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Atividades

1. DNA recombinante:
- Sistemas Procarioticos - Vetores de Clonagem e Expressao.

2. Enzimas utilizadas em Clonagem molecular:
- Digestao de DNA - enzimas de restricao

- Ligacao

3. Transformacao de celulas procarioticas



Como produzir uma proteina

Pancreas

0.1-1% da

proteina
celular

recombinante?

Gene for Proinsul

proinsulin
Reverse Join to

transcriptase plasmid \ Infect E. coli

> < > EE— —_—
(A)n
Mammalian Proinsulin Recombinant
proinsulin cDNA plasmid
mRNA

i RNA
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&Y/

Transformed
bacterium

10- 70%
da proteina
celular




Cloning Expression
D
Plasmid lll'l.n'lmg:lﬂna @ @

———
Competent bacteria

/ l \ (BL21, Origami, RIPL, chaperones)
~, &) u

: Small scale expression
(GST)  (His)  (MBP) (Test for level and solubility)

(A |

- g ik e’ ke ooy Large scale expression
setlhodattiiaBidlitnwlibpmons

Purification

GS5T-fusion His-tagged MBP-fusion
protein protein protein

I

Affinity chromatography
Glutathione Ni* Amylose

| |

Removal of fusion protein

|

Further purification
(lon exchange,Size
exclusion chromatography)

!

Pure protein in final buffer

https://www.southampton.ac.uk/
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Diagram of a simple cloning vector derived from a plasmid, a circular, double-
stranded DNA molecule that can replicate within an E. coli cell.

Region
into which

DNA can
be inserted

Plasmid
cloning vector



DNA Recombinante

- DNA sequence

of interest
DNA of
interest
&O Open
vector
Vector containing
—-\ector DMNA of interest

DMNA ligase joins the two
DNA sequences together
Restniction enzymes cut
out the DNA of interest
and open the vector



Vetor de Clonagem

(A) Plasmid
- Insert size
@ ~5 kb

(B] Bacteriophage » vector (50 kb)

P e L

- y

Insert size ~15 kb \
Vectors differ

(C} Cosmid vector TR

of the DNA
fragment that
can be inserted

Insert size
and cloned.

~40 kb




pBluescript Il SK (+/-) Phagemids

[~ Tl () on
T ) on |
xf_z‘\

Vetor de —_— // -

Clonagem / ~ Kpn|

‘ | pBIuescrlp’r Il SK (+/-) @M<
3.0 kb o

P lac

pUC ori

pBluescript Il SK (+/-) Multiple Cloning Site Region
(sequence shown 598-826)

Apa ‘Ij'::nclll
B I T7 Promoter - Kpn | E.‘,ﬁm? ' Xno! s.:ﬁ
TTGTAAAAC @GGGGGAGTGAECEGEEGTMTAE GACTCAC TF';TAGGGGG&ATTGGGTAGE GGGGG CC GGGTGG&GGTGG&G

t13 =20 primer binding =|fe T7 primer binding site K5 primer binding site..

Bsp104 | Mot |

Cla | Hind Il ||5.:.:.F;v E'cc,m Iljsr | ?mu | BamH 1 Spel ¥bal Iliagt Elggr_:a{ | ?::c ] ,'|3c=c I

I I I I I
LGGTATCGATAAGCTTGATATCGAAT TCCTGCAGCCCGGGLEATCCACTAGTTCTAGAGCGGCCGCCACCGUGGTGGAGCTG. . .
.--K5 primer binding site 5K primer binding site

< T3 Promoter I||355H I qﬁ-qnl u.-fmqmentl

LCAGCTTTTGTTCCCTTTAGTGAGGGTTAATTGCGCGCTTGGCGTAATCATGGTCATAGCTGTTTCC
T3 primer binding site *J".-"I 13 Reverse primer binding site




Plasmid pUC19

L

k

. lacZ* gene
(part)

*Cut with same

restriction enzyme ,
DNA ligase

DNA insertion in

DNA o disrupted [acZ gene

fragments —w ‘

X

o5 2

— amp®

Plasmid confers resistance
to ampicillin and can make
functional f-galactosidase

.
-

.'.
|
— amp® iT amp®

~

>

Plasmid confers ampicillin
resistance but cannot make
functional B-galactosidase

Restriction cut in polylinker



Vetor de Expressao

Seqiiéncia do Poliligantes com sitios
promotor (P) e do tinicos para diversas
operador (O) endonucleases de
bacteriano restrigdo (por
exemplo, sitios de
/\ clonagem)
, /

Gene que codifica o
repressor que se liga
ao O e regula P

Seqtiéncia
terminadora da
transcri¢ao

Sitio de
ligacio ao
ribossomo

Marcador genético
selecionavel (por exemplo,
resisténcia a antibiotico)



Elementos de um vetor de expressao procariotico

1 2 3 4 5 6
-10 Start Stop
TATAAT Codon Codon

1- Regulador do promotor: Proteina que modula o promotor

2- Promotor: Deve ser forte (lac, trp, tac, Apt, gene 10 do fago T7)
3- Sequéncia Shine-dalgarno: Sitio de ligacdo do ribossomo, (RBS).
4- Regido codificadora: sitios de multipla clonagem

5- Terminador de transcricdao: Estabiliza o mRNA

6- Mlarcador genético (antibidtico de sele¢ao)

7- Ori: Origem de replicacao.



Estratégia de Clonagem no Vetor de Expressao

Sitio de Muiltipla Clonagem

BamHI Kpnl BamHl ATG Kpnl
\ / \/
CCTAGG CCATG‘G E .
TAA
Gene de Interesse
Vetor de Expressao
u Clivagem com enzimas de restricao BamHI e Kpnl u
GATCC H G
G CCATG ATG
Promotor G GTACC GATCC G

CCTAG G G CCATG
) TAA

l |
1 Ligacao com enzima DNA Ligase

ATG
Promotor - \rcc GGTACC
CCTAGG CCATGG
TAA

Vetor de Expressdao/Gene de Interesse



Vector Selection Tool

We've made finding the right vector for your research easier. Simply search by keyword or filter your results by vector type, host system, or cloning system. Once the initial results are displayed,
they can be further refined by selecting among characteristics such as promoter, inducer, and antibiotic selection. In addition we also have a wide selection of products related to vectors,
including competent cells, media, plasmid purification kits and more.

Vector Type
Expression (212)

Cloning (84}

Cloning for Seqguencing (13)
RNAI(T)

DNA Assembhy (5)

Two Hybrid (1)

Selection for plasmid
Ampicilin (255)

Kanamycin (34)

Zeocin (49)

Blasticidin (20)

Spectinomycin (10}
Gentamicin (9)

H All Selection for plasmid

Host System
Mammalian {129}
Bacteria (35)
“east (28)

Inzect (21)

In witro (7)

N-term tag
BxHis (30)

Xpress (17)

alpha factor (11}
V5 (9)

lacZ (5)
HP-Thioredoxin (5}

All H-term tag

Cloning System
Restriction & Ligation (91}
Gateway (89)

Search by Keywords: Find
Promoter Inducer
CWMW (92) IPFTG (27)
lac (52) methanol (13}
T7 (29) Tetracycline (10)

TORO (39)

TOPO TA (38)

Ta (14)

TOPO adapted Gateway (13}
= All Cloning System

C-term tag
BxHis (72)

VS (72)

My (26)

Meone (5)

Lumiz (S}

EmGFP (3)

All C-term tag

lac operator (15)
EF1alpha (13}
AT (12)

All Promoter

N-term Protease cleavage

EK (26)
TEV (16}
MNone (5)
SUKMO (1)

Arabinoze (7)
galactose (7)
copper sulfate (3)
All Inducer



Select the best expression host for your work!

Host System

Cell-Free Expression

Bacterial Expression

Yeast Expression

Algae Expression

Insect Expression

Mammalian

Expression

Advantages

Scalable

Simple format

Rapid expression directly from plasmid
Open system—easily add components
to enhance solubility or functionality

Scalable
Low cost

Simple culture conditions

Eukaryotic protein processing
Scalable up to fermentation (grams per
liter)

Simple media requirements

Genetic modification and expression
systems for photosynthetic microalgae
Superb experimental control for biofuel,
nutraceuticals and specialty chemical
production

Optimized system for robust selection
and expression

Postranslational modifications similar to
mammalian systems
Greater yield than mammalian systems

Highest level of correct post-translational
modifications

Highest probability of obtaining fully
functional human proteins

Challenges

s Large-scale expression > 3 mg

s Protein solubility
s Minimal posttranslational modifications
¢ May be difficult to express functional

mammalian proteins

¢ Fermentation required for very high yields
e Growth conditions may require
optimization

o More demanding culture conditions

¢ Multimilligram per liter yields only
possible in suspension cultures

¢ More demanding culture conditions

https://www.thermofisher.com
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Enzimas de Modificacao de DNA e Mapas de restricao

1. Enzimas de Restricao

Restriction-recognition sites are short DNA sequences recognized and cleaved

by various restriction endonucleases.

4
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Sequence is symmetrical
about the center point

Point of
cleavage

!

S'e s+ mpmpprr—r=—rrrrr-3
GAATTC

L | (e | e A {1

CTTAAG
G e e el L ... 5

1‘ A
Point of
cleavage

Digest with
EcoRI

5’ e e oy 5 T =rrrrrr--3
G AATTC
11 and 1

CTTAA G
3 oo il . . . 5 dll...5



Some restriction enzymes

(a)
EcoRl Escherichia —G 5’ e
coli
SR 5 G—
5’ overhang
Pstl Providencia —C—T—G—C—A 3 G—
stuartii
= 3A—C—G—T—C—
3’ overhang
Smal Serratia =e=f=0 s
marcescens
—6—G—G g=e—=c—|
Blunt ends
(b)
Haelll Haemophilus =E=G s’ .
aegypiius =e=¢ 5 6—6—
Blunt ends
Hpall Haemophilus 5 S =
arainfluenzae ® S S
J G GC G 5 =e=€ 5’ =
{ 5’ overhang




Lacl

EcoRV - 5349 |

pFLAG-CTS/BAP

EcoRY - 106

BamHI-6584, . FcoRl- 181

Enzima Fosfatase Alcalina

EcoRl - 927

-
-

EcoRl - 1258

vector
6735 bp

Componentes da mistura

DNA plasmidial pFLAG-CTS-BAP

Tampao da enzima (10x)

Mix/Enzima Restri¢ao (BamHIl/EcoRI/EcoRV)

H,O (suficiente para volume final)

ORI
Volume (uL) - Incubar por, no,m.lnlmo, 3Q rplnutos
na temperatura 6tima de atividade
15 da enzima.
2 - Analisar as amostras por
1.0 eletroforese em gel de agarose 1%.
20




2. DNA Ligase: Juncao de moléculas

5' gH 5' EH
Yy ) %

g 5 g 5'
ATP
T4 ligase
AMP / -
+ @ Formacao do
enlace fofodiéster
Y 31
5' OH

YRR N
desdass,

HO 5

3?



Clivagem e ligacao de duas moléculas de DNA com EcoRl --->
DNA Recombinante

DNA‘I#

5 GAATTC ¥
33 CTTAAG ¥

&

5 s AATTC 3
3 CTTAA G
5:"
3.1"
\ 5
-
3."

Cut with
EcoRlI, leaving
sticky ends

 GAATTC
CTTAAG

GAATTC

cTTAARE

Recombinant
DNA molecules

DNA2
5 GAATTC
3 CTTAAG
A
5 @ AATTC
3 CTTAA| G
3."
5.-'
¥ _ S
5."

5!

3.-'



3. T4 polynucleotide kinase

Transfers gamma phosphate of ATP to the 5’ end of polynucleotides
Useful for preparing DNA fragments for ligation (if they lack 5’

phosphates)

Useful for radiolabelling DNA fragments using gamma 32P ATP as a

phosphate donor

Forward Reaction

B HO

OH ¥
ATF—
PNE
— ADF
v
OH ¥

Exchange Reaction

= [F OH 3
ADP —
PNK
— ATF
w
= HO OH 3
—ATP
PNK
ADF 4+—
w

= D OH ¥




4. Fosfatasa alcalina

« Remocao do 5’ (e 3’) fosfato dos polinucleotideos

« Useful for treating restricted vector DNA sequences prior to ligation
reactions, prevents religation of vector in the absence of insert DNA

ALKALINE PHOSPHATASES

Activity: Phosphatase
Substrate: Single- or double-stranded DNA and RNA; rNTPs and dNTPs.

Reaction:
alkaline phosphatase
5 5 ; ,
pDNA or I)RNA > 3, DNAor 5DHRNA




Mapa de Restricao

Sall Kpnl Kpnl
450 | 500 |2ﬂﬂ' | 400

— Sall Kpnl Sall/Kpnl

1650 —

1200 -
1050
600
450 -
400
200 ¥




Mapa de Restricao

A B
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B C C

A B C




Eletroforeses de DNA

Grupo 4

Grupo 3

Grupo 2

Grupo 1

x

DNA BAP/EcoRlI

DNA BAP/EcoRV

DNA BAP/BamHI

DNA BAP/EcoRlI

DNA BAP/EcoRV

DNA BAP/BamH]I

DNA BAP/EcoRI

DNA BAP/EcoRV

DNA BAP/BamHI

DNA BAP/EcoRlI

DNA BAP/EcoRV

DNA BAP/BamHI

DNA BAP nao clivado

Marcador DNA




PM1

GeneRuler™ 1 kb Plus DNA Ladder

0’GeneRuler™ 1 kb Plus DNA Ladder,
ready-to-use

png/0.5pg %

20000 20,0
10000 20,0
7000 20,0
5000

-
£
=
—
o Bobtnb baob
o oosooo

1500 8300 160

1% Top\ision™ LE GO Agarcse #RO49)
|
=
=]
7
—]
i
]

0.5 pgfare, 8 cm length gel,
1XTAE, 7 \ifem, 45 min

_ Orange G
TAETEBE: <50 bp

Figura 1. Eletroforeses em gel de agarose 1% da analise de restricdo do DNA plasmidial contendo o gene Fosfatase
alcalina bacteriana. Amostra de 15 uL de DNA foi clivada com 1 uL de enzima de restricdo. Linha 1: EcoRl; linha 2:
BamHI; linha 3: EcoRV; linha 4: Nao clivado. PM1: Peso Molecular 1 kb DNA ladder. PM2: Peso Molecular 1 kb DNA
ladder. Aplicados 20 uL da reagdo + 4 uL de tampao de corrida. Corante SYBR SAFE DNA gel stain (Lifetechnologies,

USA).

PM1 PM2

:

Lac

Brotecriologra

Marcador de Peso molecular
1 Kb DNA Ladder

Cadigo N°:

13-4004-01: 100 ng/pL

Volume: 500 pL

Rendimento: 100 aplicagbes
Armazenamento: -15° a - 30°C

bp ng/0.5pg %

-

-

(o)
=y
w f-\; LN LN =k S R =b T2 R

s ()
29: .

Marcador 1 Kb Ladder LGC. Eletroforese em gel de agarose 0,8%,
do os fi i dos da aplicacéo de 5 pL do

marcador.



Procedimento geral para clonagem de um fragmento de DNA em um

vetor plasmidial

+ \_{"
DMNA fragment

Plasmid vector to be cloned

Enzymatically insert
DMA into plasmid vector

Recombinant plasmid

Mix E. coli cells with
plasmids in presence of
CaCls

Culture on nutrient agar

Bacterial ut ar
chromosome 4+ plates containing ampicillin
—r— H
[ i1
@) @
LY A
Transformed Cells that do not

E. coli cell survives

Indepandent
plasmid replication

take up plasmid die
on ampicillin plates

e

l Cell muktiplication

Colony of cells each containing copies
of the same recombinant plasmid



0000 s N

Flasmid vectors =7~ DNA fragments to be cloned

Enzymatically
insert DNA fragments
into plasmid vectors

O00O

Transform E. cofi cells
and select for ampicillin-
resistant colonies




Transformacao de célula procariotica por Eletroporacgao

The phenomenon of electroporation

Cell membrane Cell membrano Cell membrans
before pulsing during pulsing after pulsing DI
feall returne fo T~
& Controlled, millisecond electrical pulses induce lemporary pores R e
in the cell membrane i ) J

& Cafl membrane resesls and is left vanharmed




Figure 11.13

| Bacteria

Escherichia coli

I
i S 3

Well-developed

Eukaryote —

Bacillus subtilis

YR
TNy
By
d%’@%

Ve

Easily transformed

genetics Nonpathogenic
Many strains Naturally secretes
available proteins
Best known Endospore formation
bacterium simplifies culture
Potentially Genetically unstable
pathogenic Genetics less
Periplasm traps developed than
proteins in E. coli
Advantages Disadvantages

© 2012 Pearson Education, Inc.

Saccharomyces
cerevisiae

Well-developed
genetics
Nonpathogenic
Can process mRNA
and proteins
Easy to grow

Plasmids unstable
Will not replicate
most bacterial

plasmids
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