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Heterologous gene expression
(in prokaryotes)
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Different ways to clone a gene

Old days
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The central dogma
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What is a gene?
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Prokaryotes operons



14



15

P
ag

e 
95

Eukaryotes – Intron-Exon concept
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Genetic code degenerate
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General consideration about 
Gene Expression

• Expression Host -> expression System

• Promoter system -> expression vector

• Properties of product -> stability

• Production level
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Measuring Gene Expression 

Expression studies:

1. Analyzing Transcription 
- Northern blot
- Micro array
- real-time PCR
- Primer extension

2. In vivo Expression studies
Use of reporter genes to study regulatory elements

3. Analyzing Translation
- Western blot - immuno assays
- 2D electrophoresis
- proteomics
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Studying Transcription 

Microarray technique – DNA chips
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Promoter Studies

Used reporter genes:

- Lac Z
- GFP
- Luciferase

Promoter

Expression detectable in vivo

GFP
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Engineered proteins 
are covering 

all the spectrum

San Diego beach scene 
drawn with living bacteria
expressing 8 different colors 
of fluorescent proteins. 

GFP and its derivatives
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Analyzing Translation – Western Blot



ELISA

test that uses antibodies and color change to identify an
antigen (protein)

Pregnancy testing
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Gene Expression in prokaryotes

Transcriptional start

Translational start
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Gene copy number =
Plasmid copy number:
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Prokaryotic Expression vector
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Protein expression in prokaryotic 
systems

www.qiagen.com

So, this new story 
would be about vectors again.

Bacterial expression vectors 
have some distinct features:

Inducible promoter systems;

Protein fusions including fused tags;
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Transformation of plasmid DNA in 
competent E. coli cells

Competent (here) 
= able to uptake DNA
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Transformation of plasmid DNA to 
competent E. coli cells

-- Electroporation and electroporation-competent cells

-- Heat shock transformation and chemically competent cells

Recovery in rich growing media

Electroporation Chemical transformation

treating E. coli CaCl2 
will batter the membranes 

and essentially make
the bacteria very unhappy.

CaCl2 is gaping holes 
in the membrane

BRIEF HEAT SHOCK
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General advices for one who wants 
to produce (eukaryotic) protein 

in prokaryotes

1. Do not forget to cut out the intron
Not an issue when you clone a cDNA

2. Check orientation of insert 

3. Do fusions with something In-frame

Most obvious and common mistakes: 

4. No Post-translation modification 
= no product activity 
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Orientation of insert 
(could go backward, if cloned with same-type 
sticky ends) – use incompatible sticky ends
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Fusion proteins

When expressing 
a fusion proteins, 

ensure that
both of them are

in the same reading frame
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PostTranslational modification

Eukaryotic cells have Golgi system
Prokaryotic cells do not have it

nucleus Golgi
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Efficiency of expression in E.coli

Dependent of:
1. Type of transcription promoter and terminator

2. Affinity of mRNA and prokaryotic ribosome

3. Amount of copies of transgene and its localizatio n 
(chromosome or plasmid)

4. Cellular localisation of the protein end-product

5. Efficiency of translation in the host organism

6. Stability of protein product in the host organism

Systems could be optimized on gene to gene basis. 
No universal strategy possible
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Factors affecting transcription

1.Promoters (including regulated ones)
PROKARYOTIC!!!! 

2. Terminators
PROKARYOTIC!!!!
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Promoters
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Control of transcription of the lac operon.
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(a)
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(b)
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Nitrogen regulatory protein C - glutamine synthetase gene 
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Variations between prokaryotic 
promoters are minimal
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Inducible bacterial promoters

Why not to use constitutive, 
always strong promoter?

Induction 

Because recombinant (alien) protein 
is often toxic for bacterial cell. 

Bacteria tend to expel
harmful plasmids

Bacterial grow takes time….
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BL(DE3) inducible system and pET
vectors (invented in 1984 by Bill Studier, 

on sale by Novagen)

1) T7 RNA polymerase gene is integrated in chromoso me

under the control of a lac promoter and operator

2) lactose analogue, IPTG, causes the host to produ ce T7 RNA polymerase

•3) The E. coli host genome also carries the lacI (repressor) gene

pET23

Gene of interest is expressed 
from strong T7 promoter only if 
T7 RNA polymerase is made
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Terminators
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Factors affecting translation

1. Ribosome binding site (RBS)

2. Codon bias

3. Stability of the transcript
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Ribosome binding site (RBS)
Shine-Delgarno seq. AG rich



Codon usage
Optimal codons in fast-growing microorganisms, like Escherichia coli or
Saccharomyces cerevisiae (baker's yeast), reflect the composition of
their respective genomic tRNA pool. It is thought that optimal codons
help to achieve faster translation rates and high accuracy
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Codon Usage in E. coli & humans
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Codon Optimization Strategies

• Chemically synthesize new gene
– Alter sequence of the gene of interest

to match donor codons to the codons
most frequently used in host organism

• Express in different host
– choose host with better matching codon usage

• Use an engineered host cell
that overexpresses low abundance tRNAs
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Factors affecting protein stability

1.Overall level of protease activity 
in bacterial cells 

2. N-terminal amino acid affects protein 
half-life

3. Internal regions containing clusters of certain amino acids 
can increase proteolysis

P proline
E glutamic acid
S serine
T threonine

…. Mutate PEST aminoacids….
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Protease-deficient host strains

BL21, the work horse of E. coli expression, 
is deficient in two proteases 

encoded by the lon (cytoplasmic) 
and omp T (periplasmic) genes. 

It is dangerous 
to kill proteases, 
it makes E.coli

grow much slowly 
as proteases needed 
for proper metabolism
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Bacterial host engineering

Escherichia coli (E. coli) is a type 
of bacteria normally found in the 
intestines of people and animals.

Although most strains of E. coli are harmless,
some can cause illness or even death.

The most serious form is E. coli 0157:H7.

E. coli leads to about 73,000 cases of infection 
and 61 deaths each year in the United States.
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E.Coli K12 strain has been used 
for further engineering

The K12 strain was first isolated in 1921 
from the stool of a malaria patient and 

it has been maintained in laboratory stocks 
as a pure strain.

Most strain in molecular biology are recA - endA - hsdR - …

Every strain comes with description of its genotype :
DH5alpha (recA -; hsdR -; LacIq; uvrA -; mcrA -……)

Asilomar Conference on Recombinant DNA (February 197 5)

NIH Recombinant Advisory Committee (RAC) (1973) 
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Additional changes in K12 E.coli
for ease of the laboratory practice

1. Bacterial restriction modification systems have been 
removed.

(To prevent its interferention with the replication of foreign DNA in bacteria). 

hsdR/hsdM/hsdS (EcoK )
restriction system

mcrA/mcrB/mrr complex

Degrades DNA not methylated
at the sequence 5'-AAC-(N)5-GTGC-3'

hsdM recognises unmethylated DNA 
hsdM is also involved in methylation of DNA
hsdR encodes an endonulease
hsdS encodes DNA sequence specific protein

hsdR- or hsdS- mutants facilitate propagation of 
any foreign DNA

E.coli DNA is methylated
by dcm, dam and hsdM

-mcrA-/mcrB-
strains are good for cloning 
eukaryotic DNA

mcrA/mcrB/mrr cleaves DNA 
methylated by other systems
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2. DNA recombination systems are modified to prevent 
rearrangements (RecA-)

(to prevent deletions and rearrangements)
recA is a core recombination protein
recA- strains allow cloning of repetitive sequences
recA- /recB- /recC- are enhanced strains with very low recombination 
efficiency

uvrC/umuC are involved in DNA repair
uvrC-/umuC- are good for cloning of inverted repeats

3. Endonuclease activity has been mutated (EndA-)
(to increase plasmid yields and improve the quality of 

DNA – no nicks)
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Where your expressed protein will 
be located?

Inclusion bodies
(insoluble)

Cytoplasm 
(soluble)

Periplasmatic space
(soluble or insoluble)
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1. Inclusion bodies 
(most common case)

-- Inclusion bodies are formed through the accumulation 
of folding intermediates 

rather than from the native or unfolded proteins. 

-- It is not possible to predict which proteins 
will be produced as inclusion bodies . 

-- Production of inclusion bodies 
not dependent on the origin of protein, 

the used promoters, 
the hydrophobicity of target proteins...
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Good side of inclusion bodies

1) inclusion bodies can be accumulated in the cytoplasm 
to much higher level (greater than 25%) 

than production as soluble form; 

2) inclusion bodies is initially isolated 
in a highly purified, solid, and concentrated state  

by simple physical operation (centrifugation). 

3) inclusion bodies have no biological activity.
For toxic proteins it may be the only one available;

4) inclusion bodies are resistant to proteolysis 
That results in the high yield of protein productio n.
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SDS-PAGE analysis of recombinant 
protein produced as inclusion body

hG-CSF
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Recovery of proteins from inclusion 
bodies

Is not a straightforward process, but road of trial s and errors

Solubilization Refolding

Choice of solubilizing agents, 
e.g., urea,

guanidine HCl, 
or detergents,

plays a key role 
in solubilization

efficiency

-- Refolding is initiated 
by reducing concentration

of denaturant used to solubilize IBs.

Guandinium

-- Refolding competes with other reactions,
such as misfolding and aggregation

(both are leading to bad results )

-- Chaperones are helpful in refolding 
(including chemical chaperones)

Phenylbutyrate
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Question of questions –
how to purify your protein?

Roman SOBOTKA will provide answers
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Comparison of expression systems
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Competitiveness 

of different expression systems

Baculovirus Expression Vector System (BEVS) – insects; Mammalian = cell lines


