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Background: Denileukin diftitox is a recombinant immunotoxin composed of truncated diphtheria
toxin fused to human interleukin 2 (DT389-IL2). It is a candidate for protein therapy of lymphoma.
This work aims to investigate DT389-IL2 production using a recombinant strain of Escherichia coli
in the lab-scale bioreactor.
Materials and Methods: First, the effect of chemical composition in culture medium (the complex
and defined) was investigated in DT389-IL2 expression in E.coli BL21 (DE3) containing pET-IDZ
plasmid in shack flask and lab-bioreactor culture. To enrich the carbon source, we added glucose 6-8
g/L to the complex culture medium. The composition of the defined medium was enriched by adding
amino acids (valine, 0.0502; phenylalanine, 0.0132; lysine, 0.0184; aspartic acid, 0.016; and serine,
0.0251 g/L). The growth cell was measured by the optical density method and the expression yield
was investigated by SDS-PAGE.
Results: The maximum growth rate was determined in a modified complex culture medium
containing glucose (6 g/L). The bacteria growth in the medium was achieved to the optical density of
5.5 in the shack flask culture, and under the same condition, the optical density of medium increased
to 13 in the bioreactor. Adding amino acids to the defined medium significantly enhanced cell growth
and expression of proteins. Also, the optical densities of 2.95 and 6.1 were achieved in the shack-flask
and bioreactor culture, respectively. The specific growth rates of bacteria in the complex medium and
the defined medium were determined as 0.89 and 0.47 h-1, respectively.
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Conclusion: Adding glucose (carbon source) to the complex medium and elemental enrichment by
adding amino acids increased biomass production. The growth cell rate in the bioreactor through
suitable control of the environmental conditions and proper mixing was higher compared with the
shack-flask culture.

Introduction
ancer is one of the top 10 leading causes
of death in most countries, and it is the

third leading cause of death in Iran. Therefore, the treatment and prevention of cancer are very important. The
direct and smart toxin therapy of tumor cells is a novel
and potential strategy for cancer therapy [1, 2]. Today,
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pharmaceutical companies are trying to discover and develop new anticancer agents. Moreover, recent advances
in molecular biology and cancer treatment have led researchers to move toward targeted anticancer drugs [3, 4].
The cell-surface antigens or receptors on the tumor
cells, expressed as cancer biomarkers, are the best targets for designing new methods of cancer therapy. These
methods have been developed over the past two decades.
Cancer therapy with targeted toxins is a novel and excellent technique. In this method, the specific drugs are
designed to interfere with certain target proteins and exert an inhibition effect on tumor cells. Effective immune
therapies such as ligand-targeted therapy and cytokine/
antibody therapy are used to treat cancer. Ligand-targeted treatment is an appropriate way to eliminate the
toxicity of anti-cancer drugs in the healthy parts of the
patient’s body [5-8]. The reaction of monoclonal antibodies with specific antigens creates an inclination to use
toxins for removing cancerous cells. The herbal protein
and bacterial toxins are potential toxic factors in nature.
By attaching these toxins to monoclonal antibodies, new
smart proteins, called immunotoxins, are created to remove tumor cells [8-12].
Denileukin diftitox (trade name Ontak®, DT389IL2) is
an artificial protein inspired by native diphtheria toxin
and consists of 521-amino acids with three domains and
the molecular weight of 58 kDa. This targeted toxin is
involved truncated diphtheria toxin (Met1-Thr387), genetically fused to the amino acid sequence of human
interleukin-2 (Ala1-Thr133).This smart drug is the first recombinant commercial immunotoxin that was approved
by the FDA for Cutaneous T Cell Lymphoma (CTCL)
treatment in 1999 [13-16].
Various organisms and expressive systems produce
recombinant proteins, but Escherichia coli is one of the
most common hosts being used to create these proteins
due to its rapid proliferation, proper accessible systems
for gene manipulation, recognizable genetic structure,
physiology, cellular structure, and metabolic routes compared with the other organisms. Also, the bacteria can
be cultivated by fermentation methods and in different
conditions. Thus, researchers attempted to produce recombinant proteins in E. coli (as the host of recombinant products) to create the required product in a shorter
time with the lowest cost [17, 18]. For mass production
of recombinant protein in E. coli, a culture medium rich
in nutrients is required. Generally, the cell medium is
chosen from a specific culture for cultivation because its
nutrients can be controlled in the culture medium.
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The complex media like peptone and yeast can be different in the composition and the quality of fermentation.
Therefore, sometimes, a specific media with one or some
amino acids is required to enhance forming more cells
and higher yield of recombinant protein [19, 20]. The
ability of recombinant strain for biomass production depends on two factors of the density of cells and production yield. Optimization of medium culture composition,
type of cultivation system, and improving environmental
conditions are among the methods used to increase efficiency. In our previous studies, DT389IL2 was produced
in the scale of shake-flask through optimizing the culture
medium and its effective parameters [21, 22].
In the present work, and to produce DT389IL2 in the
bioreactor, several effective parameters on cell growth
must be examined. The chemical composition of the culture medium is one of the most important parameters.
In this situation, the amount of nutrients in the medium
is decisive for the amount of biomass production. In defined mediums, adding amino acids into the cell culture
medium increases cell mass production, and accordingly,
the amount of target protein expression. Therefore, this
work aimed to investigate and assess the culture medium
composition effect on the production of denileukin diftitox using recombinant E.coli in the lab-scale bioreactor.

Materials and Methods
Strain and chemicals
In this study, E. coli BL21 (DE3) recombinant strain
containing pET-IDZ produced from previous work was
used [23, 24]. Tryptone Glucose Yeast Extract and the
other components of complex and defined medium were
purchased from Merck Company. All the materials used
in this study were of high purity and were purchased
from Sigma-Aldrich, Fluka, and Merck companies.
Growth condition in the shake-flask
The complex culture medium consisted of glucose,
6-12 g/L; K2HPO4, 12.5 g/L; KH2PO4, 2.3 g/L; yeast
extract, 20 g/L; and tryptone, 10 g/L. The defined culture medium consisted of glucose, 8 g/L; K2HPO4, 15
g/L; KH2PO4, 7.5 g/L; citric acid, 2 g/L; NH4Cl, 3 g/L;
MgSO4 7H2O, 1 g/L; and amino acids (valine, 0.0502
g/L; phenylalanine, 0.0132 g/L; lysine, 0.0184 g/L; aspartic acid, 0.016 g/L; serine, 0.0251 g/L). Lysogeny
Broth (LB) medium for complex culture and M9 medium for defined medium were used to prepare the seed
culture. About 10 μL of microorganism was inoculated
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in 10 mL of sterilized LB or M9 and incubated at 37° C
with shaking at 220 rpm for 12 h.

of culture medium and were incubated overnight at 37°
C with shaking at 220 rpm.

In all experiments, 10% of the seed culture was inoculated in a sterile culture medium under the microbial
hood and inoculated at 37° C with shaking at 220 rpm.
To investigate the growth curve of E.coli recombinant
strain in the complex culture medium, three tests were
carried out with different concentrations of glucose (6,
9, 12 g/L) as the source of carbon. Recombinant strain
was grown in a 250-mL flask containing 100 mL of culture medium and incubated at 37° C with shaking at 220
rpm. The growth of bacteria continued to the end of the
growth phase and then IPTG (0.5 mM) was added and
cultivation continued for 4 h.

During the cultivation in the bioreactor, compressed
sterile air was sparged into the medium at 1 VVM. The
agitator was initially set at 250 rpm, and during bacterial
growth with the increasing optical density of medium,
the speed of the stirrer increased (300-550 rpm) and the
concentration of dissolved oxygen in the bioreactor has
been kept constant. Fermentation parameters such as
temperature, pH, dissolved O2, and foaming were continuously monitored and controlled. The sampling was
carried out every 1 h and optical density and biomass
production were measured. The induction was carried
out with 0.1 mM IPTG at the appropriate optical density.

The cell concentration and the protein expression levels were analyzed by optical density and SDS-PAGE,
respectively. Sampling was carried out every 1 hour to
measure the optical density, dry weight (using an oven at
60° C for 24 hours), and protein expression. The amount
of expression of DT389IL2 was analyzed by SDS-PAGE
using the Laemmli method [25].

Results

Cell growth in the bioreactor
The cell growth of E. coli recombinant strain was studied in a 2-L bioreactor (New Brunswick™) with 1 L
working volume. The cell growth studies have been carried out separately for the complex and defined culture
medium in the bioreactor. The composition of medium
was selected based on shake-flask culture experiments
for both complex and defined mediums for the bioreactor
culture. To cultivate recombinant E. coli, the inoculums
were first prepared in a 250-mL flask containing 100 mL

Growth of the recombinant strain in a complex culture medium
Figure 1 shows the results of bacteria cultivation in a
complex culture medium with different glucose concentrations as the source of carbon in the shake-flask culture.
The optical density was almost the same for all three
culture media containing glucose of 6, 9, and 12 g/L after
8 h of cultivation in the shake-flask culture. Analysis of
protein expression by SDS-PAGE revealed the highest
expression of DT389IL2 with a molecular weight of 58
kDa in the medium containing 6 g/L glucose (Figure 2).
Figure 3 shows the optical density and specific growth
rate of recombinant E.coli strain BL21 in the complex
culture medium containing glucose 6 g/L in the bioreac-

Figure 1. The bacteria growth in the complex culture medium containing glucose of 6(●), 9(▲), 12(■) g/L
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Figure 2. The expression of DT389IL2 in the complex culture medium on SDS-PAGE.
Test 1: culture medium containing glucose 6 g/L; Test 2: culture medium containing glucose 9 g/L; Test 3: culture medium
containing glucose 12 g/l, T0: induction time, T4: 4 h after induction

tor culture. The type of culture medium was the most
effective factor and complex culture medium associated
with glucose of 6 g/L was found as the most suitable one
on increasing biomass production, and consequently increased the output of the target protein.
Growth of recombinant strain in defined culture medium

Figure 4 shows bacteria growth in the defined culture
medium with glucose 8 g/L as the carbon source. The
results revealed that the optical density of medium increased to 2.95 on batch cultivation in the shake-flask
culture. Besides, the amount of expression of DT389IL2
was investigated by SDS-PAGE (Figure 5).
The growth of bacteria was investigated in the defined
culture medium containing glucose 8 g/L in the biore-

Figure 3. The bacteria growth in the complex culture medium with media containing glucose 6 g/L in the bioreactor.
●;µ (specific growth rate), ■; optical density.
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Figure 4. The bacteria growth in the defined culture medium with media containing glucose 8 g/L in the shake-flask culture.
●; µ (specific growth rate), ■; optical density.

actor culture (Figure 6). The time of induction was determined in an optical density of 2 and was performed
by adding IPTG with a concentration of 0.1 mM. The
highest production of cells and the expression of target
protein in the defined culture medium were determined
in the optical density of 6.1 in the bioreactor culture.
However, under the same conditions, an optical density
of 2.95 was achieved in the shake-flask culture. The results revealed that the maximum specific growth rate of
bacteria in the bioreactor was 0.47 h-1 in the defined culture medium.

Discussion
Toxin-based directed therapy is a subgroup of protein
therapies that has been developed over the past several
decades. It is also an ideal approach for many investigators in the field of cancer therapy because this treatment
minimally affects healthy cells or tissues. In this field,
a Japanese company, Eisai, produced and developed
the first FDA-approved recombinant immunotoxin, i.e.,
DT389IL2, for the treatment of persistent or recurrent Cutaneous T Cell Lymphoma (CTCL) [15, 16].

Figure 5. Expression of DT389IL2 in the defined culture medium in the shake-flask culture.
Recombinant bacteria were collected at 0 (T0) and 4 h (T4) after induction time. M: protein size marker.
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Figure 6. The bacteria growth in the defined culture medium with carbon sources containing 8 g/L glucose in the bioreactor.
●; µ (specific growth rate), ■; optical density.

On the other hand, the production of recombinant therapeutic proteins in an optimum condition is one of the
key problems for drug companies. The use of the best
culture medium and optimum condition for fermentation
of recombinant protein could be considered for increasing production efficiency. Therefore to extend our previous work that studied the DT389IL2 expression on E. coli
strain on the shake-flask culture with complex culture
medium [21, 22], we studied on DT389-IL2 production in
the lab-scale bioreactor the present work.
The results revealed that the composition and concentration of components of the culture medium had a
significant impact on the higher production of DT389IL2
by the fermentation process using the E.coli strain. The
modified complex culture medium contained glucose, 6
g/L; K2HPO4, 12.5 g/L; K2HPO4, 2.3 g/L; yeast extract,
20 g/L; tryptone, 10 g/L and showed high growth of cells
in the batch culture in the bioreactor. The highest production of cell biomass and expression of target protein were
found in an optical density of 13 using the complex culture medium in the bioreactor culture. While under the
same conditions, the optical density of 5.5 was achieved
in the shake-flask culture [21, 22].
Besides, the concentration of produced cell biomass
in the bioreactor was determined around 11 g/L using
the modified complex culture medium. The results revealed that using the modified complex culture medium,
the maximum specific growth rate of cells reached 0.89
h-1 in the bioreactor culture and the extent of cell biomass
concentration in the bioreactor increased 2.55 times compared to the shake-flask culture. This finding has also
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been reported in the studies carried out in other studies.
Fong et al. could find the best culture medium for the expression of Elastin-Like Polypeptides (ELPs) protein by
optimizing the composition of the culture medium [26].
In Menderson et al. research for the production of Eg95
protein, the growth of the cells and the expression of the
required recombinant protein increased with a change in
the composition of culture medium [27]. In this study,
the results showed that the use of a complex culture medium containing glucose 6 g/L increased the expression
of DT389IL2 on recombinant E.coli BL21.
The maximum optical density in the flask culture was
determined as 2.95 by adding amino acids to the defined
culture medium containing glucose, 8 g/L; K2HPO4: 15
g/L; KH2PO4: 7.5 g/L; acid citric: 2 g/L; NH4Cl: 3 g/L;
and MgSO4 7H2O, 1 g/L. However, under the same condition, the optical density of the fermented medium increased to 6.1 in the bioreactor culture. Adding glucose
to the culture medium and its immediate consumption
by bacteria led to the fast growth of cells. The results
showed that by adding valine, 0.05016 g/L; phenylalanine, 0.0132 g/L, lysine, 0.0184 g/L; aspartic acid, 0.016
g/L; and serine, 0.0251 g/L to the defined culture medium, the expression of target protein (DT389IL2) increased
in recombinant E.coli BL21.
The specific growth rates of bacteria in the complex
and the defined culture medium in the bioreactor culture
were 0.89 and 0.47 h-1, respectively. Recombinant immunotoxins are currently produced intracellularly by E.coli
[11, 22, 23, 28] and extracellularly by yeast or plant [29,
30]. In all of these systems, environmental conditions
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and composition of culture medium and cellular requirements have a significant impact on the production of
immunotoxins. In the secretary systems, the toxicity of
immunotoxin released to the environment negatively affects the rate of production and toxic effects of immunotoxin limits high-cell-density bioreactor production [29].
Therefore, the intracellular production of immunotoxins
in the form of the inclusion bodies by cells with high
growth rates such as E.coli is still of interest despite its
obligatory refolding process. In conclusion, this methodology could be useful for increasing the production yield
of this drug protein and other recombinant proteins.
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