TP 3

Sistema a-complementacao vs sistema vetores pNM
Exemplos de vetores de fusao traducional e transcricional
Vetores virais
Problemas de clonagem



Lac operon as a tool

Vectors that allow identification of e Vectors for the identification of

recombinant clones by a-complementation  transcription and translational signals

* POlacZ’ * 'lacZ (no lac promoter region)

* IPTG induction * No IPTG induction

* Host: E. coli AlacZM15 * Host: E. coli AlacX74 (AlaclPOZY)

* |lacl or lacl? (plasmid or chromosome) * MCS upstream 9t codon of lacZ

* MCS imbebed in the beginning of lacZ * 3-gal+ (blue) — recombinants

* 3-gal* (blue) = non-recombinants * 3-gal- (white) — recombinants or non-

* B-gal" (white) — recombinants recombinants



Ol-com pleme ntation (blue/white color selection)

.

aa 11-41
deletion
P lacl PO : LacZ
Sr— o (5 [
- -

b |
Inactive Lac )

repressor
bound to IPTG

Inactive
B-galactosidase

|

LacZ’ fragment or Active

alfa-peptide B-galactosidase
(N-terminal, 146 aa) |

!
Y Blue
X-gal * product

IPTG — inducer analogue (not a substrate of 3-galactosidase)

Host: lacZAM15



Ex of a plasmid that uses

=ap | 442
. 2ae0 S5p |19
a-complementation I P
ror recombinants selection e fratEe
Sca | 2526
e Al 500
Al 2418 Al B29

B-gal* (blue) — non-recombinants
B-gal- (white) — recombinants

BssH Il 812
Sac | 657 77'

pBluescript Il KS (+/-)
phagemid vector
2361 bp

Kon | 759
i T

AR 1153
5' GEANACABLTATEALLATE 3 5' AATTANCECTCACTAANGES 3° 5 TCGA'§;;TEELp§§TATF 3"
EcoO109 T
10 05 1 ooRY ECOR
MET BHII T3 promoter +1 o kol Sl wor nll E) STVt S
5' GEAAACAGCTAT GACCATGATTACGOC ANGCECECAAT TAACCCTCACTARAGBAAACAAA AGCTGEA TACC BABCCOCCOCT CRAGGTCEACEA TATCRAT AABC TTGATATCG
3' CCTTTGTCEATACTGA TACT AATGCEAT TCECGEG 1TAAT TBRGAG TBAT T TCCCT T6T 11 TCBACCCATROGCCREGAEECAGCTCCAGCTGCCATABCTAT TCGAACT ATAGETTAA
U", we Y
prealactosidace P
ENI L
S wal ot ] “xsl.xn Sacl BaeH I
ANTTRETBEPEEREERR wfl %WU“HGH e reeErel R BRI Gk e LI RESTA InEL By TGeL P LI EF R Rt IR E LG RRaRIEIT LG AY 2 1Y)
L @+l T7 provoter an

3 rT'\'JBT'ag\T(M.'JATCT'”G” S’ 3 r‘aBﬁﬂTATI’AFTC-\'J'”-\TAu\TG 5 2" TGA 6 %’Mwﬁuﬂﬁ 5

[ Y . [ SYF . WY dovm o

Wiy z1diudsan|qd/suiuo|d/si0109A/W0d auaselells MMM //:d11y



http://www.stratagene.com/vectors/cloning/pbluescript2.htm

18. A clonagem de um fragmento BamHI no vector pUC18 inactiva o gene lacZ, que codifica a 3-galactosidase, mas a clonagem
do mesmo fragmento no vector pBR322 inactiva o gene de resisténcia a tetraciclina. Atendendo a que ambos os vectores

contém o gene de resisténcia a ampicilina, que permite seleccionar os transformantes apds a clonagem no local BamHl,
qual destes plasmidios é mais eficaz enquanto vector de clonagem?

Hindlll

Sphl EcoRl Hindlll
Shfl

1.1
BspMI

Accl

Hincll

Sall

E%}D Pstl \

MCS Q Smal Tetracycline

Xmal Resistance
Acc65I

Bl pBR322
Eco53kl

Sacl (436 kb)

Apol
EcoRI

LacR binding site

Plac
pUC18
2686 bps

Xmalll

Amp

Origin
of
Replication

N

E. coli pBR322 plasmid

showing restriction sites and Pvull

resistance genes.
Seleg¢do recombinantes, por Selecao recombinantes apds 2 dias pois é necessario:
alfa-complementagdo, apds 12 dia — selecdo transformantes (Amp)

16-18 h incubagdo a 37 °C 22 dia — selecdo recombinantes (por replica plating em Tet)



Passos para a clonagem molecular

¢ Preparar misturas de Iigagz”ao (utilizar apds o tempo de incubacdo indicado para a
DNA ligase ou congelar)

* Preparar células competentes (testar de imediato a competéncia das células; congelar.
so utilizar com as misturas de ligacao depois de confirmar que estao competentes)

* Preparar caixas de meio selectivo (testar actividade da ampicilina inoculando
quaisquer células sensivies a ampicilina (idealmente E. coli MC1061 (competentes ou nao)))

 Transformacao

 Confirmacao da correcta construcao dos clones (recombinantes) obtidos
por analise de restricao / PCR / sequenciacao



pRZA18

O que ja preparamos para a experiéncia de clonagem molecular: EcoRT/PstI

NM480
P pNM481 pNM482 Fragmento = 740 pb 50
ECORl/ Pstll EcoRI/PstI EcoRI/PstI EcoRl/Pstl w<\"‘° X0

“3?3] 09‘0
[20 ng/p?'@ ﬁ? ﬁ? T [10 ng/ul] ou outra
Que quantidades e qual a relagcao molar de vector vs inserto
< > devemos utilizarpara estabelecer uma mistura de ligacao
(criar novas constru¢oes moleculares)?
| |

LIGACAO

3 construcgdes diferentes:

I - pNM480 E/P + fragmento E/P de = 740 pb
Il - pNM481 E/P + fragmento E/P de = 740 pb
Il - pNM482 E/P + fragmento E/P de = 740 pb

EcoRI/Pstl — E/P



pNM480/1/2 Fragmento 740 pb

EcoRI/PstII EcoRI/Pstl
| 3 1|
OQ;\'\ \‘\.\Q\ ¢ © Q9 @ / ) M

?’6 O O O \O\Z 1- coléniaR @ ou O

( > LA+Amp+X-gal 3- ndo forma colonia
4- coléonianaoR O
5- coléniaR ® ou O

6- colénianaoR o

LlGACAO (DNA ligase)
(Ln |||)

O O O O TRANSFORMAGAO

Recomblnante N3o- recomblnanteS %&

P

R — recombinante

B-gal+ (blue) — recombinants

E. coli MC1061 (competentes) B-gal- (white) — recombinants or non-recombinants



Translational fusion

Inducible
promoter

RBS

B-galactosidase

.’ Multiple
cloning site

Transcriptional
terminator

GENE X

Inducible
promoter

TRANSCRIPTION
AND
TRANSLATION

B-galactosidase PROTEIN X

Transcriptional BZZ27777277 A" |
terminator




Transcription and
ranslational fusion

BamHI

pFU-series

Xmal_Kpnl
AY L

N Pstl ,

Nhel . Sall

Xhol ¢
—

- N0 N —
CTCGAGGATCCCGGGTACCTGCAGCTAGCGTCGAC

resistance
gfpmut3.1
gene amCyan
Ampicillin reporter 0sRed2.0
Tetracycline gene(s) .0z
Kanamycin
Chloramphenicol phoA
Sacl Notl
Spel *
Avrll
ColE1
pSC101*
R6K mobRP4
p29807
p15A
vector vector reporter resistance
name backbone gene cassette promoter
pFU31 ColE1 gfpmut3.1 Ampicillin -
pFU34 ColE1 rbs-gfpmut3.1 Ampicillin -
pFU35 ColE1 luxCDABE Ampicillin -
pFU36 ColE1 rbs-luxCDABE Ampicillin -
pFU61 ColE1 lacZ Ampicillin -
pFU62 ColE1 rbs-lacZ Ampicillin -
pFU47 ColE1 dsRed2 Ampicillin -
pFU64 ColE1 rbs-dsRed2 Ampicillin -
pFU78 ColE1 amCyan Ampicillin -
pFU81 ColE1 rbs-amCyan Ampicillin -
pFU84 pSC101* phoA Ampicillin -
pFU86 pSC101* rbs-phoA Ampicillin -
pFU53 pSC101* luxCDABE Ampicillin -
pFU54 SC101* rbs-luxCDABE Ampicillin -
pFU95 olE1 rbs-gfpmut3.1 Ampicillin PgapA
pFU166 p29807 rbs-luxCDABE Ampicillin PgapA
pFU168 ColE1 rbs-gfpmut3.1 Tetracycline -
pFU57 p29807 gfpmut3.1 Ampicillin -
pFU69 ColE1 rbs-gfpmut3.1 Kanamycin -
pFU72 R6K mobRP4 luxCDABE Ampicillin - H H
pFU163 p15a rbs-gfomut3.1 Ampicillin - Applications
pFU98 pSC101* rbs-luxCDABE Chloramphenicol -
pFU99 pSC101* rbs-lacZ Chloramphenicol -


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3108616/

a 10 (17 His -tag
$10(17) / _— Thrombin site

promoter
° ° .
Translational fusion / \eoun T, o

terminator

lac operator

G
°

b T7lac

$10 (T7) promoter lac operator
TAATACGACTCACTATAGG> - - -GGAATTGTGAGCGGATAACAATTCC, pET28a

TAATACGACTCACTATAGGGAGNGGAATTGTGAGCGGATAACAATTCC| +T7pwoNs

Consensus $10 (T7) promoter (T7pN)

https://www.nature.com/articles/s42003-020-0939-8



Translational fusion

Translational fusion

<HapMI
st
IspMAL
Wil wal BehTl
Sphl Ssal LY I £t Apel
Foel ol BowMl ] onl
HindIIIl Hinc1L visl ACCh5I
| | | | | | |
mARERIEREE ELEE S
TTCCARE ar L A . SRR CCCEN s LI LG —7= = '_ALL Ar LS s L
el YERGASSIGES Do
AlG of gfp

MCS

pPD95.75

unc-54 3' UTR

AmpR

http://www.wormbook.org/chapters/www_reportergenefusions/reportergenefusions.html

Addgene


https://www.addgene.org/1494/

Animal virus diversity

Nonenveloped
& ssDNA

Parvovirus
@ ds DNA

Most are smaller than prokaryotic cells
(0.02-0.3 um) E. coli (0.5 x 2 um)

Papovavirus
The type of nucleic acid is irrelevant to the
@ ds DNA shape and size of the genome
Inear
Adenovirus

HCV

ds DNA AV 71kv

Iridovirus

* Plant and bacterial cells are surrounded by a
cell wall outside the plasma membrane; so few
enveloped virus are known in these type of cells

* Plant viruses tend to have ss RNA genomes



Envelope

Lipid bilayer

Viral transmembrane proteins
. HA (80%),
. NA (17%),
. M2 (16-20 mol/virion)

Influenza A virus (IAV)

Hemmaglutinin (HA)
(Homotrimer)

Matrix (M1)

Neuraminidase (NA)
(Tetramer)

Polymerase complex (PA,PB1,PB2)

.

Nucleoprotein (NP)

Lipid bilayer

© ViralZone 2010
Swiiss Institute of Bioinformatics

http://viralzone.expasy.org/all_by_species/6.html

Segmented ssRNA(-) linear genome

M2 lon channel wraps around NP (nucleoprotein )

Nuclear export protein (NEP)
or NS2)

PB@{zfgrz\ysssyssOO"

polymerase acidic protein (PA)
polymerase basic protein 1 (PB1)
polymerase basic protein 2 (PB2) Polymerase complex



HIV-1 replication
Budding

Receptor binding

\ Viral protems
/ Translation

f ™ Viral RNA
o~
Integrat'ion\ /
NNININT
~ Provirus o

Integrated viral DNA, called the provirus, serves as a transcription template for the synthesis of viral mMRNA and genomic RNA

Lentiviral Vector System



https://www.intechopen.com/books/viral-gene-therapy/gene-regulatable-lentiviral-vector-system

Lentiviral components and 2nd and 3rd generation of lentiviral vectors

3rd Generation

VIF VPU
PRO POL

Transfer
Lentivirus Genome Plasmid
2nd Generation / \
Packaging
Promoterg ENV Promoter] GAGY poL | TAT ! REV Plasmids
Envelope Plasmid Packaging Plasmid(s)
Promoter csias'?r Envelope CMV VSV-G DolvA B
Transfer Plasmid Plasmid

Gag - Matrix, Capsid, and Nucleocapsid components

Rev - Binds to the Rev Response Element (RRE) within unspliced and partially spliced transcripts to facilitate nuclear export
REV - Binds to the Rev Response Element (RRE) within unspliced and partially spliced transcripts to facilitate nuclear export
TAT - Trans-activator; binds TAR to activate transcription from the LTR promoter

5’LTR - Acts as an RNA pol Il promoter

3’LTR - Terminates transcription started by 5' LTR by the addition of a poly A tract

ADDGENE



https://www.addgene.org/guides/lentivirus/

Viral vectors production Co-transfection of three essential ingredients:

Ex. Lentiviral vectors (2nd generation plasmids) * the lentiviral packaging vector
* the plasmid coding for an envelope

* the transfer vector including the gene of interest

Envelope Vector

.
c A293Cells . 6 _’ @

Transfer Vector Transfect Target Cells

Packaging Vector(s) Harvest Lentivirus
*¢DONA, GRNA, or sShANA



Viral vectors

Ex. Lentivirus vectors Chy
P,.oo’
O,O,
N\ \ EcoRl
> % |BamHiI

(2) ':;r Sgf |
~ . Asc |

< plenti-C-Myc-DDK h
6.4 kb Rslr [
Mlu |
\ N}?t I
Xho |

2 )

wee

WPRE — Woodchuck hepatitis virus post-transcriptional regulatory element; sequence that stimulates the expression of transgenes via increased nuclear export

Myc — tag sequences
DDK — tag sequences

Pme |

ORIGENE


https://www.origene.com/products/cdna-clones/lentiviral-particles/lenti-orf?gclid=Cj0KCQiAs5eCBhCBARIsAEhk4r537A9iQ_4THg5CxtkolGFsgQ23sOPlpXbog036ljKBbsaWJcy8u0IaAv17EALw_wcB

A

i) Transfer vector plasmid iii) Envelope expressingplasmid

promo> [N G D

pol vpr

i) Transfer vector plasmid iii) Envelope expressingplasmid

Fromo> [NV Go

ii) Packaging plasmid

gag RRE
EEEn tat amn
Goly A
Ad’ llllrev...|
pol
c .
i) Transfer vector plasmid iii) Envelope expressingplasmid
Promoter Transgene @
R U5 AU3 R U5

ii) Packaging plasmid iv) Rev expressing plasmid

gag
RRE rev
Promoted>] |(Poly A
Lentiviral Vector System Ay pol



https://www.intechopen.com/books/viral-gene-therapy/gene-regulatable-lentiviral-vector-system

When sub-cloning

mw COmmon enzymes

R Isoschizomers

s Compatible choesive ends

ISOSCHIZOMERS



https://international.neb.com/tools-and-resources/selection-charts/isoschizomers

1- Considere que pretende subclonar, no vector pUC18, o fragmento A de 0,8 kb contido plasmidio pEG16 abaixo representado.

v

Locais de corte no plasmidio pEG16

Xhol - 5’ C/TCGAG 3’ (compativel com Sall)
Nrul -5 TCG/CGA 3’

Nsil — 5 ATGCA/T 3’ (compativel com Pstl)
Hpal — 5’ GTT/AAC 3’

Nota: A barra indica o local de corte na sequéncia
de reconhecimento.

Nsil < Xhol

Xhol (pEG16) // Sall (pUC18)

Nsil (pEG16) // Pstl (pUC18)

orientacao gene A ficara a ser a mesma de lacZ

b) Ex. Hindlll/Xbal que ladeiam os locais Pstl e Sal |

a)

Indica o sentido da transcricdao do gene A,
cuja cadeia codificante é a da cadeia de fora

a) Com os dados fornecidos, que locais de restricao de pEG16 e de
pUC18 escolheria para realizar esta clonagem? Justifique a resposta.

b) De acordo com as enzimas que escolheu, como confirmaria
posteriormente a presenca do inserto no clone recombinante?
Seja 0 mais preciso(a) possivel, mas sem necessidade de uma
resposta longa.

Locais de corte no polylinker de pUC18
Sall - 5" G/TCGAC 3’
Smal -5’ CCC/GGG 3’

Nsil < Xhol
Pstl— 5" CTGCA/G 3’ ~ /,
R = HincH Cfr9l  , es Ecl136ll
_Pstl__ Salll Eco8sl Kol Eco24l EcoRl
M13/pUC sequencing primer (-20), 17-mer 3M Pael Sdal—BYel _ . . Xpal BamHI Smal_ KPP Saci Xapl 455

5'G TAA AAC GAC GGC CAG 'TGC CAAGCTTGC ATGCCTGCAGGTCGACTC TAG AGG ATC CCC GGG TAC CGA GCTCGA ATT CGT
SCATT TTG CTGCCG GTC ACG GTT CGA ACG TAC GGA CGT CCA GCT GAG ATC TCC TAG GGG CCC ATG GCT CGA GCT TAA GCA
LacZ ¢ Val val Ala Leu Ala Ser Ala His Arg Cys Thr Ser Glu Leu Pro Asp Gly Pro Val Ser Ser Ser Asn Thr

AAT CAT GGT CATAGC TGTTTC CTG &
TTA GTA CCA GTA TCG ACA AAG GAC 5'
lle Met Thr Met

M13|‘pl‘Jc reverse sequencing primer (26}, 17.mer



1- Considere que pretende subclonar, no vector pUC18, o fragmento A de 0,8 kb contido plasmidio pEG16 abaixo representado.

v

Locais de corte no plasmidio pEG16

Xhol - 5’ C/TCGAG 3’ (compativel com Sall)
Nrul -5 TCG/CGA 3’

Nsil — 5 ATGCA/T 3’ (compativel com Pstl)
Hpal — 5’ GTT/AAC 3’

Nota: A barra indica o local de corte na sequéncia
de reconhecimento.

Nsil < Xhol

Xhol (pEG16) // Sall (pUC18)

Nsil (pEG16) // Pstl (pUC18)

orientacao gene A ficara a ser a mesma de lacZ

b) Ex. Hindlll/Xbal que ladeiam os locais Pstl e Sal |

a)

Indica o sentido da transcricdao do gene A,
cuja cadeia codificante é a da cadeia de fora

a) Com os dados fornecidos, que locais de restricao de pEG16 e de
pUC18 escolheria para realizar esta clonagem? Justifique a resposta.

b) De acordo com as enzimas que escolheu, como confirmaria
posteriormente a presenca do inserto no clone recombinante?
Seja 0 mais preciso(a) possivel, mas sem necessidade de uma
resposta longa.

Locais de corte no polylinker de pUC18
Sall - 5" G/TCGAC 3’
Smal -5’ CCC/GGG 3’

Xhol > Hpal
Pstl — 5’ CTGCA/G 3’ ) !
|
Hipcll creor! Acces) Ecl136ll
Pstl s E 8 Eco24l EcoRlI
rem cof®! kool
M13/pUC sequencing primer (-20), 17:me( 39‘M Pacl Sdal& Xmil Xbal BamH!l Smal P Saci Xapl 4155

5'G TAA AAC GAC GGC CAG 'TGC CAAGCTTGC ATGCCTGCAGGTCGACTC TAG AGG ATC CCC GGG TAC CGA GCTCGA ATT CGT
SCATT TTG CTGCCG GTC ACG GTT CGA ACG TAC GGA CGT CCA GCT GAG ATC TCC TAG GGG CCC ATG GCT CGA GCT TAA GCA
LacZ ¢ Val val Ala Leu Ala Ser Ala His Arg Cys Thr Ser Glu Leu Pro Asp Gly Pro Val Ser Ser Ser Asn Thr

AAT CAT GGT CATAGC TGTTTC CTG &
TTA GTA CCA GTA TCG ACA AAG GAC 5'
lle Met Thr Met

Hpal < Xhol

M13fpl‘Jc reverse sequencing primer (26}, 17.mer

a) Xhol (pEG16) // Sall (pUC18)

Hpal (pEG16) // Smal (pUC18)
a orientacdo gene A fica invertida/oposta a de lacZ
b) Ex. Hindlll/RcoRI que ladeiam os locais Sall e Smal



Resumo das clonagens possiveis e suas principais caracteristicas que, dependendo do objectivo,
nos poderao a levar a escolher uma e nao outra.

DIGESTOES ENZIMATICAS

pEG16 puUC18

Xhol Sall
Nsil Pstl
Xhol Sall
Hpal Sma
Nrul Smal
Nsil Pstl
Nrul Smal
Hpal

Clonagem dirigida
Orientacdo gene A ficard a ser a mesma de lacZ
NAO A ESTRATEGIA IDEAL POIS OS LOCAIS DE CORTE NO VECTOR FICAM MUITO PROXIMOS

Clonagem dirigida
Orientacdo gene A fica oposta/invertida em relacdo a lacZ
OK

Clonagem dirigida
Orientacdo gene A ficard a ser a mesma de lacZ
OK

Clonagem nao-dirigida e de extremidades cegas (menos eficiente que uma clonagem nao dirigida
envolvendo extremidades coesivas)

Devera obter-se os dois clones diferentes com as duas possiveis orientagdes do gene A,
relativamente a lacZ

NOTAS: Atendendo a que o vector pUC18 é um vector adequado a clonagem de segmentos de DNA, em que se tira unicamente partido da a-complementacao para
selecdao de recombinantes, a orientacao do fragmento na clonagem é irrelevante. Assim escolheria as alternativas 2 ou 3 por serem clonagens que envolvem

extremidades coesivas.

Se, noutro vector de expressao, a orientacao do fragmento clonado fosse importante para que ocorresse expressao génica da informacao génica nele contida,
teria que escolher a estratégia de clonagem que me colocasse a cadeia a ser transcrita no sentido da transcricao do promotor (no vector)



Problema 8 do Manual de laboratodrio

8. Considere que pretende subclonar, no vector pUC18, o fragmento A de 0,5 kb contido plasmidio pEG16 abaixo representado.

Pr7 Xhol
Nrul Tlndica o sentido da transcricio do gene A,
T A cuja cadeia codificante é a da cadeia de fora
Nsil
Hpal
T3

a) Que locais de restricao de pEG16 e de pUC18 sdao adequados para realizar esta clonagem? Justifique a resposta.
b) Represente as sequéncias nas zonas de juncao resultantes da clonagem.
c¢) Como confirmariam a presenca do inserto? Justifique a resposta. Poderiam utilizar a enzima Bfal?

O plasmidio pEG16 foi digerido com as enzimas Notl/Hphl, nas seguintes condig¢des:

DNA pEG16 5 pl (500 ng/pl)
Nrul 0,5 ul (10 U/ul)
Hphl 0,5 ul (10 U/ul)
Tampao 10 4 ul
H,O MiliQ estéril 30 ul

40 ul

d) Que volume de digestao utilizaria para visualizar o fragmento A e qual a concentracao adequada do gel de agarose?

e) Como procederia para subclonar o fragmento A num vector de 4,5 kb, se a concentragdo de vector e inserto purificado fosse, respectivamente, 10 ng/ul e
6 ng/ul. Refira-se aos volumes e quantidades de DNA vector e inserto a utilizar, indicando também as condicdes de reac¢do apropriadas.

f) Como faria a seleccao de clones recombinantes resultantes da clonagem no vector pUC18? E nos vectores pNM? Justifique a resposta.

Consultar tabela: Compatible cohesive ends and generation of new restriction sites
international.neb.com/tools-and-resources/selection-charts/compatible-cohesive-ends-and-generation-of-new-restriction-sites



https://international.neb.com/tools-and-resources/selection-charts/compatible-cohesive-ends-and-generation-of-new-restriction-sites

