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ABSTRACT. Recently, granulocyte colony-stimulating factor (G-
CSF) has been recognized as a useful molecule for the treatment
of a wide range of complex ailments, such as cancer, AIDS, HIN1
influenza, cardiac and neurological diseases. The vast therapeutic
potential of G-CSF has induced scientists to develop biotechnologi-
cal approaches for the synthesis of this pharmacologically active
agent. We used a synthetic G-CSF ¢cDNA molecule to produce the
target protein by a simple cloning protocol. We constructed the syn-
thetic cDNA using a DNA synthesizer with the aim to increase its
expression level by specific sequence modifications at the 5' end of
the G-CSF-coding region, decreasing the GC content without alter-
ing the predicted amino acid sequences. The identity of the resulting
protein was confirmed by a highly specific enzyme-linked immuno-
sorbent assay. In conclusion, a synthetic G-CSF cDNA in combina-
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tion with the recombinant DNA protocol offers a rapid and reliable
strategy for synthesizing the target protein. However, commercial
utilization of this methodology will require rigorous validation and
quality control.
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INTRODUCTION

Granulocyte colony-stimulating factor (G-CSF) is a hematopoietic growth factor
that stimulates differentiation and propagation of neutrophil precursor cells (Metcalf, 1985;
Cohen et al., 1987; Liongue et al., 2009). The G-CSF gene has a length of 2.5 kb, with five
exons, and it maps to chromosome 17. Two different human G-CSF mRNAs are generated
by differential splicing of mRNA, resulting in the synthesis of two different polypeptides,
composed of either 204 or 207 amino acids (Nagata et al., 1986). However, the mature
protein is 174 or 177 residues long due to the cleavage of a 30-amino acid secretion signal
sequence from the N-terminal end. Expression studies have shown that both these isoforms
have authentic G-CSF activity, but the shorter form (174 residues) is at least 20-fold more
potent in colony-stimulating activity than its longer counterpart (Nagata et al., 1986; Souza
et al., 1986).

Recent studies have shown the promise of G-CSF for stem cell transplantations
(Kim et al., 2009) and for treatment of a wide range of complex disorders, including AIDS
(Heit et al., 2006), HIN1 influenza (Huang H et al., 2010), pulmonary alveolar proteinosis
(Tazawa et al., 2010), epilepsy (Zhang et al., 2010), leukemia (Beekman and Touw, 2010),
cancer (Gascon et al., 2010), myocardial infarction (Louzada et al., 2010), and cardiomy-
opathy (Macambira et al., 2009). The therapeutic potential of G-CSF against numerous
life-threatening diseases has intensified the interest in developing a recombinant G-CSF
(rG-CSF) molecule to cope with its future demand. Recombinant G-CSF has been shown
to exhibit the biological properties of the native molecule (Souza et al., 1986). Several
reports have reported the use of various cell lines and inducers for synthesis of G-CSF
(Rotondaro et al., 1997; Jeong and Lee, 2001; Lasnik et al., 2001; Vanz et al., 2008; Jin et
al., 2010; Babaeipour et al., 2010).

However, there is a growing need to develop biotechnological approaches to ad-
dress the complexities of conventional cloning due to sequence bias of genes between pro-
karyotes and eukaryotes and hence to ensure efficient expression of human cDNA in an
Escherichia coli system. Earlier, it has been shown that the codon-anticodon interaction
seems to be so sticky that it interferes with the translation of hG-CSF in E. coli, due to the
abundance of GC rich codons at the 5' end of hG-CSF cDNA (Delvin et al., 1988). Other
relevant technological advancements include the use of PCR to produce the G-CSF gene
and reverse transcription PCR to generate the cDNA to develop a prokaryote production
system, avoiding the limitations of conventional cell-based methods (Kang et al., 1995).

We developed a different approach for constructing the synthetic cDNA, using a DNA
synthesizer instead of RT-PCR, with the aim to increase its expression level by specific se-
quence modifications at the 5' end of the G-CSF-coding region and decreasing the GC content
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without altering the predicted amino acid sequence.
MATERIAL AND METHODS

pETBIlue-1 was purchased from Novagen; E. coli C41(DE3) and C43(DE3) cells were
obtained from OverExpress. Restriction endonucleases and T4 DNA ligase were purchased
from Roche. The human G-CSF ELISA kit was purchased from RayBiotech. All other re-
agents were of analytical grade.

General protocols

Methods for plasmid purification, subcloning, and bacterial transformation were
followed as described earlier (Maniatis et al., 1982). Recombinant DNA methods, includ-
ing transformations, agarose and polyacrylamide gel electrophoresis, small- and large-scale
preparation of plasmids, restriction fragment and single-stranded DNA preparations, isolation
of fragments from agarose gels, phosphorylation, dephosphorylation, ligation, and enzyme
digestions were carried out using standard protocols (Maniatis et al., 1982).

Design and synthesis of hrG-CSF ¢cDNA

A cDNA was designed with the help of the Vector NT software to code for hrG-CSF
and to maximize translational initiation and protein elongation in E. coli. To facilitate the
initiation of translation, the nucleotide sequence of the cDNA was adjusted to expose the start
codon and Shine-Dalgarno sequence of its transcript in vector pETBlue-1. To facilitate protein
elongation, the codons that were used were those found in highly expressed genes of E. coli.
The nucleotide sequence of the synthetic gene is given in Figure 1 and the restriction map is
shown in Figure 2. The custom synthesized gene was obtained from GeneArt (Germany).

Cloning of G-CSF ¢cDNA

The G-CSF ¢cDNA was incorporated into the pETBlue-1 vector using EcoRV and
EcoRl restriction sites (Figure 3). The C43 (DE3) competent cells were used to transform into
pETBIluel*G-CSF expressing cells. The cells took in the plasmid vector with high transforma-
tion efficiency. Single colonies formed on the LB (Luria Bertani) agar plates after incubation
at 37°C overnight. Forty colonies were randomly selected from the plates while the screening
was performed on the first 10 colonies to determine whether the cells had taken the plasmid.
Testing was done by plasmid mini-preps, followed by restriction digestion. The QIAprep Spin
Mini-Prep Kit (QIAGEN) protocol was used for the fast plasmid preparation on a small scale;
plasmid DNA purified with this method is immediately ready for use. From the plasmid mini-
preps, 3 ug of the DNA was digested with EcoRI and EcoRV in a total reaction mixture of 20
pL. The reaction mixtures were incubated at 37°C in a water bath for 1 h. Samples were then
loaded on a 0.7% agarose mini-gel and electrophoresed for 1 h at 100 V. The electrophoresis
showed the separation of the plasmid DNA into two bands; the upper fragment corresponded
to the size of the pETBluel vector and the lower band corresponded to the G-CSF gene. The
sizes of the two DNA fragments were checked by parallel running of a known marker.
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Figure 1. Nucleotide sequence of the synthetic G-CSF cDNA. The corresponding protein sequence is shown above

the gene sequence.
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Figure 2. Restriction map of the synthetic G-CSF gene showing 35 unique restriction sites. Numbers in parentheses
refer to the nucleotide position at the cutting site.

T7 transcription start
lac operator
lac operator | T7 promoter
RBS
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G-CSF cDNA

EcoR1 (812)
pETBIlue-1-G-CSF

1004 bp

Figure 3. Structure of the expression vector (pET) [pETG-CSF construct]. The G-CSF insert is shown between the
EcoRV and EcoRI sites.
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Gene expression

All the 10 colonies with confirmed transformation for the expression vector were
grown and cultivated on 50 mL LB media containing ampicillin. For the initial culture, 100
pL of the cells (which were stored in an aliquot with 80% glycerol) was added to 3 mL LB
media and incubated overnight with shaking at 37°C. The following morning, 2.5 mL from
the initial culture was added to 50 mL LB media and the cells were grown until an absorbance
of 0.5-0.7 at 600 nm was reached. Ten microliters IPTG (100 mM) was then added to induce
the production of hG-CSF. After 3 h, the cells were harvested by centrifugation at 4000 g for
20 min at 4°C.

Protein extraction and purification

Cell pellets were lysed using a lysis solution (50 mM sodium phosphate, 300 mM
sodium chloride and 10 mM imidazole) and were solubilized in 2% digitonin and 20 mM
Tris. Cellular debris was removed by centrifugation and the crude extract was loaded onto a
hydroxylapatite column (2.5 x 8 cm) (Bio-Gel HTP, Bio-Rad) that was equilibrated with buf-
fer A (25 mM KH,PO,, pH 6.9, 0.5 mM EDTA). Protein was eluted at 1 mL/min with 150 mL
buffer A, followed by a linear gradient (200 mL) to 350 mM KH,PO,, pH 7.0, 0.5 mM EDTA.
Column fractions of 5 mL were collected and those containing the target protein were pooled,
dialyzed against 10 mM phosphate, pH 7.0, 0.5 mM EDTA, and concentrated with Aquacide
II (Calbiochem).

Protein identification using ELISA

The authenticity of the protein was confirmed by a highly specific human G-CSF
ELISA kit, using 50-fold diluted samples. This assay kit is highly sensitive, with a detection
limit of as low as 20 pg G-CSF protein/mL. This kit employs an antibody specific for human
G-CSF coated on a 96-well plate. All the reagents and samples were brought to room tem-
perature before starting the analysis. One hundred microliters of standards and samples were
pipetted into the wells and the plate was incubated for 2.5 h at room temperature, to allow the
G-CSF present in the aliquot to bind to the wells onto the immobilized antibody. The solution
was discarded and the wells were washed four times using 200 uL wash solution. Biotinyl-
ated antihuman G-CSF antibody (100 pL) was added to each well and the plate was incubated
for 1 h at room temperature. After washing (four times with 200 uL. wash solution), unbound
biotinylated antibody, 100 pnL HRP-conjugated streptavidin was added to each well and the
plate was incubated for 45 min at room temperature. After discarding the solution, the wells
were again washed five times using 200 uL wash solution, followed by the addition of 100 pL.
tetramethylbenzidine substrate solution and further incubation for 30 min at room temperature
in the dark. Finally, 50 pL stop solution (changes the color from blue to yellow) was added to
each well and the intensity of the color was measured at 450 nm.

RESULTS AND DISCUSSION

We were able to clearly demonstrate the suitability and validity of chemically synthe-
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sized G-CSF c¢DNA (Figure 1) for large-scale cloning production purposes. Recently, it has
been observed that rhG-CSF has better serum and whole blood stability and higher bioavail-
ability than wild-type G-CSF (Liu and Jiang, 2010). Pavisic et al. (2010) documented a com-
prehensive protein stabilizing screening study, including conformational analysis of formulated
rhG-CSF protein, to obtain information on its secondary structure conformational stability un-
der the influence of stabilizing carbohydrates and polyols. Huang YS et al. (2010) designed an
artificial gelatin-like protein and fused this hydrophilic GLK polymer to G-CSF to generate a
chimeric fusion protein that displayed a slower plasma clearance rate and stimulated greater
and longer lasting increases in circulating white blood cells than native G-CSF.

We chose the pETBIlue-1 vector because it has high yield protein expression obtained
with pET vectors. Expression of the target gene is driven by a T7lac promoter in the opposite
orientation. pETBIlue-1 facilitates the expression of unfused, native proteins from inserts that
start with an ATG initiation codon at the 5' end and encode an open reading frame. The EcoRV
(GATATC) blunt cloning site in this vector is optimally positioned relative to the strong T7
gene 10 ribosome binding site. Because the ATG start codon must be positioned 5-11 bp
downstream of the ribosome binding site in order to obtain efficient translation initiation, the
EcoRV cloning site must be used for T7 promoter mediated expression in pETBlue-1. There
are two alternative designs of insert 5' ends that allow optimal expression. The first option is
for the insert to begin with an ATG (Met) start codon, which creates 8 bp spacing between the
RBS and ATG. The other option is for the insert to begin with a G-nucleotide that completes
the ATG triplet, which creates 6 bp spacing between the ribosome binding site and ATG. Both
configurations appear to produce similar expression levels.

We used the C41(DE3) and C43(DE3) strains of the E. coli for the cloning of
pETBIluel*G-CSF expression vector; the cell showed comparable competencies. The bacterial
strains, C41(DE3) and C43(DE3), were derived from the original strain to overcome many of
its defects and no longer requires pLysS or pLysE. The new strains successfully expressed 10
globular and seven membrane proteins, which the original strain could not. Since then, many
more proteins have been found that can be successfully over-expressed only in the improved
strains C41(DE3) and C43(DE3). Even proteins that are expressed in BL21(DE3) are regu-
larly better expressed (4- to 6-fold, on average) and more often soluble in the derived strains,
C41(DE3) and C43(DE3).

In conclusion, we were able to demonstrate efficient use of synthetic G-CSF cDNA
in combination with recombinant DNA protocols for rapid and reliable synthesis of the target
genes and thus the commercial level end-product, the specific protein. Further studies are war-
ranted to verify the functional activity of biotechnologically produced G-CSF, particularly as
it affects cell proliferation.
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