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Nobel Prize 2020 in Chemistry honors CRISPR: a tool for rewriting
the code of life
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Emmanuelle Charpentier and Jennifer Doudna have been
awarded the 2020 Nobel Prize in Chemistry for their work
on CRISPR-Cas9—a method to edit DNA. The two scientists
were recognized by the Nobel Committee for their discovery
that a microbial immunemechanism can be transformed into a
tool that can simply and cheaply edit genomes with high
precision.

In the seven decades since the discovery of the DNA dou-
ble helix, technologies for analyzing, manipulating, and mak-
ing DNA have enabled considerable advances in biological
research [3]. But site-specific modifications of genomes
remained challenging. Previous genome editing tools such
as zinc-finger nucleases (ZFN) and transcription-activator–
like effector nucleases (TALEN) highlighted the potential of
targeted manipulation of genes, but limited targeting capacity
and complicated design hampered the usability of these tech-
nologies [3]. CRISPR-Cas9 can be considered a real game
changer due to its simplicity and efficiency.

CRISPR stands for clustered regularly interspaced short
palindromic repeats and is used by bacteria to fight phage
infections. In principle, the CRISPR system enables bacteria
to recognize genetic sequences of invaders and target these
sequences for destruction using specialized enzymes. These
enzymes are called CRISPR-associated proteins (Cas) and
include the DNA endonuclease Cas9 [8]. In 2011,
Charpentier’s group identified a key component of the
CRISPR system, an RNA molecule that is involved in recog-
nizing foreign phage sequences in bacteria, so-called trans-
activating crRNA (tracrRNA) [1]. A subsequent collaboration
of the Charpentier and Doudna laboratories resulted in the

landmark 2012 Science paper, which kick-started the era of
CRISPR-Cas9 genome editing [6]. The paper showed that a
bacterial CRISPR-Cas9 endonuclease is guided by two RNA
molecules forming the tracrRNA:crRNA duplex, to direct
site-specific DNA cleavage. Importantly, it was shown that
the dual tracrRNA:crRNA can be engineered as a single guide
RNA (sgRNA) that retains two critical features: a 20 nucleo-
tide sequence that determines the target site and a double-
stranded structure that binds to Cas9. This created a simple
two-component system in which changes to the 20 nucleotide
guide sequence can be used to target CRISPR-Cas9 to virtu-
ally any DNA sequence of interest [3, 6].

Gene function can be disrupted by CRISPR-Cas9-
mediated induction of double-strand breaks followed by non-
homologous end joining repair or gene replacement by
homology-directed repair. Thus, we can now knock out any
gene of interest in a wide variety of cells and organisms from
all three domains of life [3]. However, the applications of
CRISPR technology extend far beyond gene disruption: it also
allows for specific changes of individual bases [7] or insertion
of sequences encoding fluorescent proteins or epitope tags to
study cellular protein functions without overexpression [5].
Another powerful application is the possibility to fine-tune
gene function by CRISPR-Cas. Endonuclease-dead forms of
Cas9 (dCas9) can be fused with transcriptional activation or
repression effectors to control gene expression. Moreover,
CRISPR-Cas9 al lows for epigenet ic al tera t ions .
Methyltransferases and acetyltransferases have been com-
bined with dCas9 to modify gene regulation in a more phys-
iological fashion [4]. CRISPR-Cas9 can bemultiplexed to edit
multiple genes at the same time and it has been used for
genome-wide high-throughput screenings [9]. The versatility
of CRISPR-mediated gene-editing makes it an ideal tool for
physiological research, a field that studies biological systems
at all levels of complexity.

CRISPR-Cas9 has inspired countless applications in basic
science, agriculture, and medicine. Despite its tremendous
translational potential, it should not be forgotten though that
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this powerful technology has emanated from curiosity-driven
basic research. Remarkably, only eight years after its incep-
tion, clinical trials are underway to test whether CRISPR-Cas9
may be used to treat inherited diseases such as β-thalassemia
or sickle cell disease [2]. For safe and effective clinical use,
genome editing needs to be accurate, efficient, and deliverable
to the desired cells or tissues. Scientists around the world are
working tirelessly to achieve these goals and to advance the
ever-expanding repertoire of genome editing technologies [2].
We are witnessing a biotechnological revolution.

Acknowledgments Open Access funding enabled and organized by
Projekt DEAL. LW is supported by the Else Kröner-Fresenius-Stiftung
(2016_Kolleg.03), Bad Homburg, Germany. MK is supported by the
German Research Foundation (DFG): TRR 152 (project ID
239283807) and Germany’s Excellence Strategy (CIBSS – EXC-2189
– Project ID 390939984).

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Deltcheva E, Chylinski K, Sharma CM, Gonzales K, Chao Y,
Pirzada ZA, Eckert MR, Vogel J, Charpentier E (2011) CRISPR

RNA maturation by trans-encoded small RNA and host factor
RNase III. Nature 471:602–607. https://doi.org/10.1038/
nature09886

2. Doudna JA (2020) The promise and challenge of therapeutic genome
editing. Nature 578:229–236. https://doi.org/10.1038/s41586-020-
1978-5

3. Doudna JA, Charpentier E (2014) Genome editing. The new frontier
of genome engineering with CRISPR-Cas9. Science 346:1258096.
https://doi.org/10.1126/science.1258096

4. Engreitz J, Abudayyeh O, Gootenberg J, Zhang F (2019) CRISPR
tools for systematic studies of RNA regulation. Cold Spring Harb
Perspect Biol 11 https://doi.org/10.1101/cshperspect.a035386

5. Hofherr A, Busch T, Huber N, NoldA, BohnA, Viau A, Bienaime F,
Kuehn EW, Arnold SJ, Köttgen M (2017) Efficient genome editing
of differentiated renal epithelial cells. Pflugers Arch 469:303–311.
https://doi.org/10.1007/s00424-016-1924-4

6. Jinek M, Chylinski K, Fonfara I, Hauer M, Doudna JA, Charpentier
E (2012) A programmable dual-RNA-guided DNA endonuclease in
adaptive bacterial immunity. Science 337:816–821. https://doi.org/
10.1126/science.1225829

7. Komor AC, Kim YB, Packer MS, Zuris JA, Liu DR (2016)
Programmable editing of a target base in genomic DNA without
double-stranded DNA cleavage. Nature 533:420–424. https://doi.
org/10.1038/nature17946

8. Sapranauskas R, Gasiunas G, Fremaux C, Barrangou R, Horvath P,
Siksnys V (2011) The Streptococcus thermophilus CRISPR/Cas sys-
tem provides immunity in Escherichia coli. Nucleic Acids Res 39:
9275–9282. https://doi.org/10.1093/nar/gkr606

9. Shalem O, Sanjana NE, Hartenian E, Shi X, Scott DA, Mikkelson T,
Heckl D, Ebert BL, Root DE, Doench JG, Zhang F (2014) Genome-
scale CRISPR-Cas9 knockout screening in human cells. Science
343:84–87. https://doi.org/10.1126/science.1247005

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

2 Pflugers Arch - Eur J Physiol (2021) 473:1–2

https://doi.org/
https://doi.org/10.1038/nature09886
https://doi.org/10.1038/nature09886
https://doi.org/10.1038/s41586-020-1978-5
https://doi.org/10.1038/s41586-020-1978-5
https://doi.org/10.1126/science.1258096
https://doi.org/10.1101/cshperspect.a035386
https://doi.org/10.1007/s00424-016-1924-4
https://doi.org/10.1126/science.1225829
https://doi.org/10.1126/science.1225829
https://doi.org/10.1038/nature17946
https://doi.org/10.1038/nature17946
https://doi.org/10.1093/nar/gkr606
https://doi.org/10.1126/science.1247005

	Nobel Prize 2020 in Chemistry honors CRISPR: a tool for rewriting the code of life
	References


