These polymers are semicrystalline and pos-
sess mechanical properties that compare well
with those of polylactide.

Furthermore, the authors found that by
blending two enantiomerically pure poly-
mers of opposite stereochemistry in a 1:1 stoi-
chiometric ratio, superior materials could be
obtained. Because of a phenomenon known
as stereocomplexation (73), the materials that
result from the simple blending process have
melting temperatures that are more than
75°C higher than those of either constituent
polymer, potentially enabling use in high-
temperature applications.

Plastics will continue to be critical for
addressing the continuing demands of our
society. New polymeric materials will, for ex-
ample, be needed for energy generation and
storage, to address healthcare needs, for food
conservation, and for providing clean water.
The circular materials economy will require
implementation of an appropriate infrastruc-
ture to underpin collection and sorting of
plastic that has reached the end of its first
life before it reaches the environment (4).
Beyond the design of new materials, this will
require collaboration across scientific and
nonscientific disciplines as well as political
and public will to ensure success.

Studies such as that of Zhu et al., in which
disposed plastics can be infinitely recycled
without deleterious effects on their proper-
ties, can lead to a world in which plastics
at the end of their life are not considered as
waste but as raw materials to generate high-
value products and virgin plastics. This will
both incentivize recycling and encourage sus-
tainability by reducing the requirement for
new monomer feedstocks. Current chemical
recycling processes are expensive and ener-
getically unfavorable, and further advances
in monomer and polymer development and
catalyst design are required to facilitate the
implementation of economically viable sus-
tainable polymers (74).
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Next-generation
diagnostics with CRISPR

CRISPR-Cas biology promises rapid, accurate,

and portable diagnostic tools

By Daniel S. Chertow

apid and accurate identification of in-
fectious diseases is essential to opti-

mize clinical care and guide infection
control and public health interven-

tions to limit disease spread both in
highly specialized medical centers

and remote health care settings. The ideal
diagnostic test would be inexpensive, accu-
rate, and provide a result rapidly, allowing
for point-of-care use on multiple specimen
types without need for technical expertise,
ancillary equipment, or power. Such a test
for highly pathogenic viruses that emerge
in remote settings but might spread glob-
ally (for example, Ebola virus and Middle
East respiratory syndrome coronavirus)
would aid in early case detection and iso-
lation, limiting disease spread and facilitat-
ing timely care (I). The sentinel discovery
that prokaryotes (bacteria and archaea)
have heritable adaptive immunity mediated
through CRISPR and CRISPR-associated
(Cas) proteins has led to transformative ad-
vances in molecular biology, most notably
in gene editing (2). On pages 436, 444, and
439 of this issue, Chen et al. (3), Myhrvold
et al. (4), and Gootenberg et al. (5), respec-
tively, highlight how evolving insights into
CRISPR-Cas biology are also revolutioniz-
ing the field of molecular diagnostics for in-
fectious diseases, through detection of Zika
virus (ZIKV), Dengue virus (DENV), and
human papillomavirus (HPV) in human
samples, and noninfectious diseases, such
as detection of gene mutations in circulat-
ing cell-free DNA from lung cancer patients.
Prokaryotes store genetic elements from
infectious agents (phages, plasmids, or trans-
posons) in genomic loci called CRISPR arrays
as memories for adaptive immunity. Cas pro-
teins facilitate adaptive immunity through
the processes of adaptation, CRISPR RNA
(crRNA) generation, and interference (6).
During adaptation, foreign genetic material
is processed and selected for integration into
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the CRISPR array, providing a recall element
during recurrent infection. Pre-crRNA is tran-
scribed as a long precursor and processed
into mature form as crRNA to guide Cas pro-
teins to cleave complementary sequences of
foreign elements (interference) to degrade
and eliminate those elements. By uncovering
the structural and functional components of
these diverse systems, new tools, including
those applicable to molecular diagnostics, are
emerging (see the figure).

Chen et al. report the discovery that when
CRISPR-Casl2a proteins cleave double-
stranded DNA (dsDNA) in a sequence-spe-
cific manner, they induce robust nonspecific
single-stranded DNA (ssDNA) trans-cleavage.
The authors apply this observation to develop
arapid and accurate test to detect carcinoma-
associated HPV types 16 and 18 from clinical
specimens. HPV dsDNA is extracted from
anal swabs and amplified through isother-
mal preamplification by recombinase poly-
merase amplification (RPA) (7), a method
that is rapid and does not require specialized

“Future work will expand
upon the range of
diagnostic applications
Jor infectious and
noninfectious diseases...”

equipment. A Cas12a-crRNA complex binds
to and cleaves target HPV dsDNA, which
activates trans-cleavage of ssDNA. A fluores-
cent reporter coupled to ssDNA generates a
fluorescent signal upon cleavage. This new
approach, called DNA endonuclease-targeted
CRISPR trans reporter (DETECTR), offers a
promising platform for rapid and accurate
detection of cervical cancer-associated HPV
subtypes that, consistent with World Health
Organization recommendations, might aug-
ment screening programs worldwide (8).
Myhrvold et al. introduce a new approach
to release and protect from degradation vi-
ral nucleic acids from clinical specimens,
bypassing the need for nucleic acid extrac-
tion in molecular diagnostics. This method,
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called HUDSON (heating unextracted
diagnostic samples to obliterate nucle-
ases), is a process of heat and chemi-
cal reduction that inactivates the high
amounts of ribonucleases (RNases)
found in body fluids and then lyses
viral particles by disrupting the viral
envelope, thereby releasing nucleic ac-
ids into solution. The authors combine
HUDSON with SHERLOCK (specific
high-sensitivity enzymatic reporter
unlocking), a Casl3-based nucleic
acid detection platform described
previously (9). Similar to DETECTR,

Clinical encounter
Resource-poor setting

Application of CRISPR diagnostics
Next-generation diagnostics applying CRISPR-Cas biology will
facilitate early disease detection and intervention.

Sample collection
Urine, blood, stool

Infection control
Optimal clinical care

rently determine the proportion of
genes successfully edited.

These emerging diagnostic tools
will by necessity be compared to stan-
dard diagnostics to ensure sensitivity
and specificity and will need to be
field-tested to guarantee performance
in patient care settings, as environ-
mental conditions and end-user ap-
plication might affect performance.
Proven assays, if affordable, promise
to improve care in resource-limited
settings where undifferentiated fe-
brile illness is the norm and where

SHERLOCK combines RPA and an
RNA-guided Cas13 that induces col-
lateral cleavage of nucleic acids. In
SHERLOCK, RNA coupled to a fluo-
rescent reporter is cleaved, producing

a fluorescent signal that is amplified
though enzymatic activity, which en-
hances test sensitivity. By combining
HUDSON and SHERLOCK, the au-
thors develop a sensitive and specific
diagnostic platform to detect the fla-
viviruses DENV and ZIKV directly
from body fluids (urine, saliva, serum,
plasma, and whole blood), with lim-
ited sample preparation or equip-
ment, that provides a result within

1 to 2 hours. DENV and ZIKV cocir-
culate in many areas of Central and South
America and have similar clinical presenta-
tion (10). ZIKV infection during pregnancy
predisposes to severe congenital anomalies
and is sexually transmissible, emphasizing
the need for accurate diagnosis among preg-
nant women and their sexual partners (I1).
HUDSON combined with SHERLOCK reli-
ably differentiates between DENV, ZIKV, and
another flavivirus, yellow fever virus (YFV),
which cocirculate and cause severe parallel
epidemics in Brazil (10). The platform can
also reliably distinguish between four closely
related DENV serotypes and can detect sin-
gle-nucleotide polymorphisms (SNPs) among
ZIKV isolates. This could be applied to detect
SNPs that confer antimicrobial resistance
[for example, among Mycobacterium tuber-
culosis (TB) isolates] or enhance pathogen
virulence or transmissibility [for example,
among highly pathogenic avian influenza A
(H5N1) viruses], allowing for better tracking
of emerging pathogens. Finally, the authors
show that the fluorescent readout of SHER-
LOCK can be replaced with a visual readout
on a paper test-strip, suitable for point-of-
care field application.

Gootenberg et al. introduce SHERLOCK
version 2 (v2). This improved assay allows
for detection of three ssRNA targets and
one dsDNA target in a single reaction.
The authors biochemically characterize 17
CRISPR-Casl3a and -Cas13b enzymes, se-
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1 Prepare sample, release NN
and protect nucleic acids

3 Accurately detect target

DIAGNOSTIC TEST

The ideal test is inexpensive, accurate, provides a result rapidly, and can be used on
multiple specimen types without technical expertise, ancillary equipment, or power.

Method: HUDSON A N TA N
- AV S N T
2 Amplify DNA and RNA Y A IA
Method: RPA ™ “\/\ I
A Y T A

lecting three with distinct cleavage prefer-
ences, that when combined with a Casl2a
enzyme and RPA accurately detect ZIKV
ssRNA, synthetic sSRNA, DENV ssRNA, and
synthetic dsDNA by visual readout in less
than 90 minutes. A potential application
of multitarget RNA and DNA detection by
SHERLOCKvV2 could be a rapid and accurate
diagnostic test for pneumonia pathogens.
DNA and RNA viruses alone or in combina-
tion with bacterial infection cause pneumo-
nia, a leading Killer of children worldwide
(12). An accurate and affordable point-of-
care diagnostic for pneumonia would allow
for early and targeted use of antibiotics in
remote settings.

Another feature of SHERLOCKv2 is quan-
titative and sensitive target detection. This
could be applied to a portable and accurate
test to monitor viral load among HIV pa-
tients receiving antiviral therapy in resource-
limited settings, substantially improving
global HIV care (13). SHERLOCKv2 was also
used to detect mutations in cell-free DNA
from the blood of non-small cell lung cancer
patients by fluorescence- and lateral flow-
based readouts, further expanding the po-
tential applications to liquid biopsy. Finally,
in proof-of-concept in vitro experiments, the
authors successfully apply SHERLOCKv2
both as a gene-editing therapeutic that cor-
rects a gene mutation that predisposes to
colon cancer, and as a diagnostic to concur-

Published by AAAS

1 gaps or delays in diagnosis, targeted
care, and infection control contribute
to infectious disease mortality and
spread. For example, TB results in an
estimated 1.3 million deaths annu-
ally, the leading cause from a single
infectious agent, and most deaths
could be prevented with early diagno-
sis and treatment (14). Assays might
be expanded to provide insight into

- pathogen resistance patterns to guide

antimicrobial therapy, molecular cor-
relates of pathogen viability to guide

and amplify signal \ . . o
PIV <18 \\ — ,a'. \ infection control, and compatibility

Method: SHERLOCK, Cloavage. A * ith additional Soeci h

SHERLOCK2, and DETECTR ~ Reporter with additional specimen types suc

as stool, respiratory secretions, and
cerebrospinal fluid, that when in-
tegrated with clinical judgment might for
example, differentiate etiology of enteritis,
pneumonia, and meningitis. Future work will
expand upon the range of diagnostic appli-
cations for infectious and noninfectious dis-
eases in the clinic, laboratory, and field where
assay accuracy, reliability, simplicity, speed,
flexibility, and cost will determine the scope
of impact.

REFERENCES AND NOTES

1. M.J.Broadhurst, T.J. G. Brooks, N. R. Pollock, Clin.

Microbiol. Rev. 29,773 (2016).

A.C.Komor,A.H.Badran, D.R. Liu, Cell 168, 20 (2017).

. J.S.Chenetal., Science 360,436 (2018).

. C.Myhrvoldetal.,Science 360, 444 (2018).

J.S.Gootenberget al., Science 360,439 (2018)

. F.Hilleetal.,Cell172,1239 (2018).

. O.Piepenburgetal.,PLOS Biol. 4,e204 (2006).

. apps.who.int/iris/bitstream/handle/10665/94830/

9789241548694 _eng.pdf?sequence=1

9. J.S.Gootenbergetal., Science 356,438 (2017).

10. C.l.Paules,A.S.Fauci,N. Engl. J. Med. 376,1397 (2017).

11. 1.U.Mysorekar,M.S. Diamond, N. Engl. J. Med. 375, 481
(2016).

12. T.Wardlawetal.,Lancet 368,1048 (2006).

13. J.Dorward, P.K.Drain, N. Garrett, Lancet 5, €8 (2018).

14, www.who.int/tb/publications/global_report/Exec_
Summary_13Nov2017.pdf?ua=1

OUDUTAWN

ACKNOWLEDGMENTS

The Intramural Research Programs of the National Institutes of
Health (Clinical Center, Critical Care Medicine Department and
Laboratory of Immunoregulation, National Institute of Allergy
and Infectious Diseases), U.S. Department of Health and Human
Services, supported this work. The content of this publication
does not necessarily reflect the views or policies of the U.S.
Department of Health and Human Services, nor does mention
of trade names, commercial products, or organizations imply
endorsement by the U.S. government.

10.1126/science.aat4982

sciencemag.org SCIENCE

GRAPHIC: V. ALTOUNIAN/SCIENCE

8102 ‘2z Iudy uo /610 Bewasuslos aoualos//:dny wolj papeojumod


http://science.sciencemag.org/
jamesrusling
Highlight

jamesrusling
Highlight

jamesrusling
Highlight

jamesrusling
Highlight

jamesrusling
Highlight


Science

Next-generation diaghostics with CRISPR
Daniel S. Chertow

Science 360 (6387), 381-382.
DOI: 10.1126/science.aat4982

ARTICLE TOOLS http://science.sciencemag.org/content/360/6387/381
RELATED JISCi i i
SONTENT http://science.sciencemag.org/content/sci/360/6387/439.full

http://science.sciencemag.org/content/sci/360/6387/436.full
http://science.sciencemag.org/content/sci/360/6387/444.full
http://stm.sciencemag.org/content/scitransmed/9/372/eaah3480.full
http://stm.sciencemag.org/content/scitransmed/9/418/eaan8081.full
http://stm.sciencemag.org/content/scitransmed/8/360/360ra134.full

REFERENCES This article cites 12 articles, 5 of which you can access for free
http://science.sciencemag.org/content/360/6387/381#BIBL

PERMISSIONS http://www.sciencemag.org/help/reprints-and-permissions

Use of this article is subject to the Terms of Service

Science (print ISSN 0036-8075; online ISSN 1095-9203) is published by the American Association for the Advancement of
Science, 1200 New York Avenue NW, Washington, DC 20005. 2017 © The Authors, some rights reserved; exclusive
licensee American Association for the Advancement of Science. No claim to original U.S. Government Works. The title
Science is a registered trademark of AAAS.

8102 ‘22 udy uo /610" Bewasuslos aoualos//:dny wolj papeojumoq


http://science.sciencemag.org/content/360/6387/381
http://science.sciencemag.org/content/sci/360/6387/439.full
http://science.sciencemag.org/content/sci/360/6387/436.full
http://science.sciencemag.org/content/sci/360/6387/444.full
http://stm.sciencemag.org/content/scitransmed/9/372/eaah3480.full
http://stm.sciencemag.org/content/scitransmed/9/418/eaan8081.full
http://stm.sciencemag.org/content/scitransmed/8/360/360ra134.full
http://science.sciencemag.org/content/360/6387/381#BIBL
http://www.sciencemag.org/help/reprints-and-permissions
http://www.sciencemag.org/about/terms-service
http://science.sciencemag.org/

