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Abstract 
The gene encoding the human basic fibroblast growth factor (hbFGF) has been 

already chemically-synthesized and cloned in pET-3a expression vector (Pasteur 
Institute of Iran). In the present study, we compared the level of expression of this 
synthetic hbFGF and its related cDNA in Escherichia coli. The pBR322-cDNA of 
hbFGF supplied by Dr. Seno (from Molecular Biology Dept, Okaido prefectural 
university, Japan), was utilized to introduce two restriction sites (BglII and NdeI) 
in either ends of the gene by PCR. This PCR product was inserted into SmaI site 
of pUC18 plasmid (pUC-1003). This construct was inserted into BamHI site of 
pET-3a expression vector (pET-1004). A final construct for expression of the 
gene was also made (pET-1005). The level of expression of the synthesized gene 
was compared to that of the cDNA using SDS-PAGE, western-blotting or ELISA. 
The results showed that expression of the hbFGF cDNA was much higher than 
that of the related synthetic gene, (16 mg/l and 0.025 mg/l respectively). Although 
in designing the synthetic gene the “codon usage” of E. coli was considered, it 
seems that “codon usage” did not improve the level of expression of the gene as 
was expected. 
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Introduction 
Basic fibroblast growth factor (bFGF) or FGF-2 

belongs to the FGF family, which consists of twenty-
one (GenBank, 2001) structurally related polypeptides 
that promote the proliferation of cells of mesodermal 
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and neuroectodermal origin [1]. It is an important factor 
during embryonic development, because it stimulates 
mitosis of different types of cells, such as fibroblast, and 
it also enhances angiogenesis. This protein makes 
profound interest in the pharmaceutical industry due to 
several potential applications, such as wound healing 
and redirection of blood vessels [2]. In contrast to the 
low concentration of hbFGF in natural sources such as 

A: 
ATGCCAGCTCTGCCGGAAGACGGTGGTTCTGGCGCCTTCCCGCCCGGCCAACTTCAAGGACCCCAAGCGTCTGTACTGCAAAAAC
GGTGGTTTCTTCCTGCGTATCCACCCGGACGGTCGTGTTGACGGTGTACGTGAAAAATCCGACCCGCACATCAAACTCCAACTGC
AGGCTGAAGAACGTGGTGTTGTTTCCATCAAAGGTGTTTCTGCTAACCGTTACCTGGCTATGAAAGAAGACGGTCGTCTGCTGGC
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TTCCAAATCTGTTACCGACGAATGCTTCTTCTTTGAACGTCTAGAATCCAACAACTACAACACCTACCGTTCCCGTAAATACACC
TCCTGGTACGTTGCTCTGAAACGTACCGGTTCAGTACAAACTGGGTTCCAAAACCGGTCCGGGTCAGAAAGCTATCCTGTTCCTG
CCGATGTCCGCTAAATCCTAA 
                  *** 

 
B: 

        BglII NdeI 
TAAATTAAGATCTCATATGCCCGCCTTGCCCAGGATGGCGGCAGCGGCGCCTTCCCGCCCGGCCACTTCAAGGACCCCAAGCGGC
TGTACTGCAAAAACGGGGGCTTCTTCCTGCGCATCCACCCCGACGGCCGAGTTGACGGGGTCCGGGAGAAGAGCGACCCTCACAT
CAAGCTACAACTTCAAGCAGAAGAGAGAGGAGTTGTGTCTATCAAAGGAGTGTGTGCTAACCGTTACCTGGCTATGAAGGAAGAT
GGAAGATTACTGGCTTCTAAATGTGTTACGGATGAGTGTTTCTTTTTTGAACGATTGGAATCTAATAACTACAATACTTACCGGT
CAAGGAAATACACCAGTTGGTATGTGGCACTGAAACGAACTGGGCAGTATAAACTTGGATCCAAAACAGGACCTGGGCAGAAAGC
TATACTTTTTCTTCCAATGTCTGCTAAGAGCTGATTTTAATGGCCAAGATCTAATAGTA 
                               ***             BglII 

Figure 1. Sequences of synthetic hbFGF gene in favor of codon usage of E. coli (A), and cDNA hbFGF after Site-directed 
mutagenesis with PCR (B). 

 
 

primary endothelial cells, fibroblasts, glial cells and 
smooth muscle cells, the production of recombinant 
bFGF in E. coli was found to be between 2.3-3.4 g/l cell 
culture [2]. 

In the current work, the correlation between the level 
of expression of hbFGF and E. coli codon preference 
was studied. It was shown that although the codon 
preferences of E. coli, BL21(DE3) for expression of 
bFGF was considered, the level of expression was not 
higher than when cDNA of bFGF was used for 
expression. 

 
Materials and Methods 

Preparation of Synthetic hbFGF 
The synthetic hbFGF, which was designed in favor of 

“codon usage” of E. coli (Fig. 1), was supplied by Dr. F. 
S. Mozafari [3]. Cysteines in positions 69 (#209-211) 
and 87 (#263-265) were replaced by serines, creating 
TCT codons instead of TGC codons for increasing the 
stabilization of the protein [4]. The synthetic gene was 
cloned into pET-3a expression vector (Novagene), to 
construct pET-1001. 

 
Preparation of cDNA hbFGF 

cDNA of the hbFGF in pBR322 (pBO124) was pro-
vided by Dr. Seno (from Japan). In this cDNA, cystei-
nes in positions 69 and 87 were also replaced by serines. 

 
Site-Directed Mutagensis with PCR 

Unique NdeI and BglII sites were added to  
the either ends of cDNA by PCR (Fig. 1). PCR was 
carried out using a forward primer 25bp  
(5’ TAAATTAAGATCTCATATGCCCGCC 3’)  
and a reverse primer 30bp  
(5’ TACTATTAGATCTTGGCCATTAAAATCAGC 3’) 
[made in Institute Bioorganic Chemistry, Moscow]. 
After 35 cycles of PCR amplification, the product was 

phenol/chloroform extracted, concentrated, and was run 
on 1% agarose gel. 

 
Subcloning of cDNA in pUC18 

The band which was corresponded to 450 bp, was 
purified from the gel and then subcloned into SmaI site 
of the plasmid pUC18, pUC-1003, (Fig. 2). DNA 
sequencing was performed on this construct to confirm 
the authenticity of its structure by dideoxy-chain-
termination method [5]. 

 
Subcloning of cDNA in pET-3a 

The cDNA sequence for hbFGF was digested with 
BglII and inserted into the compatible BamHI site of the 
plasmid pET-3a, downstream of a strong T7 promoter to 
make pET-1004. pET-1004 was digested with NdeI and 
then relegated, the new construct was named pET-1005 
in which 40 bp sequence between two NdeI sites in 
pET-1004 was deleted. Therefore, pET-1005 has a 
unique NdeI site (Fig. 2). 

 
Expression of cDNA and synthetic hbFGF 

BL21-DE3-plysS E. coli cells were transformed with 
pET-1005 and pET-1001 (synthetic gene). Strain 
BL21(DE3) is a lysogen of a λ phage containing T7 
gene 1 (coding T7 RNA polymerase ) that is controlled 
by the lacUV5 promoter-operator sequence and is 
inducible with isopropylthiogalactoside (IPTG) [6].The 
cells carrying pET-1001 or pET-1005 and the cells 
bearing pET-3a alone (as a negative control) were 
cultured in LB media containing 50 μg/ml ampicillin. 
When the A600 reached to 0.5, cultures was induced 
with 0.5 mM IPTG for approximately 3h at 37°C. The 
cells were collected by centrifugation and were lysed by 
sonication (3 times, 30 sec). 
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SDS-PAGE and Immunodetection 
An equal volume of 2x protein loading buffer was 

added to 30 μl of each sample and boiled for 10 min. 20 
μl of each sample was run on a 18% polyacrylamide 
gel, when the tracking dye reached to the bottom of the 
gel, electrophoresis was stopped and the gel was used 
for western blot analysis. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Schematic diagram for constructions of pUC-1003, 
pET-1004 and pET-1005 (final construction plasmid ex-
pressing hbFGF). 

For western immunoblot analysis, the proteins which 
were separated on the gel was transformed onto a 
nitrocellulose membrane (0.2 μm pore size, Schlecher & 
Schuell). To block non specific binding, the filter was 
left for 1 h in PBS containing 0.5% bovine serum 

albumin (BSA). The first antibody (Ab), with 1/4000 
dilution of the rabbit anti-hbFGF anti serum (SIGMA) 
in buffer A (0.5% BSA in PBS and 0.05% Tween 20) 
was added and left over night at 4°C. After 3 times of 
washing with buffer A, the second Ab, with 1/5000 
dilution of Horse radish peroxidase conjugated goat-
anti-rabbit Ab (SIGMA), was added and left at room 
temperature for 2 hours followed by three times 
washing with buffer A. The immunoreaction was 
visualized using 0.5 mg/ml diaminobenzidine HCl and 
0.01% H2O2. 

For quantitative measurement of hbFGF, an ELISA 
kit (R&D, USA) was used which includes a standard 
hbFGF for plotting a standard curve. 
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Results 

Subcloning of cDNA of hbFGF 
We received pBO124 (pBR322-cDNA of hbFGF) 

from Dr. Seno, (Japan). pUC-1003 , which is a 
derivative of this plasmid, was made by inserting the 
amplified product into SmaI site of pUC18 (as 
mentioned in Material and Methods). The authenticity 
of the cDNA sequence was confirmed by dideoxy- 
chain-termination method [5]. 

PET-1004 which is a derivative of pET-3a was also 
constructed in this study. In pET-1004, there were two 
recognition sites for NdeI (one of these sites was 40 bp 
upstream of the other). In order to remove one of these 
sites, pET-1005 was constructed. In this plasmid the 
40bp distance between two NdeI sites was deleted. 
Therefore pET-1005 had a unique NdeI site. 

 
Expression and Detection 

Cells containing pET-1001, pET-1005 and pET-3a 
(as a negative control) were grown and induced with 
IPTG. The cells were then centrifuged, sonicated and 
were run on a 18% SDS-PAGE. The result from SDS-
PAGE (Fig. 3) showed that there is an intense band 
corresponding to hbFGF (pET-1005-cDNA). However, 
the related band for pET-1001-synthetic gene was very 
faint. The results of western blotting also confirmed the 
result obtained from SDS-PAGE (Fig. 4). 

We have also determined the amount of proteins in 
each system by ELISA. The results showed that the 
production of pET-1005-cDNA and pET-1001-synthetic 
gene were 16 mg/l and 0.025 mg/l, respectively. 

 
Discussion 

Since little amount of hbFGF can be purified from 
native sources by biochemical methods, it is desirable to 
produce sufficient quantities of recombinant protein in 
order to be able to study its biological function and for 
preclinical studies. Two approaches were adopted for 
expression of the protein in E. coli; chemical synthesis 
of the gene in favor of E. coli codon usage and its native 
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sequence. For highly expressed proteins there is a strong 
bias in favor of those codons for which the isoaccepting 
tRNA is in the greatest abundance [7,8]. In present 
study, we constructed two vectors for expression of 
hbFGF in E. coli (pET-1001 and pET-1005). The pET-
1005 carries the sequence of the native protein and pET-
1001 contains the modified sequence which was in 
favor of E. coli coding usage. The result of ELISA 
showed that the level of expression of the protein in 
pET-1005 BL21 (DE3) system was 16 mg/l. However 
this value was 0.025 mg/l for pET-1001 system. 

Four criteria were considered for expression of this 
protein in E. coli: number of copies of the gene, rate of 
transcription, stability of the mRNA, and the efficiency 
of translation [9]. In both systems, pET-1001 and pET-
1005, we have benefited from the existence of a very 
efficient T7/lac promoter for expression of the protein in 
BL21(DE3) cells. Therefore, the first and second criteria 
were the same in both systems, so the difference in level 
of expression could only be due to either the stability of 
the mRNA or the efficiency of translation. 

A strong evidence has been presented for the 
involvement of mRNA secondary-structures as a major 
determinant of the translational initiation frequency in 
E. coli [10]. The efficiency of translation in E. coli is 
determined primarily at the stage of initiation, which 
includes binding of the 30S ribosome to 5’ segments 
(from approximately nts –20 to +15) of mRNA spa-
nning the Shine-Dalgarno sequence and the initiation 
codon [11]. Thus, the secondary structure of such 
mRNA segment can play an important role in 
modulating translation efficiency [12]. Although the 
extended mRNA secondary structure increases the half 
life of mRNA e.g. prevention of mRNA from 
degradation by 3’-5’ exonucleases, the mRNAs with 
very high secondary structure are very poor substrates 
for translation system enzymes [13]. The presence of 
certain sequences at the 5’-end of mRNA may also 
influence mRNA stability [14]. Therefore primary 
sequence and/or structural changes influence the 
translational initiation frequency, efficiency of tra-
nslational start region, and RBSs (ribosome binding 
sites) [15]. 

It was not possible to show whether it was the 
stability of the two mRNAs or the efficiency of 
translation in each system caused the great difference in 
the expression level of the protein. There are other 
possibilities which could affect the expression level of 
the protein e.g., the inaccessibility of the translational 
start region for the ribosomes (stem and loop structure) 
or in contrast to this, by changing the codons in favor of 
E. coli codon usage, new sites were created which could 
provide a better substrate for exonucleases. 

 
 

 

 

Figure 3. 18% SDS-PAGE. Lane 1: Induced cells continuing 
pET-3a (negative control); Lane 2,3: Induced and uninduced 
cells continuing cDNA; Lane 4: Induced cells continuing 
synthetic gene; Lane 5: Marker. 

 
 
 

 

Figure 4. Western blotting analysis. Lane 1: Induced cells 
containing pET-3a (negative control); Lane 2,3: Induced and 
uninduced cells containing cDNA; Lane 4: Induced cells 
containing synthetic gene; Lane 5: Standard hbFGF. 
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