Ozempic, MRImachines and flat-screen TVs allemerged out of
fundamental research decades earlier — the very types of study
being slashed by the US government. By Michael Marshall
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nder President Donald Trump,
the US government is gutting
scientific research. The National
Institutes of Health has cut almost
US$2 billion of grants that were
already approved, and the National
Science Foundation has terminated
more than 1,400 grants. And the
president has even bigger plans to eviscerate
science. His proposed budget for fiscal year
2026 would cut non-defence-related research
and development by 36%.

“They have cancelled wholesale a wide
variety of research effortsin midstream,” says
John Holdren at Harvard University in Cam-
bridge, Massachusetts, who was the science
adviser to former president Barack Obama
during both his terms. “They intend to now
solidify it with cutsin the budgets.”

The cancelled and threatened researchis a
mixture of ‘applied’ work that has stated appli-
cations, which can be commercial in nature,
and ‘basic’ or ‘blue skies’ research, intended
to develop new knowledge.

Basic research is easily mocked because it
canseemimpractical, but,in fact, itis amajor
driver of economic growth. “The return on
investment in basic research — the return to
society — is very high, typically multiple dol-
lars back per dollar invested,” says Holdren.

The US funding cuts will hit basic research
particularly hard because the government
has historically been the prime supporter
of fundamental research. The private sector
willneverinvestenoughinsuchresearch, says
Holdren. “The timescale for returnsistoo long
and the ability of the funder to capture those
returns too uncertain,” hesays. “That’stherea-
sonthat the funding of fundamental research
is, atits base, aresponsibility of government.”

Although it’s impossible to estimate how
the reductions in federal support might limit
future discoveries, scientists point to along
list of findings that emerged out of fundamen-
tal research and went on to change the world.
Here are a few examples.

From hot springs to DNA forensics

Inthe summer of1966, while he was an under-
graduate at Indiana University, Hudson
Freeze went to live in a cabin on the edge of
Yellowstone National Park. He was working
for microbiologist Thomas Brock, who was
convinced that certain microorganisms were
living at surprisingly high temperatures.
Dodging bears, and the traffic jams they
caused, Freeze visited the hot springs every
day to sample their bacteria.

On 19 September, Freeze succeeded in
growing asample of yellowish microbes from
Mushroom Spring. Under a microscope, he
found an array of cells collected from the
near-boiling fluids. “I was seeing something
thatnobody had ever seenbefore,” says Freeze,
now at the Sanford Burnham Prebys Medical
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DiscoveryInstitutein LaJolla, California. “Istill
get goosebumps when I remember looking
into the microscope.”

Three years later, Freeze and Brock
described one of the bacteria, which they
called Thermus aquaticus'. It grew bestat 70 °C.
Then, in1970, they isolated an enzyme? from
T. aquaticus, which performed sugar metab-
olism at an optimal temperature of 95 °C. By

THE RETURN ON
INVESTMENT INBASIC
RESEARCH — THE
RETURN 70 SOCIETY —
ISVERY HIGH.

then, Freeze had left for graduate studies and
shifted his priorities to slime moulds. However,
other researchers kept studying T. aquaticus,
andin1976, ateam at the University of Cincin-
natiin Ohioisolated another enzyme®:a‘DNA
polymerase’ that could synthesize new DNA
at80°C.

Seven years later, this Taq polymerase
would prove to be just what biochemist Kary
Mullis needed to create the polymerase chain
reaction (PCR), a method for rapidly making
thousands upon thousands of copies of a
single fragment of DNA*. Mullis needed high
temperatures to break DNA molecules apart,

sohealsoneeded a polymerase that worked at
high temperatures to avoid repetitive heating
and cooling.

Today, PCR is an indispensable tool in
everything from medicine —whereit’susedto
match organdonorswithrecipientsandinthe
diagnosis of cancers — to DNA fingerprinting
that can help police to identify killers.

The origins of MRI

Magnetic resonance imaging (MRI) is a
mainstay of modern medicine. It can gen-
erate detailed images of a person’s internal
anatomy — revealing, for instance, abnormal
structures in the heart or whether a tumour
has grown or shrunk. A variant called func-
tional MRI (fMRI) tracks changing blood flow
inthebrain, which has enabled researchers to
discover fundamentalinsights about how the
brain works. What's more, MRIis non-invasive
and doesn’t require the use of radioactive sub-
stances or ionizing radiation, unlike many
otherimaging methods.

MRI emerged from research in the 1930s
into the physical properties of atomic nuclei,
and of the fundamental particles within them.
It was “pretty esoteric stuff” with “no applica-
tions really in sight or in mind”, says Carmen
Giunta, a chemist at Le Moyne College in
Syracuse, New York.

One key discovery on the path to MRI
machines involved studies of protons and
neutrons, which make up atomic nuclei.
Such particles have a property called spin that
describes their angular momentum.

In the 1930s, physicist Isidor Rabi and his
colleagues were investigating spin by firing
beams of atomic nuclei through magnetic
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fields. Protons and neutrons, depending on
the orientations of their spins, have slightly
different energy levels when exposed to mag-
netic fields. “The resonance method that he
developed was away of detecting when these
spins change their orientation in the presence
of amagneticfield,” says Giunta. For thiswork,
Rabi won the Nobel Prize in Physics in1944.

Nuclear magnetic resonance found its
first uses in chemical laboratories. Because
atomic nuclei are sensitive to their surround-
ings, careful measurements of magneticreso-
nance could be used to determine how atoms
were connected in large molecules. From the
1970s onwards, it was fashioned into a tool for
imaging biological tissues. Paul Lauterbur and
Peter Mansfield shared the Nobel Prize in Phys-
iology or Medicine in 2003 for their work in
developing MRI.

Root vegetables and flat-screen TVs

ItstartedinPraguein early 1888, whenbotanist
Friedrich Reinitzer extracted chemicals called
cholesterol esters from carrot roots. One of
the substances — crystals of cholesteryl ben-
zoate — did something unexpected. Normal
crystals, when heated, lose both their solid-
ity and colour at the same temperature, but
thesedid not. “They lost their solidity at 145°C
but retained their bluish colour, which they
only lost at 178 °C,” says Michel Mitov at the
University of the Cote d’Azur in Nice, France.

Other researchers had seen similar
behaviours before, but Reinitzer recognized
thatthere mightbe animportant new phenom-
enon at work. Unsure how to explain it, on
14 March he wrote a long letter to physicist
Otto Lehmann in Aachen, in what is now
Germany. “Lehmann was the perfect col-
league for continuing and reproducing the
observation,” says Mitov, because he had built
amicroscope witha heated stage, which meant
he could observe the crystals’behaviourinreal
time. The two exchanged letters and samples
for weeks, and Reinitzer presented their initial
results at a meeting in Vienna in May.

Lehmann’s key observation was that,
when the crystals lost their solidity, they still
retained some properties of a crystal. Yet in
other respects they wereliquid. Atamolecular
level, they were composed of long molecules
that remained in an ordered orientation (as
in a crystal) but could also move freely (asin
aliquid). Lehmann called them liquid crystals.

For decades, many researchers refused to
accept this, because it flew in the face of the
system that physicists and chemists used to
categorize matter. Substances were either
solid, liquid or gaseous. Liquid crystals blurred
thelines,and acceptance of thiscame at “avery
high intellectual cost”, says Mitov.

Inthefirst half of the twentieth century the
evidence became undeniable, but research
into liquid crystals dried up, out of a belief
that they would never be of any use. The field
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was revived by US chemists in the late 1950s,
andin1968, engineers developed the first flat
screens based on liquid crystals, which ulti-
mately gave rise to flat-screen televisions.
However, their applications go far beyond
screens, says Mitov, including uses in cameras,
microscopes, smart materials, robotics and
even anti-counterfeiting technology.

The tiny start to gene editing

“My head explodes every time | see a new
application of CRISPR, or that CRISPR
has cured someone,” says microbiologist
Francisco Mojica at the University of Alicante
inSpain.

CRISPR, short for Clustered Regularly
Interspaced Short Palindromic Repeats, is a
tool that can edit genomes in a very precise
way. It opened up vast opportunities for basic
research and has paved the way for curing
geneticdisorders, includingsickle-cell disease,
immune dysfunction and life-threatening met-
abolic conditions. Emmanuelle Charpentier
and Jennifer Doudna shared the 2020 Nobel
Prize in Chemistry for developing the tool.

The discoveries that led to this revolution
happened decades earlier. In 1989, Mojica
was a PhD student investigating Haloferax
mediterranei R-4: a single-celled organism
called an archaean, found in salt-producing
ponds near Alicante. He tried to find out how
the microbe could survive in such briny con-
ditions. Having identified some promising
regions of the microbe’s genome, Mojica
sequenced them and was surprised to find
short segments that were repeated at regu-
lar intervals. He and other researchers gave
these repeated segments different names but
eventually settled onthe acronym CRISPR. As
heinvestigated them, Mojica proposed some

potential functions for the repeating seg-
ments: ideas that were, he says wryly, “abso-
lutely wrong™.

Subsequently, Mojica learned that similar
sequences could be found in many other
microbes, which didn’t live in saline condi-
tions. “Whatever role they were playing, it
couldn’t be related to the peculiarities of the
diverse environments,” he says.

The key clue was the discovery, between
the repeated segments, of sequences from
the genomes of bacteriophages: viruses that
infect bacteria. Eventually Mojica realized
that a bacterium carrying a sequence from a
specific phage could not be infected by that
phage. “We inferred that this was an adap-
tive immune system,” he says. “One ancestor
acquired spacers from the phage, and after
that, the descendants were resistant to
infection®”

Mojica knew this was abig find — anadaptive
immune system had never been observed in
bacteria or archaea. He also thought that
it might be useful for dealing with bacterial
infections. Then others found that CRISPR
works by cutting DNA at specific points’.
From there, Doudna and Charpentier discov-
ered how they could harness that system and
reprogramit to edit genes. And so the CRISPR
revolution took off®.

Weight loss, inspired by alizard

Weight-loss and diabetes medications such
as Ozempic have become the wonder drugs
of the era. Almost 5% of people in the United
States have used them to slim down, and the
global market for these drugs is expected to
reach $100 billion by 2030. Although much of
the work that led to them was done for med-
ical applications, one key discovery came
from research on the only venomous lizards
inthe United States: Gilamonsters (Heloderma
suspectum).

Attheheartofthestoryisamolecule called
glucagon-like peptide-1(GLP-1), whichis pro-
ducedinthe humangut.Inthe1980s, chemist
Svetlana Mojsov showed that GLP-1can stimu-
late the production of insulin, lowering blood
sugar levels’.

Daniel Drucker, now at the University of
Toronto in Canada, worked with Mojsov on
this early research. “We were focused on its
potential for diabetes treatment,” he says. “Ten
years later, in1996, we and others discovered
that GLP-1reduces foodintake, and the poten-
tial for weight loss emerged.” However, there
was a problem. GLP-1 has a short half-life: just
afew minutes. That meant it was no use as a
drug, becauseit would be broken downinthe
body before it could have much of an effect.

Instead, Drucker and others began looking
at the receptor for GLP-1, which drives its
effects on insulin. Perhaps they could target
thereceptor.

This is where the lizards enter the story.
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Gilamonsterslivein the southwestern United
States and parts of Mexico. Despite their name
andtheir venom, they are slow-moving andrel-
atively harmless tohumans.In1992,ateamled
byJean-Pierre Raufman at the Veterans Affairs
Medical Center in New York City described a
peptide called exendin-4 from Gila-monster
venom’®, Exendin-4 is quite similar to GLP-1,
so Drucker began exploring whether it would
work to bind to the GLP-1receptor”, mimicking
the function of GLP-1.

Itdid,andin2008 he led the phase lll trial of
the resulting drug, exenatide. In people with
type 2 diabetes, exenatide improved their con-
trol of blood sugar — and also caused them to
lose weight'2.

More GLP-1receptor agonists followed, and
the rest is weight-loss history.

The flowers that led to new drugs

InMarch, the US Food & Drug Administration
approved a medication called fitusiran. It is
used to treat the two main types of haemo-
philia, a disorder of blood clotting that can
lead to life-threatening bleeding. Fitusiran is
thelatest of anew class of drugs that uses tiny
pieces of RNAtointerfere with the expression
ofagene.

RNA interference (RNAi) drugs such as
fitusiran are the product of more than three
decades of work, which began with a seren-
dipitous observation that was followed up by
meticulous basic research.

The starting point was a 1990 study led
by Richard Jorgensen, who had been work-
ing at DNA Plant Technology in Oakland,
California. In abid to understand how genes
areregulated, he and his colleagues tried to
genetically engineer purple petunias to make
them more vivid, by adding a second copy of
the gene controlling the pigment. But to their
surprise, the result was not darker purple
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A Gila-monster peptide played a part in the development of GLP-1drugs.

petunias, but white ones®™. “The mechanism
responsible”, the team wrote, “is unclear.”
Over the following years, researchers dug
into the phenomenon, revealing that it could
be triggered by injecting small pieces of RNA
into cells. Then, in 1998, Andrew Fire, now
at Stanford University in California, Craig
Mello at the University of Massachusetts in
Worcester and their colleagues discovered the
mechanism. They showed that small pieces of

MY HEAD EXPLODES
EVERY TIME | SEE A
NEW APPLICATION
OF CRISPR.

double-stranded RNA can, through acomplex
chain of events, trigger the destruction of
messenger RNA. Because mRNA is used as a
template for building a protein, destroying it
prevents the protein from being made™.

For thiswork, Fireand Mello shared the2006
Nobel Prize in Physiology or Medicine, and a
new category of medications was created.

Ancient meteorites and cleaner air
In the 1950s, geochemist Clair Patterson
had a problem with lead. His work to solve it
eventually helped to save millions of lives.
Atthetime, Patterson wastrying to develop
away todetermine the ages of rocks using the
radioactive decay of uranium and thorium.
Over billions of years, these elements fission
into smaller ones and eventually decay into

different isotopes of lead. By measuring the
ratio of various lead isotopes, Patterson was
able to date ancient rocks®.

However, Patterson had to deal with lead
contamination. He was based at the California
Institute of Technology in Pasadena, and the
air was heavily polluted. “Californiaisin a
basin,” says Jerome Nriagu, an environmental
healthscientist at the University of Michiganin
Ann Arbor, and this causes pollution to build
up. Patterson had tobuild a‘cleanlab’ tofilter
all the incoming air.

Despite these struggles, Patterson
succeeded in determining the age of the
Canyon Diablo meteorite — the object that
produced Meteor Craterin Arizona — and sev-
eral others with extreme precision. Patterson
showed that they were all 4.55billionyears old.
Because meteorites and Earth were thought to
have formed at the same time, these measure-
ments fixed Earth’s age, which had been dated
with less precise studies earlier. Patterson
announced his results'® at a conferencein1953
and published them in1956.

Having solved one of the greatest scientific
mysteries, Patterson turned his attention to
thelead contamination. Where wasit coming
from, and was it harmful?

Patterson suspected that the source was
leaded petrol. It took him several years to
establish this, working with geochemist
Mitsunobu Tatsumoto. In a 1963 paper,
Patterson and Tatsumoto showed that lead
pollution had reached the most remote areas
of the ocean, and that lead levels were much
lower in earlier centuries”. This set off an
almighty fight with the lead industry, which
resisted the findings, but ultimately led to
bans on leaded petrol, which are estimated
to save more than a million lives and trillions
of dollars eachyear.

Michael Marshall is a freelance writer based
in Devon, UK.
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