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Produtos Aprovados Comercialmente
Producao de insulina E. coli
Hormonio do

E. coli
crescimento humano
Tolerancia a herbicida Soja
Resisténcia a insetos Milho
Resisténcia a virus Ameixa

Produtos em Desenvolvimento

Enriguecimento de vitamina Arroz

Vacinas Tabaco

Rapida maturacao Salmao




Mosquito transgenico reduz em 81%
populacao de Aedes em bairro de Piracicaba

Empresa diz que inseto diminuiu larvas na regiao do Cecap, Centro e Sao Judas; comitiva de
cientistas africanos visitou cidade para conhecer projeto.

Melhoria genética vai prolongar efeito do
‘Aedes transgenico'

Um melhoramento genético no mosquito modificado vai matar larvas do Aedes fémea, que
pica e transmite doencas, e permitir a sobrevivéncia de machos. Tecnologia ainda esta em
testes.
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Human 'language gene' makes mice smarter

y 20:00 15 September 2014 by Clare Wilson
y For similar stories, visit the Genetics and Human Evolution Topic Guides

It was named the language gene before we really understood what it did. Now
mice given the human version of the FOXP2 gene are shedding light on how
speech evolved in early humans.

Mice with the gene seem to be better at learning to do a task automatically or
unconsciously — something we do when we learn a new route to work, for
example. The researchers claim that this, in conjunction with other work,
suggests the FOXP2 gene could help us learn to talk as infants by giving us
unconscious control over our lips and tongue.

http://www.newscientist.com/article/dn26216#.VBWYNfIT6NS



Isolamento de DNA

Isolamento de gene por clonagem: Isolamento de gene por PCR:
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Como podemos selecionar
ou identificar apenas um gene? varios milhoes



PCR — Reacao em cadeia da polimerase (Polymerase chain reaction) - 1983

The Nobel Prize in Chemistry 1993
Kary B. Mullis, Michael Smith

The Nobel Prize in
Chemistry 1993

Olha, ha disponibilidade
das sequencias
gendmicas na internet

ﬂa A

Kary B. Mullis Michael Smith

The Nobel Prize in Chemistry 1993 was awarded “for contributions to the
developments of methods within DNA-based chemistry” jointly with one
half to Kary B. Mullis “for his invention of the polymerase chain reaction
(PCR) method" and with one half to Michael Smith “for his fundamental
contributions to the establishment of oligonucleotide-based, site-directed
mutagenesis and its development for protein studies".

Principles of Genetics (Cap. 14)



Reacao em Cadeia da Polimerase (PCR)

Reacao in vitro

base| (A, G, C, or T)

Componentes da reacdo:

- DNA molde

- Iniciadores (primer)
- dNTPs

- DNA polimerase

- Magnésio

- Tampao

- Agua



Reacao em Cadeia da Polimerase (PCR)

ona 3 Oy [T 3L ) molecule

Ny
Q Denature, e.g., 95°C for 15 seconds
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Principles of Genetics (Cap. 14)



Reacao em Cadeia da Polimerase (PCR)

Ny
¢ © Anneal oligonucleotide primers
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Principles of Genetics (Cap. 14)



Reacao em Cadeia da Polimerase (PCR)

DNA is ﬂ The DNA is a The solution is ] [The entire cycle is repeated. Each time the cycle
heated to quickly cooled heated to 60°~70°C; is repeated, the amount of target DNA doubles.
°-100°C to 30°-65°C to DNA polymerase y 3 CYCIGS—S molecules
to separate allow short single- synthesizes new p A N
the two strand primers to DNA strands, e s s
strands. anneal to their creating two new, / - R
complementary double-stranded e
sequences. DNA molecules. | ' o ——— < T £ Sasbr 4 cycles-16 molecules
_—_—
\
l—» P —ad 5 cycles—32 molecules
TN =
D e — s
—— T
_— T |"> — -< : 10 cycles-1024 molecules
; g
oid DNA 1 - T - _—
\ = — —<:
30 cycles-1,073,741,766 molecules

Principles of Genetics (Cap. 14)
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Termociclador




Reacao em Cadeia da Polimerase (PCR)

Video

Polymerase Chain Reaction (PCR)

PCR — Polymerase Chain Reaction
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- Pontas adesivas/coesiva
Providencia stuartii
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Importancia das Enzimas de Restricao

TABLE 13.1 Restriction Endonucleases and Their Cleavage Sites

Enzyme* Recognition and Cleavage Site Enzyme* Recognition and Cleavage Site
) )
BamHI 5-GGATCGC-3' Hpall 5-CCGG-3'
3'-CCTAGG-5' 3'-GGCC-5'
1 1
) \
EcoR1 5-GAATTC-3' Notl 5-GCGGCCGC-3'
3'-CTTAAG-5' 3'-CGCCGGCG-H'
1 T
) \J
Hadll 5-GGCC-3' Pst 5-CTGCAG-3'
3'-CCGG-H' 3'-GACGTC-5'
1 T
)
Hindlll 5-AAGCTT-3'
3'-TTCGAA-5'
1
Palindromo

PBCampbell (Cap. 13)



The Nobel Prize in
Physiology or Medicine
1978

Werner Arber Daniel Nathans Hamilton O. Smith
Prize share: 1/3 Prize share: 1/3 Prize share: 1/3

The Nobel Prize in Physiology or Medicine 1978 was awarded jointly
to Werner Arber, Daniel Nathans and Hamilton O. Smith "for the
discovery of restriction enzymes and their application to problems of
molecular genetics".

O fago injeta DNA

-—em uma bactéria ’

Endonucleases de restrigao
ligam-se ao DNA do fago

T DNA bacteriano

Me

"

A endonuclease de restrigao
nao é capaz de ligar-se as
sequéncias de reconhecimento



Target sequence

The Nobel Prize in
Physiology or Medicine

1978 Methylation \ Cleaving by

restriction

endonuclease

Endogenous bacterial DNA DNA fragments from
modified by methylation infecting bacteriophage

Werner Arber Daniel Nathans Hamilton O. Smith
Prize share: 1/3 Prize share: 1/3 Prize share: 1/3
The Nobel Prize in Physiology or Medicine 1978 was awarded jointly £ 1 0
to Werner Arber, Daniel Nathans and Hamilton O. Smith "for the o be INSPIRED
discovery of restriction enzymes and their application to problems of Iﬂb drive DISCOVERY l’rm
molecular genetics". Inc. stay GENUINE

> 800 enzimas de restricao

PBCampbell (Cap. 13)



Clivagem de EcoRl
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_—Pipet

~Dilute soluion }|
of bacterial cells }I

T, | —

A growth medium

is suspended in
gelatin-like agar. ju

to petri plate.

\

Lid

Glass rod
/

solution of bacteria

solution evenly

with glass rod.

|

— —
\l |
\\\\ \Petri plate \\\ ||‘
l\\ \ I _‘
Add a dilute Spread bacterial | | After incubation for

1 to 2 days, bacteria
multiply, forming

visible colonies.

Colonies
(clones)

Petri dish E Cells
Cells
divide
many times

ﬂ‘g?sh"

Genetics (Cap. 8); PBCampbell (Cap. 13)
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Clonagem

Plasmid
vector

@ Cleavage at single
specific site

EcoRl EcoRl

e T T T T T

@ Join free ends to
ends of foreign DNA
\ Hybridization Foreign DNA

Recombinant

Chimeric

DNA plasmid

molecule

An Introduction to Genetic Analysis (Cap. 11); PBCampbell (Cap. 13)



( lclo:la;gen; ' '\_ {') eucariético na célula hospedeira.
plasmideo) =

@ O vetor de @ O fragmento de DNA de / @

Vetor de Vs \\\ Cromossomo l@ O DNA é introduzido

clonagem é interesse é obtido pela 1
clivado com clivagem do cromossomo com
endonuclease uma endonuclease de restric¢éo.
de restricéo. ®A propagacﬁo (clonagem) Temos

(3 (@ Os fragmentos sio ligados produz muitas oépias do

N / ao vetor de clonagem

- , preparado.
Q)
DNA-ligase

( —3 Vetor
\>—¥ recombinante

Petri dish Cells @
@ Cells
divide
many times

Colonies
(clones)

i

PBLehninger (Cap. 9); PBCampbell (Cap. 13)




Sitio de Sitios de Sitio de
clivagem / reconhecimento \ clivagem
DNA --~-GGTGAATTC AGCTTCGCATTAGCAGCTG  TAGC---

cromossomal ---CCACTTAAG TCGAAGCGTAATCGTCGAC ATCG-—~-

Endonuclease Endonuclease
de restrigio de restrigéio

EcoRI Poull

---GGTG AAT

AGCTTCGCATTAGCAG CTGTAGC---
---CCACTTAA C

TCGAAGCGTAATCGTC GACATCG---

Extremidades coesivas

(a)

Extremidades cegas

(b)

Pst1 HindIlI BamHI___Smal
AATTCCTGCAGAAGCTTCCGGATCCCCGGG

Vetor de GGACGTCTTCGAAGGCCTAGGGGCCCTTAA
clonagex_n Polylinker sintético

plasmidial

clivado com

EcoRI e Poull

DNA.

ligase

Vetor de clonagem plasmidial
clivado com EcoRI

(c)

)

The Nobel Prize in
Chemistry 1980

Walter Gilbert
Prize share: 1/4

Paul Berg Frederick Sanger

Prize share: 1/2 Prize share: 1/4

The Nobel Prize in Chemistry 1980 was divided, one half awarded to
Paul Berg "for his fundamental studies of the biochemistry of
nucleic acids, with particular regard to recombinant-DNA", the
other half jointly to Walter Gilbert and Frederick Sanger "for their
contributions concerning the determination of base sequences in
nucleic acids".

1971 — Juncgao de DNA viral simio 40
e DNA bacteriéfago A

PBLehninger (Cap. 9)



na célula hospedeira.

l@ O DNA é introduzido

produz muitas cépias do

l@ A propagacdo (clonagem)

DNA recombinante.
//‘_T\\ \ —
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\u \‘I |
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INCOMEETENT ‘T’DDAy

Em laboratdrio, poucas espécies conseguem ser transformadas

Incorporam quantidades limitadas de DNA (E. coli)

- Eficiéncia na transformagdo ——  Tratamento fisico e/ou quimico —— Competentes



Choque elétrico

/

Cubetas
esterilizadas com
radiaciio gama

Policarbonato
resistente a alta
voltagem

Padrbes de cores

das cubetas, de

acordo com a sua

bt “ aplicaciio

Tamanho das
cubetas compativel
com todos os
eletroporadores

Eletrodo de aluminio
com superficie
uniforme, garante uma
consistente transmissio
do pulso

S

Cell membrance
before pulsing

Cell membrane
during pulising

Cell membrane
after pulsing
fcell returns to



Células incubadas em meio nutritivo

Proteina de resisténcia
a antibiotico )
Plasmideo

Im
al

Clonagem Génica (Cap. 5)



Agitadora 37° C

Plagueamento a 37° C

Suspension of Suspension spread on
bacterial cells petri plate with agar gel

Clonagem Génica (Cap. 5)
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Selecao

Growth in medium that
contains antibiotic

. Foreign
Bacterial g

plasmi d ’ Insert gene (I

foreign Uptake by
gene bacterial /
Cell Further
> \division growth

/ N\

cell

—

/N

GeI.le. fo.r Plasmid with Main bacterial
antibiotic :

. inserted gene genome
resistance

PBCampbell (Cap. 13)



pBR322

Vector  £ooRvV 185
Nhel 229
BamHI 375

l ampR tetS]

Scal 3846

Pvul 3735 Sphl 562
Pstl 3609 Sall 651 ampR tet®
Eagl 939
Ppal 3435 A o
BspMI| 1063
amp* tet

Insert
Vamos clonar o fragmento de DNA em tetR

Meio contendo

An Introduction to Genetic Analysis (Cap. 11)



Plagueamento em réplica l'ampa tetSJ

N
N,
- / 3

N
Velvet surface ‘\

(sterilized) Somm .
¥ AT :

w‘ 'l I

e |
- - L [
O
Bacterial
Amp

Insert

Meio contendo Meio contendo
tetraciclina ampicilina

Genetics (Cap. 8); An Introduction to Genetic Analysis (Cap. 11)



Avancos na clonagem

lacZ
w eieie S A H R [ o b S E L P D G P v S S s N T h £ M 2 iy M
HindIITI PstI Xbal Smal SacI

5' -ccAAGCTTGCATGCCTGCAGGTCGACTCTAGAGGATCCCCGGGTACCGAGCTCGAATTCgtaatcatggtcat-3"
3'-ggTTCGAACGTACGGACGTCCAGCTGAGATCTCCTAGGGGCCCATGGCTCGAGCTTAAGcattagtaccagta-5"
SphI HincII BamHT KpnI EcoRI

//

Multiple cloning site




Sitios multiplos de clonagem

Large fragment

Kpnl
Smal
BamHI1 .
HindITl BamHI Small fragment discarded
-« « =« =« = =
-« « -« =« - =
Target DNA
Xbal
Digest with HindIII
HindIII and BamHI Sall

Pstl

T Isolate large fragment by Sphl
electrophoresis or chromatography

.

~

Target DNA anneals with plasmid vector
in only one orientation. Seal with T4 DNA ligase.

\J EcoRI

Sacl

Digest with
HindIIl and BamHI

HindIII PBCampbell (Cap. 13)



Marcador de Selecao

lacZ
<
s soeds = A H R = ki i S E L P D G P v S S S N T I M T M
HindIIXI PstI Xbal Smal SacI

5' -ccAAGCTTGCATGCCTGCAGGTCGACTCTAGAGGATCCCCGGGTACCGAGCTCGAATTCgtaatcatggtcat-3"
3'-ggTTCGAACGTACGGACGTCCAGCTGAGATCTCCTAGGGGCCCATGGCTCGAGCTTAAGcattagtaccagta-5"
SphI HincII BamHI KpnI EcoRI

: ’/'

Multiple cloning site

lacZ = subunidade alfa

IPTG (isopropiltiogalactosideo)

X-gal (5-bromo-4-cloro-3-indol-B-D-galactopiranosideo)
Hidroélise (Produto de cor azul)

B-Galactosidase

Galactose

Indutor




Selecao

Gene for Gene for
ampicillin B-galactosidase

resistancy\ production

Grow bacteria on
ampicillin-containing media

Medium containing
ampicillin, and reagent
that can produce blue
color in the presence
of B-galactosidase

D

Foreign DNA with sticky
ends inserted at Bin gene for
B-galactosidase production

©<_
@@
|

Cells do not produce Cells are resistant Cells are sensitive to
blue color but are to antibiotic and antibiotic and do not grow
resistant to ampicillin produce blue color

Mix bacterial cells
and plasmids
Main

bacterial
genime (

\

—

e

—) \J

Foreign DNA inserted Foreign DNA not inserted No plasmid in cell

PBCampbell (Cap. 13)



Selecao

pUC18 vector _ : .
= o - ~ :
Brrsiflsas -
THALNXQHXNW
W

nsert

— lac promoter > ’
amp”f amp
No

X'gal + PTG = ‘ insert Insert O

sert

An Introduction to Genetic Analysis (Cap. 11)



1)

O vetor de clonagem plasmideo pBR322 é clivado com a endonuclease de
restricao Pstl. Um fragmento de DNA isolado de um genoma eucariético (também obtido
por clivagem com Pstl) é adicionado ao vetor preparado e ligado. A mistura de DNAs
ligados é entao usada para transformar bactérias, e as bactérias contendo os plasmideos

sao selecionadas pelo crescimento em presenca de tetraciclina.

Que tipo de plasmideos poderao ser encontrados entre
as bactérias transformadas que sao resistentes a

tetraciclina?

Pstl -

EcoRI

Resisténcia
a ampicilina
(ampR)

(4.361pb)

| pBR322
|

Origem
de replicacdo "

Poull

BamHI
¥

Resisténcia
a tetraciclina
(tet®)

_Sall
F



Bactérias como Biofabricas de Proteinas

fermentation recombinant insulin

tank bacterium harvested Pro-Insulina
produce
insulin




Bactérias como Biofabricas de Proteinas

Insulin gene

COO™

Preproinsulin polypeptide

Folding of protein
and removal of end segment

Transcription

; ~Central
~ H N S peptide

Proinsulin
Splicing polypeptide

Pre-mRNA

Cleavage removes
the central peptide

mRNA

S-S
+
Translation A chain T8N Sbs COO~

+ S
B chain HyN COO~
Insulin

protein

PBCampbell (Cap. 13)



Bactérias como Biofabricas de Proteinas

B chain
Gene -for polypeptide
C R SH—

Synthetic

DNA D

: —» ( —>
enoding Ele)
B chain

.

- S-S
Insert into separate Transform E. coli with Add inducer to | | Purify and mix
P
plasmid expression vectors and clone initiate protein | [ A and B chains
vectors separately synthesis
S
A chain /
S—=S8-
Gene for polypeptide S
A chaln\
Synthetic SH
DNA -

% ~A .
encoding Q// Insulin
!

Q// S SH

PBCampbell (Cap. 13)
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NATURE’S 10

CHRISTIANA FIGUERES / JUNJIU HUANG / ALAN STERN / ZHENAN BAO
ALIAKBAR SALEHI/ JOAN SCHMELZ / DAVID REI(;H /MIKHAIL EREMETS
CHRISTINA SMOLKE / BRIAN NOSEK

Revolucionando a fermentacao

-

; -
am——
w2 CHRISTINA
SMOLKE
They ordered a synthetic
version of the gene that had
been built letter-by-letter by a
machine. They plugged it into
yeast and it worked.

Nature, 528 (2015)



Isolamento de DNA

Isolamento de gene por clonagem: Isolamento de gene por PCR:
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Como podemos selecionar
ou identificar apenas um gene? varios milhoes



