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Interferon gamma (IFN-y), also called immune interferon, is chemically and
pharmacologically distinct from IFN-o and IFN-B. It has weaker antiviral activity
and more potent immune modulator properties including macrophage activation
and is produced mainly by activated T-cells and natural killer. IFN-y is a drug
used to reduce the frequency and severity of serious infections associated with
chronic granulomatous disease (CGD) and delays the effects of osteopetrosis in
patients with severe malignant forms. IFN-y is currently in late stage of clinical
trials in treatment of HCV and Leshmaniasis. In the present study hIFN-y was
induced and its gene was isolated from human peripheral blood mononuclear
cells (PBMC's), analyzed by digestion, sequencing and cloned in pCRIl TOPO
TA cloning vector to maintain its integrity. The hIFN-y ORF was sub-cloned in
PET-15b expression vector and analyzed by PCR. The recombinant pET-
15b/hIFN-y vector was transformed into several expression bacterial strains and
was successfully expressed using isopropylthio-D-galactoside (IPTG) as an
inducer in Rosetta (DE3) bacterial strain and tested by Western blot. The results
of this work indicate that the expressed recombinant protein is the hIFN-y protein
which was confirmed by the molecular weight and the immunogenicity against
the hIFN-y antibodies.

Introduction

(immune). To variety of different threats, the diversity of

Proteins and peptides are the building blocks of life and
are now evolving as a very promising brand of
therapeutic entities. Once a rarely used subset of medical
treatments, therapeutic proteins have increased
dramatically in number and frequency of use since the
introduction of first recombinant protein therapeutic viz.
human insulin, 25 years ago. Therapeutic proteins and
peptides hold a significant role in almost every field of
medicine, the demand of recombinant proteins has
increased as more apPIications in several fields become
a commercial reality ™.

Interferons (IFNs) were discovered about 50 years ago,
as soluble factors produced by chicken cells of the
chorio-allantoic membranes after contact with influenza
virus, which interfered with subsequent viral infection
1 They are glycoproteins involved in antiviral,
antiproliferative and immunoregulatory processes. The
human interferons have been classified into three major
types, alpha (leucocytes), beta (fibroblasts) and gamma
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IFN provides different immune response 1.

Interferons (IFNs) are an integral part of the immune
system, which upon stimulation results in recruitment of
cytokines for viral clearance. IFNs have been
characterized as potent antiviral agents that can reduce
viral titer and have been found to act as critical mediators
for tumor regression in few cases. During the course of
time Hepatitis C virus (HCV) has evolved and influence
IFN efficiency through various pathways .

IFN-y is produced by only two cell types, T-cells and
large granular lymphocytes. It is stimulated by mitogen
and is involved in the differentiation, maturation, and
proliferation of hematopoietic cells. It also enhances
nonspecific immunity to tumours, as well as to
microbial, viral, and parasitic organisms. Recombinant
Human IFN-gamma produced in Escherichia Coli (E.
Coli) is a single, non-glycosylated, polypeptide chain
containing 144 amino acids and having a molecular mass
of 16879 Dalton (17 kDa). Natural human interferon- y
(h1IFN-y) is composed of 143 amino acid residues. It is
glycosylated and does not contain cysteine residues .. It
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is a homodimer glycoprotein containing approximately
21 to 24 kDa subunits.

The aim of the present study was the isolation,
molecular cloning and heterologous expression in E. coli
cells of hIFNy gene. This study was also intended to
initiate development of strategy for large-scale
production of pure human interferon y proteins for
therapeutic purposes in Egypt.

Materials and Methods

In-vitro induction of hIFN-y production in cultured
PBMCs

PBMCs separation

Blood samples were obtained from healthy donors in
heparin tubes; PBMC's were isolated from whole blood
by centrifugation through Ficoll hypaque™ plus
(Amersham Bioscience Co.) .

Concentration of 5x 10 ° PBMCs /ml in RPMI media
1640 containing 10% fetal calf serum and supplemented
with 1% L-glutamine, 50 pg of gentamycin/ml, 100 U of
penicillin/ml and 100 pg of streptomycin/ml. The
PBMCs were stimulated with phytohemagglutinin
(PHA) (10 pg /ml) 1. Suspension was added to 24 well
plates and incubated for 24 hours in CO, incubator.
Cells were examined by microscope for viability, and
then were harvested for RNA extraction according to
single step modified technique ). RNA agarose gel
electrophoresis was utilized to check the intergrity of
extracted RNA .

Molecular Cloning of hIFN-y into TA cloning vector
cDNA synthesis

In order to obtain the open reading frame (ORF) coding
sequence of hIFN-y from mRNA, a pair of
oligonucleotide primers were designed using the hIFN-y
DNA sequence available in the GenBank database
(Accession number, E00598):

o hIFN-y forward primer (With Ncol restriction site)
(F1):
5'CACCATGCAGGACCCATATGTAAAA S

o NIFN-y reverse primer (With BamHI restriction
site) (R1):
5 AGGATCCTTATTACTGGGATGCTCTTCGA 3°

The unique Ncol and BamHI restriction sites at the 5'
and 3' end of amplified hIFN-y were required for
subcloning into pET-15b expression vector.

Reverse transcription polymerase chain reaction (RT-
PCR) was performed to form cDNA. PCR products
were then analyzed by both agarose gel electrophoresis
and digestion with restriction enzymes that have been
chosen according to the NEB cutter website ™.

Cloning strategy: In order to maintain the integrity of
the amplified gene, cloning was done using pCRII
TOPO TA cloning vector kit (Invitrogen, USA, Co.)
which is designed for seamless cloning of PCR products
generated using non-proofreading thermostable DNA
polymerases, such as Taq DNA polymerase. This kit
provided a highly efficient, 5 min, one-step cloning strategy

by using Topoisomerase for the direct insertion of PCR
products into a plasmid vector 4.

For optimal results, a 0.5:1 molar ratio of PCR product:
TOPO vector has been used in the present study.

The ligated material was used for the transformation of
E. coli (Topl0 strain) (Invitrogen, USA, Co.) according
to the standard protocol 2.

The transformation efficiency was calculated from the
number of white colonies in the plate as follows:

(cfu on control plate x dilution factor x 10% + (ng of
control DNA plated)

Transformation efficiency = 150 x 1 x 10°+ 0.05 ng = 3
x 10° cfu / ug

Blue/white screening of recombinant clones

The technique is based on vectors such as pCRIl TOPO
that carry a fragment of the [-galactosidase gene
encoding a-fragment of B-galactosidase. The exploitation
of these vectors requires the use of a bacterial strain
carrying the complementing gene fragment to allow the
assembly of an active complex. Transformation of the
vector into appropriate bacteria (Top10) in the presence
of substrate (X-gal) results in the formation of blue
colonies. Disruption of the [-galactosidase gene by
insertion of a DNA fragment into the vector’s multiple
cloning site results in the loss of functional -
galactosidase activity. Therefore, the colonies bearing a
vector containing an insert will remain white and may be
easily distinguished from those bearing an intact cloning
vector %3,

Plasmid DNA preparation

The white colonies were grown in LB-AMP (100 pg/ml)
and plasmid preparation was performed according to the
standard protocol ™41,

The prepared plasmids were analyzed by PCR protocol,
and digestion occurred with Ncol and BamHI enzymes.
Sequencing

One of the recombinant clones was sequenced b
automated sequencing according to Sanger method ™.
Sequencing was done after sample purification by single
read service provide by MWG company Munich,
Germany, using M13 universal primer. The obtained
data were compared with GenBank database using the
Blast engine search program ™!,

Subcloning of hIFN-y into pET-15b vector

With the intention of subcloning hIFN-y ORF DNA into
pPET-15b expression vector (Novagen USA, Co.),
digestion of pCR Il TOPO TA vector carrying the hIFN-
v gene with Ncol and BamHI restriction enzymes was
done. The vector pET-15b was also digested with the
same enzymes under similar conditions. The digested
products were then purified with a Fermentas DNA
extraction kit (Sigma USA, Co.). The 3:1 molar ratio of
vector-insert was used for the ligation reaction
containing 10x ligase buffer and T4 DNA ligase enzyme
(Bethesda Research Laboratories Inc.) and incubated at
16°C for 24hrs. The ligated material was used for the
transformation of E. coli (Rosetta DE3) (Novagen USA,
Co.) according to the standard protocol.
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Expression of hIFN-y in Rosetta DE3

For protein expression, the bacterial colonies, which
contained the recombinant plasmid with hIFN-y gene
sequence, were cultured overnight in LB-Amp
(100pg/ml) medium. The culture was then diluted 1:10
(v/v) in fresh medium and grown for 2 hr at 37°C (till
ODggo Was equal to 0.6) before adding IPTG (Sigma,
USA) to 2 mM final concentration. The incubation was
continued for further 3 hr. The cells were pelleted at
6000 rpm at 4°C for 10 minutes, suspended in
autoclaved lysis buffer (Tris HClI 50Mm pH 7.5, EDTA
5Mm, NaCl 100Mm ). The expressed protein was
analyzed by the SDS-PAGE. The Western blotting
technigue was performed according to sensitive
technique ™. The primary antibody rabbit antisera
against hIFN-y, and the secondary antibody conjugate
goat-anti-rabbit horse raddish peroxidase were used
(Komabiotech, Biosource).

Results

Molecular cloning of hIFN-y ¢DNA in TA cloning
vector

Total RNA isolated from induced culture of PBMCs was
tested for integrity on 1% formaldehyde- agarose gel. As
shown in Figure 1, two bands representing ribosomal
RNA: 28S and 18S were shown on gel, indicating a well
preserved integrity of the prepared RNA. RNA has been
used for amplification of the hIFN-y.
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Fig. 1: Agarose gel electrophoresis of total RNA isolated
from PBMCs. Lanes 1 and 2 show RNA extracted from in-
vitro cultured PBMCs for 24 and 48 hours, respectively.

For PCR experiments, two specific primers were
designed according to the available DNA sequence of
hIFN-y in GenBank. Figure 2 shows the DNA sequence
of the hIFN-y and the position of the F1 (upstream) and
R1 (downstream) primers. The designed primers only
amplified the coding region of the IFN-y (144 aa) and
the leader segment has been excluded.

PCR experiments were carried out using the designed
primers and the fractionation of the PCR amplification
products on agarose gel electrophoresis showed a sharp
band at a molecular size of ~ 450 bp (Fig. 3).

The confirmation of the amplified fragment (Fig. 4) was
done by digestion using Hinf | restriction enzyme.
Fractionation of the digestion products on PAGE 10%
has confirmed that the amplified product was digested
into two fragments having ~396 and ~39 bp as expected

from digestion map of hIFN-y.

CACCATGCAGGACCCATATGTAAA 3'
FEETTTEEEE et
5' ATGCAGGACCCATATGTARRAAGCAGAA AACCTTAAGA AATATTTTAA
TGCAGGTCAT TCAGATGTAG CGGATAATGG AACTCTTTTC TTAGGCATTT
TGAAGAATTG GAAAGAGGAG AGTGACAGAA ARATAATGCA GAGCCAAATT
GTCTCCTTTT ACTTCAAACT TTTTAAAARAC TTTAAAGATG ACCAGAGCAT
CCAAAAGAGT GTGGAGACCA TCAAGGAAGA CATGAATGTC AAGTTTTTCA
ATAGCAACAA ARAAGRAACGA GATGACTTCG AAAAGCTGAC TAATTATTCG
GTAACTGACT TGAATGTCCA ACGCAAAGCA ATACATGAAC TCATCCAAGT
GATGGCTIGAA CTGTCGCCAG CAGCTAARAC AGGGAAGCGA ACAAGGAGTC
AGATGCTGTT TCGAGGTCGRAGAGCATCCCRGTAR 3
NERARRRRRARARE RN
3'AGCTTCTCGTAGGGTCATTATTCCTAGGA 5°'

Fig. 2: Alignment between hIFN-y and specific designed
primers (F1 and R1). The Block and underlined letters
indicate the sequence of primers terminated with the added
restriction sequences. The sequence of the ORF of hIFN-y
gene started with ATG and ended with TAA, a total of 435
nucleotides (gi: 3458 IFNG).

STD 1 2 -ve

450 bp
400 bp

Fig. 3: Agarose gel electrophoresis (3%) of RT-PCR
products of RNA isolated from induced PBMCs culture for
24hrs (lane 1) and for 48hrs (lane 2). STD was 50 bp DNA
ladder (Cornell Lab, Co). The molecular size of the band of
RT-PCR product was ~ 435 bp. (STD: standard for DNA).

500 b.p

435 bp

39b.p

Fig. 4: PAGE (10%) of the Hinf I digestion fragments of the
amplified PCR product. STD: 100 bp DNA ladder (GIBCO
BRL, USA). Lane (1): digestion of PCR product showed 2
bands of 396 and 39 bp. Lane (2): undigested RT-PCR
amplification products. (STD: standard for DNA).
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The PCR product was ligated into pCRII TOPO TA
cloning vector to be transformed into Top10 chemically
competent E. coli cells. A number of the transformed
colonies (white colonies) were picked from agar LB
plates and lysed by boiling method to prepare plasmid
DNA. The DNA was evaluated by electrophoresis on
agarose gel.

Isolated plasmids from transformed clones were
subjected to PCR wusing F1 and R1 primers.
Amplification resulted in a sharp band at ~435 bp (the
molecular size of hIFN-y) on agarose gel electrophoresis
(Fig. 5).

Digestion of the recombinant plasmids using Ncol and
BamHI restriction enzymes was done to ensure the
presence of the insert (hIFN-y ¢cDNA). Two bands of
4Kb (representing the pCRII TOPO vector) and 435 bp
(representing the excised insert) were obtained,
indicating that the hIFN-y gene has successfully been
cloned into the vector pCRII TOPO (Fig. 6).

SID 1 2 3 4 5 6 7 8 9 10

500 bp
400bp

Fig. 5: Electrophoresis on 3% agarose gel showing PCR
amplification product of 10 plasmid preparations using F1
and R1 primers. Lanes 1-10 are PCR product of 10 selected
colonies with size 435. STD: 100 bp DNA standard ladder
(GIBCO BRL, USA). (STD: standard for DNA).

«—— 4kb

« 435bp

Fig. 6: Electrophoresis on 1.5% agarose gel shows digested
recombinant pCRII TOPO plasmid with Ncol and BamHI
restriction enzymes. Lane 1. undigested recombinant
plasmid. Lanes 2 and 3: digestion products show linearized
plasmid and insert of 435 bp (hIFN-y).

Molecular subcloning of hIFN-y ¢cDNA in expression
vector

In order to express the hIFN-y protein, the hIFN-y
cDNA was sub-cloned into pET-15b expression vector.
Digestion of recombinant pCRIlI TOPO vector carrying
the ORF hIFN-y gene with Ncol and BamHI restriction
enzymes was done. The hIFN-y cDNA was excised and

eluted from agarose gel; released hIFN-y was ligated to
the linearized pET-15b expression vector digested with
the same restriction enzymes (Ncol and BamHI). The
ligation reaction was followed by transformation into
Rosetta DE3 competent cells.

Digestion of the positive clones using restriction
enzymes Ncol and BamHI has been performed to ensure
the presence of hIFN-y cDNA insert. Two bands of pET-
15b vector and insert were detected. The insert has the
same size of hIFN-y PCR product (Fig. 7).

«— 5.7kb

<«—0.435kb

Fig. 7: Agarose gel electrophoresis (1.5%) shows digestion
products of recombinant plasmid with Ncol and BamHI
restriction enzymes. Lane 1: hIFN-y PCR product of 435 bp.
Lanes (2, 3, and 4): two bands of 5.7 and 0.435 Kb represent
the linear pET-15b vector and excised hIFN-y cDNA,
respectively.

Recombinant protein expression

Figure 8 shows that a proper 17 kDa band was obtained
with the transformed Rosetta DE3 bacterial cells. The
protein was detected in the pellet lysate of Rosetta (DE3)
bacteria induced clones. Induction of protein for
expression was done by 2mM IPTG and tested on 15%
SDS-polyacrylamide gel. In contrast, no protein band
was found in the non induced bacteria.

Western blot analysis revealed that only one specific
band with a molecular weight of 17 kDa was recognized
in both; the recombinant protein and the standard hIFN-y
(Komabiotech, Biosource), on the membrane (Fig. 9).

43kDa

29kDa

184kDa — ¥

Fig. 8: SDS-PAGE of the lysate of transformed Rosetta
(DE3) cells, induced by IPTG. A 17 kDa band is shown in
lanes no. 2 and 4; and not detected in the lysate of non
induced bacterial cells (lane 3). Lane 1: standard MW
proteins.
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43 kDa

29 kDa

18.4 kDa

Fig. 9: Western blot analysis of induced recombinant hIFN-
v in Rosetta (DE3) bacteria, a band was recognized with
anti-human IFN-y antibody, Lanes 1 and 2: induced hIFN-y
in Rosetta (DE3) bacteria cells, lane 3: the lysate of non
induced bacterial cells and Lane 4: recombinant standard
hIFN-y.

Discussion
Recombinant DNA technology has now made possible
the large-scale production of interferon proteins for
pharmaceutical applications. Genes encoding human
interferons have been cloned and expressed in
recombinant strains of microorganisms and their
products have been isolated in a very pure form. E. coli
has been the most widely used host cells for production
of recombmant interferons [,
Chen et al., ® investigated the possibility of producing
hIFNy in transgenic rice cell by a sucrose-starvation
inducible promoter (rice aAmy3 promoter). The
immunological analysis of the recombinant glycosylated
hIFN-y produced was similar to the commercial hIFN-y
produced in E. coli.
The goal of the present study was the isolation of total
RNA from the induced PBMCs culture to produce
hIFN-y cDNA using RT-PCR technique and cloning the
hIFN-y ORF in prokaryotic vector for further expression
of active recombinant hIFN-y protein in E. coli cells.
The first step was the isolation of PBMCs from human
blood, using the density gradient centrifugation method.
The isolated PBMCs, under sterile conditions have been
in vitro stimulated, for induction of hIFN-y mRNA,
using mitogen (PHA) that stimulates cell division in
Iymg)hocyte cultures. In the same line, Tsujimoto et
U utilized several inducers including PHA and a
comblned stimulation with OK-432 and SEB to study
their synergistic effect on production of hIFN-y protein.
In addition, Bandyopadhyay et al., 2 have used
different PBMCs inducer, the betel Ieaf extract alone
and in combination with PHA.
In the present study, hIFN-y ORF was amplified by
applying RT-PCR technique on the isolated total RNA
using two specific designed forward and reverse primers
(F1 and R1) which flank the ORF of hIFN-y. A series of
experimental reactions have been performed with
changing the annealing temperature to exclude the
nonspecific amfllflcatlon of other sequences.
Zamani et al., “also reported a similar RT-PCR pattern
for hIFN-y amplification. Although the annealing temp-

erature was higher than that used in the current study, but
the MW of PCR products were identical. The difference
in annealing temperature was owing to the length of their
primers that was longer than the primers in the present
work.

Confirmation of the amplified PCR product has been
made by using Hinf | restriction enzyme analysis. This
enzyme specifically cuts at nucleotide number 396 of
hIFN-y and resulted into two fragments of the expected
size as predicted by NEB biocutter software digestion
map. The result of digestion product was similar to the
expected size.

The pCRII TOPO TA cloning vector contains ampicillin
resistance marker which permits only transformed
bacterial cells to grow in ampicillin containing media.
Also it allows blue/white screening of the transformed
cell containing the successfully cloned plasmid.

E. coli Topl10 host strain was used for transformation as
initial cloning step and verification of constructs in the
pCRII TOPO TA cloning vectors. The chromosome of
Topl0 has no T7 RNA polymerase gene; therefore it is
ideal for the establishment of recombinant plasmids and
not for expression of proteins. With the same strategy,
Bagheri et al.,”* have been used the pPGEM-TA cloning
vector and E. coli ToplOF host strain for cloning and
sequencing of hIFN-y cDNA as initial step for
recombinant protein expression in plant cells (Brassica
napus seeds). The ToplOF E. coli strain overexpresses
the Lac repressor (laclg gene). For blue/white screening,
IPTG must be added to the plates to obtain expression
from the lac promoter.

The transformation efficiency of chemically competent
Top10 cells using the recombinant hIFN-y ORF-pCRII
TOPO plasmid was considerably lower than the expected
in the kit. Analysis of the white clones has been assured
that they contain the constructed hIFN-y/pCRII TOPO
recombinant plasmid.

To prove that hIFN-y ORF gene was cloned in the
correct orientation, the M13 forward and M13 reverse
universal primers were included into the vector to help in
DNA sequencing, then the recombinant plasmid (pCRII
TOPO/hIFN-y) was further analyzed by DNA
sequencing using M13 universal primers. Sequencing
results of 790 nucleotides, representing the complete
sequence of the hIFN-y ORF gene and partial sequence
of pCRII TOPO vector, has been obtained. Alignment
analysis of this sequence (the cloned hIFN-y ORF)
showed 100% homology with reference sequence (Gene
ID: 3458 IFNG) retrieved from NCBI GenBank.

The development of E. coli cells containing the
recombinant plasmid harboring the complete sequence of
hIFN-y ORF gene developed by this technology is an
achievement in the biotechnology and genetic
englneerlng applied research.

Mariusz.,”™ recorded that E. coli lacks the ability to
conduct posttranslational modifications; such as
glycosylation and disulfide bond formation; whoever, it
still provides the optimum choice to produce many
pharmaceutical proteins including even complex proteins.
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The amino acid sequence of hIFN-y reveals two
potential N- glycosylation sites at positions 28 and 100;
this post-transitional modification has no effect on the
in vitro specific activity and the binding of hIFN-y to its
cellular receptor and therefore appears to be irrelevant
for the protein bioactivity 25271,

In the present study several E. coli bacterial strains
were used for transformation of hIFN-y /pET-15b
recombinant plasmid including: BL21-CodonPlus
(DE3)-RIPL, BL21-Gold (DE3) pLysS and Rosetta
(DEJ), Rosetta 2(DE3) pLYS.

Where hIFN-y protein was expressed under control of
promoter T7 in Rosetta (DE3) E. coli strain that is more
preferable than the other strains because it is designed
to enhance the expression of eukaryotic proteins that
contain codons rarely used in E. coli (Arg, lle, Leu,Gly
and Pro) (%!,

At the same time, Rosetta-(DE3) is a hybrid strain
engineered to enhance the expression of genes and can
enhance disulphide bond formation in the cytosolic
fraction due to mutations of trxB and gor genes. This
strain can yield 10-fold more active protein than other
hosts even when overall expression levels are
similar 239,

In agreement with the current choice, Mehrnoosh et
al., ™ declared that Rosetta (DE3) is the most efficient
expression system with respect to its high level of
protein expression.

Studier and Moffatt,®™ who reported that Rosetta
(DEJ) is a lysogen of A DE3, and therefore it carries a
chromosomal copy of the T7 RNA polymerase gene
under control of the lacUV5 promoter, such strain is
suitable for production of protein from target genes
cloned in pET vectors.

Also the results of this study showed that the
conformation of recombinant hIFN-y protein was
correctly achieved. These results demonstrated that E.
coli Rosetta (DE3) would be the choice for production
of recombinant hIFN-y protein.

Zamani et al., ®¥ who demonstrated that hIFN-y protein
has been expressed successfully in Chinese Hamster
Ovary (CHO) with two potential N-linked
glycosylation sites at Asn28 and Asn100 under control
of cytomegalovirus (CMV) promoter. Nevertheless, the
in vitro post-transitional modification (glycosylation) of
recombinant hIFN-y protein has neither effect on
specific activity nor binding the cellular receptor.

Also, Babaeipour et al., ?®" have produced recombinant
hIFN-y protein using high cell density cultivation
technique and glucose as carbon source in bench-top
bioreactor in order to scale it up into industrial level
using the same T7 promoter, pET3a prokaryotic
expression vector and 3mM IPTG which was a higher
concentration than that used in this study 2mM IPTG),
expression was carried out in BI21 DE3 E.coli strain.
Conclusion

In conclusion, results of the present study indicated that
recombinant hIFN-y protein was expressed successfully
on the lab scale by cloning of hIFN-y ORF gene into

pPET-15b expression vector and transformation of
Rosetta (DE3) bacterial strain under control of T7
promoter. This will help in production of large amount
of this therapeutic protein by scaling up this technology.
Further steps of protein purification, isolation and
evaluation of its bioactivity are recommended.
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