agencies, based in Brasilia.

Larger states are not immune. Rio de Janei-
ros funding agency, which has seen its annual
budget treble since 2006 to R$450 million,
has received less than 60% of its promised
allocation so far this year, says Jerson Lima
Silva, the agency’s scientific director. And
although Brazil’s largest and most powerful
state funding agency, the Sao Paulo Research
Foundation (FAPESP), has received all of its
mandated funds and has an endowment large
enough to cover any shortfalls, it is still feel-
ing the bite of shrinking state revenues and
the poor exchange rate, says its scientific
director, Carlos Henrique de Brito Cruz.

In an effort to revive science spending,
science minister Aldo Rebelo is seeking a
US$2-billion loan from the Inter-Ameri-
can Development Bank, headquartered
in Washington DC. Among other things,
this will help to pay for planned National
Science and Tech-

nology Institutes.  “weoneed to
Press reports sug- do eve .
rything
gest that the.bank has we can to save
agreed to this, but the P
Brazilian

MCTI told Nature
that the deal requires
approval from other
government ministries and the Senate.

In a statement, a spokesman for the
ministry said that Rebelo is also negotiating
with the government to secure some of the
50% of oil-revenue funds for science that
have yet to be allocated. “The MCTT has
taken action in order to restore the budget
and is seeking new sources of funding for
the science and technology system,” he said.
For example, despite September cuts of
R$3.8 billion to a separate government fund
called the Growth Acceleration Programme,
Rebelo has secured funding for two cutting-
edge science facilities that it was to have
supported: a synchrotron light source set to
come online in 2016 and a research nuclear-
reactor facility due to open in 2018.

But with Brazil’s economy showing
no signs of recovery, many fear that the
worst is yet to come. After further cuts
were announced on 14 September, reports
emerged that the government wants to merge
the CNPq with CAPES, the Brazilian Federal
Agency for the Support and Evaluation of
Graduate Education, which is funded by the
education ministry. The Brazilian Academy
of Sciences and the Brazilian Society for the
Advancement of Science, among others,
came out strongly against such a moveina
letter to the president, citing the agencies’
“clear and complementary missions”. And
Gargioni thinks that the crisis could con-
tinue for years. “The situation is so black;’
says Azevedo. “We had very good graduate
programmes and science, and now we will
beback to 20 years ago. We need to do every-
thing we can to save Brazilian science” m

science.”
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Bacteria yield
new gene cutter

Smaller CRISPR enzyme should simplify genome editing.

BY HEIDI LEDFORD

T he CRISPR/Cas9 gene-editing technique

is revolutionizing genetic research:

scientists have used it to engineer crops,
livestock and even human embryos, and it may
one day yield new ways to treat disease.

But one of the technique’s pioneers thinks
that he has found a way to make CRISPR even
simpler and more precise. On 25 September, a
team led by synthetic biologist Feng Zhang of
the Broad Institute in Cambridge, Massachu-
setts, reported the discovery of a protein that
may overcome one of CRISPR/Cas9’s few limi-
tations'. Called Cpf1, the protein should make
it easier to edit genes by replacing one DNA
sequence with another, without compromising
CRISPRs ability to disable genes.

The CRISPR/Cas9 system evolved as a way
for bacteria and archaea to defend themselves
against invading viruses. It is found in a wide
range of these organisms, and uses an enzyme
called Cas9 to cut DNA at a site specified by
‘guide’ strands of RNA. The cell’s natural pro-
cesses then repair the cuts. Researchers have
now turned CRISPR/Cas9 into a molecular-
biology powerhouse that can be used in other
organisms.

CRISPR is much simpler than previous gene-
editing methods, but Zhang thought that there
was still room for improvement. So he and his
colleagues searched the bacterial kingdom to
find an alternative to the Cas9 enzyme com-
monly used in laboratories. In April, they
reported” that they had discovered a smaller
version of Cas9 in the bacterium Staphylococcus
aureus. The small size makes the enzyme easier
to shuttle into mature cells — a crucial destina-
tion for some potential therapies.

The team was also intrigued by Cpfl, a
protein thatlooks very different from Cas9, but
is present in some bacteria that use the CRISPR
system. The scientists evaluated Cpfl enzymes
from 16 different bacteria, eventually finding
two that could cut human DNA.

They also uncovered some curious vari-
ations in how Cpfl and Cas9 work. Cas9
requires two RNA molecules to cut DNA;
Cpfl needs only one. The proteins also cut
DNA at different places, offering research-
ers more options when selecting a site to edit,
says epigeneticist Luca Magnani of Imperial
College London.

And Cpf1 cuts DNA in a different way. Cas9

cuts both strands in a DNA molecule at the
same position, leaving behind what molecular
biologists call ‘blunt’ ends. But Cpf1 leaves one
strand longer than the other, creating a ‘sticky’
end. Blunt ends are not as easy to work with
because a DNA sequence could be inserted in
either strand. But a sticky end will only pair
with a complementary sticky end.

“The sticky ends carry information that can
direct the insertion of the DNA,” says Zhang,
and that makes the process more controllable.

STICKWITHIT

Zhang’s team is now working to use these
sticky ends to improve the frequency with
which researchers can replace a natural DNA
sequence. Cuts left by Cas9 tend to be repaired
by sticking the two ends back together, a
process that can leave errors. Although itis pos-
sible that the cell will instead insert a designated
new sequence at that site, that kind of repair
occurs much less frequently. Zhang hopes that
the unique properties of Cpfl may be harnessed
to make such insertions more frequent.

For Bing Yang, a plant biologist at the Iowa
State University in Ames, this is the most excit-
ing aspect of Cpfl. “Boosting the efficiency
would be a big step for plant science,” he says.
“Right now, it is a major challenge”

Will the new enzyme surpass Cas9 in
popularity? “It’s too early to tell,” says Zhang.
“It certainly has some distinct advantages.”
The CRISPR/Cas9 system is so popular —
and potentially lucrative — that it has sparked
a fierce patent fight between the University
of California, Berkeley, and the Broad Insti-
tute and its ally, the Massachusetts Institute of
Technology in Cambridge. Zhang says that his
lab will make the CRISPR/Cpf1 components
available to academic researchers, as it has
done with its CRISPR/Cas9 tools.

For now, the results stand as a testament that
researchers still have more to learn from the
genome-editing systems that bacteria have
evolved. Microbiologist John van der Oost of
Wageningen University in the Netherlands,
who collaborated on the latest study with
Zhang, plans to keep searching for new meth-
ods. “You never know whether one of these
systems will be suitable for genome editing,”
he says. “There are still surprises ahead of us” m
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