodies by testing older drugs and
developing new ones. Widely prescribed
blood pressure drugs, such as captopril,
lisinopril, and losartan, either stop production of angiotensin II, or make the hormone ineffective, and clinical trials to test
their use in treating COVID-19 are either
starting up or underway. Scientists are
also working on therapies that can directly
lower levels of ACE2. The results from
these trials may teach us more about the
link between SARS-CoV-2 and ACE2, and
help identify a way to control and treat the
disease caused by this coronavirus.

“It’s a yin and
yang between how
much angiotensin
II is made, and
how much is
broken down.”
—Matthew Sparks, nephrologist and
assistant professor of medicine at Duke
University
be hypertension, heart disease, or other
cardiovascular disease,” says Paul Insel,
a pharmacologist at the University of
California, San Diego (UCSD). All those
conditions are often treated with drugs
such as ACEIs and ARBs that regulate the
renin-angiotensin system in the human
body. ACE2 plays an important role in that
system and can be found all over the body:
in the lungs, heart, kidneys, and, as scientists are finding out, inside the nose and
the gastrointestinal tract.
As worries deepened in early 2020
about blood pressure drugs increasing
people’s susceptibility to SARS-CoV-2,
scientists from Switzerland, Greece,
Australia, and the US published letters in
multiple journals, warning of the potential
danger. News stories amplified their fears,

NH
N

A door for SARS-CoV-2
Early on in the pandemic, researchers
were confident that the SARS-CoV-2 spike
protein was sticking to ACE2—it’s the
same doorway used by coronaviruses that
caused earlier outbreaks of severe acute
respiratory syndrome (SARS) and Middle
East respiratory syndrome (MERS). By
early March, scientists had captured a
snapshot of the virus bound to ACE2, confirming their suspicions.
But even before they’d verified that
ACE2 was the viral gateway to human
cells, researchers were wondering about
the connection between the enzyme
and blood pressure, or antihypertensive,
drugs. As early as December 2019, Chinese doctors noticed a pattern emerging:
COVID-19 seemed to be worse for the
elderly and for people with certain chronic
conditions. “The risk factors appeared to
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and some people with high blood pressure and diabetes began to wonder if they
should stop taking these drugs.
But going off these medicines altogether creates a different problem. John
Chorba, a cardiologist and assistant
professor at the University of California,
San Francisco (UCSF), says that it’s hard
to know whether the potentially higher
risk of COVID-19 outweighs the risk that
chronic conditions could worsen if people
stop their antihypertensive medications.
“A lot of these medicines are very protective for people with heart disease” and
related illnesses, he says. At least 14 health
societies and associations, including the
American Heart Association, the American
College of Physicians, and the International Society of Hypertension, have released
statements saying that people on antihypertensive drugs should continue taking
these medications.
Franz Messerli, a cardiologist at Swiss
Cardiovascular Center in Switzerland,
says it’s understandable that patients
are scared their drugs might make them
more susceptible to COVID-19. However,
“nobody has shown that this is indeed the
case,” he says. It’s a complex and multistep process to go from upregulation of
ACE2 to the SARS-CoV-2 virus entering
the cell, he points out.
Scientists aren’t even sure that these
blood pressure medicines do raise ACE2
levels in humans. So far, the evidence is
scant. Several papers show increases in
ACE2, but many of them are based on
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Cooperation and control

SARS-CoV-2

Blood pressure is regulated by the renin-angiotensin
system, which relies on several players to maintain the
right levels of a hormone called angiotensin II. To enter our
cells, the novel coronavirus binds to one of those players,
ACE2, preventing it from breaking down angiotensin II into
angiotensin 1-7. Scientists think this may cause hormone
levels to soar out of control, potentially contributing to
the lung inflammation that makes COVID-19 so deadly. In
molecular models: C is gray, H is white, N is blue, O is red.
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Cleaves
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Angiotensin 1–7
studies in animals, says Matthew Sparks,
a nephrologist and assistant professor
of medicine at Duke University. In these
studies, scientists gave rats blood pressure
medications for a few days or weeks, and
then measured the rats’ ACE2 levels in
different organs. While some found an increase in the enzyme that correlates with
taking the drugs, similar studies show the
opposite effect, Sparks says.
Moreover, scientists gave the animals in
those studies very high doses of the drugs,
making the results a poor model for what’s
happening with humans, says Krishna
Sriram, a postdoctoral researcher in Insel’s lab at UCSD. Some human studies
have been conducted, but Sparks explains
that ACE2 levels are more challenging to
detect in people because doctors can only
measure how much ACE2 is in the blood.
That may not reflect what’s happening in
organs such as the lungs, which are one of
the places scientists think the virus is getting into the body.
“It’s possible that people were trying
to connect some dots that shouldn’t have
been connected, basically,” Insel says. “But
it was a natural question to ask.”
There are several clinical observations
out now that show no evidence of ARBs or
ACEIs increasing the chances of developing COVID-19 or affecting its severity.
While studies have not unequivocally
disproven the idea that taking blood pressure medicine can increase the severity or

infection rates of COVID-19, many scientists have moved beyond this hypothesis.
Instead, they’re shifting their thinking in
the opposite direction: “It may even be
beneficial if you’re on these drugs,” Insel
says.

Striking a balance
The question of whether these blood
pressure drugs help or harm patients with
COVID-19 is critical, due to the drugs’
widespread use, doctors say. Worldwide in
2017, over 40 million people took ACEIs,
and over 80 million took ARBs. Both types
of drug lower blood pressure by rebalancing the renin-angiotensin system.
This system works by keeping the blood
pumping through our bodies at the right
pressure. And it does so by holding its star
player, an 8-amino-acid peptide called angiotensin II, in check.
For instance, we need more angiotensin
II if our blood pressure gets too low or if
we become dehydrated. The molecule also
controls some immune responses in our
bodies, such as wound healing and inflammation, which is helpful when we’re injured. If angiotensin II levels get too high,
however, the hormone can cause fibrous
tissue to build up in our hearts, kidneys,
and lungs, impairing the organs’ abilities
to work properly.
Working together with the related enzyme ACE1 and the peptide angiotensin

I, ACE2 helps maintain proper levels of
angiotensin II. If our bodies need angiotensin II levels to rise, ACE1 pulls two
amino acids off of angiotensin I to turn it
into angiotensin II. ACE2 comes into play
when our body needs to cut down levels of
angiotensin II. The enzyme snips off one
more amino acid to create angiotensin 1-7,
an anti-inflammatory peptide.
“It’s a yin and yang between how much
angiotensin II is made and how much is
broken down,” Sparks says.
Scientists are beginning to suspect that
an imbalance in the amount of angiotensin
II in our bodies could be what’s driving
the severe lung and heart damage seen in
some COVID-19 patients. Sriram explains
that to breathe, our lungs rely on “critical little compartments” called alveoli,
which are lined with cells coated in ACE2.
When SARS-CoV-2 grabs ACE2, it could
prevent the enzyme from breaking down
angiotensin II, and levels of the hormone
might then skyrocket. The increase in angiotensin II levels may in turn cause lung
cells to die, which may prompt the cells to
release cytokines, small proteins that drive
inflammation.
This could create a feedback loop: more
inflammation may cause more cell death,
which might cause lung cells to release
more cytokines. “The stronger the effect
of silencing ACE2 in the cells, the more
rapidly you’re going to have cell death
within these alveoli,” Sriram says.
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But then it could get even worse: the
death of the alveoli could cause surrounding cells called fibroblasts to start secreting a collagen matrix, causing scar tissue
to form in the lungs. The alveoli would fill
with fluid, making patients more susceptible to pneumonia. “The initial event that
drove [lung] injury was the SARS-CoV-2
infection,” Sriram says. But what’s actually
killing patients is pneumonia, he says.
Sparks stresses that this is all still a
hypothesis—researchers have yet to find
solid evidence of this feedback loop in
COVID-19 patients—but says the results
of human studies are starting to trickle in.

Rise in research

Journal publications on ACE2 and COVID-19 have surged since January 2020.
Number of papers on ACE2 and COVID-19 by week
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From harmful to helpful

Source: CAS, a division of the American Chemical Society.

“It feels all high risk,
right? Because if
you get it wrong, it
could actually make
a big difference
in a very short
period of time.”

Given the limited, but growing, clinical
evidence that angiotensin II levels could
be driving lung damage in COVID-19 patients, scientists are starting to wonder
whether blood pressure medicines—the
same ones that some doctors worried
about 2 months ago—might actually make
good treatments for the disease because
they keep angiotensin II regulated. ARBs
stop angiotensin II from binding to its
receptor, rendering the hormone useless.
ACEIs, or ACE inhibitors, prevent ACE1
from cleaving angiotensin I to form angiotensin II. While the drugs don’t directly
affect ACE2, they could help mitigate the
effect of SARS-CoV-2 hijacking ACE2 and
—John Chorba, cardiologist and
preventing the enzyme from breaking
assistant professor at the University of
down angiotensin II.
California, San Francisco
Clues are emerging that these blood
pressure drugs might be protective against are going to come from clinical trials that
are currently ongoing.” Many of these, he
COVID-19. In a 2005 study, mice infected
says, are examining patients who come
with the related SARS coronavirus had
to the hospital with COVID-19 and are
lower ACE2 levels and excess angiotensin
already taking blood presII. When researchers gave
HO
sure medications. The
the mice losartan, an ARB,
HN N
the mice had less lung
N N patients are randomly
assigned to one of two
Cl
damage, Sparks says. He
N
groups: half stop taking
also points to evidence
N
their medications, and
that angiotensin II trighalf continue. Other
gers lung injury in viral inclinical trials are testing
fections such as influenza
Losartan
whether COVID-19 paand respiratory syncytial
tients who don’t normally
virus (RSV).
take blood pressure drugs
Other studies show that
OH will recover faster if given the
people with viral pneumonia
N
medicine.
who take blood pressure medO
Researchers are also trying
ications fare slightly better
O
to
understand
if the two classthan people who don’t, Swiss
HS
Captopril
es of drugs, ACEIs and ARBs
Cardiovascular Center’s Meshave the same effect on SARS-CoV-2, or
serli says. “This could indicate that the
if one might work better than the other.
drugs confer some cardiopulmonary pro“I think they both should be studied septection,” he says.
arately and not lumped together,” Sparks
But experts stress that evidence from
says.
animal models and other diseases is
More than 30 clinical trials have
not enough. “Really, what we need is
high-quality data,” Sparks says. “And those launched to study the effect of blood

pressure medications on people with
COVID-19. The majority of these trials involve losartan, the ninth most prescribed
drug in the world. It’s a generic pill that
over 50 million people took in 2017, and
it’s one of the World Health Organization
Model List of Essential Medicines.
Meanwhile, some groups are focusing
on treatments that directly target ACE2.
Apeiron Biologics, an Austrian biotech
company, has created a recombinant
form of ACE2 that acts as a decoy to trick
SARS-CoV-2 into binding it instead of its
counterparts on cells. A Phase II trial of
the medication, called APN01, will begin
soon and will enroll 200 patients, who
will either get an intravenous dose of the
drug twice a day or a placebo. Similarly,
Vir Biotechnology and Alnylam Pharmaceuticals are planning a study that
will use RNA interference, which can
selectively shut down protein translation,
to prevent cells from making ACE2 and
TMPRSS2, another protein needed for
viral entry into cells.
Right now, it’s just a waiting game.
Many of these clinical trials are months
away from yielding data that could
answer the question of whether these
drugs help or harm COVID-19 patients.
“It feels all high risk, right? Because if
you get it wrong, it could actually make
a big difference in a very short period
of time,” UCSF’s Chorba says. This is a
common problem in medicine, but the
world is really seeing it right now, he
says. “Sometimes you need to make a decision based on not really knowing all the
information.”
A great many people are on medications that disturb the renin-angiotensin
system, Sparks says. “We need to know
the answer to this question. Because a lot
of lives are at stake here,” he says. “But
right now, there’s just not enough information.” ◾
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How COVID-19 has put
accessibility front and center
JAMES SCHILLER, CHAIR, COMMITTEE ON CHEMISTS WITH DISABILITIES

C R E D I T: ME RC K & CO.

A

s I prepared to put the finishing touches on the American
Chemical Society Committee
on Chemists with Disabilities
(CWD) agenda in late February this year,
it became apparent that the ACS national
meeting in Philadelphia would not be held
in the fashion we are
accustomed to because
of growing concerns over
the spread of the novel
coronavirus. When the
decision was made to
cancel the national meeting, CWD, along with our
ACS colleagues and committee teams, needed to
pivot to virtual program
options to facilitate our
committee meeting.
Fortunately, our group
had already been exploring several platforms
for holding a virtual committee meeting.
As chemists with disabilities, overcoming
accessibility challenges is always front and
center. For example, having the ability to
access a videoconference with a hearing
impairment requires real-time captioning.
Additionally, to fully engage members
who are visually impaired, it is important
to verbally describe all the features of the
graphic content or pictures that are being
shared in the visual format.
With these challenges in mind, the
committee evaluated which program
features were most important and which
platforms could deliver content with a
high degree of accessibility for our committee members.
It is through these varying degrees of
accessibility that our committee members
experience the content in the classroom,
laboratory, and the world around them.
As we have all embraced a new way
of working through videoconferencing,
we suddenly recognize the importance
of appropriate volume and a functioning
headset. Multiple layers of distraction impede our progress toward a productive day
of remote learning, teaching, and working
from home. As we deal with our familiar
tasks in unfamiliar surroundings, we are

struggling with strategies to keep students
on assignment and keeping important
projects moving forward. Work-life balance
now has become a minute-by-minute exercise. At the same time, we are dealing with
the uncertainty of when we might emerge
from the societal restrictions necessary to
slow the spread of the
coronavirus.
As you can see, the

of the team. CWD has developed specific
content focused on teaching chemistry
to students with disabilities and sharing
awareness about chemists with disabilities. This content is available through
the ACS CWD YouTube channel at
tinyurl.com/ACSCWDYoutube.
Last year, in conjunction with the ACS
celebration of the 150th anniversary of the
publication of Mendeleev’s periodic table

“As you can see, the challenges
that many of us are now facing
while conducting our lives
virtually are not uncommon
to people with disabilities.”
challenges that many of
us are now facing while
conducting our lives virtually are not uncommon to people with disabilities.
Students with learning disabilities are
more successful when distractions are eliminated from the environment, when reading
occurs in a quiet environment, and when
prepared lesson materials are shared in
advance. In a similar way, all of us are now
recognizing the challenges of our learning
or working environments being nonstandard. These can be everyday challenges for
our colleagues with disabilities.
One of the methods for inclusive learning, called blended learning, is characterized by using electronic and online modes
of delivery in addition to the traditional
classroom setting. I think it is now clear to
many of us how using these virtual skill sets
to leverage multiple methods of delivering
content can be an invaluable tool for inclusive learning. Enabling greater accessibility
to materials is critical to the success of our
students. CWD members are champions in
this area of blended learning and are always
available to our members to share their
best practices.
As I come to the end of my term as
chair of CWD, I am very pleased at the
progress we have made toward our goals
in the short time I have been a member

and our goal to demonstrate disability inclusion in the sciences, CWD collaborated
with Michigan State University and the ACS
Midland Section on a 3-D printed periodic
table. This accessible display engages the
user through multicolored tactile tiles that
include braille and sign language hand symbols to denote each element. We are excited to note that this periodic table will be on
display at future ACS national meetings.
I feel privileged to have had the opportunity to volunteer with such talented and
passionate chemists. The enthusiasm of
our committee members is unique, and I
look forward to getting together (in person or virtually!) to share our journeys and
experiences. I hope to be able to continue
to contribute to the ACS CWD mission
to increase awareness and promote opportunities for chemists with disabilities
throughout academia and industry.
CWD invites all individuals with disabilities working or aspiring to study or
work in the chemical sciences to contact
CWD, and we welcome the interest and
support of all educators, employers,
and colleagues. For more information,
please call the Office of Society Services,
800-227-5558, or email cwd@acs.org.

Views expressed are those of the author and
not necessarily those of C&EN or ACS.
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Richelle
Delia

ANDREW PALACIOS, SPECIAL TO C&EN

W

hen Richelle Delia was
growing up in the 1990s,
she remembers her father
encouraging her to become
a chemical engineer. He said it would offer
her an array of career options in multiple
industries. Her father, a petroleum engineer, had been previously laid off in the
1980s oil glut, and he wanted more stability for his daughter.
When Delia started college at the University of Notre Dame in 2004,
she followed her father’s advice
and majored in chemical engineering. She actively participated as a student leader in a
number of professional societies, including the American Institute of Chemical Engineers,
the National Society of Black
Engineers, and the Society of
Women Engineers.
She was also involved in
ACS, having been selected for
the ACS Scholars program
during her freshman year. The
experience exposed her to
information about graduate
school and industrial opportunities. Delia completed internships with PepsiCo,
General Electric, LyondellBasell, and
Deloitte.
After graduating from the University
of Notre Dame, Delia pursued a PhD in
chemical engineering at the University of
Texas at Austin. Her graduate work focused
on recreating the internal architecture of
neural tissue within biopolymer hydrogel
scaffolds. In other words, she used a templating method to model peripheral and
central nervous system structures to help
nerve cells repair after an injury or in a diseased state.
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Richelle Delia
Although she enjoyed her research and
its potential to eventually help a niche population, she wanted to create a real-time
and systemic impact. This inspired her to
complete a Fulbright fellowship at the University of the West Indies at Cave Hill in
Barbados. There, she investigated the effect
of glial cell response to inflammatory cytokines in an effort to mimic wound healing
in an inflamed environment.
Her Fulbright experience was a direct
extension of her materials-related graduate
work. Her project tackled wound healing
in a diabetic environment—a problem that
affects nearly 20% of the adult
population. Delia describes her
Fulbright experience as a “more
applied fruition” of her work.
After earning her PhD, she
received a job offer from Owens
Corning Science & Technology
as an advanced engineer in
R&D. She conducted life cycle
assessments on insulation
products, offered lectures that
contributed to the zero-energy movement, and studied
how carbon emissions can be
reduced through policy and
business. She worked in the
company’s Strategic Marketing
and Government Affairs departments with
lobbyists on state-level residential building energy codes for proactive business
development.
After realizing the gaps that exist in the
quality housing supply, Delia and her real
estate developer husband, John, cofounded
Housing Joint Venture, a real estate investing education and development company
that seeks to restore vibrancy in overlooked
neighborhoods without supporting gentrification. To address the housing affordability
crisis, Delia and her team are focusing on
converting abandoned properties into performing assets for investors and families.

Of all the scholarships that Delia received during her academic career, she
says that being part of the ACS Scholars
program has been one of the most significant. “They kept in touch and they
really want you to succeed,” she says. She
loved that ACS invested in her ability to
become a contributing member of society,
especially as a chemical engineer, and connected her with other scholars at scientific
conferences and meetings, some of whom
are her best friends today.
Even though Delia is very busy with
work, she still makes time to hang out
with her husband and their puppies. She
enjoys driving around neighborhoods to
look at historical architecture.
One piece of advice she would give to
current and future ACS Scholars would be
“to take advantage of every opportunity
that applies to you.” She emphasizes that
“being a minority or a diverse candidate
is actually an advantage because it allows
you to participate in unique opportunities
like the ACS Scholars program.” She also
encourages students to apply to opportunities even if they don’t feel that they are
ready for them. “The only limitations you
have are those that you place on yourself,”
she says.

Andrew Palacios, a recent ACS Scholar,
just graduated from Columbia University.
He will be joining
Anheuser-Busch as
a chemical engineer
in June. This series
brings together current or recent ACS
Scholars with earlyor midcareer alumni
for a conversation.
To learn about the
ACS Scholars Program or to make a donation, visit www.acs.
org/scholars.
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Current ACS Scholar
Andrew Palacios chats
with this chemical
engineer about her
atypical career path
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▸▸ ACS members
elected to the National
Academy of Sciences
The National Academy of Sciences (NAS),
which is more than 150 years old, elected
120 new members and 26 foreign associates from 14 countries in May. These elections bring the total active membership
to 2,403 and the number of foreign associates—nonvoting members with citizenship outside the US—to 501.
Election to NAS recognizes scientists
and engineers for their distinguished and
continuing achievements in original research and is considered one of the highest
scientific honors bestowed in the US. This
year, 23 of the newly elected are members
of the American Chemical Society or work
in areas related to the chemical sciences.
The new US members are Dafna Bar-Sagi, New York University School of Medicine; Joel D. Blum, University of Michigan;
John F. Brady, California Institute of Technology; Erick M. Carreira, Swiss Federal Institute of Technology (ETH), Zurich; Yifan
Cheng, University of California, San Francisco; Giulia Galli, University of Chicago;
Gregg A. Howe, Michigan State University;
James H. Hurley, University of California,
Berkeley; Christopher Jarzynski, University of Maryland; Chaitan Khosla, Stanford
University; Clifford P. Kubiak, University of
California, San Diego; Scott J. Miller, Yale
University; Kimberly A. Prather, University of California, San Diego, and Scripps
Institution of Oceanography; Michael K.
Rosen, University of Texas Southwestern
Medical Center; Janet L. Smith, University
of Michigan; Samuel I. Stupp, Northwestern University; F. Dean Toste, University
of California, Berkeley; Robert Tycko, National Institutes of Health; Veronica Vaida,
University of Colorado Boulder; Suzanne
Walker, Harvard Medical School; and Karen
L. Wooley, Texas A&M University.
The two new foreign associate members
are Patrick Cramer, Max Planck Institute
for Biophysical Chemistry, and Lewis E.
Kay, University of Toronto.—LINDA WANG

▸▸ Daniel Bailey wins
Peter J. Dunn Award
Daniel Bailey of Takeda Pharmaceuticals
is the recipient of the Peter J. Dunn Award
for Green Chemistry and Engineering
Impact in the Pharmaceutical Industry.
The award, established by the ACS Green

Jane Frommer wins
2020 Perkin Medal
Jane Frommer, science adviser at Collabra, is the recipient of the 2020 Perkin Medal, given annually by the Society of Chemical Industry, America
Group (SCI America) in honor of outstanding work in applied chemistry in
the US. Frommer is being recognized for her contributions to electronically conducting polymers and
scanning probe instrumentation.
“The work Dr. Frommer has done around nanoscopic analytical methods is vital to thin-film and
nanostructural efforts now pervasive throughout industries,” said John Paro, CEO of Hallstar and chair of
SCI America. “Over three decades she has shared her
pioneering work at IBM Research with the industrial
and academic communities through an abundance of
publications and public lectures.”
Frommer also serves as a science adviser to Google, helping the company
expand its presence in open-source data in the physical and life sciences, and
numerous Silicon Valley start-ups, assisting them in tackling the chemical
and material challenges of nanotechnology.—LINDA WANG

Chemistry Institute Pharmaceutical Roundtable, recognizes excellence in the research,
development, and
execution of new
green chemistry
technologies in the
pharmaceutical
industry.
Bailey developed
a technology for
greener reaction
conditions that
reduces a six-step
synthesis to four. In addition to shortening
the synthetic route, Bailey and his team
were able to reduce the amount of raw
materials needed to make a final product.
Bailey will present his technology during
the 24th Green Chemistry & Engineering
Conference, which will take place virtually
June 15–19.—LINDA WANG

▸▸ Chemists win Iota
Sigma Pi awards
Iota Sigma Pi, the National Honor Society
for Women in Chemistry, has named the
winners of its 2020 awards for women in
chemistry and related fields. The awards
will be presented at Iota Sigma Pi’s triennial conference, which has been rescheduled for July 2021.
Jillian Dempsey, associate professor
of chemistry at the University of North
Carolina at Chapel Hill, is the recipient

of the Agnes Fay Morgan Research Award
for research achievement by a woman
chemist or biochemist age 40 or younger.
Dempsey’s research focuses on the conversion of solar energy to chemical energy
through artificial photosynthesis.
Sheila R. Smith, associate professor of
chemistry and biochemistry at the University of Michigan–Dearborn, is the recipient
of the Centennial Award for Excellence
in Undergraduate Teaching, awarded for
excellence in teaching chemistry, biochemistry, or a chemistry-related field at an undergraduate institution that does not offer
a graduate program in that field. Smith
leads faculty development workshops and
uses classroom technology to improve
the teaching of chemistry and biochemistry.—LINDA WANG

▸▸ Akron Section Award
seeks nominations
The American Chemical Society Akron
Section is accepting nominations for the
Akron Section Award, which honors an
outstanding chemistry professional in
any field. The award consists of a $1,000
honorarium and engraved plaque. The
awardee will deliver two lectures, either
in person at the University of Akron or
online. Nominators should submit a CV
with the nomination to Charles M. Kausch
at charlesm.kausch@synthomer.com by
Aug. 10.—LINDA WANG
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To advertise in the C&ENjobs section,
please contact Heather McNeill via
email at classifieds@acs.org or
telephone at (202) 452-8918. Please
see below for current advertising
options and how to get started.
Classified Line Ads
(best for posting a job):
Want to appear within a section with
headers that are classified according
to your industry? Our Classified Line
Ad section gives you that opportunity.
Your ad can appear with text only, or
you may opt to include your logo in
color or black and white. Header position classifications include: Academic,
Government, Pharmaceutical, and
Industry. Pricing starts at $75 gross
per line ($750 minimum). If your ad
is also posted online at chemistryjobs.
acs.org, please ask about our print
discount opportunities.
Display Ads (best for branding):
Looking for a way to stand out from
competitors and win the attention
of potential candidates? Display ads
provide an excellent opportunity to
elevate your brand, highlight multiple open positions, or both.
Classified Directory Ads
(best for announcements):
Have something to sell? Announce?
Want to promote your graduate
program? Consider our directory.
Header classifications include:
General Directory (Announcements,
Chemical Exchange, Equipment
Mart, Technical Services) and Graduate Programs.
How To Get Started
To place your ad in C&ENjobs,
please send your job description in
Word format to classifieds@acs.org.
Once your job description is received,
you will receive a prompt response
with a quote for your consideration.
Visit acsmediakit.org/cen-classifieds/
and download the editorial calendar to find the right issue for your
message.

To connect with our Global Sales Team,
please visit acsmediakit.org/contact/
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This index and additional company information
are provided as a service to the advertisers. We
are not responsible for errors or omissions.
Classified Advertising

Postdoctoral Scholar Position Available
The recently announced Chemistry of Life Program (CLP) (http://chemlife.ncsu.edu) jointly
with the Biotechnology Program (BIT) (http://
biotech.ncsu.edu) at NC State University
invites applications for a position as Postdoctoral Teaching Scholar in the area of Chemical
Biology. This position will be comentored by
faculty in the Chemistry of Life Program and the
Biotechnology program, providing a unique and
rigorous training opportunity at the interface of
Chemistry and the Life Sciences.
Responsibilities will include the development
of an innovative Chemical Biology Laboratory
course (Chemistry of Life Lab) and additional
teaching opportunities in the Department of
Chemistry, Biochemistry or the BIT Program. In
addition, scholars will be expected to mentor undergraduate research students on independent
research projects. The successful candidate
must have strong interpersonal skills and teaching ability. A PhD in chemical biology or related
field is required, and postdoctoral research experience that complements this training is welcomed. This is a full-time position which is renewable for up to 3 years based on performance
and funding. The position is available starting in
August 2020. This position is perfect for candidates looking to build a strong and innovative
teaching portfolio while engaging cutting edge
research topics and undergraduate mentorship.
For further information or to apply, go to https://
jobs.ncsu.edu and search for position number
00108011. Applicants should attach the following materials to their application profile: cover letter, curriculum vitae, contact information for
three references and a short statement of teaching philosophy and research interests relevant to
the chemistry:life sciences interface.
NC State University is an equal opportunity and
affirmative action employer. All qualified applicants will receive consideration for employment
without regard to race, color, national origin, religion, sex, gender identity, age, sexual orientation,
genetic information, status as an individual with
a disability, or status as a protected veteran.
Screening of applications will begin immediately and will continue until the position is filled.
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Curating quirky science since 1943

License to derive

B

ack in early February, when driving to the
store was a mundane task, the Newscripts
gang wrote about some chemistry-themed
vanity plates that had been spotted on
Teslas. It got us wondering what other chemistry-themed license plates our readers may have seen
or even put on their own cars.
David White and Laurence Brown both have
chemistry-themed plates. White’s Ford and Brown’s
Chevrolet bear the plates SKLOGW and Q•MCDT,
respectively. “We make a point to park them side by
side when out to breakfast,” White tells Newscripts.
“We are retired physics
and chemistry teachers
who now do educational
consulting together.”
Readers might recognize Ludwig Boltzmann’s
formula for expressing
thermodynamic entropy:
S = k⋅log W, which also
appears on Boltzmann’s
tomb in Vienna. Brown’s
plate features the formula
for expressing the quantity of heat flow, q, between
Chem Vette: Robert
two systems: q = m⋅c⋅∆t
Wismer washed his
with D subbing in for the
1999 Corvette just for
Greek letter delta, or ∆.
this photo.
White had to explain
those plates to this Newscriptster (whose physical
chemistry skills are a little rusty). But Robert Wismer
would have certainly understood them. Wismer, who
taught chemistry, including p-chem, at Millersville
University for 45 years, drives a Corvette with the
plates PKEM WIZ.
Andrew J. Lovinger nabbed the Virginia vanity
plate POLYMER when he moved from Bell Labs to the
National Science Foundation to become the Program
Director for Polymers. For his second car, he says,
“the choice was less elegant, but I think still clear.” Its
plates read POLYMR.
Rose Pesce-Rodriguez wrote to say she spotted the
plates PASNGAS, which translates to “passing gas,” on
a Tesla in Maryland. She also notes that
a quick search revealed it’s a popular
Bethany Halford wrote
choice for vanity plates on Teslas in
this week’s column.
other states.
Please send comments
Leslie M. Klevay’s 1973 MGB GT
and suggestions to
bears the plates KUPFER, which is the
newscripts@acs.org.
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Chemist Barbie
at Burger King

W

hether you’ve got chemistry plates or
not, chances are good that you’re doing less driving these days. But former
C&EN advisory board member Paul
Bracher took his three-year-old child, Jane, for a long
drive late last month with an aim that will be familiar
to many parents—he was hoping that the cruise would
lull her into a nap.
Alas, Jane awoke
angry and hungry, so
Bracher pulled into a
nearby Burger King
drive-through and ordered a King Jr. meal for
her. The masked cashier
asked if the kid’s meal
was for a boy or girl.
Rather than lecture the
cashier on the nature
of gender-specific toys,
Bracher said it was for
a girl. He and Jane were
surprised and delighted
to find that his answer
meant Jane got a chemist Barbie.
Burger King didn’t
respond to Newscripts’
query about the toy, but
Mattel said that it was
What a doll: Jane shows
inspired by the Barbie
off her chemist Barbie toy.
Scientist Doll. “Barbie
has had over 200 careers since 1959, more than 28 of
which have been STEM careers,” Mattel’s Devin Tucker tells Newscripts.
The Burger King toy, one of four possible Barbie
toys included with the meal, doesn’t wear safety
glasses. “Barbie must have donated her PPE to
the first responders,” Bracher quips. But it’s likely
they’re not included because they’re a choking hazard. The full-size scientist doll wears safety glasses
and carries an Erlenmeyer flask. We’ve just ordered
that Barbie to join the Newscripts action-figure
collection, which includes the Muppets’ Beaker and
several Lego scientist minifigures.

CREDIT: ROBERT WISMER (CORVETTE); PAUL BRACHER (JANE)

Newscripts

German word for copper—a subject he’s published on
extensively. Joseph A. DiVerdi struck a pose next to
his Mazda convertible with the plates NMR. John E.
Young must have worked some magic turning lead into
gold because his red Porsche has the plates ALKMST 1.
Finally, Jeff Erickson wrote in about the vanity
plates his high school chemistry teacher had in the
1970s: PV NRT. “He then used electrical tape to add
the = sign to produce the universal gas law,” Erickson
writes. “This was technically illegal (defacing the
plates) and the occasional police stop would force
him to remove the tape.”

