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Background: The main problem in the recombinant protein expression in E. coli strains, especially for high-yield
production, is the accumulation in un-folded and inactive inclusion bodies. A suitable solution is the direction into the
soluble cytoplasmic products by solubilizing tags. The use of inteins with self-cleaving ability, in addition to increase the
chance of soluble protein expression, facilitates their purification process.

Evidence Acquisition: In this review article, papers related to the use of intein tags for soluble expression or protein
purification were collected regardless the time limit. Available databases including Pubmed, google scholar, ScienceDirect,
Web of Science, Scopus, and Embase was searched. The best condition for soluble expression or purification was focused
in all articles.

Results: There are various intein tags commercially available in expression vectors that results in gaining our goal in
facilitating the recombinant protein solubilization as well as its simple purification. It is enough to induce the self-cleavage
property of the intein, which varies according to the type of intein used. In this way, the target protein is easily separated
from the purification tag without the need to add protease enzymes such as enterokinase or treatment with various
chemicals. The most common affinity tag in intein-based systems is Chitin Binding Domain attached to the chitin resin.
Conclusions: In this review article, we introduced proteins or peptides which produced in fusion to intein tags and
discussed about their expression condition and purification process in order to enhance the chance of soluble expression

and intein cleavage in a single stage, respectively.
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1. Background However, high-yield recombinant protein expression in
Recombinant DNA technology started in 1970s, is  this system results in the accumulation of un-folded and
playing a vital role in the promotion of human health inactive proteins as inclusion bodies (1). There are two
by developing therapeutic peptides and proteins. different strategies to overcome this problem including
Escherichia coli as the simplest and the least expensive  direction into the soluble cytoplasmic products or
expression system is widely used for this purpose. inclusion bodies refolding (2). However, because there
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is no established procedure for the efficient folding
of the inclusion bodies, the first one is more reliable;
attempts to produce the recombinant proteins in
soluble form (2). In order to achieve this goal, various
strategies has been introduced over the time. Changing
the culture conditions for example the incubation time,
growth temperature, culture ingredients is one of the
simplest solutions for this purpose. On the other hand,
co-expression with chaperone molecules, change in
host strain, and also the usage of various peptide tags
can lead to the increase in the protein solublization (3).
Thioredoxin (Trx) is the most well-known peptide tag
that leads to the enhancement in the soluble protein
expression in E. coli especially for mammalian growth
factors and cytokines previously produced as inclusion
bodies. Another example in this respect is Maltose-
binding protein (MBP) with the major solubilization
effect on recombinant proteins in comparison to the
GST (Glutatione S-transferase) and Trx. Furthermore,
it has been reported that this peptide tag showed
chaperone-like behavior (4).

The use of peptide tags, in addition to increase the
chance of soluble protein expression, also facilitates
their purification process; affinity chromatography can
be used based on the substrate with high affinity to the
tags added to the N- or C- terminal of the peptide or
protein. There are a lot of examples of affinity tags used
for the characterization and purification of recombinant
proteins in microbial systems. Poly-histidine and poly-
argenine are two the most well-known peptides in
this regard; however, all tags used for enhancing the
solubility of recombinant proteins can lead to facilitate
their purification procedure (5). An important approach
in the using of any type of peptide tags for the protein
soluble expression or purification is this fact that tag
deletion is a vital stage for its medicinal use in the bio-
pharmaceutical evolution. For this purpose, various
protease including Enterokinase, Factor Xa, Thrombin
and so on have been introduced (6). On the other
hand, the use of some chemicals can help to reach to
this goal. CNBr (Cyanogen bromide) is the most well-
known chemical on this matter in order to remove
the poly-histidine tag (7). However, the addition of a
protease and also a chemical leads to complicate the
purification procedure and also increase the purification
total price. Another issue, at least in the case of CNBr,
is the problem of its high toxicity when used in the
pharmaceutical industry (8). So, the usage of tags with
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the ability to spontaneously delete themselves, is a
suitable approach to overcome these problems. FrpC-
and SrtAC-based tags are two example on this point,
but a more well-known one in this case is intein based
tag (9). Inteins can be used for the soluble expression in
addition to help the removal of purification tags from the
recombinant proteins (10). In the present review article,
we focus on the examples in which various intein tags
used for enhancing the solubility of expressed proteins
and also with fusing to the recombinant protein, the
removal of purification tags is easily done.

1.2. Inteins

Inteins contain two main functional domains including
splicing and endonuclease domains so excises itself
from mature proteins. With this ability, they can separate
the affinity tags from the expressed proteins and create
a mature molecule (10). On the other hand, mini-inteins
with diminished size due to the deletion of the majority
of their endonuclease domain and conserved splicing
domain successfully function in tag removal (11). The
natural splicing domain contains a conserved cysteine
and asparagine at its N- and C-terminus, respectively.
Mutation of one of these amino acids to alanine creates
a mutant that cleaves only at its C or N terminus,
allowing the intein to be used in purification tags (10).
The mutation position determines the intein cleavage
reaction; thiol-induced inteins retain a cysteine at
their N-terminus and the cleaving reaction is induced
by addition of thiol-containing molecules such as
1,4-dithiotreitol (DTT). Inteins with an asparagine at
the C-terminal are known as pH-induced inteins. Thiol-
induced inteins are tightly control cleaving because
this process does not occur rapidly in the absence of
a strong reducing agent. However, the addition of
chemicals to induce intein cleavage probably causes
toxic effects especially in large scale. Furthermore, this
strategy is not suitable for the purification of proteins
with disulfide bonds. pH-induced inteins, on the other
hand, present a very simple purification process; lower
pH promotes intein cleavage, without the need for the
addition of any chemicals and can be used for proteins
with disulfide bands. However, these pH-induced inteins
are not strongly controlled leads to premature cleavage
during the protein expression which can be covered by
reducing the incubation temperature (10). These two
various types of inteins are the bases of intein usage
for recombinant protein expression and purification. In

Iran. J. Biotechnol. April 2024;22(2): e3728



Shafiee F et al.

A) B)
Thiol induced pH induced
cleavage cleavage
TP T-iIN CBD CBD PH-iIN

S —— <

& |
\\ & protein \ o
g )

\J 9
S . —
|

L
o

Chitin
column

.
SR

TP

S

/.

sample \ sample K
protein \

C)
pH and Thiol induced
cleavage
CBD PH-i IN TP T-iIN CBD

9 < ¢

/sar/nple

¢ protein

A

Q N
—

Created in BioRender.com bio

Figure 1. Schema of thiol-induced and pH-induced cleavage of two various inteins using the chitin column.
A) C-terminal fusion of the target protein to the inteins that auto-cleaved by the addition of a reducing agent.
B) N-terminal fusion of the target protein to the inteins that auto-cleaved by a shift in the buffer pH. C) C- and
N-terminal fusion of the target protein to the inteins that auto-cleaved by the addition of a reducing agent and a
shift in the buffer pH, respectively. TP: target protein, T-i: thiol-induced cleavage, pH-i: pH- induced cleavage,

IN: intein, and CBD: Chitin Binding Domain.

the following, the commercial vectors contain inteins
are introduced. Furthermore, Figure 1 schematically,
illustrates the cleavage induction of these two various
inteins.

2. Evidence Acquisition

Related keywords were searched in various database
including Pubmed, google scholar, ScienceDirect,
Web of Science, Scopus, and Embase. All papers
were surveyed for the protein type expressed in fusion
to the intein tag. Furthermore, the type of vector and
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intein was recorded. The best condition for the soluble
expression of each protein and the best condition for the
most auto-cleavage the intein was noticed.

3. Results

3.1. Vectors Designed Based on Intein Tags

For the first time, the New England Biolabs (UK)
introduced a purification system abbreviated as
IMPACT® (Intein Mediated Purification with an
Affinity Chitin-binding Tag) in which several vectors
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were designed base on various intein tags (12). These
vectors named as pTXB1 and pTXB3, pTYBI, 2, 3,
4, 22, and 23, pMXB10, pKYBI1, and pTWIN1 and 2
(13). The main difference between these vectors are
including: the type and number of intein tag coding
sequence and the antibiotic resistance gene which acts
as the selectable marker.

pTXB1, as the most widely-used vector in this
series, contains a mini-intein from the gyrA gene of
Mycobacterium xenopi with 198 amino acid residues
(Mxe GyrA intein). The self-cleavage activity of this
intein which is inserted at the C-terminus of the gene
of interest is induced by the addition of thiol containing
chemicals (14).

The pTYBI11 vector, on the other hand, contains
an intein from the VMAI1 gene of Saccharomyces
cerevisiae (Sce VMA1) with 454 amino acids. The
gene of interest is fused at its N-terminus to this intein
with a VMA1 CBD tag at its C-terminus (15).

The other vector in this respect is pTWINI, an F.
coli expression vector, designed with an N-terminal
cysteine and/or a C-terminal thioester and two modified
inteins including Ssp DnaB and Mxe GyrA. Hydrolysis
of peptide bond between the Ssp dnaB mini-intein
C-terminus and target protein is triggered by shifting the
pH at room temperature (16). A unique property of this
vector is three independent options for cloning procedure
including N-terminal fusion, C-terminal fusion and
finally, N- and C-terminal fusion of the target gene to
the Ssp DnaB, Mxe Gyr A, or both inteins, respectively.
Finally, pTWIN2 contains two inteins including Ssp
DnaB mini-intein and Mth RIRlintein. The last one is
an intein from Ribonucleoside-diphosphate reductase
protein originated from Methanothermobacter Ther-
mautotrophicus. Similar to the Sce VMA intein, this
segment also induces its cleavage activity by a thiol
rich chemical.

The control vector, pMXB10, derived from pTXBI,
with the same intein tag that carries a control target
protein (maltose binding protein: MBP), already
inserted upstream of the Mxe GyrA intein-CBD with
final molecular weight as 71 kDa. The other control
vector is pKYB1 with kanamycin resistance gene
instead of ampicillin resistance gene as the selection
marker. This vector is based on pTYB vectors with
mentioned difference (16).

All of these vectors containing one or two chitin binding
domain (CBD) as the affinity tag in order to facilitate its
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purification using chromatography column containing
chitin resin with high affinity to CBD. As described
above, CBD can be easily removed after the induction
of self-cleavage activity of the related intein (17).

After the introduction of various vectors containing
the intein tags and CBD for enhancing the soluble
expression and facilitating the purification of target
proteins, in this part we have several examples in which
various strategies have been used in order to increase
the probability of success of these two processes.

3.2. Soluble Expression Potential of Inteins-Tagged
Proteins

The success of using inteins in increasing the soluble
expression of target proteins has been proven (18).
However, in various publications, in addition to the
use of this tag, measures have been taken to increase
the final product in soluble form when they expressed
in bacterial expression systems. We have recently had
some recombinant proteins tried to express in soluble
form with this system. In general, decrease in incubation
temperature leads to lower the protein production
speed and decrease the inclusion body formation (19).
Furthermore, inducer concentration directly increase
the expression level of recombinant protein as insoluble
form. So, lower concentration of IPTG (isopropylthio-
B-galactoside) (as inducer in T7 promoter-based
vectors) results in increasing in the soluble protein
level (19). Based on two proved facts, in trying to the
soluble protein expression, lower temperature after
the induction and inducer concentration are routine
recommendations. In our pervious study, in attempt
to produce G-CSF in fusion to the Ssp DnaB intein of
the pTWINI, inducer final concentration was about
0.4 mM of IPTG at 15 °C, while the expression in the
optimum condition for E. coli culture (37 °C with IPTG
in 1 mM final concentration) led to the inclusion body
formation and without any level of soluble protein.
We used this strategy as a base for the production of
other recombinant proteins with IMPACT system (20).
Cecropin B2 (21), the human Interleukin-1 receptor
antagonist (22) and a mutant form of the soluble receptor
of IL-6 (23) are the other examples recombinantly
produced in the same condition. The other example in
this regard is the expression of DFF40-iRGD as a novel
fusion protein with potential targeting efficacy of tumor
cells (24). After testing some temperature to detect
the soluble expression, we concluded that the soluble
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expression only occurred in very low temperature such
as 4 °C; actually, incubation at 7 °C led to the soluble
expression but in low amounts. However, it seems that
the protein size has an important role in solublization of
expressed proteins. DFF40-iRGD is a 40 kDa protein
which when fused to the Ssp DnaB intein, become
larger and it is obvious that soluble expression is more
difficult for larger proteins than smaller proteins (24).
In support of this supposition, in the previous example
which the protein was smaller in size, the soluble
expression was occurred at a higher temperature (20).
The other examples on this point is the expression
of IL1-RA and a mutated form of IL-6R which were
produced in the same system in fusion to intein lof
Ptwinl vector and the soluble protein expression was
successfully achieved at 15 °C (22, 23). Again, for
DFF40-iRGD, the soluble expression just occurred in
0.1 mM of IPTG as the inducer and a few increase in
the inducer led to prevent the soluble expression (24).
As a general comment, all related publications reported
that IPTG in the 1 mM and higher concentrations lead to
increase in the total protein expression but as inclusion
body. In this case, a recently published paper for the
recombinant production of Z domain of protein A of
Staphylococcus areus in fusion to the gp41-1-based
intein in E. coli expression system that was performed
at 37 °C and 1 mM IPTG for 5 h (25).

One study in which various parameters were analyzed
including the change in the intein tag (Sce VMA1, Ssp
DnaB, and Ssp DnaX) resulted in N- or C- terminal
fusion, host strain (BL21 (DE3), Origami, and Shuffle)
and also the protein accumulation site to recombinanty
produce the human growth hormone (hGH). The
expression of each fusion protein were induced by
0.4 mM of IPTG or 16% lactose at 22 °C. Because
of the presence of di-sulphid band in the hGH 3D
structure, preplasmic expression or special bacterial
hosts were used. However, the soluble expression in
two various strains including BL21 (DE3) or Origami
was not statistically different and as a final conclusion
the authors said that the expression in the periplasmic
space of the BL21 (DE3) is the most suitable strategy
for the production of functional hGH (26).

Although the intein usage leads to the soluble expression
of recombinant proteins, there are examples in which
protein expression was conducted into the inclusion
bodies. For example, in the study of Zhang et al., an
insulin analogue was produced as inclusion body by
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IPTG induction as the 0.1 mM final concentration for
4hat37°C (27).

The other example on this point is the recombinant
production of DFFB106 in fusion to the Ptwinl inteinl
in different inducer concentrations as 0.3, 0.5 and 1 mM
and various incubation temperatures including 16, 22,
and 37 °C. The SDS-page analysis of the whole cell
lysate as well as the cell lysate supernatant revealed
that the best condition for the most soluble protein
expression is with 0.3 mM of [PTG at 37 °C (28).

So, the other variables which were tested for increasing
the soluble expression of recombinant proteins in fusion
totheintein tags are including host strains, the expression
strategy (cytoplasmic, periplasmic or secretory) and so
one. E. coli BL21 (DE3) pLysS is the other host cell
used for the soluble expression of proteins in fusion to
intein tags. In the study conducted by Xie et al., for
example, pTWINT1 expression vector was used for the
expression of OG2 antimicrobial peptide as fusion to
the intein 1 or 2. For both expression strategy, the final
concentration of inducer was 0.1 and 0.5 mM and in
temperature range 20-37 °C. The results of this project
showed that the most amounts of soluble expression
is in 20 °C and 0.1 mM IPTG (18). It is obvious that
with increasing the incubation time the protein amount
may be increased. Actually, there was an increase in the
production level in 6 h incubation time in comparison
to the incubation for 2 h. For this reason, we incubated
the induced cells for about 16-24 h to gain the most
soluble protein (20, 22-24).

3.3. Various Intein Cleavage Strategies

The self-cleavage induction procedure in intein usage
is dependent to the type of intein. As explain in the
previous parts, there are two different self-cleavage
strategies including the change in pH and incubation
temperature as well as the addition of reducing agents
such as dithiotritol or 2-mercaptoethanol or even
cysteine amino acid (29). In general, change in pH is
more convenient than reagents usage. This strategy,
on the other hand, is not dependent on the first amino
acid residue of the target protein linked directly to
the intein sequence unlike to the inteins that the self-
cleavage procedure induced by the reducing agents
addition is completely related to the C-terminal amino
acid of the target protein (30). There is several pieces
of advice for every type of amino acid residue in the
carboxyl terminal of the protein in fusion to these
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Table 1. Self-cleavage induction condition by the addition of DTT according to the C- or N-terminal
fusion to Mxe gyrA and Sce VMA inteins, respectively.

C-terminal residue of the target protein
Amino acid residues Best temperature (°C) | Best incubation time (hrs) | The most efficacy (%)
Tyr, Phe, Gln, Asn, Thr, Lys, Ala, His, Leu, | 23 16 95
Met
Ile, Arg, Glu, Trp, Cys 23 40 95
Val 23 40 90
Gly 23 40 60
Asp 23 40 30
Ser, Pro 4 or23 Without difference in 15
various time

N-terminal residue of the target protein
Amino acid residues Best temperature (°C) | Best incubation time (hrs) | The most efficacy (%)
Met, Ala, Gln 23 16 Up to 95
Gly, Leu, Asn, Trp, Phe, Tyr 23 16 Upto 95
Val, Ile, Asp, Lys, Arg, His 23 40 95
Pro Without difference in Without difference in Below to 10

various temperature various time
Thr 23 40 Up to 90

inteins. For gyrA, for example, the most suitable
concentration of DTT can be used is in 40 mM (10).
Furthermore, the temperature and incubation time is
related to the final residue of the target protein. Table
1 summarized the best condition for the most cleavage
percent based on this regard in the case of temperature
and incubation time. In this review, we are not going
to present all the peptides and proteins produced by
this system. Rather, our goal is to provide examples
in which special conditions are used to increase the
cleavage efficiency of the used intein. We previously
purified BR2 antimicrobial peptide, a cancer specific
cell penetrating peptide which was synthetically
produced for the first time. We used recombinant DNA
technology and intein mediated purification by gyr A
intein under the DTT treatment and 37 for about 40
h because of the presence of an arginine residue at its
carboxyl end (31). The other example on this point was
the purification of Entrocin P as inclusion body which
was finally induced for cleaving by a buffer containing
50 mM DTT at room temperature, overnightly (32).

The other strategy in which only change in pH and
incubation temperature leads to induce the self-
cleaving activity of inteins in for example Ssp dnaB is
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simpler and more convenient (10). However, the most
important concern in the usage of these types of inteins
is the cleavage induction even in the fusion protein
expression stage especially in higher temperatures. This
mentioned issue can be prevented by reducing the post
incubation temperature and also precise adjustment of
pHin E. coli culture to 7.4. The recommended conditions
for the self-cleavage induction of these inteins is only
a shift in pH by two units in cleavage buffer and
incubation at room temperature for 24 h. This strategy
was used in our study in order to purify Anakinra (22).
As mentioned, only with this cleavage buffer we could
gained the target protein as about 2.3 mg. L' of medium
culture. Again, for our other recombinant protein,
IL1RA-ABD, the similar condition was used with an
extraordinary efficiency as about 4.5 mg of the purified
protein per each liter of culture media (33). However, in
our perivious experience, in an effort to produce G-CSF,
we concluded that with increasing in the incubation time
of resin column at room temperature, the final amounts
of final protein can be increased. Actually, after 48 h of
incubation time, we could earn the target protein with
final concentration as about 4.7 mg. L' (20).

In another project, various cleavage conditions includ-
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ing two different temperature and incubation time (4
and 25 °C for 3 or 24 h of incubation) were used and
the results showed that when the column was incubated
at refrigerator, increasing in the incubation time (from
3 to 24 h), leads to the more cleaved protein. However,
for the incubation at room temperature, there was no
difference between the final cleaved proteins in two
these incubation time. On the other hand, various pH
of cleavage buffer were surveyed for removing the
intein 1 and it was concluded that there is no difference
between incubation of resin column with pH 7 or 5.6
cleavage buffer (34).

On this point, the other study with the aim to recombi-
nantly produce a mutant form of soluble interleukin 6
receptor in fusion to Ssp dnaB intein, the best condition
for its self-cleavage was surveyed for three independent
variables including cleavage buffer pH, incubation
temperature, and incubation time. The best condition
for the most purified protein was determined as pH 4 at
room temperature and for 24 h. Actually, the usage of
more incubation period didn’t lead to the increase in the
final protein concentration (23).

There is another example in which a beta defensin
peptide (DFFB118) was produced by intein mediated
purification in to the inteinl of Ptwinl vector. A range
of pH from 3 to 8 was used for inducing the auto-
cleavage activity of intein at room temperature. The
results of this project confirmed that the optimal pH for
this purpose ranges from 5.0 to 5.5 with the final yield
as approximately 0.5-1 mg for liter of LB broth (35).
An important note in the use of the inteins which are
cleaved by the change in buffer pH is this fact that the
cell lysis and extraction of soluble protein in lower
temperatures leads to the minimum un-expected intein
self-cleavage. In Amaranto et al study, for example, in
order to purify the recombinant growth hormone by this
system, the mentioned note has been noticed; cell lysis
by the sonication was performed at 4 °C (25).

The other strategy which can help to more efficiently
cleave of inteins from the target protein is the usage of
detergents especially tween-20 and triton-X100 in the
cleavage buffer (24). We previously used a cleavage
buffer containing two these detergent in 0.2 and 0.3
% final concentration, respectively, and saw their
wonderful effects in increasing the final target protein
resulted in this system. Actually, without adding two
these reagent to the cleavage buffer, we couldn’t see
the cleaved target proteins including BIF1-iRGD and
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DFF40-iRGD from intein 1 in the SDS-page. Only
after the addition them in the mentioned amounts, a
noticeable amounts of purified proteins were produced
(24). According to the IMPACT protocol, the addition
0f 0.1-0.5% Triton X-100 or 0.1-0.2% Tween-20 to the
column and cleavage buffers can improve the binding
or cleavage of target protein as well as improve the
fusion protein solubility.

Triton X-100, in the final concentration as 0.1 % V/V
was added to the column buffer for the purification of
beta defensin 6 (DFFB106). However, the role of this
detergent in the washing buffer is different from one
in the cleavage buffer. Actually, Triton X-100 help the
fusion protein to attach more specifically to the chitin
column by CBD. In the mentioned study, cleavage
buffer with pH ranged from 4 to 7.5 was used to cleave
the intein 1 and finally, it was concluded that the optimal
pH for auto-cleavage of intein-DEFB106 ranged from
6.0 to 6.5. In this condition about 80% of DEFB106
fusion protein was cleaved (28).

For the other study in this case, on the other hand, in
attempt to produce the purified DFFB136, which above
90% of the target recombinant protein was expressed
in soluble form under the 0.3 mM of IPTG and at 16
°C. For this protein, the suitable pH for auto-cleavage
of fusion protein ranged from 4.0 to 6.0 and the best
one was 5.0 at room temperature (36). The other recent
study is the recombinant production of TP4-LYCI in
fusion to intein 1 and 2 of the pTWIN-1 vector. For
this recombinant protein, pH 6 and 40 mM of DTT for
24 h at room temperature was used toinduce the auto-
cleavage of intein 1 and 2 (37, 38). These conditions
was repeated for the auto-clevage induction of DFF40-
LYCI in the other study (39).

As a final conclusion in this part, it seems that the most
preferred pH for auto-inducing the cleavage of Ssp
intein is ranged from 5.5 to 6.5; as recommended in the
IMPACT manual. And for the inteins which their self-
cleavage is induced by the addition of a reducing agent,
DTT is the most popular reagent in this way.

4. Conclusion

In the present paper, we reviewed the peptides and
proteins attached to the various inteins as urgent tags
for protein solubilizing as well as an excellent vehicle
for the convenient detachment of purification tags
act based on affinity chromatography. We mentioned
that CBD is the most prevalent affinity tag, although
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it is possible to use any other affinity tags. Inteins are
efficient tools for the soluble production of recombinant
proteins which favored instead of inclusion bodies
formation in bacterial expression systems. Although
the use of intein tags is usual for any other expression
systems, its benefit in bacterial systems is more
obvious due to the more challenges pattern of insoluble
expression especially in the higher yields production
procedures. Also, we presented the auxiliary solutions
for increasing the target protein expression in soluble
form especially focused on the change in the culture
conditions including temperature after the expression
induction, inducer final concentration and the
incubation time. In this case, the impact of decreasing
the post-induction temperature, and also the usage of
less amounts of inducer leads to the more chance of
soluble protein production. Actually, in all examples
of peptides and proteins discussed in this review, the
expression system is E. coli BL21 (DE3), the simplest
E. coli based expression system with the greatest
tendency to produce recombinant proteins in insoluble
form. However, we know that bacterial expression
system change for example to the SHuflle or Origami
are well-known strains of E. coli with more capability
to produce soluble recombinant proteins.

In the cleavage procedure, two general strategies were
introduced to cleave the CBD tag from the target protein
and several examples in each cases were presented.
As shown in the main text, pH exchange and also the
addition of reducing agents especially DTT are two
main strategies in order to induce the self-cleavage
activity of inteins used in the related expression vectors.
We briefly mentioned the advantages of each of these
strategies over the other. As discussed, the most serious
problem in the usage of pH-induced inteins such as Ssp
dnaB is its un-wanted self-cleavage in the expression
stage which leads to a reduction in the final yield of
the target product. However, is some cases, several
solutions has been recommended and we presented
them. For the usage of reducing agents, on the other
hand, the complication of the purification procedure by
an extra reagent and impossibility to use in the case of
peptides and proteins with di-sulfide band is the main
concern. However, we can’t deny the advantages of this
recombinant protein production system. It seems that
with optimizing the expression and purification stages
In various cases, we can use it as the most efficient
system for the easy production of target proteins using

28

recombinant DNA technology. Finally, this review
article provides a suitable view to clarify the effect of
different variables on the soluble expression of proteins
and peptides fused to various types of intein and their
separation from intein. Because by changing these
conditions or adding various reagents, it is easy and
economical to gain a partial purified protein.
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