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Carolyn Bertozzi, Morten Meldal and Barry Sharpless (left to right).

completely orthogonal to all existing chem-
istries.” Orthogonal, which in geometry means
perpendicular, refersinchemistry toreactions
that can proceed independently in the same
medium without affecting each other. Berto-
zzi coined the term bioorthogonal to refer to
reactions that occur without interfering with
the chemistry of aliving cell.

In 2001, Meldal and his collaborator Chris-
tian Tornge discovered the azide-alkyne
reaction” — accidentally, says Meldal — while
working at the Carlsberg Laboratoryin Valby,
Denmark. Happenstance, he says, ishow many
major discoveries occur. “You are doing some-
thing you cannotimagine.” Anazideisatype of
molecule that contains three nitrogen atoms
bound in astraight line; an alkyne contains a
triple bond between carbons.

The azide-alkynereaction, which Sharpless
and his colleagues discovered’independently
in the same period, became known as the
prototypical example of click chemistry.

Chemists have since managed to make
click chemistry work between molecules of
increasing size and complexity. “lam particu-
larly fond of making bridges in peptides and
protein structures to stabilize their proper-
ties,” Meldal says.

Bioorthogonal breakthrough

Around the same time, Bertozzi’s group had
beenworking on understanding glycans, and
searching for waysto label the sugarsoncells
without damaging the cells themselves. Click
chemistry seemed to offer a possibility, but the
copper used to catalyse the reactions could
be toxic to cells.

In 2003, Bertozzi returned from a confer-
ence with anidea for dispensing with copper
by using alkynes that have been constrained by
being shapedintoaring, says Nicholas Agard,
asenior scientist at biotechnology company
Genentechin South San Francisco, California,
whowas thenagraduate studentin Bertozzi’s
group. Thering bends the alkyne out of its nor-
mal linear form, placing it under strain. “The

question was: is that energy releasable in an
effective way?” he says.

Agard spent hours digging around in the
librarylooking for a precedent for theidea that
ring strain could be harnessed for anon-toxic
form of click chemistry. He eventually found
a40-year-old paper® in German that seemed
to have some relevance. “I could understand
threethingsinit: ‘phenylazide’, ‘cyclooctyne’
and ‘explosion’” he says.

But Agard and his colleagues were able to
find anonexplosive way to harness ring strain
for click chemistry*, and the laboratory set
about applying the technique to label cells
in zebrafish and mice. It was an exciting time,
says Pamela Chang, a chemical biologist who
earned her PhD in Bertozzi’s lab in 2010. “We

knew we were part of something special,” she
says. “It made for a really amazing environ-
ment for all of us.”

By then, Bertozzi was busy travellingto give
talks and running a large research group, but
stillmade time to have meetings with lab mem-
bers and help them to edit their papers. “She
gaveusalot of freedom,” says Chang, who now
uses click-chemistry approaches in her own
research on bacterial enzymes and metabo-
lismingut microbiomes at Cornell University
inlthaca, New York. “If you needed advice or
help, she would drop everything and make
time for you.”

Sharpless, too, is known for being approach-
able, says Norrby: “You don’t notice that he
has aNobel.” He was not the kind of boss who
required his staff to work 80-hour weeks,
Norrby says, something he appreciated as an
early-career researcher with family obliga-
tions. Sharpless “was totally cool with that,
and that’s not common in the high echelons
of research”.

Meldal hopes his prize willencourage young
people to pursue careers in chemistry. The
field is crucial to tackling many of society’s
challenges and, together with physics, offers “a
full description of whatis around us”, he says.
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ASTRONOMERS FORCED
TORETHINK EARLY WEBB
TELESCOPE FINDINGS

Revised instrument calibrations are
bedevilling work on the distant Universe.

By Alexandra Witze

stronomers have beenso keento use

the new James Webb Space Telescope

that some have got alittle ahead of

themselves. Many started analysing

Webb dataright after the first batch
was released, on 14 July, and quickly posted
their results on preprint servers —but are now
having to revise them. The telescope’s detec-
torshad notbeen calibrated thoroughly when
the first data were made available, and that
fact slipped past some astronomers in their
excitement.

© 2022 Springer Nature Limited. All rights reserved.

Therevisions don’t sofar appear to substan-
tially change many of the exciting early results,
such as the discovery of a number of candi-
datesfor the most distant galaxy ever spotted.
But the ongoing calibration processis forcing
astronomersto reckon with the limitations of
early data from Webb.

Figuring outhow toredo the workis “thorny
and annoying”, says Marco Castellano, an
astronomer at the Italian National Institute
of Astrophysicsin Rome. “There’s been alot of
frustration,” says Garthlllingworth, anastron-
omer at the University of California, Santa
Cruz. “Idon’t think anybody really expected
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Astronomers have been poring over early data from the James Webb Space Telescope.

this to be as big of anissue as it’s becoming,”
adds Guido Roberts-Borsani, an astronomer
at the University of California, Los Angeles.

Calibration is particularly challenging for
projects that require precise measurements
of the brightness of astronomical objects,
such as faint, faraway galaxies. For several
weeks, some astronomers have been cobbling
together workarounds so that they can con-
tinue their analyses’. The next official round
of updatesto Webb’s calibrationsis expected
inthe coming weeks from the Space Telescope
Science Institute (STScl) in Baltimore, Mary-
land, which operates the telescope. Those
updates should shrink the error bars on the
telescope’s calibrations from the tens of per-
centage points that have been bedevilling
astronomers, down to just a few percentage
points. And data accuracy will continue to
improve as calibration efforts proceed over
the coming months.

The STScl made it clear that the initial cali-
brationstothetelescope wererough, saysjane
Rigby, operations project scientist for Webb
at NASA’s Goddard Space Flight Center in
Greenbelt, Maryland. Much of the issue stems
from the fact that Webb, which launched in
December 2021, is a new telescope whose
details are still being worked out. “It’s been a
long time since the community has had abrand-
new telescope in space — a big one with these
amazingly transformative powers,” Rigby says.

“Weknew it wasn’t going to be perfect right
outof the box,” says Martha Boyer, an astron-
omer at the STScl who is helping to lead the
calibration efforts®

Calibration controversy

All telescopes need to be calibrated. This
is usually done by observing a well-under-
stood star such as Vega, a prominent star in
the night sky. Astronomers look at the data
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being collected by the telescope’s various
instruments — such as the brightness of the
star in different wavelengths of light — and
compare themwith measurements of the same
star from other telescopes and of laboratory
standards.

Working with Webb data involves several
typesof calibration, but the current controversy
isaround one of the telescope’s main instru-
ments, its Near Infrared Camera (NIRCam).
In the six months after Webb launched, STScl
researchers worked to calibrate NIRCam. But
given the demands on Webb, they had only
enough time to point it at one or two calibra-
tion stars, and to take data using just one of
NIRCam’s ten detectors. They then estimated
the calibrations for the other nine detectors.
“That’'swhere there was a problem,” Boyer says.
“Each detector will be alittle bit different.”

e - . ok 4
The first scientific image released from Webb
shows a number of distant galaxies.
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Within days of the first Webb data release,
non-peer-reviewed papers began appearing
onthearXiv preprint server, reporting multi-
ple candidates for the most distant galaxy ever
recorded. These studies relied on the bright-
ness of distant objects, measured with Webb
at various wavelengths. Then, on 29 July, the
STScl released an updated set of calibrations
that were substantially different from what
astronomers had been working with.

“This caused a little bit of panic,” says
Nathan Adams, an astronomer at the Uni-
versity of Manchester, UK, who, along with
his colleagues, pointed out the problemina
9 August update toapreprint they had posted
in late July®. “For those including myself who
had written a paper within the first two weeks,
itwasabitof —‘Ohno, iseverything that we've
donewrong, doesitallneedtogointhebin?”

A young observatory

To try to standardize all the measurements,
the STSclis working through adetailed planto
point Webb at several types of well-understood
star, and observe themwith every detectorin
every mode for every instrument on the tele-
scope*. “It just takes awhile,” says Karl Gordon,
an astronomer at the STScl who helps to lead
the effort.

In the meantime, astronomers have been
reworking manuscripts that describe distant
galaxies onthe basis of Webb data. “Everyone’s
goneback overand had asecond look, andit’s
not as bad as we thought,” Adams says. Many
of the most exciting distant-galaxy candi-
dates still seem to be at or near the distance
originally estimated. But other preliminary
studies, such as those that draw conclusions
about the early Universe by comparing large
numbers of faint galaxies, might not stand the
test of time. Other fields of research, such as
planetary studies, are not affected as much
because they depend less onthese preliminary
brightness measurements.

“We’ve come to realize how much this data
processing is an ongoing and developing
situation, just because the observatory is so
new and so young,” says Gabriel Brammer, an
astronomer at the University of Copenhagen
who has been developing Webb calibrations
independent of the STScl.

Inthelongrun, astronomers are sure to sort
out the calibration and become more confi-
dent in their conclusions. But for now, Boyer
says, “lwould tell people to proceed with cau-
tion —whatever results they might be getting
today might not be quite right in six months,
when we have more information. It’s just sort

w

of, ‘Proceed at your own risk.
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