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Abstract 

A self-regulated high-copy number plasmid containing chloramphenicol 
resistant gene, for the production of recombinant proteins under the regulation of 
bacteriophage λpL promoter, was constructed. The designed 5024 base pair 
expression plasmid contained a heat sensitive repressor cI857 coding gene to 
regulate the function of λpL promoter under heat shock induction. Using the 
constructed vector, for the first time, periplasmic production of human 
granulocyte macrophage colony stimulating factor (hGM-CSF) under heat 
induction was demonstrated. The developed hGM-CSF expressing system in this 
study has potential for the secretion of nearly 100% of expressed proteins into the 
Escherichia coli periplasmic space upon temperature up-shift. 
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1.  Introduction 

Human granulocyte macrophage colony stimulating 
factor (hGM-CSF) has been used for treatment of 
myelodysplastic syndrome, neutropenia and chemo-
therapy induced myelosuppression [2,19,35]. There are 
also several investigations in progress to examine its 
potential for further clinical use [1]. Production of 
recombinant hGM-CSF (rhGM-CSF) in several 
heterologous expression systems such as mammalian 
[17,36], yeast [6,24] and bacterial [3,4,15] cells have 

been reported so far. The produced rhGM-CSF in 
bacteria, unlike those expressed in yeast or mammalian 
cells lacks carbohydrate, but exhibits higher biological 
activity in vitro than the natural one. Several reports on 
secretion of hGM-CSF in E. coli have been published so 
far [4,7,13,15,20,26]. We also reported the periplasmic 
expression of hGM-CSF in two IPTG-inducible E. coli 
expression systems equipped with either T7 or lac 
promoters [4,9]. Such systems have provided powerful 
tools in basic researches, whereas they are not desirable 
in large-scale production of therapeutic proteins, 
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because of the toxicity and cost of the non-degradable 
chemical inducers [12,22]. 

In order to overcome the limitation of our previously 
reported IPTG-inducible systems for the production of 
rhGM-CSF a practical approach was the application of a 
non-chemically inducible expression system such as 
heat-inducing expression systems, equipped with either 
pL or pR promoters of coliphage-λ, in combination with 
their temperature sensitive repressor coding gene cI857 
[23, 28]. These promoters are recognizable by bacterial 
RNA-polymerase and therefore have the advantage of 
less restricted choice of host strain [5,21]. The cI857 
gene product is active at 28°C and inactive at 42°C and 
represses the transcription from λ promoters [23]. 
However, the appropriate conditions for optimum 
induction of λpL promoter in such expression systems 
have not been defined clearly [12]. The λpL-equipped 
regulatory compound was also applied for the 
production of T7 RNA polymerase in T7 expression 
system by Tabor and Richardson [34], and Gupta et al. 
[12] in which two plasmids were used, one for the 
expression of T7 RNA polymerase under a heat 
induction mediated λpL-promoter, and the other for the 
expression of the gene of interest under T7-promoter 
regulation. The situation of carrying two types of 
plasmids in a single host may lead to a decrease in both, 
plasmid stability and the host growth rate. Therefore, it 
is assumed that the problem of plasmid-instability might 
be dramatically decreased by the application of a single 
plasmid system, carrying both the λpL promoter 
regulated gene in combination with the λ-cI857 
repressor coding gene. Schmidt et al. [30] reported the 
potential of such a single plasmid heat inducible system 
for the production of 4.5 g of recombinant human 
insulin B-chain fusion protein per liter. In present study, 
the primary steps for the construction of first generation 
of a heat inducible hGM-CSF expressing plasmid, 
controlled by λpL promoter and its λ-cI857 repressor 
gene on a single high copy-number plasmid is reported. 
Using this system, we examined the periplasmic  
 

expression of hGM-CSF in E. coli after temperature up-
shift under various inducing conditions. The possible 
use of some genetic factors for the improvement of the 
plasmid is discussed. 

2.  Materials and Methods 

2.1.  Bacterial Strains, Plasmids, and Primers 

The TG1 strain of Escherichia coli (Strategene) was 
used as cloning and expression host. Plasmids pBS-sk 
and pBC-sk (Strategen) were used for the cloning of the 
synthetic DNA fragment and the construction of the 
expression vector. Plasmids pGP1-2 [34] and pET26-
GM-CSF [4] were used as sources for the repressor 
cI857 coding gene and pelB::hGM-CSF coding cassette 
respectively. A double-stranded fragment of λpL 
promoter carrying XbaI and SacI restriction sites on its 
3' and 5' regions respectively, was constructed by 
annealing of five oligonucleotides namely, PL1, PL2, 
PL3, PL4 and PL5 (Table 1). 

2.2.  Media, Enzymes and Chemicals  

Luria-Bertani (LB) (containing 10 g/l Bacto-tryptone, 
5 g/l Bacto yeast extract, and 10 g/l NaCl, pH 7.0, all 
were purchased from Merk-Germany), was used as 
culture medium, and ampicillin (100 mg/ml), 
kanamycin (60 mg/ml) or chloramphenicol (50 mg/ml) 
were added when required to maintain selection 
pressure. X-gal (40 µg/ml) and IPTG (1 mM) were used 
for blue-white screening of the desired recombinant 
colonies. Enzymes SacI, EcoRI, BamHI, Taq DNA 
polymerase and T4 DNA ligase were purchased from 
the Roche-Germany. Polyclonal rabbit-antiserum raised 
against hGM-CSF was prepared in NRCGEB (Iran). 
Immuno-reactive materials were detected using horse-
radish peroxidase-conjugated goat anti-rabbit antibody 
(Tebsan-Iran). Standard hGM-CSF was purchased from 
Novartis (Switserland). 

 
Table 1.  The sequences of the oligonucleotides used for the construction of λpL promoter 

Name Sequence 

λpL CAACCATCTGCGGTGATAAATTATCTCTGGCGGTGTTGACATAAATACCACTGGCGGTGATACTGAGCACT

PL1 5’-CAACCATCTGCGGTGATAAATTATCTCTGGCGGTGT-3’ 

PL2 5’-TGACATAAATACCACTGGCGGTGATACTGAGCACT-3’ 

PL3 5’-CTAGAGTGCTCAGTATCACCGCCAGT-3’ 

PL4 5’-GGTATTTATGTCAACACCGCCAGAGAT-3’ 

PL5 5’-AATTTATCACCGCAGATGGTTGAGCT-3’ 
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2.3.  DNA Manipulations 

2.3.1.  General Techniques 
Plasmid DNA isolation, restriction digestions as well 

as sub-clonings were performed according to standard 
methods [29]. Commercially prepared columns (Roche-
Germany) were applied for the purification of DNA 
from agarose gel and direct PCR products. Colony-
screenings were taken place either based on α-
complementation test in selective X-gal/IPTG 
containing LB plates, according to standard methods 
[29] or by performing direct PCR on colonies; briefly, 
after suspension in ddH2O, the bacteria were heated for 
5 minutes at boiling temperature and used directly as 
template in PCR. After selecting the recombinant clones 
based on PCR tests, restriction analysis was employed 
to confirm the recombinant plasmids. The sequences of 
the recombinant clones were determined using ABI 
373A automated sequencer (MWG-Germany) using 
specific primers. 

2.3.2.  Reconstruction of λpL Promoter 
A 75 bp DNA fragment containing a major section of 

λpL promoter was constructed by annealing of equal 
amounts of 5 complementary kinased oligoenucleotides 
(Table 1) designed based on a double stranded λpL 
promoter sequence from the λ-phage complete sequence 
(GENBANK/M17233). An equi-molar mixture of the 
oligonucleotides was heated at 94°C for 5 min. 
Annealing was completed by cooling down the mixture 
to room temperature, followed by ligation of the 
oligonucleotides, using T4 DNA ligase. 

2.4.  Expression Analysis 

2.4.1.  Growth and Inducing Conditions 
Bacterial inocula were prepared by growing isolated 

colonies, obtained from frozen stock, growing on 
selective medium. The recombinant bacteria were 
grown at 28°C until OD600= 0.5-0.8, followed by a 
temperature-shift from 28°C to either 37°C, 40°C or 
42°C in a shaking incubator. The cells were harvested 
and then total, cytoplasmic and periplasmic protein 
patterns of the bacteria taken from different induction 
times were examined by SDS-Poly acrylamide gel 
electrophoresis (SDS-PAGE) and western blotting 
method (see section 2.4.3). 

2.4.2.  Preparation of Cytoplasmic and 
Periplasmic Proteins 

Periplasmic osmotic-shock fluid from hGM-CSF 
producing bacteria was obtained by a modified method 

of Libby et al., [20]. Briefly, on the micro-scale, 1.5 ml 
fermentation broth with OD600 =1 was centrifuged at 
15,000 g for 5 min and the pellet was collected. All the 
subsequent steps were carried out at 4°C. The pellet was 
resuspended in 15 μl of ice-cold TES buffer (0.2 M 
Tris-HCl, 0.5 M EDTA, 0.5 mM sucrose, pH 8.0) for 20 
min, shaking every second minutes. 22.5 μl of ice cold 
double-distilled water was added and the incubation was 
continued for 30 min on ice. The cells were centrifuged 
at 16,000g for 20 min and the pellet was saved as 
cytoplasmic fraction. Tri-chloro acetic acid was added 
to the supernatant up to 12% of the final volume. The 
mixture was centrifuged at 16,000g for 20 min. The 
pellet was dissolved in 1X sample buffer and boiled for 
5 min and saved as periplasmic fraction for further 
protein analysis. 

2.4.3.  SDS-PAGE and Western Blotting 
SDS-PAGE was performed by a modified method 

described by Lammli et al. [16] and gels were stained 
with commassie brilliant blue. Electeroblotting of 
proteins onto nitrocellulose membrane (Amersham-
Pharmacia Biotech) was carried out in a transfer buffer 
(25 mM Tris, 192 mM glycine, 20% methanol) at 86 
mA, overnight. For the Western analysis, the 
electeroblotted membrane was probed with a polyclonal 
antiserum prepared against hGM-CSF (NRCGEB-Iran). 
The hGM-CSF-antibody complex was then treated  
with horseradish peroxidase-conjugated anti-rabbit 
immunoglobulin and visualized using a solution of 4-
chloronaphtol with hydrogen peroxidase as enzyme 
substrate. 

2.4.4.  rhGM-CSF Expression Assay 
The protein pattern of the recombinant bacteria, 

visualized on commassie brilliant blue stained SDS-
PAGE gel, was scanned by a beckmann mode R-112 
densitometric gel scanner for the estimation of rhGM-
CSF ratio related to the total bacterial proteins. 

3.  Results 

3.1.  Construction of Recombinant Plasmid for the 
Expression of hGM-CSF 

Construction of the 5024 bp recombinant plasmid 
(pZGY3) was carried out in four cloning steps (Fig. 1). 
In the first step, a 1100 bp EcoRI/PstI fragment, 
containing cI857 gene, was isolated from pGP1-2 
plasmid [34] and ligated into an EcoRI/PstI digested 
pBS(sk) plasmid (Fig. 1A) and the new construction 
was named pZGY1. In parallel, the constructed 75bp λ 
promoter (see Materials and Methods) was inserted into 
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Figure 1.  Schematic view of the stepwise progress of the construction of pZGY3 plasmid. 
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the XbaI/SacI digested pBC(sk) plasmid and the 
resulted plasmid was named pPL (Fig. 1B). The 
insertion of a 491 bp XbaI/BamHI fragment containing 
ribosome binding site and pelB::GM-CSF coding 
cassette [3], into the pZGY1 construction was 
performed in the third step (Fig. 1C) and the resulted 
plasmid was named pZGY2. In the final step, a 1591 bp 
XbaI/EcoRI fragment, including rbs, pelB signal 
sequence, hGM-CSF cDNA and the cI857 gene, 
isolated from the pZGY2 plasmid was ligated into the 
XbaI/EcoRI digested pPL vector (Fig. 1D), thereby the 
pelB::hGM-CSF coding fragment was located 
downstream of the λpL promoter. All the cloning steps 
were confirmed by restriction analysis, followed by the 
nucleotide sequence determination of the cloned 
fragments. 

3.2.  Expression Analysis 

3.2.1.  Analysis of the Periplasmic Expression of 
hGM-CSF 

The total and periplasmic protein patterns of the 
recombinant bacteria, obtained 4 h after incubation at 
42°C, showed the expression of a 14.4 kDa protein, 
corresponding to the molecular weight of hGM-CSF 
(Fig. 2A). The expressed protein was also recognizable 
by rabbit serum directed against hGM-CSF (Fig. 2B). 
The protein bands with similar size to mature hGM-CSF 
appeared in the protein patterns of negative control, in 
SDS-PAGE were not detectable in the western analysis 
(Fig. 2 lanes 2). As no protein corresponding to the 
precursor of hGM-CSF (pelB::hGM-CSF) was detected 
in the immuno-blots obtained from the total and 
cytoplasmic proteins of the induced recombinant 
bacteria, it was concluded that the secretion process was 
efficient enough to direct a complete processing of the 
pelB::hGM-CSF followed by releasing of the rhGM-
CSF into the periplasm, although the expression level 
was low. 

3.3.  Optimization of Induction Conditions  

It is well established that when a recombinant 
bacterium containing strong promoter is induced, 
prolonged induction tends to disrupt the cellular 
machinery, leading to poor specific growth rate [18,31]. 
Therefore, for any expression system, an optimized 
induction condition has to be defined. In the present 
system, first it was decided to determine the optimum 
duration of the heat shock. After growing the cells at 
28°C until an appropriate cell density, thereby the  
λpL promoter is repressed, a temperature up-shift 

(28°C→42°C) was carried out and sample collection 
was performed at different time points. A basal-level of 
hGM-CSF expression occurs by the recombinant 
bacteria in un-induced condition (Fig. 3B lane 2), that is 
not comparable with the expression level after 
induction. The electrophoresed pattern of the rhGM-
CSF in the bacterial periplasm after temperature up-shift 
(at 42°C) and its relative amount are presented in Figure 
3. These data show that a maximum expression level 
occurs when the heat shock is continued for 6 hours 
(Fig. 3C). In order to set a temperature profile for 
induction, the relative amounts of the mature hGM-CSF 
in the periplasm after 6 hours of induction at 37°C, 
40°C or 42°C were compared. Although the differences 
were not significant, but the expression level were 
relatively higher in the cases of inductions at 37°C and 
40°C (data not shown). 
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Figure 2.  Protein patterns obtained from total, cytoplasm and 
periplasm of the recombinant bacteria: (A) SDS-PAGE , (B) 
Western blot. Lane 1, standard hGM-CSF; Lane 2, negative 
control (periplasmic proteins of E. coli TG1 strain containing 
pZGY2); Lane 3, periplasmic proteins of un-induced cells; 
Lanes 4, 5 and 6; the total, cytoplasmic and periplasmic 
proteins of the recombinant bacteria, respectively; Lane 7, 
protein markers. 
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Figure 3.  Analysis of periplasmic GM-CSF synthesis at 
different induction times at 42°C. (A) SDS-PAGE. (B) 
Western blot. (C) Estimation of periplasmic hGM-CSF. Lanes 
1, negative control (periplasmic proteins of E. coli TG1 strain 
containing pZGY2); Lanes 2, periplasmic proteins of un-
induced cells; Lanes 3, standard hGM-CSF; Lanes 4-10: 
periplasmic proteins of the recombinant bacteria after 1 h, 2 h, 
4 h, 6 h, 8 h, 10 h and 12 h of heat induction, respectively. 

4.  Discussion 

The constructed λpL heat-inducible expression 
vector in this study has shown potential for the 
expression of heterologous proteins in E. coli under heat 
induction. By inserting a pelB::hGM-CSF coding 
cassette next to a ribosome binding site originated from 

a pET expression vector (Novagen), in a chlora-
mphenicol resistant plasmid, periplasmic production of 
hGM-CSF under heat induction in E. coli was 
demonstrated. The results showed that the recombinant 
protein is processed and transferred to periplasm 
completely. Comparing to the previous works on heat 
inducible expression systems with two plasmids 
[12,33,34], this system has the advantage of carrying a 
single self-regulated plasmid in addition to higher 
chance to remain stable in a growing host. 

There are various suggestions for the optimum 
inducing condition of λpL promoter in a heat inducible 
system [8,12] including; a temperature up-shift from 
30°C to 42°C for 15 min, followed by reducing 
temperature to 37°C to induce transcription [14], or a 
temperature increase to 42°C after a suitable cell-
density has been obtained [27,28,32]. There are also 
suggestions on optimum heat-shock duration, at specific 
temperatures [25]. In the system presented in this study, 
after a suitable cell-density has been obtained at 28°C, a 
duration of 6 hours temperature up-shift led to the 
highest production level of hGM-CSF. The expression 
plasmid described in this report would eliminate the 
need for chemical inducers particularly in large-scale 
cultivation of recombinant bacteria in which the 
application of chemical non-degradable inducers such as 
IPTG are not desirable. In contrast to the systems where 
an exogenous and toxic RNA polymerase such as T7-
bacteriophage RNA polymerase is used for the 
expression of target protein, this system carries 
regulatory elements, which are recognized by E. coli 
transcription machinery. Therefore it should function 
properly in a wide range of E. coli strains. The 
presented results were obtained from the production of 
rhGM-CSF in shake-flask cultures, using LB medium. 
However, for the over-production of the recombinant 
protein in high-cell density culture, cells are required to 
grow in defined medium to allow the application of a 
specific feeding-protocol. 

It has been suggested that placement of a strong 
terminator at the 3′ end of a gene, enhances the 
expression level of the corresponding protein [10]. 
Moreover, considering the possible interaction of E. coli 
integration host factor (IHF) and the λpL upstream 
region (from −86 to −180), a λpL promoter carrying 
fragment that includes a longer patch sequences 
upstream to −10 and −35 regions may enhance 
transcription efficiency and finally increase the 
production of the recombinant protein [11]. 
Accordingly, in order to enhance the feasibility of the 
constructed vector, experiments are in progress to 
modify the constructed vector, focusing on the two 
above-mentioned elements (under preparation). 
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