SISTEMAS DE EXPRESSAO GENETICA
EM CELULAS ANIMAIS

Dr. Carlos Frederico Martins Menck
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Jackson, D.A., Symons, R.H. and Berg, P., ''Biochemical method for inserting new genetic
information into DNA of Simian Virus 40: circular SV40 DNA containing lambda phage genes and
the galactose operon of Escherichia coli," Proc. Nat. Acad. Sci. USA 69, pp. 2904-2909 (1972).
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Mas como precisa ser um vetor para
Expressar em células humanas:

-precisa ter introns?

-O que ¢ um cassete de expressao genética?

-Como fazer DNA entrar nas celulas?

-Quanto tempo essa expressao vai durar?



Sequéncias necessarias para expressao génica:

Regiio 5° upstream do gene, promotor:
qual a funcao da TATA box?

Upstream TATA mRNA
promoter clements  box initation
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Sequéncias necessarias para expressao génica:

Regido 5~ upstream do gene, promotor....
3{;& tudo para o acesso da RNA polimerase II:
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Outros promotores promiscuos:

-MLP adenovirus
-LTR de retrovirus (o que ¢ LTR?)

-Late promoter de CMYV (muito forte).

-Quais as vantagens desses promotores?

-Quais as desvantagens?



- Promotores tecido especifico!

- Queratinocitos
(promotor do gene K14)

- Neuronios

e INSE (1.2-kb)-GFP

WPRE

Gonzalez-Gonzalez et al,
Gene Therapy, 2009

Shinohara et al,
Molecular Neurology, 2019
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-Promotores regulaveis:

pMT (metalotioneina, indutivel com Cd e Zn)

-Promotores Tet on and Tet off
(uso de tetraciclina ou doxiciclina)

A) Tet-Off
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https://www.youtube.com/watch?v=42FPB2joEHE




Sequencia para inicio de traducao
em células humanas:

-na0 tem Shine-Dalgarno
-10 AUG
- sequencia consenso:

-5"GCCGCCAGCCAUGG-3”

-EXCETO IRES (poliovirus): ="

internal ribosome entry



-Como pode ser usado o IRES?

= Promoter [Gene of interest IRES Iporter gene Poly A
Ribosomes @
— —
<3 %RNA of interest -——AAAAAA

IRES Eorter mRNA

@

Protein of interest

@

Reporter protein

-Permite expressoes simultaneas!

-Para que?

- 0 que sao0 gene reporters?



Outros sinais necessarios no gene:
Sitios de splicing (cDNA ou genomico).

Consenso: seq invariavel (GU...AG)

5'-A(%(iU(A)AGU....INTRON....(U/C)n....Ci(iG-?a'

Mas é necessario um intron????

‘a -- 3" do gene- terminacio
2’%:{.‘2 -GU ou U rich...
B -sinal de poliA= AAUAAA
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Twmis” - stabilidade do transcrito.
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2. Replicar ou nao replicar, eis a questao?
(replicons virais).
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m Como introduzir o DNA dentro das células?

O

i;‘g

R
:ﬁ;% 1. Fosfato de calcio
:3:;,;‘5':%* -forma precipitado

v,
i

-usa muito DNA (10 ug DNA/placa)
-simples mas pouco eficiente.
-shock de glicerol (toxico)

4.
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2. DEAE-dextran (pioneiro- 1968)
- eficiente para expressao transiente.
- 0 para algumas celulas
- pouco DNA ¢ necessario (1 ug DNA/placa).
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3. Lipossomos (evolucao clara com aumento de
eficiencia de transfeccao)
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Como introduzir o DNA dentro das células?

“xwie  Vetodos fisicos:
=% 4, Eletroporacio: pouco DNA

% CELL ELECTROPORATION:

= Electroporation is the application of high voltage to a

E I eCt ro p ora t | on Ce | I P rocess mixture of DNA and cells in suspension.
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Integrar (permanente) ou nao integrar (transiente):
essa nao € a questao!
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*:E% Frequencia de entrada na célula- 20%,

: Mas frequencia de integracao: 10+ a 10-5!!!
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$ Marcadores genéticos:
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3 methotrexato e a amplificacio génica!!

Co-amplification of genes on unlinked plasmids
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Marcadores geneéticos:

Marcadores dominantes
Resisténcia a antibioticos:

-Neo- geneticina (=G418~ kanamicina)
-Hyg- higromicina.

-Puromicina

-blasticidina



. Selecao Negativa (por que usar?):
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Mas como usar os marcadores para introduzir
Genes nas células?
- integracao de DNA na célula em tandem! (qual a vantagem?)

S
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ingle-copy integration
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linear vector DNA
transfected into cells

insertion vector DNA

deletion of insertion

l vector DNA

genomic DNA
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52 _ clivar o DNA (linear X super coil).

(DNA com pontas livres integra
no genoma mais eficientemente)



Nocoes de gene reporter:
- CAT (cloranfenicol acetil transferase)
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EGFKP:

Jelly fish protein

Green Fluorescent
protein




Outras cores:

In 1999, Russian scientists isolated a red fluorescent protein, DsRED, from a
coral. This protein was larger and more cumbersome than GFP. Tsien,
however, managed to decrease the size of DsRED. From DsRED, Tsien also
developed proteins with mouth-watering names like mPlum, mCherry,
mStrawberry, mOrange and mCitrine.

The researchers called this experiment “the brainbow”.

Researchers at Harvard University in the USA have coloured the nerve cells in a mouse’s brain so that it fluoresces in all the
. s colours of the rainbow. The nerve cells produce different amounts of three GFP-like proteins that fluoresce yellow, cyan and
:g:ﬂ'- red, mimicking the colours used in a printer. This enables researchers to see how individual nerve cells in the brain are woven

"‘,'h ! together in a network. Photo: Livet et al (2007) Nature 450 56-63.



EGFP: Green Fluorescent protein NOBEL Quimica 2008

“for the discovery and development of the green fluorescent
protein, GFP"

Photo: UCSD

Martin Chalfie Roger Y. Tsien




Outro gene reporter importante: luciferase!!
Por que? Qual a vantagem em relacao ao GFP?

A luciferase precisa de substrato, o GFP nao!!!!

Firefly coelenterazine

"

J l
cell
extracts Firefly luciferase Renilla luciferase

Promoter activity = Firefly luciferase activity / Renilla luciferase activity




Visualizacao in vivo em IVIS!!!

e CIS CIS TMZ CIS+TMZ
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Clarissa Rocha



A revolucao da transfeccao de RNA!!!

Kati Kariko

From DNA to Protein From mRNA to Protein

""""""



A revolucao da transfeccao de RNA!!!

RNA FeCtion ™  Dose respose of GFP mRNAExpress Transcripts

J A
SUR <DNA 3'UTR polyA
mMRNAEXxpress -
Transcripts
Vortex, 7
incubate '

15 minutes [ i

& ]

Add directly
to cells
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Camundongos transgénicos

The prodl;ction of transgenic animals by microinjection

Transgenic Mice by Microinjection

7 4 XA

Gene of interest

QPronucIeus
DNA d Pronucleus

| o ®
Light suction C—, >
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Implant egg into
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Oftsprings with the desired characteristics and contain the inserted gene
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L Animais transgenicos: producao agropecuaria!

“.’-% . ...‘ :‘

Creating a transgenic animal

e
Gene of choice
iIs manipulated

and prepared
in the laboratory

e
&

.\“?/Tr;z:ne is injected
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into the egg of an animal

E?g iIs implanted
INto a surrogate



Células tronco embrionarias

Sperm or egg cell

Embryonic stem cells Undifferentiated @
ES cells

An early embryo is called a blastocyst.
The cells in the outer layer (gray) will
form the placenta. During a normal
pregnancy, cells in the cell mass on the
inside (green) would develop into an
embryo.

These embryonic stem cells, ES cells,
have not yet differentiated. This means
they are still capable of developing
into any of the cell types required to
make up the new individual.

/\\/
/ Nerve cells

= s 0))) .
Blastocyst
s

Muscle cel

A. Gene targeting of embryonic stem cells

Bk

Targeting vector
introduced by
electroporation

—l _ o
Rare cell car
targeted gen

blastocyst

Positive-negative
selection

= ~
&”—i Pure population
e

'fh i of targeted ES cells




Células tronco embrionarias e
disrupcao génica. NOBEL 2007

Photo: U. Montan Photo: U. Montan Photo: U. Montan

Mario R. Capecchi Sir Martin J. Evans Oliver Smithies
Prize share: 1/3 Prize share: 1/3 Prize share: 1/3

The Nobel Prize in Physiology or Medicine 2007 was awarded jointly
to Mario R. Capecchi, Sir Martin ). Evans and Oliver Smithies "for
their discoveries of principles for introducing specific gene
modifications in mice by the use of embryonic stem cells".



Células tronco embrionarias

ES cells
(embryonic stem cells)

ES cell culture

Early embryo

Evans showed that if a genetic modification
is inserted into an ES cell that later gives
rise to a new individual, the modification
will be present in every cell of that new
individual.
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Células tronco embrionarias- elas
podem passar de geracao em geracao!!!

CAMUNDONGOS OUIMERAS....

ES cells Genetically modified Blastocyst
ES cells injected into implanted in

blastocyst surrogate mother

Mouse pup with
viral DNA




B. Generation of gene targeted mice

K

Targeted ES cells ..which are
are injected implanted into
into blastocysts... foster mothers

..which give birth

Mating between
chimenc mouse
and normal
mouse.

Gene targeted mice @_ @_

Normal mice
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Celulas tronco embrionarias: gene targeting

HGPRT gene (resisténcia a 6-tioguanina):

Lesch Nyhan syndrome

Sindrome ligada ao X__ afeta principalmente

homens (uma copia)

Capecchi e Smithies conseguiram gerar

¢ ES com a mutacao em camundongos

Frequéncia de 1/1000:
NAO SIMULOU A SINDROME!
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gene targeting por recombinacao homologa!

A. Gene targeting of embryonic stem cells

Targeting vector
introduced by
electroporation

B ——
Mouse N e S S
blastocyst .
Rare cell carrying
targeted gene
e Positive-negative
= f:_-.-.- Lol t‘f::.___ -
Pure population '\\. T NCETY selection
of targeted ES cells - pPre @ ’;//




Gene targeting: selecao positiva e negativa!
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Reprogramacao nuclear: clonagem

Dolly, a ovelha!!ll

Adonar cell is taken from

a sheep's udder, Donor
_Nucleus
These two cells are fused
using an electric shock.
Egg Cell

O 4nucleus of the G!

egq cell is removed.
An egg cell is taken ./The fused cell

from an adult hegins dividing

female sheep. \ normally.
‘\f o LB
| H,fﬂ/ ¥
Cloned Lamb ‘ Embryo
J The embryo The embryo is placed
develops normally in the uterus of a foster

into a lamb—Daolly maother.

Kelth Campbell, Ian Wilmut, Edinburg, Escocia



‘%\ Reprogramando células adultas em

'"ijé. Células embrionarias: prémio nobel 2012

X% .. . R
: &L Photo: U. Montan Photo: U. Montan
RES e ‘ Sir John B. Gurdon Shinya Yamanaka

}”; s Prize share: 1/2 Prize share: 1/2
-f rize snare. rize snare.



. 121‘3‘:%, Reprogramando células adultas em 1962!
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Figure 2 John Gurdon used UV light (1) to destroy the cell nucleus in a frog egg. He then replaced the egg
nucleus with a cell nucleus from a differentiated intestinal epithelial cell from a tadpole (2). Many manipulated
eggs did not develop but in several cases normal swimming tadpoles were generated (3). This showed that the
genetic information required to generate the differentiated cells in a tadpole remained intact in the donor cell
nucleus. Later studies have shown that also mammals can be cloned bv this technique (4).



Delivery strategies for inductors of reprogramming

Reprogramando in vitro: células iPS!

Somatic cells

Lentivirus Retrovirus

Integrated

Traceless

Adenovirus

0CcT4

Episomal vectors

MYC

: /_% | -‘ iPS cells
N

Genomic free




: células iPS!

tro

>
=

Reprogramando




The Nobel Prize for Medicine

Shinya Yamanaka of Japan and John Gurdon of Britain honoured
for the their work on cell programming

1962 Gurdon discovered that “&
an adult frog cell could be ~

reprogrammed s
Nucleus .
ofacellof o . y

a frog egg '
removed from a living frog ’/

@ Replacedby .~ . 30

the nucleus — _ » Modified egg
of a tadpole * _ - grows into a
cell ¢ normal tadpole

Yamanaka discovered how mice cells
could be returned to their youthful

state, becoming plunpotent
stem cells

o Four genes from
a mouse embryo
were transferred S o
into cells taken : 4
from mouse skin %"

e Reprogrammed, they became = B, \
‘pluripotent’ stem cells - N
which could be developed into == = ~
all cell types of an adult mouse

(- 3 P ‘Pluripotent’ cells, » The discoveries have raised hopes
% g including nerve, that replacement tissue may in the
@ ’"\, heart and future be grown to fight disease
7 % | liver cells, in humans
fiy () ﬁguégr?ggted P The process avoids the need to
/71 \ | from humans use stem cells from early-stage

embryos for research
Source: Nobelprize.org y AP
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Verde: Lin28
Azul: DAPI







Neuronios
Verde: Tujl
Branco:
MAP2

Astrocitos

Vermelho:
GFAP

Nucleo
Azul: DAPI




A partir de células iPS é possivel

Cultivar organoides cerebrais!

Quanta Magazine



iPS cells can now be generated
from humans, including patients

with disease. Mature cells including
nerve, heart and liver cells can be
derived from these iPS cells, thereby
allowing scientists to study disease
mechanisms in new ways.
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