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7.1  INTRODUCTION 

The chapter will give you an introduction of expression vectors used for the 

production of recombinant protein in various organisms. Operon such as Lac, 

Trp will be discussed and their application in development of expression 

vectors for heterologous protein production will be discussed. The chapter also 

describes the problems encountered by prokaryotic cells in heterologous 

protein production and the plausible solutions will be suggested. 

Expected Learning Outcomes  

After studying this unit, you should be able to:   

 explain essential components of an expression vector; 

 describe various promoters used in the expression vector; 

 discuss expression vector for E coli and other eukaryotes; 

 learn about fusion tags and their role in purification; and 

 describe the production of recombinant proteins. 
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7.2  VECTORS FOR EXPRESSION OF 
FOREIGN GENE IN E COLI 

The aim of most of the cloning experiments is the production of protein for 

pharmaceutical, biotechnological, and many other applications. You may have 

studied about several cloning vectors earlier however if the aim of a cloning 

experiment is to produce the recombinant protein, then these vectors may not 

result in the expression of the desired gene to protein. For expression of a 

gene several transcriptional and translational signals are required which 

regulate these processes. Specialized vectors are therefore created that 

provide genetic elements for controlling transcription, translation, protein 

stability, and secretion of the product of the cloned gene from the host cell. 

These vectors are known an expression vector. The various elements of an 

expression vector are: 

 Promoter 

 Ribosome binding site 

 Multiple cloning site 

 Transcription terminator 

 Antibiotic resistance gene 

 Origin of replication. 

 Other Control gene 

A typical expression vector has the promoter, ribosome binding site, Cloning 

site and  terminator site in the form of gene cassette. 

                        

Fig. 7.1:  Components of an expression vector (Image Source: Lehninger 

Principles of Biochemistry 6
th

 edition). 
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The level of gene expression (i.e.the amount of protein produced) also depend 

upon the host organism. A number of prokaryotic and eukaryotic host have 

been used for the production of foreign protein. However many commercially 

important proteins have been synthesized using E.coli as a host.. E.coli offers 

several advantages as the host organism   

 Well established system (A lot of research has been carried out on its 

genetics, molecular biology, biochemistry, and physiology) 

 It has very fast growth kinetics (doubling time is 20 minutes) 

 High cell density cultures can be obtained easily 

 Easy to manipulate 

 Large variety of vectors, strains, methods 

 Low-tech, safe and inexpensive to grow 

 Transformation with exogenous DNA is fast and easy 

A number of expression vectors containing all the signals required for 

production of foreign protein are commercially available. For example, PuC 

series of vector, PET series of vector etc 

7.3  Lac, Trp AND TETRACYCLINE 
PROMOTER AND THEIR 
APPLICATIONS 

For effective gene expression the promoter used in the expression vector 

should be strong and regulatable. A strong promoter has high affinity for RNA 

polymerase, and therefore gene downstream of the promoter is transcribed 

frequently. The ability to regulate a promoter enables the cell (and the 

researcher) to control the extent of transcription in a precise manner. If a 

promoter is continuously active it will produce very high level of protein but it 

will be detrimental to the host cell. Continuously high level of protein will cause 

a energy drain in the host also the foreign protein may be toxic to the host cell. 

Therefore, it is desirable to control transcription in such a way that a cloned 

gene is expressed only at a specific stage in the host cell growth cycle and 

only for a specified duration. The most widely used strong regulatable 

promoters are those from the E. coli lac and trp (tryptophan) operons. 

7.3.1  Lac Operon 

Lac operon in Ecoli consists of 3 genes lacZ, lacY, and lacA that are arranged 

adjacently. The expression of these genes is required to utilize lactose in the 

medium as the alternate sugar.  The lacZ gene encodes the enzyme β-

galactosidase, which cleaves the sugar lactose into galactose and glucose, 

both of which are used by the cell as energy sources. The lacY gene encodes 

the lactose permease, a protein that inserts into the cell membrane and 

transports lactose into the cell. The lacA gene encodes thiogalactoside 

transacetylase, which rids the cell of toxic thiogalactosides that also get 

transported in by lacY. The Lac promoter is located at the 5' end of lacZ, 
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directs transcription of all three genes as a single mRNA. The lac promoter is 

negatively regulated by the lac I repressor protein which prevent the lac 

operon from being transcribed in the absence of lactose in the growth medium. 

The lac promoter can be induced by the addition of lactose or isopropyl-β-D- 

thiogalactopyranoside (IPTG, a synthetic inducer). Lactose in the cell gets 

converted to allolactose. Both allolactose and IPTG can bind to Lac I and 

prevent it from binding to lac operator, thereby allowing transcription to occur. 

 

Fig. 7.2: Genetic map of the E. coli lac operon (Image Source: Biochemistry 

,Voet and Voet, 4
th

 edition). 

Other than the negative regulation Lac operon is also positively regulated by 

binding of catabolite activator protein (CAP) also known as cAMP repressor 

protein (CRP) to CAP box upstream of promoter. CAP/ CRP acts as a glucose 

sensor which is the primary energy source for the bacteria. The binding of 

CAP/CRP to CAP box increase the transcription of downstream genes and 

hence more expression of Lac operon genes. CAP in association with cAMP 

(whose levels are higher in the cell when glucose in medium is low) has a 

higher affinity for the promoter. Therefore when glucose is low in medium and 

lactose is present the genes of lac operon are activated and increased 

expression of these genes utilizes lactose as the energy source. If glucose 

level are higher in the medium even in presence of lactose, CAP will not bind 

the CAP box (cAMP are low) and high expression of Lac operon gene will not 

occur. 

 

Fig. 7.3:  Effect of glucose concentration on expression of lac operon genes 

(Image Source: Molecular Biotechnology: Principles and Applications 

of Recombinant DNA, Glick et al., 4
th

 edition). 
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As Lac operon has a inducible strong promoter therefore the Lac promoter 

have been utilized for the construction of expression vectors for E.coli. For eg. 

PGEX and PUC series of vector 

7.3.2  Trp Operon 

In E. coli the trp operon codes for five contiguous trp genes which encode 

enzymes of the tryptophan biosynthesis. When tryptophan is limiting in the 

surroundings or in the culture medium the genes of trp operon are expressed 

efficiently. When tryptophan is available in sufficient amounts it binds to Trp 

repressor causing a conformational change it so that now it binds to operator 

and inhibit the transcription of genes in trp operon.  The trp promoter regulates 

the transcription of genes necessary for the biosynthesis of tryptophan. The trp 

promotor is a strong promoter and have been used in several expression 

vector in E.coli. If a foreign gene is inserted downstream of trp promoter the 

repression of gene can be done by providing tryptophan in the medium. 

Derepression of the trp promoter is achieved either by removing tryptophan or 

by adding 3-indole acrylic acid to the growth medium. E.g. of expression 

vector using trp promoter is pLEX series of vector 

Fig. 7.4: Trp operon ((Image Source: Lehninger Principles of Biochemistry 6
th

 

edition). 

7.3.3  Tetracycline operon (Tet Operon) 

Tetracycline is an antibiotic that inhibit bacterial synthesis and growth. Bacteria 

have developed several mechanisms for tetracycline resistance. In gram 

negative bacteria the tetracycline resistance is mostly mediated by efflux of the 

drug by the membrane protein TetA and the TetA level is controlled by the 

tetracycline-responsive repressor protein TetR. In the Tn10-encoded Tet 

operon, the tetA and tetR genes are oriented in opposite direction and their 

expression is regulated at the transcription level by a shared regulatory region. 

When tetracycline is not present the Tet R form dimers and bind to  tetO 

elements, thus suppressing the activity of the PA and PR promoters and 

shutting off TetA and TetR production. When tetracycline(or doxorubicin) is 

present it binds to Tet R inducing a conformational change so that it is unable 

to bind to tet O operator and the transcription of Tet A occurs. 
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Fig. 7.5: The Tet Operon ( Image Source: Afze T Das et al., Curr Gene Thr 2016; 

June 16(3): 156-167). 

The TetR and tetO components of the Tn10-encoded Tet operon can be used 

to develop a regulatory mechanism for controlled gene expression in 

mammalian cells. 

7.4  CHALLENGES IN PRODUCING 
RECOMBINANT PROTEINS IN E. COLI   

E. coli is the first choice as a host for producing recombinant protein as it is the 

most studied microorganism. However, when a eukaryotic protein has to be 

produced, E coli may not be the best host. Eukaryotic proteins are modified 

post translationally and these modifications are necessary for the biological 

activity of the protein. Production of eukaryotic foreign proteins in E.coli may 

pose several challenges, some of which can be resolved while others are 

difficult to resolve. Some of the challenges faced by the researchers in 

expression of eukaryotic proteins in E.coli are: 

 Eukaryotic genes have introns in them. After transcription the premRNA 

formed is spliced to produce mature mRNA. E. coli genes do not have 

introns in them so the RNA splicing machinery is not there and hence 

the foreign protein which will be produced in E.coli will not be similar to 

native protein and  may not be functional. One solution to this problem is 

to use cDNA instead of genomic DNA for cloning. 

 The foreign gene might have sequence which may be recognized as the 

termination signal in the E. coli which may lead to premature termination 

and therefore a shorter protein with no biological activity.  

 There may be a codon bias in the E.coli. the codons present in the 

foreign gene may not be preferentially translated in the E.coli hence little 

production of foreign protein. The problem can be solved by artificially 

synthesizing the gene for the required protein if the gene size is small 

and adding the preferred nucleotide.  

 The eukaryotic protein cannot be glycosylated by the E. coli system as 

they do not have the required machinery. The non glycosylated protein 

produced may not be biologically active. 

 The protein may not be correctly folded by E.coli. Disulfide bond 

formation do not occur in prokaryotic protein so any foreign protein 
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which is stabilized by disulfide bond will not be correctly folded and may 

results in inclusion bodies. 

 The recombinant protein may be degraded by the E.coli. 

SAQ 1 

a) Cloning Vector can be used to produce a recombinant protein (T/F) 

b) The promoter used in an expression vector should be 

(i) Weak and constitutive 

(ii) Strong and Constitutive 

(iii) Strong and regulatable 

(iv) Weak and Regulatable 

c) Lac promoter can be induced by a synthetic inducer  …………………. 

d) Give an example of a plasmid vector based on Lac promoter 

e) Challenges in producing recombinant proteins in E. coli include 

(i) Low or no expression 

(ii) Instability of RNA and/or protein 

(iii)  Inclusion body formation 

(iv)  All the above 

 

7.5  PRODUCTION OF RECOMBINANT 
PROTEIN BY EUKARYOTIC CELLS 

As we saw above that if we need to produce a eukaryotic protein by genetic 

engineering then it might be difficult to use a prokaryotic host as the protein 

produced might not be complete or may lack biological activity. Thus, a variety 

of eukaryotic hosts can be used to produce recombinant protein. For 

expression of protein in eukaryotic hosts a eukaryotic expression vector will be 

used. The basic requirements of the expression vectors remain the same as 

that of a prokaryotic expression vector. A eukaryotic expression vector will 

have a eukaryotic promoter and eukaryotic transcriptional and translational 

stop signals. If a eukaryotic expression vector is to be used as a plasmid, i.e., 

as extrachromosomal replicating DNA, then it must also have a eukaryotic 

origin of replication. Alternatively, if the vector is designed for stable integration 

into the host chromosomal DNA, then it must have a sequence that is 

complementary to a segment of host chromosomal DNA to facilitate insertion 

into a chromosomal site. 
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Fig. 7.6: Generalized eukaryotic expression vector (Image Source: Molecular 

Biotechnology: Principles and Applications of Recombinant DNA, Glick 

et al., 4
th

 edition). 

7.5.1  Recombinant Protein Production in Yeast 

For many years yeast systems have been used to produce large amounts of 

proteins for industrial and biopharmaceutical use. Yeast is a unicellular 

eukaryote and behave in many ways like bacteria. They can be grown easily in 

large cultures. Yeast also possesses the post translational machinery and 

therefore are suitable for producing protein of eukaryotic origin. A number of 

expression vectors are available for the yeast. Yeast expression systems also 

require an origin of replication or integration, a strong promoter, and a 

selection marker. S. cerevisiae is the most common yeast system used to 

express a foreign protein. Three main types of expression vectors are 

available for S. cerevisiae. 

Yeast episomal plasmid (Yep) Vectors. The YEp vectors are based on the 

2µm plasmid, which is a natural plasmid found in most strains of S. cerevisiae. 

The plasmid is high copy number and replicates independently of the host 

chromosome via a single origin of replication. Therefore the expression vector 

uses the origin of replication from 2µm and other signals required for efficient 

expression of the recombinant protein.   A number of inducible promoters such 

as ADHII, GAL, PH05 are used in the expression vector. 

Yeast Integrative (Yip) Vectors: The YIp integrative vectors are vectors that 

do not replicate autonomously, but integrate into the genome at low 

frequencies by homologous recombination. 

YAC (Yeast artificial chromosome) 

A YAC is designed to clone a large segment of DNA (100 kilobase pairs [kb]), 

which is then maintained as a separate chromosome in the host yeast cell. 

The YAC system is highly stable and has been used for the physical mapping 

of human genomic DNA, the analysis of large transcription units, and the 

formation of genomic libraries containing DNA from individual human 

chromosomes. To date, YACs have not been used as expression systems for 

the commercial production of heterologous proteins, although they have the 

potential to produce large amounts of either a single protein from multiple 

copies of the same gene or a heterologous protein with different subunits 
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7.5.2  Cultured Insect Cell System 

Baculoviruses are a large, diverse group of viruses that specifically infect 

arthropods, including many insect species, and are not infectious to other 

animals. Baculovirus expression vector (BEV) is a recombinant baculovirus 

that can infect insect cells or larvae where high levels of recombinant proteins 

are produced. Compared with prokaryotic expression systems, BEV provides 

appropriate post-translational modifications. The specific baculovirus that has 

been used extensively as an expression vector is Autographa californica 

multiple n uclear polyhedrosis virus (AcMNPV). The most commonly used 

cell line for genetically engineered AcMNPV is derived from the fall armyworm, 

Spodoptera frugiperda. In these cells, the polyhedrin promoter is exceptionally 

active.  Foreign gene is cloned into a transfer vector based on E. coli plasmid 

that carries a segment of the DNA from AcNPV and co-transfected along with 

ds- Baculovirus DNA into insect cells. The homologous recombination of the 

transfer vector with insert DNA and with viral genome leads to the cloned gene 

being transferred into the AcNPV DNA. Heterologous proteins are synthesized 

after 4-5 days 

7.5.3 Mammalian Cells 

Mammalian cells expression system is very good for the expression of 

recombinant vertebrate proteins. Recombinant protein produced in 

mammalian system have proper protein folding, post-translational 

modifications, and have complete biological activity. The first approved 

recombinant protein from a mammalian bioprocess platform was tissue 

plasminogen activator (tPA), produced in 1987 by Genentech Inc.  

Mammalian cell expression Vectors 

A number of established mammalian cell lines have been developed as hosts 

for heterologous-protein production. They contain an efficient promoter 

element for high level transcriptional initiation. The mammalian cell expression 

vectors also contain mRNA processing signals, selectable markers and 

plasmid sequences for propagation in bacterial hosts. 

Most cloning vectors constructed for the expression of heterologous genes in 

mammalian cells are based on the genomes of viruses that infect mammalian 

cells. The first vector was based on a simian virus (simian virus 40 [SV40]) 

that can replicate in several mammalian species. Although many cloning 

vectors are based on SV40 DNA, its use is restricted to small inserts because 

only a limited amount of DNA can be packaged into the viral capsid. 

Mammalian cell expression vectors are composed of 

1. Eukaryotic origin of replication from an animal virus, e.g. Simian virus 40 

(SV40) 

2. Origin of replication from E. coli 

3. Promoter sequences that drive both the cloned gene and the selectable 

marker gene 
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4. Transcription termination sequences - adenylation signals from animal 

virus e.g. SV40 

Mammalian expression vectors are versatile and effective. They are used for 

the production of authentic recombinant proteins for research and clinical trials 

but the industrial production using engineered mammalian cells is costly. 

 

Fig. 7.7: Generalized mammalian expression vector((Image Source: Molecular 

Biotechnology: Principles and Applications of Recombinant DNA, Glick 

et al., 4
th

 edition).  

The multiple cloning site (MCS) and selectable marker gene (SMG) are under 

the control of eukaryotic promoter (p), polyadenylation (pa), and termination of 

transcription (TT) sequences. An intron (I) enhances the production of 

heterologous protein. Propagation of the vector in E. coli and mammalian cells 

depends on the origins of replication oriE and orieuk, respectively. The 

ampicillin resistance (Ampr ) gene is used for selecting transformed E. coli 

7.6  FUSION TAGS AND THEIR ROLE IN 
PURIFICATION OF RECOMBINANT 
PROTEINS 

Many a times when a heterologous protein is produced in a host cell the 

expression of protein is very low. This may happen because the protein is not 

efficiently translated by the host or the translated foreign protein is degraded 

by the host. If the protein is produced it may not be purified as the soluble 

protein and may form aggregates and is not biologically active. To overcome 

this problem the DNA construct of the gene can be modified to have a host 

gene sequence in frame with it. During translation a combined protein having 

the sequence of both host and foreign protein will be synthesized. This 

combined single protein is called a fusion protein and prevents the cloned 

gene from attack by the host cell proteases. Fusion proteins are constructed at 

the DNA level by ligating a portion of the coding regions of two or more genes. 

In addition to preventing degradation of the foreign protein and increasing the 

solubility and stability of protein, fusion proteins are very useful in purification 

of recombinant protein. The fusion of a small protein or peptide (tag) to the 

protein of interest is a commonly used method to aid purification of 

recombinant proteins. 
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Fusion tags could be short peptide sequences (such as PolyHis, PolyArg, 

Streptag, etc.) or a large protein (such as GST, MBP etc). Some of tags used 

as fusion tags are described below: 

Poly His Tag: Poly His (nHis) tag is a short peptide sequence consisting of 

several histidine residues which are added to the protein either at N or C 

terminal of the recombinant protein. nHis is a small sequence that does not 

influence the protein transfer and its folding within the cell and no effect on the 

structure and function of the purified protein. The polyhistidine tag forms a 

complex with chelating metal ions (such as Ni2+, Co2+, Cu2+, and Zn2+) 

immobilized on a carrier (e.g. on nitrilotriacetic acid (NTA), carboxymethyl 

aspartate (CMA)). The desired protein can be eluted from the sorbent by 

introduction of imidazole or by lowering pH. 

Streptavidin Binding tag 

The streptavidin binding tag (Streptag) is a small protein that was first used as 

an affinity tag in the early 1990s. Streptavidin or its modifications are used as 

a sorbent, and they can be regenerated and used repeatedly. Elution is 

performed under mild conditions using the competitive binding of biotin. It 

works equally well on both the C and N ends of the recombinant protein. 

Glutathione-S transferase (GST) 

GST is another widely used affinity tag that increases solubility of the desired 

protein. The 26 KDa protein has affinity for immobilized glutathione. The 

protein is present at the N- terminal of the recombinant protein and is 

frequently used for prokaryotic expression. Elution is performed under mild 

non-denaturing conditions using reduced glutathione 

Maltose binding protein. 

Maltose binding protein (MBP) is one of the most popular fusion tags. MBP 

has large molecular weight of 43 kDa. And is known to concurrently increase 

both expression level and solubility of the expressed product. Location of MBP 

on the N-end of the desired protein was shown to be more efficient than on the 

C-end. To purify proteins fused with MBP, affinity chromatography on amylose 

is used. For elution Maltose is used in non-denaturing conditions. 
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Fig. 7.8: The use of affinity chromatography to purify a glutathione-S-transferase 

fusion protein (Image Source: Gene Cloning and DNA Analysis, T A 

Brown 6
th

 edition). 

Combinatorial fusion tags – tandem tags 

A combination of fusion tags can be used to maximise their functionality. A 

popular method is to utilise a solubility tag (e.g. GST or MBP) and an affinity 

tag (e.g. polyhistidine). This combination promotes soluble protein production 

and provides multiple options for affinity purification. 

The table 7.1 below shows commonly used fusion tags, their size, binding and 

elution condition required for purification of recombinant protein using these 

fusion tags. 

Table 7.1: Some protein fusion systems used to facilitate the purification 

of foreign proteins 
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7.6.1  Tag Removal 

Many a times it is desirable to remove fusion tags as the purified fusion 

proteins may not be suitable for the clinical use or for consumption as food 

item. Removal of the tag is achieved by including a cleavage site between the 

fusion tag and the gene sequence. Commonly used cleavage proteases 

include Thrombin (cleaves adjacent to arginine residues), factor Xa (cuts after 

the arginine of Gly–Arg), enterokinase, tobacco etch virus protease etc. After 

cleavage additional purification step may be required to separate the 

recombinant protein and the fusion tag. A number of challenges can be 

encountered during tag removal, including: 

• Incomplete cleavage or cleavage at nonspecific sites 

• Difficulty in separating the protease and tag from the native protein 

• Loss of protein from the cleavage process 

• Loss of solubility following cleavage 

SAQ 2 

a) Yeast episomal plasmid vector has ……………….. origin of replication. 

b) Baculovirus expression system is used for ………………. 

c) A promoter used in mammalian expression vector ……………….. 

d) The ligand to which MBP fusion protein binds ……………………. 

e)  A cleavage protease used to remove fusion tag …………………..  
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7.7  SUMMARY 

 Escherichia coli is one of the most popular prokaryotic host organisms 

for the production of recombinant protein. 

 For production of recombinant protein an expression vector is required 

which have all the signals required for efficient transcription and 

translation. 

 A number of strong promoters as part of prokaryotic operon such as Lac 

and Trp are used in the construction of expression vector. A strong and 

regulatable promoter is more desirable for the production of recombinant 

protein. 

 Producing a native, biologically active eukaryotic protein in E. coli may 

present many challenges like Low or no expression, codon usage, 

instability of RNA and/or protein, Degradation or premature termination, 

Insolubility and inclusion body formation. 

 For production of eukaryotic recombinant protein, several eukaryotic 

host systems can be utilized. Eukaryotic expression vectors are required 

to produce recombinant protein in a eukaryotic host. 

 Baculovirus vectors are used to heterologously express proteins in 

insect cells. Most widely used virus is Autographa californica nuclear 

polyhedrosis virus (AcNPV), which is a lytic virus that infects 

lepidopterans. 

 Mammalian cell expression Vectors contain an efficient promoter 

element for high level transcriptional initiation. The mammalian cell 

expression vectors also contain mRNA processing signals, selectable 

markers and plasmid sequences for propagation in bacterial hosts. 

 The fusion of a small protein or peptide (tag) to the protein of interest is 

used commonly to increase solubility, stability of recombinant protein. 

Fusion tags are very useful for the purification of recombinant protein. 

Some of the commonly used fusion tags are PolyHis, GST, and MBP. 

7.8  TERMINAL QUESTIONS 

1. What are the essential components of an expression vector? Give an 

example of an expression vector.  

2. Why a strong and regulatable promoter is desirable for the production of 

foreign protein? 

3. Discuss some of the problems faced in production of eukaryotic protein 

in E.coli 

4. Discuss the vectors used for the expression of foreign protein in yeast. 

5.  Explain the role of fusion tags in protein purification. 
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7.9  ANSWERS 

Self Assessment Questions  

1. a)      F 

 b) (iii) 

 c)  IPTG 

 d)  PuC series of vector 

 e)  (iv) 

2. a)  2µm plasmid 

 b)  Insect 

 c)  SV 40 

 d)  Amylose 

 e)  Factor Xa/ enterokinase 

Terminal Questions 

1. Refer section 7.2 

2. Refer section 7.3 

3. Refer section 7.4 

4. Refer section 7.5.1 

5. Refer section 7.6 
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