Expression and Purification of Soluble and Functional Fusion Protein DAB389IL-2 into the E.
coli strain Rosetta-gami (DE3)
Nasrin Zarkar1, Mohammad Ali Nasiri Khalili1,*, Sirus Khodadadi1, Mehdi Zeinoddini1,
Fathollah Ahmadpour2
1

Malek Ashtar University of Technology, Tehran, Iran

2

Trauma Research Centre, Baqiyatallah University of Medical Sciences, Tehran, Iran

*Corresponding Author:
Mohammad Ali Nasiri Khalili
Malek Ashtar University of Technology, Tehran, Iran.
Email: manasiri@alumni.ut.ac.ir

Abstract
DAB389IL-2 (Denileukin diftitox) is considered an immunotoxin and it is the first
immunotoxin approved by FDA. It is used for the treatment of a cutaneous form of T cell
lymphoma (CTCL). This fusion protein has two disulfide bonds in its structure that play an
essential role in toxicity and functionality of the immunotoxin. Escherichia coli (E. coli)
strain BL21 (DE3) is not capable of making disulfide bonds in its reductive cytoplasm, but
the E. coli strain Rosetta-gami (DE3) is a proper strain for the correct expression of the
protein due to mutations in glutaredoxin reductase and thioredoxin reductase. In this study, a
pET21a vector with the His6-tag fused at the N-terminus of DAB389IL-2 was used to express
the soluble immunotoxin in E. coli Rosetta-gami (DE3). After the purification of the soluble
protein by two steps column chromatographies, the structure of DAB389IL-2 was analyzed
using the Native-PAGE and circular dichroism (CD) methods. In the following, the nuclease
activity of soluble DAB389IL-2 and its cytotoxicity activity were determined. It is concluded
that the soluble recombinant protein expressed in the E. coli Rosetta-gami (DE3) has an intact
structure and also functional; hence, this form of immunotoxin could be competitive with its
commercial counterparts.
Key-words: Soluble expression; Immunotoxin; Rosetta-gami (DE3); Disulfide bond
formation; Purification
Introduction
Immunotoxins represent a group of anti-tumor compounds that generally consisted of a
truncated toxin fused to a ligand such as cytokines or antibodies [1-3]. Thus, immunotoxin is
capable of causing death in tumor cells due to its toxicity, and it can delicately target cancer
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cells owing to the fused ligand/antibody portion. DAB389IL-2 (ONTAK) is a third-generation
of immunotoxins, and it is the first immunotoxin approved by the food and drug
administration (FDA) used for the treatment of Cutaneous T-Cell lymphoma (CTCL) [4-7].
As shown in Figure 1, DAB389IL-2 consists of 521 amino acid residues and two distinct parts;
a catalytic domain that pertained to diphtheria toxin containing 387 amino acids (Met1-Thr387)
fused to the IL-2 protein that constitutes 133 residues (Ala1-Thr133)[8].
IL-2 is an immunoregulatory cytokine that induces the proliferation of antigen- or mitogenstimulated T cells [9, 10]. This glycoprotein is a member of four-helix bundles of the
cytokine superfamily. IL-2 receptor has three subunits: α (CD25), β (CD122), and γ (CD132).
Each subunit has a low affinity to IL-2 individually, but all three subunits cumulatively have
a high affinity to their cognate ligands. The IL-2 receptor is expressed in three isoforms with
high, intermediate, and low binding affinity on the cell surface [9, 11]. IL2R is found in many
different hematologic malignancies, including Hodgkin's disease, cutaneous T-cell lymphoma
(CTCL), and adult T-cell leukemia (ATL). DAB389IL-2 has a similar functional mechanism
to other immunotoxins as it can enter the cells upon binding to the cell surface of its targets.
When entered the cells, it can incite ADP ribosylation of Elongation Factor 2 (EF-2), leading
to the inhibition of the protein synthesis and ultimately cell death [7, 12, 13]. Also, the
catalytic domain of diphtheria toxin has nuclease activity by which can induce cell death
through DNA degradation [14-16]. This fusion protein has a free cysteine residue in the IL-2
section of the fusion protein (Cys 513), as well as two disulfide bonds between the residue
pairs Cys 202- Cys187 and Cys 446-Cys 493 that play a significant role in the functionality
of the protein (Fig. 2). There are several reports indicating that the DAB389IL-2 protein is
expressed in E. coli (DE3) in an inclusion body form, but there is no information related to
the expression of this immunotoxin in a soluble form [5, 6, 17, 18]. Also, no studies
conducted on the industrial production of this immunotoxin to have sufficient information
about the expression status. Empirically, the protein recovery from the inclusion body has a
low yield. Furthermore, the re-solubilization procedures may not effectively retrieve the wildtype folding of the proteins, accompanied by undesirable formations of misfolded or
aggregated protein-like molecules [19]. Disulfide bonds are chemically covalent bonds which
are created post-translationally by the oxidation of a pair of cysteine residues [20, 21]. A
disulfide bond can render structural, catalytic, and signaling properties to a specific protein.
The E. coli strain BL21 (DE3) cannot make disulfide bonds in its reductive cytoplasmic
milieu, but the E. coli strains Rosetta-gami, Origami and shuffle are proper bacterial strains
for the intact formation of disulfide bonds in cytoplasm due to the mutations present in
glutaredoxin reductase (gor-) and thioredoxin reductase (trxb-) enzymes [20, 22-24]. There
are generally two main approaches for the efficient and high-yield expression of the soluble
recombinant proteins [25-31]. The first strategy is optimization of environmental factors
including the growth temperature, culture media, and the concentration of gene expression
inducer [32].
On the other hand, it has been proven that in line with a decrease in temperature, the
expression of bacterial chaperones, contributing to the protein folding process is markedly
increased. The second issue is the genetic engineering of the target protein. Rosetta-gami
(DE3) has important features of BL21, Origami, and Rosetta strains as it can increase the rate
of disulfide bond formation in the cytoplasm and has overexpression of rare tRNA expression
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vector set to overcome codon bias-associated problems [24, 33]. Therapeutic recombinant
proteins require precise disulfide bonds formation for high-stability and biological activities.
Thus, attempts for the correct configuration of disulfide bonds at all stages including
host/vector construction and downstream purification are highly appreciated.
In this paper, we investigated the effects of environmental factors such as a decrease in
temperature of bacterial culture to 18 °C and the concentration of IPTG to 0.05 mM. Also, we
used the E. coli strain Rosetta-gami (DE3) which is deficient for trxb-/ gor- as a proper host
for the expression of soluble and functional DAB389IL-2. Beside, erythroleukemia cancer
cells (K562) were treated with various concentrations of soluble and final purified DAB389IL2. The results demonstrated a significant reduction of the cells viability in response to a
gradual increase in the level of DAB389IL-2. Also, in present study to support whether the
immunotoxin possess its accurate structure; the nuclease activity of soluble recombinant
DAB389IL-2 was examined.

Materials and methods
DAB389IL-2 Expression
For the cloning and expression of DAB389IL-2 (BTD00084, BIOD00084), a truncated
sequence of the diphtheria toxin gene (DT389) was fused to the mRNA of the human
interleukin-2. In this sequence, the NdeI and EcoRI restriction sites were added into the 5́ and
3΄ ends of the corresponding gene, respectively. Also, six-histidine codons, (CAC)6, was
added after the start codon (ATG) at the N-terminus to facilitate the process of purification
[34, 35]. The recombinant plasmid pET21a containing the DAB389IL-2 gene was transferred
to the E. coli strain Rosetta-gami (DE3) competent cells. This transformed bacterial strain
was cultivated in the terrific broth (TB) medium supplemented with 1.2% w/v Casein Digest
Peptone, 2.4% w/v Yeast extract, 72 mM K2HPO4, 17 mM KH2PO4, 1g/L MgSO4 .7H2O, 4%
Glycerol, and 100 μg/ml ampicillin at 37 °C. The expression of the fusion toxin was induced
when the bacterial cells reached an OD600 of 2. Then, the culture medium in total volume of
500 ml was supplemented with 0.05 mM IPTG at a low temperature of 18 °C overnight in a
shaker incubator (200 rpm) to achieve a soluble form of the fusion protein. Afterward, the
cells were harvested by centrifugation at 7000 rpm for 5 minutes. The bacterial cells were
disrupted by sonication (Soniprep 150, MSE, UK; 12×10 s pulses with 10 s intervals, at
150 W) in lysis buffer containing 20 mM Tris-base, 0.5 M NaCl, 50 mM imidazole, and 1
mM PMSF, pH 7.8. The lysate solution of the bacterial cells was centrifuged at 12000 rpm at
4 °C for 20 min. The supernatant was then collected for further purification.
2-2-DAB389IL-2 Purification
The supernatant containing the soluble recombinant DAB389IL-2 was loaded on Nickel
chelating sepharose column pre-equilibrated by 20 mM Tris-base, 0.3% Triton X-100, 0.5 M
NaCl, 50 mM imidazole, pH 7.8. The unbound proteins were washed out by 20 mM Trisbase, 50 mM imidazole, (pH 7.8) and DAB389IL-2 containing fractions were eluted by a
linear gradient of imidazole (0.05–0.5 M). The purified fraction was pooled and the buffer
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was exchanged with 10 mM phosphate buffer at the pH 7.2 to remove imidazole using a
Filtron concentrator and a Mr 50,000 cut-off filter (Milipore). The proteins were then further
purified by ion exchange chromatography on DEAE-Sepharose (Pharmacia Biotech Inc.).
The partially purified proteins loaded on the column and washed with 10 mM phosphate
buffer at the pH 7.2. DAB389IL-2 was eluted by a linear gradient of salt (0-0.8 M KCl) in the
same buffer. Protein concentration was determined by the Bradford assay and its expression
and purity was determined by Coomassie Brilliant Blue staining of 10% SDS-PAGE, SECHPLC and western blot analysis.

2-3- Native-PAGE Assessment of DAB389IL-2
Native-Polyacrylamide gel electrophoresis (Native-PAGE) was developed as an analytical
method to detect the conformational assessment for DAB389IL-2 under a non-denaturing
condition. For this purpose, the purified protein was loaded on 10% Native-PAGE. The
protein bands were visualized by the Coomassie Brilliant Blue staining.
2-4- Purity Analysis by SEC-HPLC
Size Exclusion Chromatography (SEC) with HPLC method was used to check the purity of
DAB389IL-2 and the presence of undesired forms including dimers and soluble aggregates.
SEC-HPLC was performed using an ultropak TSK G3000 SW LKB column (7.5 x 300 mm
10,000-300,000 Dalton) on KNAUER system (pump-K1001, Auto sampler 3800 and UV
detector K-2600). The column was equilibrated with 50 mM sodium phosphate, 100 mM
sodium chloride (pH 7.2), and the flow rate was 1 mL/min. The total time for the method was
20 min, and the elution of the column was monitored at 214 nm.
2-5-Circular dichroism of DAB389IL-2
Circular dichroism (CD) was performed using a CD spectrometer apparatus model 215
(AVIV instrument INC.). The Far-UV CD spectra of the final purified immunotoxin were
recorded at the range of 190-260 nm at a concentration of 0.2 mg/ml and denatured protein
with a spectral resolution of 1 nm. A quartz cell with a path length of 10 mm was used for the
CD analysis, and all the measurements were carried out at 25 °C.

2-6-Cytotoxicity of DAB389IL-2
K562 cells have an intermediate affinity to the IL-2 receptors that consisted of the β and γ
subunits (IL-2Rβ-γ). K562 and HL-60 cells were obtained from the National Cell Bank of
Iran and were maintained in RPMI 1640 supplemented with 10% FBS, 50 IU/ml penicillin,
and 50 μg/ml streptomycin. For this aim, 1.2× 104 cells/well in 200 μl of the complete
medium were seeded on the 96-well plates. After 24 h of the incubation period at 37 0C in 5%
CO2 atmosphere, different concentrations of the fusion toxin proteins (10-6 to 10-10M) were
added and incubated for 48 h. Next, the MTT assay was carried out to assess the cell viability
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of cancer cells in response to treatment with the final purified form of the immunotoxin. All
experiments were implemented in triplicate, and the cytotoxicity was determined by
calculating the percentage of the cell viability. The cell viability was estimated as the number
of viable cells over the number of all cells in the control group.
2-7-Nuclease Activity
In this research in order to study of bioactivity of recombinant DT, nuclease activity assay
was examined. For this purpose, 1 µl of unfolded or soluble recombinant protein with the
concentration of 0.3 mg/ml which solubilized in buffer (10 mM Tris-HCL, pH 7.5 ) was
added to 5 µl of reaction buffer containing, 10 mM Tris-base, 2.5 mM CaCl2, and 2.5 mM
MgCl2, pH 7.6). Reactions were initiated by addition of 4 µl of DNA (pET21a) with the
concentration of 500 ng. The samples were incubated at 25 ºC for 4 h. The rate of DNA
degradation was analyzed by 1% agarose gel electrophoresis in TAE buffer; then the gels
were stained by ethidium bromide and photographed under UV transilluminator.

Results
3-1-Expression and purification of soluble immunotoxin in Rosetta-gami (DE3)
The pET21a vector containing the DAB389IL-2 gene was transformed into the E. coli strain
(strain Rosetta-gami which was deficient for both trxB- / gor-). This transformed strain was
cultivated in the terrific broth (TB) medium supplemented with 100 μg/ml ampicillin. The
expression profile of DAB389IL-2 in Rosetta-gami is shown in Fig. 3B. The SDS- PAGE and
western blot analysis Fig. 3A, 3E showed a protein band with a molecular weight of 58 kDa
assigned to the soluble expression of DAB389IL-2. The purification of the immunotoxin was
carried out in the E. coli strain BL21(DE3) through one step and E. coli strain Rosetta-gami
(DE3) by two steps as shown in Fig. 3A and 3B, 3C respectively according to the protocols
mentioned in the “Materials and Methods” section. According to Fig. 3B, the purity of
fractions were estimated about 63% for the lanes 1-5, 69% for the lane 6, 90% for lane 7, and
95% for the lanes 8-10, calculated by the Core Laboratory Image Quantification Software
(CLIQS). According to Fig. 3C, after second step of purification, the purity increased
remarkable.
9

3-2-Analysis of DAB389IL-2 with Native-PAGE
The purified immunotoxins were subjected to electrophoresis run on 10% Native
polyacrylamide gel, at the voltage of 85. Concerning Fig 3D, the recombinant DAB389IL-2
expressed in the E. coli strain Rosetta-gami (DE3) has a proper folding, and its
conformational was wild-type form.
3-3-Purity Analysis of DAB389IL-2 with SEC-HPLC
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According to Fig. 4, the SEC-HPLC of soluble recombinant immunotoxin DAB389IL-2
depicts absences of any aggregate or dimers. The main peaks reveal monomers with high
purity eluted from both steps of purification.
3-4-Circular dichroism of DAB389IL-2
Circular dichroism was applied for the analysis of the immunotoxin when the recombinant
protein was in folded and unfolded states. The CD-spectra showed three distinct peaks. A
positive peak was detected at the wavelength of 190 nm, whereas two negative peaks were
recorded at the wavelengths of 208 and 222 nm which were assigned into the alpha-helix
conformation of the protein Fig. 5. These spectra were consistent with the secondary
structures of both IL-2 and DT.
3-5-Cytotoxicity assay of DAB389IL-2
The cytotoxicity of the soluble and final purified immunotoxin was assayed on K562 cells.
Besides, the HL-60 cells line lacking the IL2-R was employed as the negative control.
Although K562 cells are sensitive to immunotoxin, HL-60 cells are more resistant. According
to the graph representing the concentration/percentage of cell survival, the IC50 of the
DAB389IL-2 fusion protein was estimated to be 2×10-9 M Fig. 6A. These data suggest the
induction of apoptosis which is regarded as one of the mechanisms by which the fusion
protein can induce cell death as described in previous studies [6, 36].
2-6-Nuclease Activity
Based on Fig. 6B, Nuclease activity comparison of unfolded and soluble immunotoxin,
shows degradation of DNA into smear form, in the presence of soluble protein. But in lane 3
which is related to unfolded protein, no change observed. These findings indicated that DTmoiety of the soluble DAB389IL-2 obtained its correct structure and has enzymatic activity.
Discussion
Nowadays, new methods have been designed by researchers that specifically affect tumor
cells possessing much fewer side effects [37, 38]. One of the well-designed group of
anticancer agents is immunotoxins. DAB389IL-2 is one of those immunotoxins, approved by
the FDA in 1999 to be used for the treatment of CTCL. The Solubility is a key issue for the
production of recombinant protein in heterologous expression system. Soluble recombinant
proteins often have a proper folding and native structure. One of the factors that guarantee the
precise and efficient structure of a given protein is a proper formation of disulfide bonds [24].
Since the production of DAB389IL-2 has been stopped for some issues such as very low
stability and low-yield purification [39], we hypothesized that the improper formation of
disulfide bonds in the immunotoxin is a critical factor for the low stability and aggregation of
the protein during the production and purification steps. Hence, we chose the Rosetta-gami
(DE3) vector as a host bearing mutations in the trxb and gor genes.
Alternatively, a reduction in the concentration of IPTG and temperature, as well as using the
terrific broth (TB) medium containing 4% glycerol assured the fidelity of the protein
expression in a soluble form. The soluble recombinant protein was purified by two steps
This article is protected by copyright. All rights reserved.

column chromatographies in which purification conditions were optimized, and the purity
efficiency was markedly increased. After that, the purified protein was evaluated for
structural and functional properties. Our data demonstrated that the soluble recombinant
DAB389IL-2 had a native conformation and proper folding, that enabled this protein to induce
cell death in tumor cells expressing the IL-2 receptors. The IC50 of the DAB389IL-2 fusion
protein was estimated to be 2×10-9 M. Previous studies reported that DAB389IL-2 showed an
IC50≈3.0×10-12M against the high-affinity IL-2 receptor bearing HUT 102/6TG cells. K562
cells belong to erythroleukemia cells and express the IL-2R with an intermediate affinity on
their surface. It is thought that an 700-fold increase in the IC50 of the recombinant protein
DAB389IL-2 in MTT assay might be due to the lower expression of the receptors expressed
on the surfaces of K562 cells in comparison with HUT 102/6TG cells. The CD spectra of the
soluble recombinant protein after the final purification obviously showed a proper and intact
secondary structure. Since the formation of an accurate disulfide bond is necessary for the
proper folding of a particular protein and considering that only proteins with proper structures
can induce cell death in tumor cells, it is concluded that both disulfide bonds in recombinant
DAB389IL-2 have been formed correctly. To the best of our knowledge, this is the study that
produced the soluble recombinant and functional DAB389IL-2 with high yields in the E. coli
strain Rosetta-gami (DE3).
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Figure 1. Diphtheria toxin domains and the structure of DAB389IL-2 [7].

Figure 2. Schematic diagram of DAB389IL-2. The protein structure was simulated by ITASSER server and displayed with the Chimera software, and disulfide bonds were
displayed

This article is protected by copyright. All rights reserved.

Figure 3. (A) SDS-PAGE of the soluble expression of recombinant DAB389IL-2 in the E. coli
strain BL21 (DE3), as well as assessment of the purification procedures. The lanes 1 and 2
show the expression of the recombinant DAB389IL-2 before and after the induction. Lane M
indicates a molecular-weight size marker. Lane 3 demonstrates the supernatant applied for
the Nickel-Sepharose column. Lane 4 exhibits the unbounded proteins that were not able to
bind to the column. Lanes 5-13 correspond to the eluted fraction (with 0.05 to 0.5 M of
imidazole) of the recombinant immunotoxin. (B) The SDS-PAGE of the soluble expression
of recombinant DAB389IL-2 in the E. coli strain Rosetta-gami (DE3) cultivated at 18 °C in
the presence of 0.05 mM IPTG. Lanes 1-10 display the eluted fraction (with 0.05 to 0.5 M of
imidazole) of the recombinant immunotoxin. (C) SDS-PAGE assessment of second step
purification procedures of soluble recombinant DAB389IL-2 with DEAE-Sepharose
chromatography. Lane M indicates a molecular-weight size marker. The lanes 1-3 correspond
to the eluted fraction (0 to 0.8 M KCl). (D) The Native-PAGE of the soluble and
recombinant DAB389IL-2 in the E. coli strain Rosetta-gami (DE3). Lane 1: unfolded protein,
Lane 2: The soluble and purified DAB389IL-2 after purification with Nickel chelating
sepharose chromatography Lane 3: The soluble and final purified DAB389IL-2. (E) The
western blot analysis of anti-DT monoclonal antibody.

Figure 4. SEC-HPLC analysis of purified DAB389IL-2, using a TSK3000 column. 150 μg mL1
of two forms of purified DAB389IL-2, at a flow rate of 1 ml/min was injected on column.
The effluent was monitored by recording UV absorbance at 214 nm. (1) The fraction eluted
from Nickel chelating sepharose column. (2) The fraction eluted from Ion exchange
chromatography. Absorbance is in milliabsorbance units (mAU).
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Figure 5. Circular dichroism profile of the soluble recombinant DAB389IL-2 and unfolded
DAB389IL-2 in the E. coli strain Rosetta-gami (DE3).

Figure 6. (A) The effect of various concentrations of the soluble and final purified
recombinant DAB389IL-2 on the cell viability in K562 cells. (B) Agarose 1% gel
electrophoresis showing the nuclease activity of soluble DAB389IL-2. Lane M: DNA size
marker 1 Kb, lane 1: Purified pET21a, as negative control, lane 2: pET21a incubated with
folded fusion protein for 4 h at 25 °C. Lane 3: pET21a incubated with unfolded fusion
protein for 4 h at 25 °C,

His6-Tagged DAB389IL-2 was expressed with high yield in the E. coli strain Rosettagami (DE3) in a soluble form.
● The purification rate was increased when the DAB389IL-2 was expressed in Rosettagami (DE3)
● The DAB389IL-2 expressed in Rosetta-gami (DE3) has an intact structure and proper
function.
●

This article is protected by copyright. All rights reserved.

