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A B S TR AC T
Background: Leukemia inhibitor factor (LIF) is a very important pleiotropic cytokine
which belongs to interleukin-6 (IL-6) family. LIF exerts multiple effects on different types
of cells and tissues with numerous regulatory effects in vivo and in vitro. It is a lymphoid
factor, which performs a number of activities including cholinergic neuron differentiation, control of stem cell pluripotency, bone and fat metabolism, and is important for
embryo implantation and promoting megakaryocytes production in vivo. Human LIF
is a potential therapeutic candidate for some diseases such as multiplesclerosis (MS).
Objectives: Because of aforementioned applications of the LIF protein in biological systems, the LIF gene has been cloned in various species. In this study a useful novel method
was used to clone an optimized LIF sequence.
Materials and Methods: In this study, the optimized cDNA form of human leukemia
inhibitory factorwas cloned into the pET-28a (+) expression vector under control of
T7lacpromoter using BamHI and XbaI restriction enzymes. The recombinant vector was
transformed into Escherichia coli strain BL21 (DE3). The cloned hLIF cDNA was expressed as
a fusion protein with His-tag. Cloning of hLIF cDNA was confirmed by digestion and DNA
sequencing. Appropriate expression of recombinant hLIF was examined by SDS-PAGE after induction with isopropylthio-β-galactoside (IPTG).
Results: The results confirmed the expression of the 19.7 kDa rhLIF protein in the bacterial expression system.
Conclusions: We could show that codon optimization might increase the production of
recombinant hLIF in the E. coli. This result is useful in similar cases, in which the level of
expressed gene is critical.
Published by Kowsar Corp, 2012. cc 3.0.

Implication for health policy/practice/research/medical education:
Recombinant protein production and related studies.
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1. Background

2. Objectives

Leukemia inhibitory factor (LIF) is a pleiotropic cytokine which was firstly isolated from fibroblasts and is
characterized by its ability to induce the differentiation
of mouse myeloid leukemic M1 cells into macrophages
(1). The LIF protein is a member of interleukin-6 (IL-6)
subfamily (2). The interleukin-6 subfamily is a group of
hematopoietic cytokines with a wide range of physiological functions in diverse fields, such as inflammation,
immune responses, and cell survival including LIF, IL-6,
IL-11, Ciliary Neurotrophic factor (CNTF), Cardiotrophin-1
(CT-1), Oncostatin M (OSM), and cardiotrophin-1. Two new
Members were recently added to this family, which have
been called as IL-27 and IL-3 (3, 4). These cytokines have
some overlapping biological activities acting through
receptors that share a common signaling molecule; the
glycoprotein 130 (gp130) subunit (1, 5). The receptor for
LIF protein is a heteromeric complex consisting of gp130
(also named LIFRα) and the LIF receptor (LIFR, also referred as to LIFRβ) (6). Expression of the LIFRβ determines
cells responding to the LIF, due to ubiquitously expression of the gp 130 (7). LIF receptors are expressed on hemopoietic cells (macrophages and megakaryocytes), hepatocytes, osteoblasts, preadipocytes, embryonic stem
cells, myoblasts, and neuronal cells (8-11). The Tyrosine
kinase Janus kinas (JAK) binds constitutively to the intercellular domain of the LIF receptor complex in its inactive form. Upon LIF binding, JAK kinase phosphorylates
tyrosine residues of both gp 130 and LIFR. This Phosphorylation recruits signal transducers and activators of transcription (STAT) 1 and STAT3 through their SH2 domains.
STAT proteins are then activated by JAK-mediated tyrosine phosphorylation to form homodimers and/or heterodimers and are translocated in to the nucleus, where
they function as transcription factors (Figure 1) (12, 13).
LIF has various biological functions in many adult and
embryonic tissues. In vitro biological effects of LIF vary
depending on the cell type, for example LIF stimulates
differentiation in M1 cells and inhibits differentiation in
embryonic stem cells (14), increases the motility and survival rate of sperm (15). In vivo studies in mice have shown
that LIF produces a 2-fold increase in bone marrow megakaryocytes with a dose-dependent increase in platelet
numbers (16). Increased platelet levels have also been observed in primates (17). The action of LIF on nerve cells has
also been examined in animal models. Direct application
of LIF to sites of nerve transaction improved survival of
both sensory and motor neurons (18, 19). Nerve transection has been shown to increase expression of LIF and IL6, and is associated with retrograde axonal transport of
LIF (20). LIF has also been shown to retard progression of
motor neuron disease in a murine model of this disorder
(21). The human Lif has some other known functions like
induction of acute phase proteins (22, 23) and is important in the embryo development (24-26).

In this study a useful novel method was used to clone an
optimized LIF sequence.
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3. Materials and Methods
3.1. Constructing expression vector of Pet-28a (+)-hLIF
The hLIF gene encodes a 181 amino acid polypeptide
chain (accession No. MN002309.3) which was optimized
for fully expression in E. coli. Genetic codons of amino acids coded by more than one codon were changed to synonymous codons commonly used by E. coli (27). The optimized sequence was chemically synthesized and inserted
in to the expression vector pET- 28a (+) with BamHI and
XbaI restriction sites (Generay Biotech Co., Ltd). The pET28a (+) introduces kanamycin resistance in drug sensitive
host with the T7lac promoter for stable transcription. The
6x His-tag sequence is generated in the N-terminal to facilitate the purification step of the recombinant protein
and a thrombin cleavage site for removing the His-Tag sequence from recombinant hLIF after purification.

3.2. Preparation of Competent Cells
In this study, the competent E. coli BL21 (DE3) host cells
were prepared with Calcium Chloride (28).

3.3. Transformation of Recombinant Vector in to E. coli
100 µL of competent cells was transferred in to a sterile
and chilled tube. Then 20, 30, 40, 50 ng.µL-1 of recombinant vector was added to each tube, mixed the content
of tubes by swirling gently and stored each tube on ice
for 30 min. Tubes were transferred in to heating block
and heated at 42ºC for 90 seconds. The tubes were rapidly
transferred to ice for 2 min. Then, 1 mL SOC medium (Merck and HIMEDIA) was added to each tube and incubated
for 1 hour in shaker incubator at 37ºC to allow the bacteria
recover and to express the kanamycin resistance marker
encoded by the plasmid. After incubation, the tubes were
centrifuged for 7 min and 9000 rpm at 4ºC, then 1000 mL
of supernatant was discarded and the rest was cultured
in Lauria Bertaini (LB) medium (Merck and HIMEDIA)
containing 40 µg.mL-1 kanamycin. The plates were incubated for 12 to 16 h at 37ºC (28).

3.4. Confirming the Accuracy of Transformation
The accuracy of transformation was verified by sequencing and double digestion of plasmid with BamHI
and XbaI (Fermentas) enzymes.

3.5. Induction of T7 Promoter
The T7lac promoter is an inducible promoter which is
induced with IPTG. Two percent of overnight pre culture
was inoculated to a fresh LB medium containing kanamycin (40 µg.mL-1) and incubated at 37ºC until reaching the
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optimized optic density. The inducer IPTG (Fermentas)
was added to the medium with two different final concentrations of 1 and 1.5 mM.mL-1, and incubation was performed at 37ºC for 14 h (28). The bacteria were harvested
with a two h interval at 22ºC and 28ºC, respectively. The
bacteria cell pellets were suspended in 10 x SDS-PAGE
sample buffer (10g SDS, Cinagen; 30.3 g Tris and 144.1 g
glycin; Merck), dissolved (in 800 mL deionized H2O and
adjusted volume to 1 liter with dH2O) and heated for 3
min at 85ºC. The samples were saved for protein expression analysis by SDS-PAGE.

3.6. Analysis of Protein Expression
Expression of the hLIF was evaluated by SDS-PAGE and
Western blotting. The prepared samples and protein molecular weight marker (Fermentas) was heated at 95ºC
for 5 min. Afterward each sample and marker was loaded
on the 12% SDS-PAGE gel and run on the constant voltage
of 100 V for 3 h. The gel was stained with Coomasie brilliant blue R-250 (Sigma) for 2 h and destained with the
solution containing 450 mL methanol, 100 mL acetic acid
(Merck) and H2O. Fractionated proteins by SDS-PAGE were
also transferred to the PVDF membrane (Millipore) by
Electro elution at 60 V for 3 h. The PVDF membrane was
incubated overnight in blocking buffer (5% w/v skim milk
(Merck) in 0.05% v/v PBS-Tween-20 solution) at 4ºC, followed by washing 3 times with PBS-Tween-20 and shaking
in 50 rpm for an hour in 1:200 dilution of mouse monoclonal LIF antibody (Santa Cruz biotechnology, Inc.), with
repeating washing step 3 times with PBS-Tween 20. The
membrane was then incubated with 1/2000 dilution of
a goat anti-mouse IgG peroxidase conjugate (Sigma) and
the signal was detected by 4-chloro-1-naphthol (Biogen,
Iran) substrate solution.

Figure 1. A Schematic Figure for Recombinant Vector and Inserting Sites

Figure 2. Left Image Indicates Single Digestion of the Recombinant Vector
and Right Image Shows Double Digestion to Confirm the Existence of the
Insert with the Appropriate Size

4. Results
The synthetic human LIF cDNA was designed based on a
published sequence. This synthetic gene was constructed
from 555 bp which is limited between the BamHI and
the XbaI restriction sites. High level of expression was
achieved by insertion of hLIF cDNA immediately downstream of the T7lac promoter (Figure 1). The BL21 (DE3)
strain of the E. coli was transformed with the recombinant plasmid. After 12 to 16 h incubation of transformed
bacteria, colonies were observed.
After extraction of transformed plasmid, a double digestion was performed which verified the accuracy of transformation (Figure 2). The correct nucleotide sequences of
the synthetic hLIF insert was verified by DNA sequencing
using a universal T7 promoter primer (Figure 3).
The sequencing result from cloned recombinant LIF
was blast (www.NCBI.org) and showing 79% identity with
the native human LIF (Figure 4). To determine the time
of maximum expression level, SDS-PAGE analysis of the
recombinant protein was performed. Two cultures were
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First and second plasmid digestion is shown after digestion with BamHI
(left) and subsequent cutting with XbaI (right); M, GeneRuler™ 1 kb ladder (Fermentas SM0311), lane 1, the First digestion and lane 2, the second
digestion results.

collected from 2 to 14 h after induction with different
concentrations of the inducer IPTG. SDS-PAGE analysis
clearly indicates the expression of the 19.7 kDa LIF (Figure
5). Before induction, the expression of LIF cDNA was very
low, but after induction with IPTG, the level of expression
was increased. Objective differences were not observed
between the two different concentrations of inducer.
But the maximum expression was indicated at 12 hour
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Figure 3. Sequencing Results of the Insert Sequence (hLIF) Verify the Existence of the Insertion

Insertion is from 117 to 671, up and down sequences demonstrate vector back bone.

after initial induction. Afterward, to detect the optimum
temperature expression of this recombinant protein, induction was performed at three different temperatures
and the best result was observed at 22ºC (Figure 6).Two
cultures were collected from 2 to 14 h after induction to
determine the time of maximum expression level. Before
induction, the expression of LIF cDNA was very low, but
after induction with IPTG, the level of expression was
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increased. Objective differences were not observed between the two different concentrations of inducer. But
the maximum expression was indicated at 12 hour after
initial induction. Afterward, to detect the optimum temperature expression of this foreign protein, induction
was performed at three different temperatures and the
best result was observed at 22ºC (Figure 6).
Western blot analysis was certainly confirmed that the
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Figure 4. The Blast Result of Optimized LIF sequence, This Optimized Sequence Showed 79% Identity with Human Leukemia Inhibitory
Factor

Figure 5. The SDS-PAGE (12%) Gel Shows the hLIF Recombinant Protein With the Expected Molecular Size of 19.7 kDa
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Figure 6. Detection of the Optimum Temperature of Expression

Lane M, protein molecular weight marker; Lane 1, induction at 28ºC; Lane
2, induction at 22ºC; Lane 3, induction at 37ºC; Lane 4, negative control (Lysates of bacterial cells without insert).

Figure 7. Western Blot Analysis

1

2

3

Lane 1, protein molecular weight marker; Lane 2, Transformed E. coli expressing hLIF protein; Lane 3: negative control. The arrow shows desired
protein band.

band which observed in SDS-PAGE is the desired protein
(Figure 7). Western blot analysis was certainly confirmed
that the band which observed in SDS-PAGE is the desired
protein (Figure 7).

5. Discussion
Because of the degeneracy of the genetic code, all amino
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acids, except methionine and tryptophan, are encoded by
more than one codon and many codons are synonymous
for the same amino acid (29). Nevertheless, some synonymous codons are more abundant than others. Alignment of genomic DNA from different species showed
that wobble codons are used differently in bacteria, mitochondria and nuclear eukaryotic (30-32). This relative difference in the frequency of event for each codon is called
codon bias. The codon usage table for a species Homo
sapiens and E. coli gives the codon bias information for
that species (27). To date, the heterologous gene expression is applied as a fundamental methodology in biological process with some restrictions in implementation
(33). For instance, the difference and frequency of used
codons might extremely decreased the expression by
poorly translated mRNAs, decreased mRNA stability (31,
32), which could cause incorrect extension of amino acid
chain (30). A potential solution for the codon bias is to
optimize the codon sequences of a gene to adapt the conditions of the host without modifying the original amino
acid sequence of the protein. To validate if a gene needs
to be optimized, it must be pre checked using Rare Codon Analysis Tools. These tools compute three aspects of
gene sequence. First is the Codon Adaptation Index (CAI);
It is the distribution of codon usage frequency along the
length of a CDS to be expressed in the favorite target host
organism. Possibility of high protein expression level is
correlated to the value of CAI. A CAI of 1.0 is considered
as ideal, while a CAI of more than 0.8 is rated as good for
expression in the desired expression organism. The lower
the number, the higher is the chance that the gene would
be expressed poorly. Codon optimization tool can typically improve a sequence to reach a CAI of higher than 0.8,
thus results in better chance of high level protein expression (34, 35). Second is the GC content of desired gene.
The ideal percentage range of GC content is between 30%
and 70%. Any value outside of this range would adversely
affect transcriptional and translational efficiency (36).
Third is the Codon Frequency Distribution (CFD); the
percentage distribution of codons in computed codon
quality groups. Codons with values lower than 30 are
likely to hamper the expression efficiency (Gen Script’s
Optimum Gene TM). After analysis of the sequence of LIF
CDS, its codon was optimized with reference to E. coli as
it is a popular host for heterologous gene expression. CAI
value of LIF was estimated 0.64 which is outside of the
optimum range, the Average GC content was 59.34 and
its Codon Frequency Distribution (CFD) in E. coli was estimated as 14%. This unoptimized gene employs tandem
rare codons which can reduce the efficiency of translation or even separate the translational machinery. In E.
coli the heterologous protein production efficiency was
increased by using production of synthetic genes and
because of the goal of a cloning process is the maximum
expression of the target gene, thus the researchers must
assemble the entire best situation for the highest expres-
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sion of target gene. Therefore the LIF CDS was optimized
and synthesized to reach the best quality and quantity in
production.
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