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Prof. Katalin Karikó

Senior Vice President, BioNTech SE
Adjunct Professor, Perelman School of Medicine,
University of Pennsylvania
Professor, University of Szeged
Hungary/ USA

Prof. Drew Weissman

Professor of Medicine,
University of Pennsylvania School of Medicine
Director Penn Institute for RNA Innovation
USA

Fields Eligible for the Award:

Prof. Christopher Field

Director, Woods Institute for the Environment, Stanford University
Professor for Interdisciplinary Environmental Studies
USA

Fields Eligible for the Award:

Materials and Production

Biological Production, Ecology/Environment

For pioneering research contributing
to the development of mRNA vaccines

For outstanding contributions to estimation
of global biospheric productivity and climate change science
using advanced formulas based on observation

COVID-19 vaccinations began in the United States and United Kingdom
ahead of the rest of the world in December 2020, and people in Japan also
became eligible to receive the vaccines in February 2021. It was initially
thought that it would take years to develop the vaccines, but mass
production became possible in only around one year, thus saving many
lives and stemming economic losses across the globe. The vaccines are now
serving as a powerful tool in bringing the global pandemic to a close. These
mRNA (or messenger-RNA) vaccines differ from conventional vaccines.
Like DNA, mRNA is a type of nucleic acid, and it serves as the blueprint
for protein synthesis in the body. Research into medical applications for
mRNA was conducted alongside research into DNA in the 1990s, but it was
abandoned due to obstacles caused by undesired immune response.
However, in 2005, Professors Katalin Karikó and Drew Weissman
discovered that by replacing the uridine in mRNA with a modified nucleic
acid called pseudouridine, they could suppress that undesired immune
response. Furthermore, in 2008, they announced that using pseudouridine
allowed them to achieve their goal of increased protein production. These
discoveries opened the doors to using mRNA in medical applications and
made it possible for COVID-19 vaccines to be developed quickly.

The establishment of the Japan Prize was motivated by the Japanese
government's desire to create an internationally recognized award that would
contribute to scientific and technological development around the world.
With the support of numerous donations, the Japan Prize Foundation
received endorsement from the Cabinet Office in 1983.
The Japan Prize is awarded to scientists and engineers from around the
world who have made creative and dramatic achievements that help progress
their fields and contribute significantly to realizing peace and prosperity for

Estimates based on the dynamics of the global biosphere are essential
for accurate prediction of future climate change. Particularly important
is to clarify what effect plants, which serve as sinks for carbon dioxide
(CO2), have on climate change. Without an understanding of that, it is
impossible to know how much the reduction of artificial CO2 emissions
will help in stopping the progress of global warming.
Professor Christopher Field has spent much of his career
accumulating data on living leaves through in-field observation, and he
used that data to make it possible to express how the photosynthetic rate
of leaves is dependent on the environment in which they grow.
Moreover, he developed the equations that enable a plant ecosystem to
be considered a single virtual leaf: the “Big-leaf Model.” He then
integrated this with climate models, satellite observations, and
oceanographic research to clarify the global distribution of CO 2
absorption across both land and sea, and to identify the factors that
affect CO2 concentration in the atmosphere.
Field’s research has become the scientific basis for the climate
change measures being implemented today through such initiatives as
the Paris Agreement, an international framework for combatting global
warming, and the Intergovernmental Panel on Climate Change (IPCC).

all humanity. Researchers in all fields of science and technology are eligible
for the award, with two fields selected each year in consideration of current
trends in scientific and technological development. In principle, one
individual in each field is recognized with the award, and receives a
certificate, a medal, and a monetary prize. Each Award Ceremony is
attended by the current Emperor and Empress, heads of the three branches of
government and other related officials, and representatives from various
other elements of society.
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*3 Kariko, Katalin; Muramatsu, Hiromi; Keller, Jason M.; Weissman, Drew; “Increased Erythropoiesis in
Mice Injected With Submicrogram Quantities of Pseudouridine-containing mRNA
Ribosome
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Paving the way to mRNA drugs with pseudouridine
The reason why mRNA had not been used in pharmaceutical products was
because it degrades quickly in vivo and, particularly when administered from
outside the body, it is recognized as abnormal by the body thereby triggering
an inflammatory immune response. As a result, cells administered with mRNA
were dying before they could produce the amount of protein needed to acquire
immunity, and vaccines were causing fevers and other issues in recipients.
Professors Katalin Karikó and Drew Weissman began collaborating in 1998
when they were both at the Perelman School of Medicine at the University
of Pennsylvania in the hopes of conducting research into the potential of
harnessing mRNA in drug creation. In 2005, they discovered that they could
look at mRNA as a single substance, and that they could replace its constituent
uridine with a modified version called pseudouridine, thereby suppressing any
undesired immune response (see Fig. 3).
At the time, it was known that immune response can be caused when
mRNA introduced from outside the body binds to Toll-like receptors on the
cell membrane, but it was not yet known that this binding occurs by way of
uridine. After repeated experimentation, Karikó and Weissman learned that
mRNA with pseudouridine does not bind to those receptors.

After years of mRNA research and related technological
development, a vaccine is born
The mRNA vaccine may seem to have appeared all of a sudden, but in
reality, mRNA first began to be considered for use in medical applications
more than 30 years ago. Research has continued since then, even though it
did not lead to development of any drugs. It wasn’t until 2020 and the urgent
need presented by the COVID-19 pandemic arrived that a practical mRNA
vaccine was successfully made.
Bolstering the seemingly short-term development of the mRNA vaccine
was the accumulated wisdom of the entire body of molecular biology

Figure 2：How the COVID-19 vaccine works
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to produce antibodies (left image in Fig. 2). Once the immune system has
made a record of spike proteins, if COVID-19 virions enter the body, a rapid
immune response is induced (right image in Fig. 2).
Vaccines were conventionally made using attenuated versions of a
virus or even the viral pathogens themselves, so it took time to guarantee a
vaccine’s safety, i.e., to guarantee that the vaccine would not cause illness,
and to confirm its effectiveness in granting immunity to the disease being
targeted. On the other hand, the induced production of spike proteins in
the body involves no use of an actual virus, so there is no risk of infection,
and the antigenic efficiency of spike proteins can be easily shown, so such
vaccines can be made highly effective.
This is the basic mechanism through which the mRNA COVID-19 vaccine
works.
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to produce antibodies (left image in Fig. 2). Once the immune system has
made a record of spike proteins, if COVID-19 virions enter the body, a rapid
immune response is induced (right image in Fig. 2).
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