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Expression of cloned genes in 
bacteria Expression vectors 
contain promoter sequences (pro) 
that direct transcription of 
inserted DNA in bacteria and 
sequences required for binding of 
mRNA to bacterial ribosomes 
(Shine-Delgarno [SD] 
sequences). A eukaryotic cDNA 
inserted adjacent to these 
sequences can be efficiently 
expressed in E. coli, resulting in 
production of eukaryotic proteins 
in transformed bacteria. 



Plasmid and / or gene can be altered to accomplish 
high-level expression

2)  Shine Dalgarno Sequence (ribosome binding site)
1)  transcriptional promoter & terminator

3)  efficiency of translation
4)  Stability of the protein
5)  Final cellular location (secreted?)
6)  Number of copies of cloned gene

Plasmid vs. chromosomal
many  vs.  1

7)  Host organism



Some plasmids (Expression Plasmids) have 
promoters upstream of cloning sites for 
expression of genetic info encoded by 
DNA fragment

promoter Gene

Gene Expression from a 
Strong, Regulatable Promoter



Gene Expression from a 
Strong, Regulatable Promoter

• Strong
– high affinity for RNA polymerase
– tight binding - frequently transcribed
– weak binding - RNA Pol falls off, no txn

• Regulatable
– researcher can control when gene is expressed
– use inducers / co-repressors



Promoters of Importance in 
Biotech

• lac
• trp
• tac  (or trc)
• phage  λ pL

• phage T7 gene 10



Initiation

 RNA polymerase
 Transcription factors
 Sigma factor (σ)– determines promoter

specificity

Start site of txn is +1

α α β β’σ



E. coli Promoter Sites
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E. coli Promoter Sites

Deviation from consensus -10 , -35 sequence leads to 
weaker gene expression



lac promoter

• lac operon

• negative regulation
– lac repressor binds to operator sequence
– inducer binds to repressor - makes it non-

functional
– Inducer = allolactose, IPTG



Operons

• An operon is a group of 
genes that are 
transcribed at the 
same time. 

• They usually control an 
important biochemical 
process. 

• They are only found in 
prokaryotes.
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The lac Operon

• The lac operon consists of three genes each 
involved in processing the sugar lactose

• One of them is the gene for the enzyme β-
galactosidase

• This enzyme hydrolyses lactose into 
glucose and galactose



Adapting to the environment
• E. coli can use either glucose, which is a 

monosaccharide, or lactose, which is a 
disaccharide

• However, lactose needs to be hydrolysed 
(digested) first

• So the bacterium prefers to use glucose when it 
can



Four situations are possible
1. When glucose is present and lactose is absent the E. coli 

does not produce β-galactosidase.

2. When glucose is present and lactose is present the E. coli 
does not produce β-galactosidase.

3. When glucose is absent and lactose is absent the E. coli 
does not produce β-galactosidase.

4. When glucose is absent and lactose is present the E. coli 
does produce β-galactosidase



DNA lacl

mRNA
5′

3′

Lac operon

Lactose present, repressor inactive, operon on

lacZ lacY lacA

RNA
polymerase

mRNA 5′

Protein

Allolactose
(inducer)

Inactive
repressor

β-Galactosidase Permease Transacetylase

Enzymes facilitate lactose import and breakdown

for cellular energy



The control of the lac operon



Let’s assume bacteria prefer glucose to lactose as a carbon 
source.

If glucose is available in the surroundings, does it make sense for 
the lac operon to be ON?  

If it’s a waste of energy then how do bacteria repress (turn OFF)
the Lac operon?



1. When lactose is absent, glucose present
• A repressor protein is continuously synthesised. It sits on a 

sequence of DNA just in front of the lac operon, the Operator
site

• The repressor protein blocks the Promoter site where the 
RNA polymerase settles before it starts transcribing

DNA lacl

Regulatory
gene

mRNA
5′

3′

RNA
polymerase

Protein
Active
repressor

No
RNA
made

lacZ

Promoter

Operator

Lactose absent, repressor active, operon off



2. When lactose is present
• A small amount of a sugar allolactose is formed within the 

bacterial cell. This fits onto the repressor protein at another 
active site (allosteric site)

• This causes the repressor protein to change its shape (a
conformational change). It can no longer sit on the operator 
site. RNA polymerase can now reach its promoter site



3. When both glucose and lactose 
are present

• This explains how the lac operon is 
transcribed only when lactose is present.

• BUT….. this does not explain why the 
operon is not transcribed when both glucose 
and lactose are present.



Positive Gene Regulation

• Activator protein turns on Lac operon
– catabolite activator protein (CAP)

Glucose high  cAMP low

Glucose low cAMP high

CAP-cAMP binds Lac promoter and induces transcription

When would this occur, when glucose is high or low?

Low



DNA

cAMP

lacl

CAP-binding site

Promoter

Active
CAP

Inactive
CAP

RNA
polymerase
can bind
and transcribe

Operator

lacZ

Inactive lac
repressor

Lactose present, glucose scarce (cAMP level high): abundant lac
mRNA synthesized



DNA lacl

CAP-binding site

Promoter

RNA
polymerase
can’t bind

Operator

lacZ

Inactive lac
repressor

Inactive
CAP

Lactose present, glucose present (cAMP level low): little lac
mRNA synthesized



Summary
Carbohydrates Activator 

protein
Repressor 

protein
RNA 

polymerase
lac Operon

+ GLUCOSE
+ LACTOSE

Not bound 
to DNA

Lifted off 
operator site

Keeps falling 
off promoter 

site

No 
transcription

+ GLUCOSE
- LACTOSE

Not bound 
to DNA

Bound to 
operator site

Blocked by 
the repressor

No 
transcription

- GLUCOSE
- LACTOSE

Bound to 
DNA

Bound to 
operator site

Blocked by 
the repressor

No 
transcription

- GLUCOSE
+ LACTOSE

Bound to 
DNA

Lifted off 
operator site

Sits on the 
promoter site

Transcription



The Lac promoter System
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A simple E. coli expression vector utilizing the lac promoter.
In the presence of the lactose analog IPTG, RNA polymerase normally  

transcribes the lacZ gene, producing lacZ mRNA, which is translated into 
the encoded protein, G-CSF



Trp promoter

• from E. coli tryptophan operon
• controlled by 

– trp repressor - co-repressor (tryptophan)
– repressor synthesized in non-functional form
– repressor-co-repressor complex is functional



Trp Operon

Group of genes that encode enzymes
for tryptophan synthesis (an amino acid)

trpE trpD trpC trpB trpA

5’

E          D         C          B          A

mRNA

DNA

proteins

RNA polymerase



Promoter Promoter

DNA trpR

Regulatory
gene

RNA
polymerase

mRNA

3′

5′

Protein Inactive
repressor

Tryptophan absent, repressor inactive, operon on

mRNA 5′

trpE trpD trpC trpB trpA

Operator
Start codon Stop codon

trp operon

Genes of operon

E

Polypeptides that make up
enzymes for tryptophan  synthesis

D C B A

Trp Operon ON most of the  time

TrpR gene also ON: makes inactive repressor protein

If the cell is not synthesizing much protein (e.g. low nutrients),
will it need to continue to make trp?

How to shut off the trp operon?



DNA

Protein

Tryptophan
(corepressor)

Tryptophan present, repressor active, operon off

mRNA

Active
repressor



DNA

Protein

Tryptophan
(corepressor)

Tryptophan present, repressor active, operon off

mRNA

Active
repressor

No RNA made

operatorTrpR

conformational
change



Is the trp operon repressible or inducible?

ON unless excess trp binds and activates repressor protein->

Active TrpR binds operator

Blocks transcription

Trp operon OFF



Trp promoter

Repressor only Gene Expressed

Repressor + No Expression
co-repressor (Trp)



tac (trc) promoter

• Hybrid of lac and trp promoters
-35 region from trp
-10 region from lac

– separated by 16bp   = tac promoter
– separated by 17bp   = trc promoter

• 3x stronger than trp 
• 5-10x stronger than lac



Synthetic E. coli promoters

-35 -10

Hybrid Promoters:
ptac Promoter (Ptrp –35 +16pb + Plac –10; IPTG)
ptrc Promoter (Ptrp –35 +17pb + Plac –10; IPTG)-> invitro most powerful -> invivo 90% of ptac
ptic Promoter (Ptrp –35 +18pb + Plac –10; IPTG) -> 65 % of ptac

37



T7 promoter

• From T7 phage
• Use T7 polymerase – need it



pET vectors: protein expression



Enhancing Translation

• Strong promoter will produce lots of mRNA
• Also need effective translation to obtain lots of 

protein

• DNA            RNA              Protein



Enhancing Translation

• In Prokaryotes 
– translation signal is RBS
– ribosome binding site
– Shine-Dalgarno sequence
– 6-8 nt in length
– located short distance (~10nt) upstream of 

AUG translation start codon



Enhancing Translation-Shine 
Dalgarno

• sequence complementary to region on 16S rRNA of 
small subunit of ribosome

UAAGGAGG
AUUCCUCC

AUG5’ 3’

mRNA

3’ 5’16S rRNA

small ribosomal subunit



Expression Vector pKK233-2

selectable marker
tac promoter
RBS
unique REase sites
Txn terminators

not shown:
ori of replication



Codon Optimization



Choice of Host Organism

• E.coli is organism of choice
– well characterized growth
– lots of experience
– NOT always the best organism



• Sometimes overexpression can reduce 
amount of recovered protein
– Protein forms insoluble aggregates
– Proteins is found in Inclusion bodies 
– Degradation 
– results in low level of expression 
– difficulty in purifying desired protein



HOW OVERCOME THESE DRAWBACKS:

• Inducible promoters

• Decrease T e growth rate

• Little changes into aa sequences (i.e introducing Cys)

• Fusion protein with Tyreodoxin



Fusion Proteins

• Protein fusion done at level of DNA (genes)
– coding region of cellular protein fused in frame to 

coding region of target protein gene
– when transcribed and translated generates a fusion 

protein



Fusion Proteins

stable protein gene of interest

MET ... LEU ARG THR MET VAL ILE ... End
ATG ... GTG CGA ACC ATG GTG ATC ... TAG

Nco I

Note:  translation stop of cellular gene must be removed
Note:  reading frame of fusion protein must be contiguous



Secretion of Protein of Interest
• Why secrete Protein of Interest?

– stability of the protein may be increased 
– protein may be easier to purify

• Stability of the protein may be increased
– remove from cytoplasm and its proteases
– recombinant human proinsulin (rh-proinsulin) 

stability is increased 10X if secreted 



Secretion of Protein of Interest

• What is required for secretion?

– Signal peptide sequence required for passage 
through cell membrane

– added at NH2 end of protein (5’ end of gene)

signal protein of interestNH2 COOH

must be in-frame in gene!



Secretion in Gram - Bacteria

outer membrane
inner membrane

periplasmic space

Proteins are secreted through the inner (cell) 
membrane, but in general cannot pass through 
the outer membrane.
Proteins remain trapped in the periplasmic space.



Increase stability

• Insolubility may be due to aggregation caused 
by incorrect folding
– Solution:  

• make a fusion protein with thioredoxin
• 11.7 kdal protein
• can keep the fusion protein soluble even when 

it makes up 40% of total protein



Thioredoxin-target fusion protein

presence of tryptophan - corepressor of oTrp

cI = repressor of pL

fusion protein synthesized

B



Construction of Fusion Proteins 
might help purification

• Fusion partner (“tag”) binds to small 
molecule or Antibody (Ab)

• Small molecule or Ab can be linked to inert 
matrix

• Fusion protein will bind, other proteins 
won’t

• Elute purified protein from column



Affinity Chromatography Purification

1

2

3

4



Helper tags for protein 
production and purification

• 6/7 histidine tag: interacts very specifically with Ni2+ ions, 
which can be immobilized on columns or beads

• Biotin carboxylase: covalently attaches to biotin, biotin binds 
to streptavidin which can be immobilized on columns or beads

• Epitopes (e.g. c-myc) for specific antibodies can be included 
as tags--purify on antibody column

• Tags can be engineered to be removable





Fusion Proteins

• Produce fusion protein
– prevent degradation
– increase ease of purification

• May need to remove fusion “tag”
– may effect biological functioning
– may make it unsuitable for clinical use

• FDA might not grant approval



Fusion Proteins

• Need Proteases equivalent to REases
– Several have been developed
– cleave a short defined aa sequence
– insert protease cleavage sequence between 

fusion partner gene and G of I

fusion partner gene of interest
protease cleavage sequence



Cleavage by Factor Xa



Using tags in protein purification

high affinity, 
high specificity



Fusion Protein Cleavage

Protease Source

Factor Xa blood clotting factors
Thrombin
Enterokinase











Recombinant DNA 
Technology 

Manipulation of Gene 
Expression in mammalian 

cells



Recombinant Protein 
Production in Eukaryotic Cells

• Occassionally problems will arise when 
eukaryotic proteins are expressed in 
prokaryotic cells
– unstable
– no biological activity
– prokaryotic contaminants



Eukaryotic Expression Systems

• To eliminate prokaryotic expression 
problems, eukaryotic expression systems 
were developed
– Esp. important for therapeutic proteins
– Need to have identical: biochemical

biophysical
functional properties
as the natural protein



Euk. Expression Systems

• What’s different?
– Post-translational modification of most eukaryotic 

proteins 

Such as:
– Correct disulfide bond formation
– Proteolytic cleavage of inactive precursor
– Glycosylation - addition of sugar residues
– Alteration of amino acids in protein

• phosphorylation
• acetylation
• sulfation
• fatty acid addition



Eukaryotic Cell Exp. Systems

• Therapeutic proteins may need to be 
expressed in eukaryotic cells to be effective
– correct post-translational modifications



Protein Drugs Produced by 
Eukaryotic Cell Culture

Protein Condition
Factor IX & VIIIc hemophiliacs
CD4 receptor AIDS
erythropoetin cancer
β & γ interferons cancer
Interleukin-2 cancer
growth hormone dwarfism
tissue plasminogen activator heart attack/stroke
Hepatitis B surface antigen vaccine
monoclonal antibodies various



Eukaryotic Expression Vectors

• Same sorts of genetic features
– selectable marker (for eukaryotic cell)
– eukaryotic promoter
– mRNA polyadenylation signal
– ori of replication  (if plasmid based)
– chromosomal DNA segment for homologous 

recombination into host Chr



Eukaryotic Expression Vectors

• They have genetic features for selection and 
maintenance in E.coli cells

• ori of replication
• selectable marker



Generalized Mammalian 
Expression Vector

shuttle plasmid tt

ttp In



Eukaryotic Expression Vector

• Ori of replication
– generally derived from animal virus (SV40)

• Promoters
– generally derived from animal viruses or from 

highly expressed mammalian genes
– SV40, cytomegalovirus (CMV), herpes simplex 

virus (HSV), etc,



Translation control elements

5’ leader 3’ trailer1 2 3 gene of interest4

Transcribed Region of Gene

1 AUG (Kozak sequence = CCRCCAUGG)
2 Signal sequence for secretion
3 Affinity tag for purification
4 Proteolytic cleavage site



Euk. Selectable Markers
Agent Action Marker Gene

Xyl-A DNA damage Adenine deaminase
Blasticidin S Inhibits protein syn. BlasticidinS deaminase
G-418 Inhibits protein syn. Neomycin phosphotransferase
MSX Inhibits glutamine syn. Glutamine synthetase
MTX Inhibits DNA syn. Dihydrofolate reductase

and others



Eukaryotic Selectable Markers

• G418 (Geneticin)
– blocks translation
– neomycin phosphotransferase confers 

resistance   ( Neor )



Eukaryotic Selectable Markers

• Methotrexate (MTX)
– kills cells which lack dihydrofolate reductase
– host cell line made DHFR-

– vector carries a functional DHFR gene



Proteins can be also expressed as fusion protein as described before













Transfection of Euk. cells

• Introduction of DNA into prokaryotic (and 
yeast) is cells termed Transformation  

• Transformation of animal cells refers to 
changes in growth characteristics of cells in 
culture

• Transfection is term used for uptake of 
foreign DNA into eukaryotic cells resulting 
in inherited change



• CARATTERISTICHE:
– Elevata efficienza
– Bassa tossicità
– Riproducibilità in vitro e in vivo

• PROCESSO:
– Introduzione del DNA nella cellula
– Ottenimento dell’espressione del gene d’interesse
– (selezione delle cellule che si sono trasfettate stabilmente)
– Caratterizzazione del gene/ proteina prodotta

• PROBLEMATICHE:
– Come superare le barriere naturali???

• DNA: fortemente POLARE (carica negativa)
• MEMBRANA CELLULARE LIPOFILA

METODI DI TRASFEZIONE



METODI DI TRASFEZIONE

1) METODI CHIMICI

2) METODI FISICI

































































Transfection Methods



STABLE TRANSFECTION



Generalized Mammalian 
Expression Vector

shuttle plasmid tt

ttp In
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