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ABSTRACT
Botulinum toxin type A can temporarily inhibit muscle contraction. Currently, physicians administer
this toxin as a bio-drug in treatment of some muscle contraction disorders. TAT-BoNT/A(1–448) is a
functional recombinant protein derived from botulinum toxin light chain. Unlike the full length
botulinum toxin, TAT-BoNT/A(1–448) is a self-permeable molecule which can pass through bio-
surfaces so can be used as a topical therapeutic agent without injection. To maintain the
functionality of TAT-BoNT/A(1–448), it is necessary to restore its normal folding upon expression and
purification. In this study, we have investigated and optimized expression conditions for this novel
recombinant protein. Under denaturing condition (1 mM IPTG, at 37�C), the chimeric protein was
produced as inclusion body and required to be purified using denaturing agents (e.g. urea). Yet,
lower incubation temperature (18�C) and less IPTG concentration (0.5 mM) induce a protein under
native condition. In such condition, about 60% of the chimeric protein was expressed in soluble
form.
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Introduction

The light chain of botulinum toxin type A (LC-
BoNT/A) has a molecular weight of 50kDa and is a
zinc (Zn2C)-dependent metalloprotease.1-3 The toxin
temporarily prevents muscle contraction due to inhi-
bition of acetylcholine release.4,5 In recent years, this
toxin was applied successfully as an injectable biolog-
ical drug for treatment of some muscle contraction
disorders such as blepharospasm, migraine and
reducing facial wrinkles.6-11

Despite of medicinal advantages, injection of this
drug may cause some undesirable side effects e.g., irri-
tation, inflammation, pain and sometimes bleeding in
the site of injection. Hence, it is necessary to find a
less/noninvasive means to administer this biological
drug. Use of cell penetrating peptides (CPPs) is the
most favorable means of transmission of molecules
into the cells because of their low toxicity.12,13 CPPs

are cationic peptides with less than 30 amino acids.
These peptides are able to pass directly through the
membrane of many different types of mammalian
cells without causing any damage. They can carry vari-
ous biological cargos (DNA, RNA, peptides and pro-
teins) which are covalently or non-covalently
bonded.14 Upon uptake, the cargos maintain their
properties. These abilities make CPPs promising can-
didates for drug delivery applications.15

In our earlier work, we successfully produced TAT-
BoNT/A(1–448) recombinant protein through covalent
bonding of the light chain of BoNT/A (LC-BoNT/A)
to TAT, a cell penetrating peptide.16 TAT-BoNT/A(1–

448) is a potent functional recombinant protein that
not only does maintain the functionality of the botuli-
num toxin type A but also has the ability to directly
penetrate into the living cells in vitro and in vivo
(i.e. mouse skin). Moreover, LC-BoNT/A conjugate
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has increased potential for proteolytic activity com-
pared to the full-length BoNT/A. Peptide-mediated
delivery of BoNT/A is an easy and non-invasive way
of administration that may be useful for therapeutic
purposes.

In this preliminary study we aimed to optimize
expression and purification of TAT-BoNT/A(1–448)

under denaturing and native conditions.

Methods

Protein expression under denaturing condition

The recombinant genomic construct containing
nucleic acid sequence of TAT-BoNT/A(1–448) was syn-
thesized before.16,17 Briefly, a genomic construct was
designed containing tandem nucleic acid sequences of
TAT peptide (amino acids 47–57), BoNT/A light
chain (amino acids 1–448) and 6 histidine residues at
the N-terminus. This construct was based on pET28a
expression vector containing T7 promoter. Recombi-
nant vector was then transformed to an expression
host, E. coli BL21(DE3). Transformed recombinant
bacteria were cultured on LB agar medium containing
20mg/ml kanamycin. Bacterial colonies carrying plas-
mids containing TAT-BoNT/A(1–448) were cultured in
50ml LB broth plus 20mg/ml kanamycin for 24 h at
37�C. When the culture reached OD600nm of 0.6–0.9,
protein production was induced by adding 1mM
IPTG at 37�C for 24 h with 150 rpm constant shaking.
Bacterial cells were separated from culture superna-
tant with 5 min centrifugation (5,000 rpm). The cells
were lysed for 40 min with lysis buffer (5 mM imidaz-
ole, 500 mM NaCl, 10 mM Tris–HCl) containing a
denaturing agent (8M urea) and were sonicated on
ice (30 cycles/45 sec intervals). After centrifugation
(14,000 rpm, 20 min), the supernatant containing sol-
uble proteins was separated from the sediment con-
taining insoluble proteins. Fractions were analyzed on
12% SDS-PAGE. The band density of the proteins
related to each bacterial clone were assessed and com-
pared with Quantity One software, ver.. 4.6.5 (Bio-
Rad, USA). The bacterial clones possessing high level
protein expression were stocked in ¡80�C until used.

Expression optimization

Several cultures of bacteria containing the recombinant
sequence were induced by different IPTG concentrations
(0.3, 0.5, 0.8 and 1mM) and were incubated at 37�C to

compare the effect of IPTG concentration on protein
expression. Bacterial cultures were also incubated at
30�C to compare the effect of temperature on protein
expression. Protein expression in each bacterial culture
was analyzed by 12% SDS-PAGE.

Protein expression under native condition

In this study, we tried to increase the solubility of
recombinant protein by lowering IPTG concentration
and reducing the incubation temperature.18 For this
purpose, we used 2 different concentrations, 0.3 and
0.5mM, as low IPTG concentrations (data are not
shown). Since the protein expression level was very
low upon induction with 0.3mM IPTG, we decided to
use 0.5mM IPTG for protein expression under native
condition. Also, we tested 3 different low tempera-
tures, 25, 18 and 15�C (data are not shown) to check
how lower temperatures (compared to 30 and 37�C)
may affect protein expression under denaturing condi-
tion. Protein expression level at 25 and 18�C was
approximately the same, but at 18�C the amount of
protein in soluble phase was more than that of 25�C.
The protein expression level at 15�C was very low.
Hence, we decided to incubate the bacterial culture at
18�C.

Finally, the same protein expression was carried out
using 0.5mM IPTG and incubation at 18�C under
denaturing condition.

Also, 0.25mM ZnCl2 was added to the culture to
maintain the three-dimensional structure of the pro-
tein.19 According to some studies, ZnCl2 can help the
protein maintain its natural folding and the tertiary
structure.20,21

After centrifugation, the bacterial sediment was
sonicated and lysed with a lysis buffer lacking urea as
a denaturing agent. Fractions obtained from the re-
centrifugation containing soluble and insoluble pro-
teins, were separated on a 12% SDS-PAGE.

Protein purification under denaturing condition

The bacterial sediments obtained from 1lit bacterial cul-
ture (induced with 1mM IPTG, at 37�C) were collected.
The bacterial cells were sonicated and lysed with lysis
buffer containing 8M urea and subjected to high speed
centrifugation. The resulted supernatant was applied on
Ni2C-affinity chromatography column (Ni-NTA, Qia-
gen, USA)19 and the initial flow were collected. The col-
umn was washed twice with 20mM Tris-HCl buffer
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containing 20 and 100mM imidazole, respectively. 8M
urea was added to all washing buffer to avoid protein
sedimentation. Subsequently, elution buffer (250mM
imidazole), was run through the column. Output flow of
the column was collected after each washing step and
was analyzed on 12% SDS-PAGE.

Protein purification under native condition

In order to obtain the optimal yield of pure recombi-
nant protein in native structure, we purified the
recombinant protein under native condition. For this
purpose, the solution containing protein was applied
on Ni2C-affinity chromatography column. Washing
buffers lacked urea as a denaturing agent which allows
the recombinant protein to maintain its native folding.
Fractions resulted from each washing step were sepa-
rated on 12% SDS-PAGE.

Results and discussion

Protein expression under denaturing condition

Two clones, among the pool of bacterial clones carry-
ing the recombinant construct showed appropriate
protein expression level. The SDS-PAGE pattern of
induced bacteria (Fig. 1) showed that the recombinant
TAT-BoNT/A was produced as inclusion body (insol-
uble form).

The optimum level of TAT-BoNT/A expression
was achieved at 37�C with 1mM IPTG concentration
(Fig. 2).

Protein expression under native condition

Upon reducing IPTG concentration (0.5 mM) and low-
ering the incubation temperature down to 18�C, the
bacterial host, E. coli BL21 could produce more TAT-
BoNT/A recombinant protein in soluble form (»60%)
compared to the denaturing conditions (Fig. 3).

One ideal condition in expression of recombinant pro-
teins is to express the protein at high level. Even though
the level of protein expression under denaturing condi-
tion is much higher than that of native condition, expres-
sion under native condition is more favorable for

Figure 1. Protein expression evaluation in E. coli Bl21 (DE3). Only
one clone (shown with arrow) was able to efficiently express
recombinant protein (54kDa). Soluble phase: Supernatant con-
taining soluble proteins; Insoluble phase: Pellets of lysed cells
containing insoluble proteins; M: Protein size marker; U: Cell
lysate before induction of the expression; 12% SDS-PAGE stained
with coomassie brilliant blue G250.

Figure 2. Expression optimization of TAT-BoNT/A recombinant
protein under denaturing condition. Protein expression with dif-
ferent concentrations of IPTG was assessed once at (A). 37�C and
once at (B). 30�C incubation temperature. Recombinant protein
(54kDa band, shown with arrows) had the highest expression
level in 1mM IPTG concentration at 37�C. Soluble phase: superna-
tant containing soluble proteins; Insoluble phase: pellet of cells
lysed with 8M urea containing insoluble proteins. M: Protein size
marker; U: Cell lysate before induction of the expression; 12%
SDS-PAGE stained with coomassie brilliant blue G250.
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production of functional proteins. Forcing the bacterial
host to produce the protein of interest causes aggregation
of proteins and formation of inclusion bodies with abnor-
mal folding. Based on a common procedure, denaturing
agent (urea) was used to reach maximum protein purifi-
cation. If the expressed recombinant protein is functional
(e.g., enzymes), protein folding should return to normal
form to regain its functionality. For this purpose, dena-
turing agents should be removed from the protein solu-
tion. Not all protein molecules can retain the complete
3D native structure. Therefore, during each folding/
refolding step a small amount of the produced protein
will be lost. It is important for the protein to avoid fold-
ing/refolding steps to maintain maximum functionality.
The favorable solution is to prevent protein aggregation
inside the bacterial host. A solution for this problem,
which has been used in many similar studies, is to some-
how reduce the speed of protein production.18,19 Under
such condition, the host bacteria takes ample time to fold
the foreign protein correctly. However, in our study
TAT-BoNT/A was highly expressed in soluble form
(0.5 mg/ml) and was a major component of the total sol-
uble proteins. Also there was no need of further dialysis
after purification. This corresponds with the results of
similar studies22 which produced CPP- BoNT/A fusion
protein in soluble form.18,19

In a study performed by Jensen and colleagues,
transitional domain sequence of botulinum toxin
(amino acids 449–552) was added to that of light
chain of botulinum toxin in order to simulate the 3D
structure of natural protein. However, no increase was
observed in the production of recombinant protein
with natural folding. They showed that reduction of
incubation temperature is more effective in increasing
the solubility of recombinant proteins. Therefore,
complete structure of a protein does not necessarily
lead to protein production with natural folding. It is
likely that with a larger sequence of the recombinant
protein, the host bacteria lose the ability of natural
folding of proteins.19 In the present study, we showed
that reducing the incubation temperature (18�C)
makes greater proportion of the proteins to produce
in solution form.

In this study, we only expressed the catalytic domain
of botulinum toxin type A. Accompany of binding and
translocating domains helps light chain domain to main-
tain its strength and sustainability in natural systems.
Yet, according to some studies, immune response to bot-
ulinum toxin light chain alone is much less than when it
is in association with 2 other domains.19,23 Therefore,
the possibility of allergic and inflammatory reactions
against the recombinant protein will be very low. In
addition, cell-penetrating peptides are one of the non-
invasive methods for transferring biological molecules
into a variety of cell lines. Studies have shown that these
peptides have the least toxicity and minimum damage to
their target cells in vivo and in vitro.18

Protein purification

Each fraction of protein purification with resin col-
umn containing nickel was run on 12% SDS-PAGE
separately (Fig. 4). We could highly purify (>98%) the
protein under native condition. While, protein purifi-
cation in the presence of denaturing agents was not as
successful as native condition (data not shown). Also,
there was no need for further dialysis. This, on one
hand, reduces the purification steps and saves time
and on the other hand, eliminates the need for restor-
ing the normal protein folding. To confirm the pres-
ence of TAT-BoNT/A recombinant protein, western
blotting with HRP-conjugated anti-His-tag rabbit
anti-mouse monoclonal IgG (Sigma Aldrich, USA)
was performed. We mentioned the result of protein
gel blot analysis elsewhere in our previous study.16

Figure 3. Expression of TAT-BoNT/A recombinant protein under
native condition. Protein expression was induced in bacterial cells
containing recombinant plasmid with 5 mM IPTG. After culture
incubation at 18�C, about 60% of recombinant protein was pro-
duced in soluble form. Soluble phase: Supernatant containing
soluble proteins; Insoluble phase: Pellets of cells lysed with 8M
urea containing insoluble proteins. M: Protein size markers; U:
Cell lysate before induction of the expression; Protein bands
(54kDa) shown with arrows. 12% SDS-PAGE stained with coomas-
sie brilliant blue G250.
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In addition, protein purification by affinity chroma-
tography column containing nickel bound resin is
very convenient and effective way to purify the recom-
binant protein with a histidine tail.

Conclusions

Production of recombinant protein requires condi-
tions of high level expression along with inclusion
body formation. On the other hand, to preserve the
biological activity we should avoid folding/refolding
methods during the purification process.

Upon decreasing the concentration of IPTG and
incubation temperature about 60% of total volume of
TAT-BoNT/A recombinant protein was produced in
soluble form. The recombinant protein was purified at
a favorable level by nickel affinity chromatography
column under native condition.

Disclosure of potential conflicts of interest
No potential conflicts of interest were disclosed.
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