Edicao génica:
CRISPR/Cas9




O CRISPR/Cas9 é o nome de uma técnica de
biologia molecular capaz de editar (remover,
adicionar, trocar) sequéncias de DNA localizadas
em qualquer regiao do genoma. Essa técnica é
baseada em um sistema de memoria
imunoldgica presente nas bactérias, usado para
protegé-las de invasdes por bacteriofagos.




O sistema CRISPR/Cas9 consiste em duas moléculas:

-Cas9: uma enzima (nuclease) que atua como um par de
“tesouras” que pode cortar as duas fitas do DNA em um
local especifico no genoma.

-RNA guia (gRNA): um pequeno pedaco de sequéncia de
RNA (com cerca de 20 bases de comprimento) localizada
dentro de uma estrutura de RNA mais longa. Essa molécula
de RNA “guia” a Cas9 para a parte do genoma que devera
ser cortada.




Bactérias como a Streptococcus
thermophilus sao utilizadas para para fazer
iogurtes e queijos. Mas certos virus —
bacteriofagos podem debilitar a bactéria,
causando estragos na qualidade ou
guantidade dos alimentos que ela ajuda a
produzir. Em 2007, cientistas da Danisco,
uma empresa de ingredientes alimentares
sediada em Copenhagen, agora
propriedade da DuPont, descobriram uma
forma de aumentar as defesas destas
bactérias a fagos. Expuseram a bactéria a
um fago e mostraram que isso
essencialmente a vacinava contra esse
virus (Science, 23 de marco de 2007, p.
1650). O trugue permitiu a DuPont criar

The CRISPR Craze cepas de bactérias mais resistentes para a
SCIENCE producao de alimentos. Também revelou
23 Aug 2013 algo fundamental: as bactérias tém uma

espécie de sistema imune adaptativo, que
Ihes permite lutar contra ataques
repetidos de fagos especificos.
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Imunidade mediada por CRISPR/Cas em procariotos
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Imunidade mediada por CRISPR/Cas em procariotos

Nova Infeccio viral

ETAPA 1: pequenas sequéncias de ETAPA 2: RNA @ transcrito a partir  ETAPA 3: CTRNA pegueno
DNA viral 530 Integradas no 16cus do locus CRISPR, processado @ complexado com Cas procura
CRISPR ligado a proteina Cas e destrol sequénclas virals
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CRNA= crispr RNA Eric S. Lander, The heroes of CRISPR, Cell:164 (2016)




(Conjunto de Repeticdes Palindrémicas

C R I S P R-Ca S 9 Regularmente Espacadas em associacdo

com a nuclease Cas9)

Francisco Mojica
Microbiologist who discovered

Credit: Alexander Heinel/Picture IIiance/DPA

and named CRISPR Jennifer Doudna and Emmanuelle
Charpentier showed that the system
Clustered Regularly Interspaced could be programmed to cut specific
Short Palindromic Repeats sites in isolated DNA. They shared the

2020 Nobel Chemistry Prize.
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A Programmable Dual-RNA-Guided
DNA Endonuclease in Adaptive

Bacterial Immunity

Martin Jinek,*2* Krzysztof Chylinski,** Ines Fonfara,® Michael Hauer,*t
Jennifer A Doudna,l‘z'!""¢ Emmanuelle Charpenﬁer‘j:

Clustered regularly interspaced short palindromic repeats (CRISPR)/CRISPR-associated (Cas) systems
provide bacteria and archaea with adaptive immunity against viruses and plasmids by using
CRISPR RNAs (ocRNAs) to guide the silending of invading nucleic adds. We show here that in a
subset of these systems, the mature crRNA that is base-paired to trans-activating aRMNA (tracrRNA)
forms a two-RNA structure that directs the CRISPR-associated protein Cas? to introduce
double-stranded (ds) breaks in target DNA. At sites complementary to the crRNA-guide sequence,
the Cas9 HNH nudease domain cleaves the complementary strand, whereas the Cas9 RuvC-like
domain deaves the noncomplementary strand. The dual-tracrRNA:crRNA, when engineered as a
single RNA chimera, also directs sequence-specific Cas? dsDNA cleavage. Our study reveals a
family of endonucleases that use dual-RNAs for site-specific DNA cleavage and highlights the
potential to exploit the system for RNA-programmable genome editing.

mediated adaptive defense systems called

clustered regularly interspaced short pal-
indromic repeats (CRISPR)CRISPR-associated
(Cas) that protect organisms from invading vi-
ruses and plasmids (/-3). These defense systems
rely on small RNAs for sequence-specific de-
tection and silencing of foreign nucleic acids.
CRISPR./Cas systems are composed of cas genes
organized in operon(s) and CRISPR array(s) con-
sisting of genome-targeting sequences (called
spacers ) interspersed with identical repeats (/-3).
CRISPR/Cas-mediated immunity occurs in three
steps. In the adaptive phase, bacteria and archaea
harboring one or more CRISPR loci respond to
viral or plasmid challenge by integrating short
frapments of foreign sequence (protospacers)
into the host chromosome at the proximal end
of the CRISPR.aray (/-3). Inthe expression and
interference phases, transcription of the repeat-
spacer element into precursor CRISPR RNA
(pre<cttNA)molecules followed by enzymatic

Bacterin and archaea have evolved RNA-
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cleavage yields the short crRNAs that can pair
with complementary protospacer sequences of
invading viral or plasmid targets (4-17). Tar-
get recognition by crRNAs directs the silencing
of the foreign sequences by means of Cas pro-
teins that function in complex with the crRNAs
(10, 12-20).

There are three types of CRISPR/Cas systems
(21-23). The type | and 111 systems share some
overarching features: specialized Cas endo-
muclenses process the pre-ciNAs, and once mature,
each ctRNA assembles into a large multi-Cas
protein complex capable of recognizing and
cleaving nucleic acids complementary to the
crRNA. In contrast, type Il systems process pre-
crRMNAs by a different mechanism in which a
trans-activating crRNA (tractRNA) complemen-
tary to the repeat s in pre-ctRNA miggers
processing by the double-stranded (ds) RNA-
specific ribonuclease RNase I in the presence
of the Cas® (formerly Csnl) protein (fig. 1)
(4, 24). Cas? is thought w be the sole protein
responsible for crRNA-guided silencing of for-
eign DNA (25-27).

We show here that in type Il systems, Cas®
proteins constitute a family of enzymes that re-
quire a base-paired structure formed between
the activating tractRNA and the targeting crRNA
tocleave target dsDNA. Site-specific cleavage oc-
curs at locations detemmined by both base-pairing
complementarity berween the clNA and the tar-
get protospacer DNA and a short motf [referred
to as the protospacer adjacent motif (PAM)] jux-
taposed to the complementary region in the tar-
get DNA. Our study further demonstrates that
the Cas? endonuclease family can be programmed
with single RNA moleaules to cleave specific DNA
sites, thereby raising the exciting possibility of

developing a simple and versatile RNA-directed
system to generate dsDNA breaks for genome
targeting and editing.

Cas9 is a DNA endonuclease guided by
two RNAs. CasO, the hallmark protein of type 11
systems, has been hypothesized to be involved
inboth crRNA maturation and crRNA-guided
DNA interference (fig. S1) (4, 25-27). Cas0 is
involved in crRNA maruration (<), but its direct
participation in target DNA destruction has not
been investigated. To test whether and how Cas9
might be capable of target DNA cleavage, we
used an overexpression system to purify Cas9
protein derived from the pathogen Streprococous
pvogenes (fig, 52, see supplementary materials
and methods) and tested its ability to cleave a plas-
mid DNA or an oligonucleotide duplex bearing
4 protospacer sequence complementary o a ma-
ture crRNA, and a bona fide PAM. We found that
mature ciit NA. alone was incapable of directing
CasO-catatyzed plasmid DNA cleavage (Fig. 1A
and fig. S3A). However, addition of tracrRNA,
‘which can pair with the repeat sequence of crRNA
and is essential to cRNA maturation in this sys-
tem, triggered Cas? to cleave plasmid DNA (Fig.
1A and fig. 83A). The cleavage reaction required
both magnesium and the p of a clRNA
sequence complementary to the DNA; a cliNA
capable of tracfRN A base pairin g but contain ing
a noncognate target DNA-binding sequence did
not support CasQ-catalyzed plasmid cleavage
(Fig. 1A; fig. S3A, compare ciRNA-sp2 to
crRNA-spl; and fig. S4A). We obtained similar
results with a short linear dsDNA substrate (Fig.
1B and fig. 53, Band ). Thus, the trans-ac ivating
tractRNA is a small noncoding RN A with two crit-
ical fimctions: miggering pre-crRNA processing
by the enzyme RNase Il (<) and subsequenty ac-
tivating crRNA-guided DNA cleavage by Cas9.

Cleavage of both plasmid and short linear
dsDNA by tractRNAzerRNA-guided Cas0 is site-
specific (Fig. 1, C to E, and fig. S5, A and B).
Plasmid DNA cleavage produced blunt ends at
a position three base pairs upstream of the PAM
sequence (Fig. 1, C and E, and fig. 55, A and C)
(26). Similarly, within short dsDNA duplexes,
the DNA strand that is complementary to the
target-binding sequence in the ctRNA (the com-
plementary strand) is cleaved at a site three base
pairs upstream of the PAM (Fig. 1, Dand E, and
fig. 55, Band C). The noncomplementary DNA
strand is cleaved atone or more sites within three
to eight base pairs upstream of the PAM. Further
mvestigation revealed that the noncomplementary
strand is first cleaved endonucleolytically and
subsequently rimmed by a 35" exonuclease ac-
tivity (fig. S4B). The cleavage rates by Cas9 un-
der sinffle-mrmverccm:liﬁom ranged from 0.3 to
1 min~, comparable to those of restriction endo-
nucleases (fig. S6A), whereas incubation of wild-
type (WT) CasO-tracrRNA el NA complex with
a fivefold molar excess of substrate DNA pro-
vided evidence that the dual-RNA-guided Cas9
is a multiple-turnover enzyme (fig. S6B). In
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Guerra de patentes
Pesquisadores duelam por direitos de explorar a ferramenta
de edicao de genes CRISPR-Cas9 na Justica norte-americana

T

George Church Jennifer Doudna Feng Zhang Emmanuelle Charpentier

https://www.science.org/content/article/how-battle-lines-over-crispr-were-drawn




Edicao de genoma utilizando CRISPR/Cas
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Edicdo com Crispr/Cas9
desencadeia reparo
enddgeno de quebra de
DNA dupla fita.



Limitacoes:

-muitas pesquisas ainda sao necessarias para avaliar

a eficiéncia e, principalmente, a seguranca de utilizar essa
técnica em humanos.

-“off-targets” (fora do alvo):geracao de mutacoes
Indesejadas.

- edicao do DNA levanta muitas questoes éticas.

SECOND INTERNATIONAL SUMMIT ON

HUMAN GENOME EDITING
He Jiankui alegou ter modificado um gene (o
CCRS5) de embrides que foram implantados em
uma mulher e resultaram no nascimento de
duas crian¢gas com uma altera¢ao que as torna

resistentes a infec¢do por HIV.

https://revistapesquisa.fapesp.br/chines-e-suspenso-
por-ter-criado-bebes-com-gene-alterado/



Vantagens:

-Simplicidade e facilidade em desenhar o alvo (complexo
Cas com sequéncia de RNA);

-Edicoes podem ser realizadas em mais de um gene ao
mesmo tempo;

- Mais barato que métodos anteriores de edicao de

genoma.




https://www.youtube.com/watch?v
=4YKFw2KZA50

https://www.youtube.com
/watch?v=2pp17E4E-O8&




CRISPR/Cas e tratamento de doencas genéticas

News & analysis
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FITSt CRISPR therapy seeks landmark approval

By Katia Kingwall
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Ex: anemia falciforme

Silenciar o BCL11A, um repressor do gene da
hemoglobina fetal, em células progenitoras
hematopoiéticas (HSPCs) que foram colhidas de
doentes. A hemoglobina fetal € normalmente
silenciada nos meses que se seguem ao nascimento,
mas a reativacao do gene produz proteinas que
podem compensar a beta-globina defeituosa em

beta-hemoglobinopatias.

l I I
DAL
Normal adult hemoglobin

Adult hemoglobin gene

U]
BCL11A gene Fetal hemoglobin

CTX001
(CRISPR/Cas9)

https://www.nature.com/articles/d41573-023-00050-8 @) Subunit of hemoglobin
@ subunit of adult hemoglobin

@ Subunit of fetal hemoglobin




Camundongos transgénicos e knock out.




CAMUNDONGOS TRANSGENICOS
(adIQéO de genes) Inject foreign DMA
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Fertilized mouse agg prior
to fusion of male and
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Transfer injected eggs
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Camundongo transgénico que apresenta multiplas
copias do hormbnio de crescimento de ratos,
inseridas in tandem em um unico sitio

randémico em um de seus cromossomos.




Camundongos knock out

KNOCK OUT DE GENES

Inativacdo de um gene.
Através da substituicao de um gene por um DNA artificial
(targeting vector) através da recombinacao homoéloga

A recombinacao homoéloga:
recombinacdo genética em que
seguéncias sao trocadas entre duas
moléculas de DNA semelhantes ou
idénticas.




A. Gene targeting of embryonic stem cells
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Mouse Cas9
/TOSQ RNA Reimplantation

—_—
—— [emplate
KO or KI
Zygote

B

-5
inject the mutated inject CRISPR
ES cells into a components

mouse embryo to
create chimeric
mice

directly into a
zygote and obtain a
knockout mouse

P

Conventional Gene CRISPR Gene
Targeting (8-10 months) Editing (=3 months)




	Número do slide 1
	Número do slide 2
	Número do slide 3
	Número do slide 4
	Número do slide 5
	Número do slide 6
	Número do slide 7
	Número do slide 8
	Número do slide 9
	Número do slide 10
	Número do slide 11
	Número do slide 12
	Número do slide 13
	Número do slide 14
	Número do slide 15
	Número do slide 16
	Número do slide 17
	Número do slide 18
	Número do slide 19
	Número do slide 20
	Número do slide 21
	Número do slide 22

