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Coronaviruses

Goingbackintimeforan
antibody to fight COVID-19

Gary R. Whittaker & Susan Daniel

Efforts areintensifying to try to harness antibodies as a
therapy for COVID-19. A study reveals the insights that can

be gained from antibodies made by a personwho had a
coronavirus infection that caused the disease SARS. See p.290

The COVID-19 pandemic is the biggest
public-health crisisinacentury, and the devel-
opment of medical interventions to combat
the SARS-CoV-2 coronavirus is a top priority.
On page 290, Pinto et al.! provide evidence
needed to take one of the crucial first steps
for such efforts in the developing arena of
antibody immunotherapy.

The level of protection provided by the
immune system in response to SARS-CoV-2
exposure and infection is a hotly debated
topic?. It is thought that one major arm of
the immune response to such infection is the
development of antibodies that recognize
the virus. Of particular interest are antibodies
that bind to a protein on the viral surface
known as the spike protein. Coronaviruses
derive their name from their distinctive,
crown-like (coronal) viral silhouettes, which
are due to these proteins.

Antibodies that recognize and bind to
the viral ‘spike’ can block its ability to bind
the ACE2 receptor protein on human cells.
An interaction between the spike protein
and ACE2 is part of a process that can enable
coronaviruses to enter human cells. Thus,
antibodies that could hinder spike-protein
function would block infection; such
antibodies are termed neutralizing antibodies.

Much remains to be learnt about the
immunological responses to SARS-CoV-2.
Nevertheless, it is becoming clear that anti-
bodies taken from the blood serum of people
who have recovered from COVID-19 can
be used for treatment by being transfused
into other people who have the disease®.
Such ‘convalescent sera’ approaches are
highly attractive, particularly as an imme-
diate treatment option. That’s because
more-conventional therapeutics, such as
drugs or vaccines, are unlikely to be available

for some time. A more high-tech approach to
using convalescent sera is the manipulation
of antibody-producing B cells taken from the
blood of people who had COVID-19 or other
coronavirus infections. Each B cell makes one
unique antibody, and clonal populations of a
B cell of interest can be used to generate an
identical pool of a particular desired antibody
known as a monoclonal antibody.

To accelerate the process of therapeutic
development, Pinto and colleagues ‘went
back in time’, and turned to samples of B cells
collected from a personwho had beeninfected
by the coronavirus SARS-CoV. This virus, which

is similar to SARS-CoV-2, caused an outbreakin
2003 of a disease called severe acute respira-
tory syndrome (SARS). The hope with such an
approachis thatthe resemblance betweenthe
two viruses might mean that some antibodies
that recognize SARS-CoV also recognize and
neutralize SARS-CoV-2.

The ‘head’, or receptor-binding domain
(termed S1), of the spike protein is the most
accessible region of the protein for antibodies
to bind to. However, this domain exists in dif-
ferent dynamic states, and debate has arisen
over whether it is ‘masked’ from the immune
system by a shell of carbohydrate molecules®.
Theidentification of afunctional antibody that
targetsthisregionis therefore not atrivial pro-
cess. Pintoetal.combinedblood cells takenin
2004 and 2013 from a person who had recov-
ered from SARS, and searched for antibodies
that could recognize SARS-CoV-2 (Fig. 1).
Of the 25 different monoclonal antibodies
that the authors studied, 4 recognized the
receptor-binding domains of both SARS-CoV
and SARS-CoV-2 spike proteins. One antibody,
termed S309, was selected for further study
on the basis of its high-affinity binding to this
domainwhen tested invitro.

Pinto and colleagues used cryo-electron
microscopy to visualize the interaction
between the S309 antibody and the
SARS-CoV-2 spike protein. This revealed
that S309 binds to an accessible site in the
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Figure 1| An antibody that blocks coronavirus infections. Pinto et al.' have identified a human antibody
that blocks infection by SARS-CoV-2, the coronavirus that causes COVID-19. The authors made this discovery
by examining antibodies made by a person who had recovered in 2003 from infection with the related
coronavirus SARS-CoV, which causes severe acute respiratory syndrome (SARS). a, Coronaviruses such

as SARS-CoV infect human cells by binding to the protein ACE2. b, Pinto and colleagues analysed blood
samples taken in 2004 and 2011 from a person who recovered from SARS, and examined antibodies made

by the immune cells from the samples. They identified an antibody (named S309) that bound to the spike
protein of SARS-CoV and prevented infection by this virus. ¢, The authors found that this antibody bound to
asimilar region of the spike protein of SARS-CoV-2 and prevented infection by the virus.
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receptor-binding domain of the spike protein
that has an attached carbohydrate molecule.
This region is not part of the key area that
directly binds to ACE2. The site that S309 rec-
ognizes is evolutionarily conserved in spike
proteins across a range of bat coronaviruses
(in the genus Betacoronavirus lineage B; sub-
genus Sarbecovirus) that have similarities to
the SARS-like coronaviruses. This raises the
possibility that such an antibody could have
wide applicability in tackling related viruses.
Notonly, then, is this antibody of interest when
investigating ways to manage the COVID-19
pandemicintheyearsahead, butit mightalso
be considered for use in preventing future out-
breaks of related animal viruses, if they make
the leap to causing infection in humans.

Ultimately, it seems unlikely that a robust
treatment for COVID-19 will rely on a single
antibody. Rather, as was the case for SARS,
asynergistic approach combining different
monoclonalantibodiesin anantibody cocktail
might be more effective’. For such approaches
to move forwards, evidence of effective anti-
body neutralization from in vitro studies will
be needed, along with in vivo data assessing
how well an antibody can boost other aspects
of the immune response — by enlisting other
immune cells to tackle the infection, for exam-
ple. There are many promising avenues to
explorein these efforts.

Pinto and colleagues got a head start with
their work by exploring pre-existing anti-
bodies, and they should now have more B-cell
populations to mine. Many other teams, to
give just some examples>®, have also pre-
sented useful discoveries in the hunt for
antibodies that can target SARS-CoV-2. The
next steps will be to test individual antibod-
ies and antibody cocktails in animal models,
to determine whether they offer protection,
and then to assess their safety and effective-
ness in human clinical trials. An accelerated
path might narrow the time lag between anti-
body discovery and proof-of-concept trials
in humans to as little as five or six months™.

The most recent prominent example
of immunotherapy for infectious disease
relates to battling the Ebola virus. In con-
cert with vaccines and conventional,
small-molecule-drug trials, the development
of monoclonal-antibody therapies for Ebola
has progressed rapidly. Cocktails of anti-
bodies, beginning with one called ZMapp,
that target a key Ebola viral protein called GP
in two crucial regions of the protein, are con-
tinuing to be developed™ ™. This progress in
efforts to tackle Ebola gives hope for similar
immunotherapy achievements in targeting
SARS-CoV-2.Pintoand colleagues’ work marks
amajor step towards that much-anticipated,
and much-needed, success.

Gary R. Whittaker is in the Department of
Microbiology and Immunology, and in the

204 | Nature | Vol 583 | 9 July 2020

Master of Public Health program, Cornell
University, Ithaca, New York 14853, USA. Susan
Daniel is in the Smith School of Chemical and
Biomolecular Engineering, Cornell University,
Ithaca, New York 14853, USA.

e-mail: grw7@cornell.edu

1. Pinto, D. et al. Nature 583, 290-295 (2020).

2. Robbiani, D. F. et al. Nature https://doi.org/10.1038/
$41586-020-2456-9 (2020).

3. Casadevall, A. & Pirofski, L. A. J. Clin. Invest. 130,
1545-1548 (2020).

4. Watanabe, Y. et al. Nature Commun. 11, 2688 (2020).

5. ter Meulen, J. etal. PLoS Med. 3, €237 (2006).

6. Shi, R. et al. Nature https://doi.org/10.1038/s41586-020-
2381-y (2020).

Environmental science

7. Ju, B. et al. Nature https://doi.org/10.1038/s41586-020-
2380-7 (2020).

8. Yuan, M. et al. Science 368, 630-633 (2020).

9. Baum, A. et al. Science https://doi.org/10.1126/science.
abd0831(2020).

10. Rogers, T. F. et al. Science https://doi.org/10.1126/science.
abc7520 (2020).

11. Brouwer, P. J. M. et al. Science https://doi.org/10.1126/
science.abc5902 (2020).

12. Hansen, J. et al. Science https://doi.org/10.1126/science.
abd0827 (2020).

13. Wec, A. Z. et al. Science https://doi.org/10.1126/science.
abc7424 (2020).

14. Kelley, B. Nature Biotechnol. 38, 540-545 (2020).

15. Furuyama, W. et al. Sci. Rep. 6, 20514 (2016).

16. Saphire, E. O. et al. Cell 174, 938-952 (2018).

17. Mulangu, S. et al. N. Engl. J. Med. 381, 2293-2303 (2019).

This article was published online on 22 June 2020.

Atmospheric CO,removed
by rock weathering

Johannes Lehmann & Angela Possinger

Large-scale removal of carbon dioxide from the atmosphere
might be achieved through enhanced rock weathering. It now
seems that this approach is as promising as other strategies,
in terms of cost and CO,-removal potential. See p.242

Achieving targets for mitigating global
warming will require the large-scale withdrawal
of carbon dioxide from the atmosphere. On
page 242, Beerling et al.' report that enhanced
rock weatheringin soils has substantial techni-
caland economic potential asaglobal strategy
for removing atmospheric CO,. When crushed
basalt or other silicate material is added to
soil, it slowly dissolves and reacts with CO,
to form carbonates. These either remain
in the soil or move towards the oceans. The
authors argue that this method would enable
between 0.5billion and 2 billion tonnes of CO,
toberemoved fromthe atmosphere each year.
This rate is similar to that of other land-based
approaches?, such as the accrual of organic
carbonin soil, carbon capture and sequestra-
tioningeological formations, and the addition
of biochar (a carbon-rich material) to soil.
Beerling and colleagues find that removing
atmospheric CO, through enhanced
rock weathering would cost, on average,
US$160-190 per tonne of CO, in the United
States, Canada and Europe, and $55-120 per
tonne of CO,in China, India, Mexico, Indonesia
and Brazil. Furthermore, the authors report
that China, the United States and India — the
three largest emitters of CO, from fossil-fuel
use — have the highest potential for CO,
removal using this method. However, they also
note that the application of silicate material to
soil (Fig. 1) requires careful assessment of the
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risks, suchas the possible release of metals and
persistent organic compounds (compounds
resistant to environmental degradation).

Despite the enthusiasm the authors’ find-
ings might generate, it is crucial to stress that,
even under optimisticassumptions, enhanced
rock weathering will sequester only some of
the annual global carbon emissions from
fossil-fuel use. Therefore, reducing these
emissions should still be the top priority for
averting dangerous climate change. But, as
Beerling et al. note, any approach is insuffi-
cient alone, and should be considered as part
of a portfolio of options.

Several other land-based carbon-seques-
tration techniques rely on soils. However,
inorganic-carbon sequestration by rock
weathering is fundamentally different from
organic-carbon sequestration. The latter relies
on photosynthesis by plants to remove CO,
fromthe atmosphere, and onsoils to retain the
plant carbon, mostly in the form of microbial
remains. In the future, therefore, scientists
should pay closer attention to what they mean
by ‘carbon sequestration’ — is it inorganic or
organic?

The sequestration of atmospheric CO,
through enhanced rock weathering shares
some of the principal appeal, but also the
challenges, of organic-carbon sequestra-
tion. The fact that crop production benefits
is certainly akey asset of both methods. Inthe





