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VECTOR	TYPES	USED	IN	THE	LABORATORY

1. Vectors to	clone	genomic fragements/cDNA (libraries

2.	Vectors to	express	proteins in	cells and/or	purify recombinant proteins

- In	bacteria
- In	yeast
- In	fly cells
- In	vertebrate	 cells

- Bacteriophages
- Cosmids
- Bacterial artificial chromosomes
- P1	derived artificial chromosomes
- Yeast artificial chromosomes

=	Expression vectors



1. Vectors to	clone	genomic fragements/cDNA (libraries)

- In	bacteria
- In	yeast
- In	fly cells
- In	vertebrate	 cells

- Bacteriophages – Phage vectors (lambda,	M13)
- Cosmids
- Bacterial artificial chromosomes
- P1	derived artificial chromosomes
- Yeast artificial chromosomes

Engineered vector systems

2.	Vectors to	express	proteins in	cells and/or	purify recombinant proteins



How	to	generate	“physical”	genomic	information	by	making	DNA	libraries	:
à get	DNA	piece	 in	lambda	vector	à amplify	using	bacteria	à prepare	DNA	à
get	DNA	sequence

• There	two	main	types	of	DNA	libraries
• Genomic	library	which	contains	the	entire	human	Genome	 (exons	and	introns)
• cDNA	(complementary	DNA)	library that	contains	only	expressed	genomic	
information	(only	exons	+	UTRs)

Obtaining genomic information	from	organisms,	cells,	tissues…
Vectors to	clone	genomic fragements/cDNA (libraries)

Main	questions:
1.	DNA	sequence	of	the	genome:	get	all	 the	DNA	seqeunce of	the	genome	in	hands	and	
do	DNA	sequencing	(à obtain	complete	seqeucne of	the	genome) (or	other	library	
vector)

2.	What	genes	are	expressed	in	a	given	cell	type?
Prepare	RNAs	à reverse	transcription	à cDNA	à clone	cDNA	(fragments)	in	lambda	
vector	(or	other	library	vector)



Obtaining genomic information	from	organisms,	cells,	tissues…
Vectors to	clone	genomic fragements/cDNA (libraries)

DNA	libraries are	
commercially availabe



Phage vectors - Vettori fagici

Phages can	be	used to	amplify and	trasport DNA
à Phages are	usedas recombinant DNA

Library	making using bacteriophages

Make
recombinant
bacteriophage
DNA

Muchmore	on	libraries
Prof.	Edomi
Genetica	Applicata
STB:	Anno	3	Sem.	2



Life cycles of the Lambda phage



Sequences non	required for	lytic life	cycle

Note:	lambda	phage are	only viable if they contain between about 39	and	52	kbp of	
DNA
à Non	essential regions (=14,5	kb)	can	be	deleted and	replaced by	a	max of	22	kb	

DNA	of	foreign origin (cDNA;	genomic DNA	frament)	
à Phage is viable
à Phage uses lytic life	cycle and	amplifies DNA

Using	the	Lambda	phage	as	cloning	tool	to	generate	recombinant	DNA

Lambda	phage can	be	used as a	cloning tool

In	the	laboratory only the	lytic life	cycle is interesting for	cloning purposes



Using	Lambda	phages	as	cloning	vectors

Two types of λ vectors

- Insertion vector/vettori
d'inserzione, exogenouse (esogeno)
DNA is inserted into unique
restriction site in lamba vector

- Subsitution vectors/vettori di
sostituzione, exogenouse DNA
(esogeno) is replacing a segment of
lambda DNA not required for the lytic
life cycle (“stuffer”).

stuffer



digestione parziale
con Sau3A Isolate fragments

With approximate size of
15 Kb

(agarose gel)

BamHI

ligation

- Packaging in vitro into Lambda capsids
- Conserve Lambda library stocks

- Dilute phage library
- Infect confluent E.coli culture on agar plate

sito cos sito cos

I vettori di sostituzione permettono di clonare frammenti di 15-20 kb.  Si effettua una digestione genomica parziale con Sau3A e si 
purifica una popolazione intorno a i 15 kb.  Si digerisce quindi un vettore di sostituzione con BamHI, complementare a Sau3A, e si 

ligano insieme i  bracci destro, sinistro e la popolazione di digesti parziali di circa 15 Kb.

Lamda subsitution vectors

BamHISau3A

BamHI and	Sau3A	havecohesiveends

Genomic DNA	fragments with	different lengh

Also possible with	cDNA obtained from	reverse	transcription
of	mRNA

Sau3A
Sau3A
Sau3A

Sau3A

Sau3A
Sau3A

BamHI
left arm
(lambda)

right	 arm
(lambda)

Isocaudomers

cDNA libraries
Genome libraries

max.	22kb



Working with phages in the lab

The	plaque assay

Serial	dillution

à Make serial	dillution of	phage stock
à Plate on	confluent agar	plate confluent

with	E.	coli;	ideal culture	conditions
à Phage infect E-coli	end	enters Lytic life	

cycle
à Exit	from	cell and	infection of	

neighbouring cells
à Formation of	plaque

1	phage



Working with phages in the lab

E-coli
(confluent)

Plaque:
à Initiated by	1	phage

à Plaque contains millions
of	phages

à Phages can	be	isolated
and	furhter amplified in	

liquid cultures
à Prepare phage DNA

à Sequence inserted DNA



1. Vectors to	clone	genomic fragements/cDNA (libraries)

2.	Vectors express	and	purify recombinant proteins
- In	bacteria
- In	yeast
- In	fly cells
- In	vertebrate	 cells

- Bacteriophages – Phage vectors (lambda,	M13)
- Cosmids
- Bacterial artificial chromosomes
- P1	derived artificial chromosomes
- Yeast artificial chromosomes

Engineered vector systems



COSMIDI	- COSMIDS

COSMIDS	are	engineered	vectors	that	contain	
elements	from	phage	and	plasmid
- Can	carry	40kb	of	insert	DNA
- Can	be	maintained	as	plasmids	in	bacteria
- Can	be	shuttled	as	phage
- Less	vectors	required	to	cover	the	genome

CHARACTERISTIC	FEATURES:
- Basic	vector	is	small:	5-6	kb
- Cos	sites	are	present;	rest	of	lambda	pahge DNA	has	been	
largely	deleted

- Contains	2	cos	sites	for	in	vitro	packaging	à recombinant	
capsids	are	mixed	with	library	–>	cos	sites	are	recognized	and	
library	vectors	are	inserted	into	capsid	–>	recombinant	phage	
is	used	to	infect	bacteria.	

- Note:	Insertion	of	cosmid using	a	phage	is	more	efficient	that	
via	transformation	(cosmids are	long)	

- !!!	No	replication	system	of	phage	à no	plaques!!!
- Uses	bacterial	origin	of	replication
- Carries	markers	for	selection	 in	bacteria



GENERATION	OF	COSMID	LIBRARIES

Partial digest with	Endonuclase #2;
Dephosphorylation of	overhangs

- Selection	of	40kb	fragments;
- Ligation	with	cosmid vector	arms;
- In	vitro	packaging
- Infection	of	E-coli

ATTENTION:	when entered in	bacteria;	cos	
sites re-circularize cosmid vector
Cosmid is maintained as plasmid (Tet
resistance cassette)

Genome libraries



1. Vectors to	clone	genomic fragements/cDNA (libraries)

- In	bacteria
- In	yeast
- In	fly cells
- In	vertebrate	 cells

- Bacteriophages – Phage vectors (lambda,	M13)
- Cosmids
- Bacterial artificial chromosomes
- P1	derived artificial chromosomes
- Yeast artificial chromosomes

Engineered vector systems

2.	Vectors to	express	proteins in	cells and/or	purify recombinant proteins



BACs – BACTERIAL	ARTIFICIAL	CHROMOSOMES

BACs		are	engineered	vectors	that	
contain	elements	from	the	F	plasmid

- Can	carry	300kbof	insert	DNA
- Transformed	into	bacteria	
- Can	be	maintained	as	circular	vector	in	
bacteria	(oriS)

- Chloramphelicol resitance (CAMR)	
- Copy	number	control:	1-2	copies	per	
bacteria

- Segregation	system	of	F-plasmid	à very	
stable	vector	(par	region)

- Cos	site	optional	for	phage	packaging	
(remember	max.	size	for	packaging)

- Ideal	for	genomic	libraries

Genome libraries



BACs – BACTERIAL	ARTIFICIAL	CHROMOSOMES

1.Components of the F plasmid
- oriS: origin of replication 
- repE:plasmid replication and copy number control
- parA,parB: correct partitioning of BAC to daughter 

cells; stability of BAC
2.Selectable marker in E.coli:  Chloramphenicol 
resistance (CAMR)
3.Segmento di clonaggio:
ØBamHI e HindIII: cloning sites for insertion of DNA 
fragments (<300kb)
ØT7 + SP6: promoters to eventually do in votro
transcription using T7 or SP6 RNA polymerases (for 
example probe generation)
4.OPTIONAL:
ØCos: for cutting by lambda terminase; optinal
packaging
ØLoxP: fir cutting by the cre endonucease of the 
phasge P1
ØLacZ (beta-galacosidase):blue-white selection to 
selct for colonies hilding BACs with insert

Chloramphenicol acetyltransferase (or	CAT)	is a	bacterial enzyme that detoxifies the	antibioticchloramphenicol and	is responsible for	
chloramphenicol resistance in	bacteria.This enzyme covalently attaches an	acetyl group from	acetyl-CoA to	chloramphenicol,	which prevents
chloramphenicol from	binding to	ribosomes.	A	histidineresidue,	located in	the	C-terminal	section of	the	enzyme,	plays a	central role in	its catalytic
mechanism.



GENERATING	A	BAC	LIBRARY

- Cut	genomic	DNA	with	2	different	
restriction	enzymes

- Size	select
- Cut	BAC	vector	with	same	restriction	sites
- Ligate	genomic	DNA	into	BAC	vector
- Electroporate	bacteria
- Plate	on	agar	plate
- Make	blue-white	selection
àWhite	colonies:	with	insert
àBlue	colonies:	without	insert

Screening	on	bacterial colonies



BAC	libraries are	commercially available:

à BAC	library	vectors	covering	multiple	 times	the	human/mouse/other	 genome	
have	been	spotted	one	by	one	on	a	nitrocellulose	membrane

à Commercially	available
à A.	Hybridize	membrane	collection	with	radioactive	probe	(on	gene	of	interest)
à B.	Identify	BAC	clones	that	contain	insert	of	interest
à Order	the	respective	BAC	vectors	from	BAC	library	vendor

à APPLICATION:	for	example	for	building	gene	targeting	vector	to	make	a	knock-
out	for	a	gene	in	mouse



1. Vectors to	clone	genomic fragements/cDNA (libraries)

- In	bacteria
- In	yeast
- In	fly cells
- In	vertebrate	 cells

- Bacteriophages – Phage vectors (lambda,	M13)
- Cosmids
- Bacterial artificial chromosomes
- P1	derived artificial chromosomes
- Yeast artificial chromosomes

Engineered vector systems

2.	Vectors to	express	proteins in	cells and/or	purify recombinant proteins



PAC (P1 derived Artificial Chromosome)

pCYPAC2:	used for	the	human	genome project:	sequencing of	the	entire genome

PACs	combine	the	advantages	of	BACs	and	the	P1	
phage

Structural Elements:
- puC19-link:	contains cloning site	for	insertion of	

genomic fragments (BamHI,	BamHI-ScaI)
-
- SP6;	T7:	in	vitro	transcription

- Kmr:	Kamnamycin resistancegene	for	selection
in	bacteria

- SacBII:	Selection for	PACswith	insert.	In	the	
case	of	empty vector SacBII is transcribed and	
produces levansucrasethat converts succhrose
to	lavan =	toxic for	Bacteria

- loxP site:	cleavage by	P1	endonuclease Cre

- P1	plasmid replicon:	replication of	vector;	copy	
number control	(1-2	vectorsper	cell),	
packaging,	genomicstability,	ideal to	maintain
vector in	cell

- P1	lytic replicon:	IPTG	inducible promoter.	IPTG	
to	bacteria,	lytic life	cycle of	P1	is triggeredà
generation	of	high	copy	number.

Fragments to	be	cloned into PACs:
150	kb	(max.	300	kb)

loxP

Natural	P1	phage:	The	genome of	the	P1	phage is moderately large,	around
93Kbp	in	length.	In	the	viral particle it is in	the	formof	a	linear	double	
strandedDNA	molecule.	Once	inserted into the	host it circularizes and	
replicates as a	plasmid.



YAC - Yeast artificial chromosomes
1. CEN4:	125	bp centromeric	region,	allowing	

segregation	in	yeast
2. TEL:	telomere	repeat;	yeast	13bp	repeats;	stabilize	

linear	YAC
3. ARS:	autonomously	replication	 region	sequence;	

ensures	replication	 in	yeast.
4. Ori,	AmpR:	replication	and	selection	 in	E.coli
5. Selectable	marker	for	yeast	;	URA3,…	many	

posibilities;	
6. Yeast	strains	used	have	mutations	that	are	

compensated	by	auxotrophic	markers	found	on	the	
YACe	vector:	

7. A.	Trp	marker.	Yeast	strain	is	Trp- and	cannot	grow	
in	the	absence	of	Trypotphane.	YAC	contains	Trp	
marker	for	complementationà yeast	with	YAC	
library	vector	can	grow

8. B.	Ura3	marker	(Orotidine 5'-phosphate	
decarboxylase):	Yeast	is	ura3- and	cannot	produce	
uracil	à do	not	grow	in	media	lacking	uracil.	

9. Yeast	with	YAC	can	grow	in	media	lacking	uracil
10. Identifying	yeast	colonies	that	have	YAC	with	insert	

from	colonies	with	YAC	non	carrying	and	insert:	
SUP4:	This	gene	compensates	for	a	sup-mutation	in	
the	yeast	host	cell.		Sup-:	causing	the	accumulation	
of	red	pigment.	The	host	cells	are	normally	red.	
Cells		transformed	with	YAC	only,	will	form	colorless	
colonies.	Cloning	of	a	foreign	DNA	fragment	into	the	
YAC	causes	insertional inactivation	of	the	gene,	
restoring	the	red	color.	Therefore,	the	colonies	that	
contain	the	foreign	DNA	fragment	are	red

Cloningof	fragments:	<1Mb
Very long:	instable,	risk of	recombination,	breaks

Gli	YAC	ricombinanti	vengono	trasformati	in	un	ceppo	di	lievito	
ura3-,	trp1- o	ade2	-,	sup4-

I	ricombinanti	vengono	identificati	come	colonie	rosse	che	
crescono	in	terreno	privo	di	uracile	e	triptofano

Ade2-fosforibosilamino-imidazolo-carbossilasi	mutata

SUP4

Colonie		bianche
Non	Ricombinanti

SUP4

Colonie		rosse
Ricombinanti

Insertion
site	for	library fragments

7.



YAC cloning of genomic libraries

1. Parial digest of	genomic DNA	with	EcoRI
2. Digest	empty YAC	with	EcoRI and	

BamHI,	dephosphorylation
3. Select	for	genomic fragments with	app.	

100	kb	(or	more)	and	ligate with	YAC	
arms

4. Introduce	into yeast
5. Linear	YAC	construct stabilized by	

telomere and	ARS,	CEN

Colonie		rosse
ricombinanti



1. Vectors to	clone	genomic fragements/cDNA (libraries

- In	bacteria
- In	yeast
- In	fly cells
- In	vertebrate	 cells

- Bacteriophages
- Cosmids
- Bacterial artificial chromosomes
- P1	derived artificial chromosomes (PAC)
- Yeast artificial chromosomes

2.	Vectors to	express	proteins in	cells and/or	purify recombinant proteins



Vettori di espressione per la produzione di proteine

-PROTEINE DI INTERESSE TERAPEUTICO. 

-PROTEINE DI INTERESSE COMMERCIALE (ENZIMI).

-PROTEINE DA UTILIZZARE COME ANTIGENI PER LA 
PRODUZIONE DI ANTICORPI POLICLONALI E 
MONOCLONALI. 

-REAGENTI PER LA RICERCA BI BASE E APPLICATA. 

A cosa possono servire le proteine ricombinanti?



Produzione di proteine



Monoclonal Antibodies

Produzione di proteine



Vettori di espressione per la produzione di proteine

QUALI	SISTEMI	ETEROLOGHI	UTILIZZARE	PER	L’ESPRESSIONE	DEI	GENI	?

E’	virtualmente	possibile	 esprimere	geni	in	sistemi	di	ogni	tipo	utilizzando	vettori	d’espressione	
appropriati,in funzione	di	esigenze	specifiche.	

I	più	diffusi:

ØEscherichia	coli,	
ØBacillus subtilis,	
ØLieviti	(yeast)	
Øcellule	d’insetto/sistemi	virali	(Insect cells)
Øcellule	vegetali	
Øcellule	di	mammifero	in	coltura (mammalian cells)

L’espressione	in	E.coli è	di	gran	lunga	la	più	semplice	e,	forse,	per	questo	la	più	utilizzata	come	
prototipo	di	espressione	genica	in	sistemi	eterologhi.



Codoni	sononimi:	
Tre	dei	64	codoni	sono	segnali	di	
terminazione	della	sintesi	proteica	
(codoni	di	stop	o	di	terminazione),	
mentre	gli	altri	61	codificano	per	i	20	
amminoacidi.	Nei	casi	in	cui	uno	stesso	
amminoacido	è	codificato	da	più	
codoni	(da	2	a	6),	questi	si	chiamano	
codoni	sinonimi.

Se	alcuni	tRNA sono	rari	in	quell’ospite,	allora	alcuni	codoni	non	verranno	riconosciuti	e	funzioneranno	come	
codoni	di	stop,	causando	sintesi	premature;	oppure	potrebbero	non	corrispondere	all’inserzione	dell’aminoacido	
desiderato	(codon bias).	
Bisognerà	modificare	il	cDNA ricombinante	da	clonare	in	modo	che	contenga	tra	i	sinonimi	quei	codoni	per	i	
tRNA più	frequenti	nell’ospite;	oppure	bisognerà	ingegnerizzare	l’ospite	affichè	esprima	i	tRNA rari
(ceppi	Rosetta	di	E.	coli).

Codon usage in	different organisms

Problem:	
The	expressionof	human	
cDNAs is often inefficient



1. Vectors to	clone	genomic fragements/cDNA (libraries

2.	Vectors express	and	purify recombinant proteins
- In	bacteria
- In	yeast
- In	fly cells
- In	vertebrate	 cells

- Bacteriophages
- Cosmids
- Bacterial artificial chromosomes
- P1	derived artificial chromosomes (PAC)
- Yeast artificial chromosomes



Vantaggi:
• Vasta	scelta	di	vettori	di	clonaggio
• Vasta	scelta	d	ceppi
• Controllo	relativamente	semplice	

dell’	espressione	 a	livello	genetico
• Buona	resa	della	proteina	

ricombinante	(25%	del	totale	
delle	proteine)

• La	proteina	ricombinante	può	
essere	espressa	come	proteina	di	
fusione

• La	proteina	ricombinante	può	
essere	disegnata	per	essere	
secreta	nel	terreno	di	crescita

• Economico

Svantaggi:
• La	proteina	ricombinante	

mancherà	di	modificazioni	post-
trasduzionali

• L’	attività	biologica	del	
ricombinante	può	essere	 diverso	
dalla	proteina	naturale

• Carico	metabolico	molto	pesante	
con	overespressione	 di	proteine	
che	a	volte	porta	alla	formazione	
di	inclusion	bodies,	aggregati	che	
rendono	difficoltosa	la	
purificazione	del	prodotto	e	
possono	ridurre	la	sua	attività	
biologica

Pro	and	Cons	of	expressing	human	proteins	 in	bacteria



Fattori influenzanti l’espressione dei geni clonati per	ottimizzare
l’espressione di	proteine di	mammifero nei batteri



VETTORI D’ESPRESSIONE (Batterie)
caratteristiche generali

Elementi	standard
Origine	di	replicazione
Marker	di	selezione
Promotore	(T7,	T3,	SP6;	normalmente	inducibile)
Terminatori	di	trascrizione
Segnali	per	ottimizzare	mRNA
Codoni	di	terminazione	della	 traduzione

Elementi	genetici	specifici	per	diverse	
applicazioni:	
Sequenze	segnale	per	secrezione
Molecole	di	fusione
Peptidi	per	purificazione	(tags)
Ecc.

Subito	dopo	la	sequenza	di	Shine-Dalgarno deve	
essere	presente	un	codone	di	inizio,	quasi	sempre	AUG	
(in	una	piccola	percentuale	di	casi	può	essere	
presente	il	codone	GUG).

La	spaziatura	ottimale	tra	SD	e	AUG	è	di	8	bp

E’	importante	che	la	sequenza	nucleotidica	tra	la		SD	e		
il	codone	d’inizio	non	sia	disturbata	da	strutture	
secondarie	(	es.	hairpin loops )	che	possono	interferire	
drasticamente	con	il	 legame	al	ribosoma	e	la	
conseguente	traduzione.	



Geni in procarioti possono avere:
-Espressione Costitutiva

-ESPRESSIONE REGOLATA(= inducibile!!! Es. Lac Operon)

Una produzione continua può provocare:
-Inibizione Funzioni Cellula

-Perdita Energia
-Perdita Plasmide

Nella produzione di proteine eterologhe in batteri vengono 
utilizzati spesso promotori forti e regolabili 

Caratteristiche del prodotto proteico ricombinante



Promotori	per	la	espressione	di	proteine	ricombinanti	 in		E.	coli



Sistemi	per	la	purificazione	di	proteine	ricombinanti	 in		E.	coli

Si	preferisce	esprimere	proteine	di	fusione	(Tag	+	proteina	di	interesse),	per	la	loro	maggiore	stabilità,	gli	alti	livelli	
di	espressione	e	la	relativa	facilità	con	cui	si	purificano.		

classic

- Tag	is a	short	peptide	
sequence fused to	the	
protein of	interest (NH2	
o	COOH	terminus of	
protein)	that can	be	used
the	purify the	
recombiannt protein

- Tag	can	be	captured by	a	
special	surface of	a	solid
resin (in	suspension)

- Rest of	cell lysate is
discarded

- Recombinant protein
bound to	resin

- Washing
- elution



Sistemi	per	la	purificazione	di	proteine	ricombinanti	 in		E.	coli

TAG and Protein must be “in frame)

aa1 aa2 aa3 aa4 aa5 aa6

Protein of	interestTag	(last	3	AA)																						



AGGAAAC AGAACCATG                                     G                         AGCTTGATAATTAGCTGA
TCC TTTG TCTT GGTAC    CCTAG                          ACTATTAATCGACTGST

BamHI HindIII

ATG TAA

cDNA IgG

AGGAAAC AGAACCATG
TCC TTTG TCTT GGTAC

GST GGATCC
CCTAGG cDNA IgG AAGCTTGATAATT

TTCGAACTATTAA

Met
GST IgG

Sistemi	per	la	purificazione	di	proteine	ricombinanti	 in		E.	coli

GST-tagged proteins:
A	convenient method of	protein expression and	subsequentpurification is to	fuse	a	protein with	a	glutathione-S-transferase
(GST)	domain.	The	DNA	encoding for	this 25	kDa protein domain	is ligated in-frame	with	the	gene	for	the	desired protein so	that,	
uponexpression,	yourdesired protein is fused to	the	GST	domain.	This is an	incredible help	in	protein purification,	since GST	
binds glutathione extremely strongly.The	general	purification strategy is thus to	bind the	GST	fusion	protein on	a	column of	
immobilized glutathione,	wash	away all the	other stuff,	and	then elute the	protein.

Vector

HindIIIBamHI Stop

Stop

Start

Start



1. Construction	of	GST-tagged cDNA in	
frame.	Cloned into bacterial
expression vector.

2. Transformation of	bacteria

3. Growth of	bacteria

4. Induction of	protein expression via	
the	use	of	an	inducible prmoter

5. Cell	harvest and	lysis

6. Binding of	recombiant protein to		
resinwith	immbilized gluthation

7. Bond	protein can	be	elutedwith	
excess of	gluthation (in	elution
buffer	– competition).	

Sistemi	per	la	purificazione	di	proteine	ricombinanti	 in		E.	coli



HISTIDINE	(His)-taggedproteins:
In general, proteins possess more or less the ability to
coordinate metal ions on their surface, Histidine is strongly
involved in the coordinate bond with metal ions. Therefore, if a
number of histidines are added to the end of the protein by
genetic engineering, the affinity of the protein for the metal ion
is remarkably increased and the basic idea is that purification
can be easily carried out. When a protein having a His tag is
brought into contact with a carrier on which a metal ion such as
nickel is immobilized under the condition of pH 8 or higher, the
histidine residue chelates themetal ion and binds to the carrier.

Sistemi	per	la	purificazione	di	proteine	ricombinanti	 in		E.	coli

AGGAAAC AGAACCATG
TCC TTTG TCTT GGTAC

HisHisHisHisHisHis GGATCC
CCTAGG cDNA IgG AAGCTT

TTCGAA



COMMON	TAGs FOR	EXPRESSION	OF	RECOMBINAT	PROTEINS	IN	E.	COLI	

• Calmodulin binding peptide	(CBP)	
• 6xHis
• Proteina	A	(IgG binding domain)
• Chitin binding domain	(CBD)
• Glutatione S-transferasi	(GST)
• MBP	(Maltose	binding protein)
• Strep tag (Streptavidin binding tag)



1. Vectors to	clone	genomic fragements/cDNA (libraries

2.	Vectors express	and	purify recombinant proteins
- In	bacteria
- In	yeast
- In	fly cells
- In	vertebrate	 cells

- Bacteriophages
- Cosmids
- Bacterial artificial chromosomes
- P1	derived artificial chromosomes (PAC)
- Yeast artificial chromosomes



► Produzione di	sferoplasti (treatment	of	call	
wall	with	enzmes such	as	zymolyase,	glusulase or	
lyticase)	e	trattamento con	polietilenglicole
► Elettroporazione









Promoters	to	express	recombinant proteins in	yeast cells



The	GAL1	promoter:	an	inducible gene	expression system

Grow S.cerevisiae in	liquid
medium	without
galactose but glucose
(glucose blocks activation
of	GAL1	promoter)

Induce	recombinant
protein expression by	
switching energy resouce
to	galactose



2. Cap-independent translation: 

1. Cap-dependent translation: 

Ribosome binding to mRNA occurs through
'internal ribosome entry site' (IRES) on mRNA.

- Cap structure and the cap binding proteins
are responsible for proper ribosome binding
to mRNA and recognition of the correct
initiation codon. 

- The first AUG codon in the 5’end of mRNA 
functions as the initiation codon. 

- Kozak sequence may be present around
the initiation codon. (ACCAUGG)

Pre-requesites for	recombinant protein expression in	S- cerevisiae



Signal sequence of protein is
recognized by signal recognition
particle
• SRP directs secretory protein to
the translocation machinery on
the ER-membrane
• Translation and translocation
process are coupled
• After translocation proteins
undergo: – Folding
– Post-translational modifications
– Is transported through secretory
pathway
– Released into the medium

Secretion of	recombinant proteins from	yeast cells

Secretion
The	yeast secretory pathway is very similar to	that in	higher eukaryotes.
N-terminal	signal sequences for	co-translational translocation of	screted proteins into the	ER	are	removed by	a	signal peptidase.	Examples of	popular signal
sequences used for	secretion of	heterologous proteins -theseof	Pho5,	Suc2	and	the	a	-factor.



Recombinant proteins produced in	Yeast



1. Vectors to	clone	genomic fragements/cDNA (libraries

2.	Vectors express	and	purify recombinant proteins
- In	bacteria
- In	yeast
- In	fly cells – insect cells
- In	vertebrate	 cells

- Bacteriophages
- Cosmids
- Bacterial artificial chromosomes
- P1	derived artificial chromosomes (PAC)
- Yeast artificial chromosomes



.

The	baculovirus life	cycle involves twodistinct formsof	virus.	Occlusion
derived virus	(ODV)	is present in	a	proteinmatrix (polyhedrin or	granulin)	
and	is responsible for	the	primary infection of	the	host while the	budded
virus	(BV)	is released from	the	infected host cells later during the	secondary
infection

Typically,	the	initial infection occurs when a	susceptible host insect feeds on	
plants that are	contaminatedwith	the	occluded formof	the	virus.	The	
proteinmatrix dissolves in	the	alkalineenvironmentof	the	host midgut
(stomach),	releasingODV	that then fuse	to	the	columnar epithelial cell
membrane	of	the	host intestine	and	are	taken into the	cell in	endosomes.	
Nucleocapsids escape from	the	endosomes and	are	transported to	nucleus.	
This step is possiblymediated by	actin filaments.	Viral transcription and	
replication occur in	the	cell nucleus and	new	BV	particles are	budded out	
from	the	basolateral side	to	spread	the	infection systemically.	During
budding,	BV	acquires a	loosely fitting host cell membrane	with	expressed
and	displayed viral glycoproteins.
Baculovirus infection can	be	divided to	three distinctphases:
Early (0–6	h	post-infection),
Late	(6–24	h	p.i.)
Very late	phase (18–24	to	72	h	p.i.)
WhileBV	is produced in	the	late	phase,	the	ODV	formis produced in	the	very
late	phase acquiring the	envelopefrom	host cell nucleus and	embedded in	
the	matrix of	occlusion body	protein.	Theseocclusion bodies are	released
when cells lyse to	further spread	baculovirus infection to	nexthost.	The	
extensive lysis of	cells frequently causes the	host insect to	literally
disintegrate,	thus the	reason for	the	historicname"wilting disease."	The	
complete	ODV-polyhedrin particles are	resistant to	heat and	light	
inactivation,	whereas the	naked BV	virion ismore	sensitive	to	environment

I	baculovirus - Autographa californica nucleopolyhedrovirus (AcMNPV)

Autographa californica



Autographa californica
multiple nuclear polyhedrosis
virus (AcMNPV) has a
double-stranded circular DNA
genome of approximately 130
kb that contains more than
150 open reading frames. The
ability of AcMNPV to infect
insect cells has led to its use
in multiple protein expression
systems and as plant
insecticides. AcMNPV also
infects a variety of
mammalian cell types, with
the exception of certain
hematopoietic cell lines,
although its genome does not
replicate or integrate into
mammalian chromosomes.

Grosse quantità di poliedrina, una
proteina della matrice, che il virus 
produce grazie ad un promotore molto 
forte, sono ingerite dall’insetto

.I	baculovirus - Autographa californica nucleopolyhedrovirus (AcMNPV)



.Use	of		baculovirus for	expression of	recombinant protein

1. I	baculovirus (AcMNPV)	usati	per	infettare	le	cellule	
d’insetto: Il	promotore	della	poliedrina	è	usato	per	
l’espressione	del	gene	esogeno

3.	DNA	virale	è	troppo	grande	(130kb):	il	gene	da	esprimere	deve	
essere	inserito	nel	gene	della	poliedrina usando	un	vettore	di	
trasferimento	più	piccolo	(contenente	anche	un	ori	per	la	sua	
manipolazione	in	E.	coli)

4.	Ricombinazione	del	vettore	di	trasferimento	col	DNA	virale.

5.	Presenza	di	un	gene	marcatore,	come	la	β-galattosidasinel	
vettore	di	trasferimento	per	selezionare	i	ricombinanti	(placche	
blu),	sostituito	spesso	con	la	GFP	(Green	Fluorescent Protein),	che	
consente	di	identificare	più	facilmente	i	ricombinanti	
illuminandoli	 con	una	lunghezza	d’onda	appropriata	(emissione	
509	nm)

Promotore della poliedrina

Commonly used cell lines are	sf9	&	sf21	derived from	
the	pupal ovarian tissue of	the	fall army worm
spodoptera frugiperda and	high	five derived from	the	
ovarian cells of	the	cabbage looper

130kb
Senza	gene	
poliedrina



6.	I	virus	ricombinanti	non	produrranno	poliedrina,	pero	producono	il	capside	normale
7.	Col	virus	ricombinante	viene	effettuata	l’infezione	su	larga	scala	utillizzando cellule	 sf9		
8.	Alti	livelli	 di	proteina	prima	della	 lisi	delle	cellule	dell’ospite:	la	proteina	eterologa	(prodotte	all’interno	della	
cellula,	oppure	secrete	nel	mezzo	di	coltura:	proteine	di	fusione,	His6,	GST,	Proteina	legante	il	maltosio,
epitopi)	viene	raccolta	dopo	4-5	giorni	dall’infezione
9.	Coltura	dell’ospite	più	costosa	rispetto	al	lievito,	ma	possibile
l’inserimento	delle	modificazioni	post-traduzionalie	la	co-espressione	(nel	baculovirus)	di	geni	che	codificano	per	
enzimi	di	glicosilazione necessari	per	la	corretta	modificazione	della	proteina

.Use	of		baculovirus for	expression of	recombinant protein



PROs:
- The	polyhedrin gene	is	not	required for	the	continuous	production	of	infectious	virus	in	insect	cell	 culture.	Its	sequence	is	
replaced	with	that	of	the	heterologous	gene.	
- The	polyhedrin gene	promoter	is	very	strong. This	determines	a	very	high	level	of	production	of	recombinant	protein.	
- Very	late	expression	allows	for	the	production	of	very	toxic	proteins.	
- This	system	is	capable	of	post-translational	modifications

CONs:
- Expensive.	
- Glycosylation in	insect cells is different (insect cells unable to	produce	complex N-linked side	chains with	penultimate
galactose and	terminal	sialic acid)	from	that in	vertebrate	cells,	 therefore,	a	problem for	therapeutic proteins.	
- A	large	fraction of	the	RP	can	be	poorly processed and	accumulates as aggregates.	
- Discontinuous expression:	baculovirus infection of	insect cells kills the	host and	hence the	need to	reinfect fresh cultures for	
each round	of	protein synthesis.	
-Inefficient for	production	on	a	commercial	scale

.Use	of		baculovirus for	expression of	recombinant protein



1. Vectors to	clone	genomic fragements/cDNA (libraries

2.	Vectors express	and	purify recombinant proteins
- In	bacteria
- In	yeast
- In	fly cells – insect cells
- In	vertebrate	cells

- Bacteriophages
- Cosmids
- Bacterial artificial chromosomes
- P1	derived artificial chromosomes (PAC)
- Yeast artificial chromosomes



Expression systems
Transient Stable

Continuous	expression;	requires	stable	integration	
of	vector	into	genomic	DNA;	vector	must	contain	a	
selectable	marker
à Electroporation
à Lipofection
à Calciumphosphate
à Viral transduction (stable and	episomal)

High	expressionover	limited time	(2-3	days)
Plasmid is not segregatedby	mechanism and	will get lost in	a	
fewdays
à Electroporation
à Lipofection
à Calciumphosphate

After introduction of	vectoràapply selection
for	genome integrants
Alternative	SV40	systemallows episomal
maintenance of	plasmid

Introduction of	vectors into mammalian cells

• INCUBAZIONE	CON	DNA	CO-PRECIPITATO	CON	FOSFATO	
DI	CALCIO	O	DIETILAMINOETIL-DESTRANO	(DEA)	
•- ELETTROPORAZIONE	
•- LIPOSOMI	
•- VEICOLAZIONE	DI	DNA	DA	PARTE	DI	UN	VIRUS	
(Retrovirus,	Lentivirus)	



LIPOFECTION	OF	MAMMALIAN	CELLS

Lipids form sphers and	integrate	DNA
Lipids enter cell and	fuse	with	nuclear membrane
DNA	(vector)	ready	for	trasncription



ELECTORPORATION	 OF	MAMMALIAN	CELLS



COS	cells are	fibroblast-likecell lines derived from	monkey kidney tissue.	COS	cells are	obtained by	immortalizing CV-1	cells with	a	
version of	the	SV40	virus	that can	produce	large	T	antigen but has a	defect in	virus	genome replication.
When an	expression construct with	an	SV40	promoter	is introduced into COS	cells,	the	vector can	be	replicated substantially by	the	
large	T	antigen.	



COS	cells are	fibroblast-likecell lines derived from	monkey kidney tissue.	
COS	cells are	obtained by	immortalizingCV-1	cells with	a	version of	the	
SV40	virus	that can	produce	large	T	antigen buthas a	defect in	genomic
replication.
When an	expression constructwith	an	SV40	promoter	is introduced into
COS	cells,	the	vector can	be	replicated substantially by	the	large	T	
antigen.	These COS	cells are	genetically modified to	produce	the	T	
antigen from	their own genome.



-G418 blocks polypeptide synthesis by	inhibiting the	elongation step in	both prokaryoticand	eukaryotic cells
-Puromycin is an	aminonucleoside antibiotic,	derived from	the	Streptomyces alboniger bacterium,	that causes premature	chain
termination during translation taking place in	the	ribosome.
-Hygromycin is active against both prokaryoticand	eukaryotic cells.	It acts by	inhibiting polypeptide synthesis.	It stabilizes the	tRNA-
ribosomal acceptor site,	thereby inhibiting translation.






