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Abstract

Prior to the production of human gamma interferon
using recombinant DNA technology, it had been pro-
duced mainly upon mitogenic induction of lympho-
cytes in very low amounts, which evidently hampered
its characterization and its medical applications. The
recombinant gamma interferons produced in larger
quantities in prokaryotic systems retain their biologi-
cal activities, and can be used clinically in the treat-
ment of various viral, neoplastic and immunosup-
pressed conditions or diseases. In this study, a cDNA
sequence coding for human gamma interferon was
synthesized from mRNA template extracted from
induced human T lymphocytes. The cDNA was then
amplified by PCR, cloned in an expression vector,
and transformed into Escherichia coli. The polypep-
tide produced through the expression of this DNA
sequence in E. coli showed immunological and
chemical properties resembling authentic human
IFN-7.
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INTRODUCTION

Interferons are secretary proteins, which are pro-
duced by leucocytes, fibrablasts and lymphocytes.
Their role in anti-tumor and anti-viral responses has
been established (Gray and Goeddel, 1982). Human
interferons are divided into 3 major groups based
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upon characteristics such as antigenicity, biological
based and chemical traits. These groups are called
apha beta and gamma interferons. The gene cluster
encoding the interferons contains 12 or more genes
for apha and one for beta interferon with 40 to 50%
similarities at the DNA level. Gamma interferon
(IFN-y), which is produced by T lymphocytes,
encoded by a gene located on chromosome 12. The
gene has 3 introns and itsfinal product is a glycopro-
tein consisting of 146 amino acids containing 30%
carbohydrates. It has been shown that the carbohy-
drate of this molecule is not necessary for its biolog-
ical activity (Gray and Goeddel, 1982; Bloom, 1980;
Zoon et al., 1980; Taniguchi et al., 1980; Yip et al.,
1981; Fleishmann, 1981; Langford et al., 1979;
Reddy et al., 1997).

IFN-y operates through attachment to specific
receptors on the target cells. A broad range of biolog-
ical activities has been attributed to IFN-y including
specific antiviral activities, potentiation of the antivi-
ral activities of IFN-o. and -3, and preventing the
growth of neoplastic cells and macrophages. Also it
boosts the production of the major histocompatibility
complex (MHC) Il molecules on macrophages and
other cells (Bass, 1997; Reddy et al., 1997; Gray et
al., 1982; Falkner and Maurer-Fogy 1996; Musch et
al., 1998; Blackbourn et al., 2000; Asao and Fu,
2000).

Earlier, the production of IFN-y for structural stud-
ies and clinical use was mainly limited to human cell
sources, by exposing T lymphocytes to mitogenic
stimuli, or by trandating mRNA in oocytes. Besides
the low expression, there are also various problemsin
the purification of this biomolecule. With the devel-
opment of recombinant DNA technology, human
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IFN-y cDNA sequence has been identified and cloned
into a prokaryotic expression vector. It was then
proved that the produced recombinant IFN-y has the
same immunological and chemical properties as
authentic IFN-y (Langford et al., 1979; Reddy et al.,
1997; Nathan et al., 1981; Gray et al., 1982; Beyer et
al., 1998). Moreover, other procedures for mass pro-
duction and purification of these products were simpli-
fied (Langford et al., 1979; Vassileva- Atanassova et
al., 2000; Zlateva et al., 1999; Arora and Khanna
1996; Kendrick et al., 1998; Blackbourn et al., 2000;
Xu et al., 1997; Tatsumi and Sata, 1997).

The aim of this study was to clone the human IFN-y
encoding cDNA in a suitable prokaryotic expression
vector in order to produce the protein in E. coli. Upon
biochemical characterization of the recombinant pro-
tein, methods for large scale expression and purifica-
tion and finaly, studying its biological activities will
be the next goals of this research work. There is no
doubt that mass production of the recombinant prod-
ucts in the country is of particular importance because
of high demand and high economic importance.

MATERIALSAND METHODS

Mitogenic stimulation of human Ilymphocyte:
Human blood lymphocytes were isolated using Ficoll
(Sgma, USA) and the viability assay was performed
using a standard hematocytometer chamber. About
10°-105 cells were added to each well of the 24 wells
cell culture plate containing RPMI culture medium
and 10% Fetal Calf Serum (FCS) (GIBCO-BRL,
Germany). Cell proliferation was observed during 72
hours after the stimulation of the cells with pheto-
hemaglutinin (PHA) (Sigma, USA).

cDNA synthesis: Total RNA was extracted from the
stimulated T-lymphocytes using the TRIZOL™ golu-
tion (GIBCO-BRL, Germany). The quality of the puri-
fied RNA was determined by denaturing agarose gel
electrophoresis. Then, mRNA extraction was per-
formed using the mRNA extraction kit (Roche,
Germany). The cDNA synthesis was performed using
Roche first strand cDNA synthesiskit. Briefly, purified
poly(A)-mRNA was used in reverse transcription reac-
tion mixture containing oligo-dT primer (10 uM),
reverse transcriptase (RT) buffer (10x), dNTP (1 mM),
RNase inhibitor (50 units) and RT enzyme (20 units)
and incubated at 37°C for 1 hour.

Primer design: Two gene-specific primers (FA1 and
FA2) were designed using the human gammea-interfer-
on DNA sequence available in the GenBank database
(Accession number, E00598):

1. FAL:

5- TTGGGTGAGCTCGGCTGTTACTGCCAGGACCCA-3
(with Sacl site underlined).

2. FA2:

5 -AGGAGCGGCCGCTCTGGGATGCTCTTCGACCT-3’
(with Notl site underlined).

PCR amplification of the IFN-y encoding gene:
Sacl and Notl restriction enzyme sites were introduced
inthe FA1 (upstream) and FA2 (downstream) primers,
respectively. A standard PCR protocol using the syn-
thesized cDNA, gene-specific primers (FA1 and FA2),
10x PCR buffer, dNTP (2 mM) and Tag DNA poly-
merase (5 units/yl) (Roche, Applied Science,
Germany) was employed. Altogether, 35 cycles,
including 94°C for 1 min, 57°C for 1 min and 72°C for
1 min for each cycle was carried out using Perkin-
Elmer, 9600 thermal cycler. The PCR products were
then analyzed by agarose gel electrophoresis.

Cloning procedure: The PCR products were digested
in a reaction buffer containing 10x buffer and the two
Sacl and Notl restriction enzymes (Roche, Germany),
and incubated at 37°C for 5 hours. The vector (pbHEN1
plasmid) (a pUC derivative) (BioLabs, England) was
also digested with the same enzymes under similar
conditions. The digested products were then purified
with a DNA purification kit (Roche, Germany). The 3:
1 molar ratio of vector-insert was used for the ligation
reaction containing 10x ligase buffer and T4 DNA lig-
ase enzyme (Roche, Germany) and incubated at 18°C
overnight. The ligated material was used for the trans-
formation of E. coli (TG1 strain) (Strategene, USA)
according to the standard protocol (Sambrook et al.,
1989).

Colony-screening by PCR: The obtained colonies
from the transformation experiment were used in a
PCR-colony assay using one universal reverse primer
(URP) in pHEN1 vector (upstream) and one gene-spe-
cific primer (FA2) (downstream). The ampicillin
resistant colonies were used as DNA template in a
standard PCR protocol (as mentioned above) and
cycled 35 times: 94°C for 30 seconds, 55°C for 30 sec-
onds and 72°C for 30 seconds.
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Restriction enzyme mapping of the PCR products:
The amplified PCR products were digested with Dral
restriction enzyme (Roche, Germany). There are two
adjacent Dral sites in the middle of the IFN-y DNA
sequence.

Plasmid preparation and digestion: The positive
colonies from the PCR-screening experiment were
grown in LB-AMP (100 pg/ml) glucose (1%) (Sigma,
USA) and plasmid preparation was performed accord-
ing to the standard protocol (Sambrook et al., 1989).
The prepared plasmids were then digested with the
same enzymes used for cloning and analyzed by
agarose gel electrophoresis.

Sequencing: One of the recombinant clones, D4, was
sequenced using an ABI 373A automated sequencer
and the obtained data were compared with GenBank
database using the Blast engine search program.

Production of polyclonal antibody: Two rabbits
(Razi Institute, Iran), aged 12 weeks, were immunized
with 50 pg of a commercial human IFN-y plus com-
plete Frund's adjuvant (Sigma, USA). After two weeks
the reminding injection was given with the same
amount of antigen but supplemented with incomplete
Frund's adjuvant. The third and fourth injections were
performed after every two weeks using 25 pg of anti-
gen without adjuvant. Blood was collected from the
rabbits before and after each injection. To detect the
maximum amount of antibody in the serum, blood was
also collected on the fourth, fifth and sixth days after
the fourth injection. The specificity of antibody against
IFN-y was determined by ELISA method (Friguet et
al., 1989) and Western blotting using standard protocol
(Sambrook et al., 1989).

Subcloning of IFN-y encoding gene into pET2la:
Recombinant plasmid (pHEN1+insert) was digested
with Sacl-Notl restriction enzymes and the IFN-y
DNA fragment was recovered from agarose gel using
Roche DNA purification kit. Plasmid DNA pET21a
(expression vector) was also cut with the same restric-
tion enzymes and purified with DNA purification kit
(Roche, Germany). A 3: 1 molar ratio of vector-insert
was used for the ligation reaction containing 10x lig-
ase buffer and T4 DNA ligase enzyme (Roche,
Germany) and incubated at 18°C overnight. The ligat-
ed material was used for the transformation of E. coli
(BI21 strain) (Strategene, USA) according to the stan-

dard protocol (Sambrook et al., 1989). Recombinant
clones were screened by colony-PCR assay and
restriction enzyme digestion as described above.

Expression of IFN-y cDNA in E. coli: For protein
expression, from an overnight pre-cultured (1 ml)
recombinant clones carrying the IFN-y gene, new cul-
tures (10 ml) of 2x TY-Amp (100 pg/ml) glucose (1%)
(Sigma, USA) were inoculated and grown to ODggo=
0.7. Following this procedure, the cells were pelleted
and washed once with fresh medium. Finally, each pel-
let was resuspended in 10 ml 2x TY-Amp contained 1
mM Isopropylthio-B-D-galactoside (IPTG) (Sigma,
USA) and grown for overnight at 28°C. The expressed
protein in cytoplasm was extracted and analyzed by
the SDS-PAGE. The Western blotting technique was
performed according to the standard protocol
(Sambrook et al., 1989). As primary antibody rabbit
antisera against IFN-vy, and as the secondary antibody-
conjugate goat-anti-rabbit HRP were used (Sigma,
USA).

RESULTS

Cultured human T lymphocytes were stimulated by
PHA and the proliferated cells were used for mRNA
extraction and cDNA synthesis. The result isshown in
figurel.

For PCR experiments, two gene-specific primers
were designed according to the available DNA
sequence of IFN-y in GenBank. Figure 2 shows the
DNA sequence of the IFN-y and the position of the
FA1 (upstream) and FA2 (downstream) primers. As it
is obvious in the sequence, the encoding human IFN-y
DNA consists of 498 bp, 60 bp of which is leader
sequence and the rest of the sequence (438 bp) isrelat-
ed to the interferon protein. The designed primers only
amplified the coding region of the IFN-y (146 aa) and
the leader segment has been excluded.

PCR experiments were carried out using the gene-
specific primers and the synthesized cDNA and these
results are shown in figure 3ain which a specific band
of 461 bp in length is evident.

In order to primarily confirm that the amplified PCR
products are indeed the authentic IFN-y gene, arestric-
tion enzyme mapping was performed on the PCR
product. There are two consecutive Dral restriction
enzyme sites in the middle of IFN-y coding region
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Figure 1. Simulation of human T lymphocytes by PHA (10 mg/ml). &) uninduced cells, b) induced cells. In
these figures the resting (a) and induced cells (b) are compared and three major clones of lymphocytes are evi-
dent upon induction by PHA.
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Figure 2. Coding sequence of the human IFN-y gene region. Only the sense strand is shown. The positions
of the designed upstream primer (FA1) and downstream primer (FA2) are underlined (see Materials and meth-
ods). Two Dral restriction enzyme sitesin the middle of the sequence are shown in Bold (positions 298 and 307,

respectively).

(Fig. 2). The results of restriction digestion showed
that the PCR products were digested and two overlap-
ping fragments sized 202 bp and 259 bp were generat-
ed (Fig. 3b).

The amplified PCR product was cloned into pHEN1
vector and transformed into E. coli. The results of the
cloning experiment were about 200-300 colonies that
were screened by colony-PCR technique. Figure 4
shows the result of the colony-PCR experiment.
According to the DNA molecular weight marker, the
amplified fragments from the PCR-colony experiment
results are about 594 bp in length that is the sum of the
distance betweenthe universal reverseprimer (URP)
to the Sacl site in pHEN1 (156 bp) and the coding
region of IFN-y (438 bp). As a control for PCR reac-
tion, a recombinant colony harboring a known frag-
ment (600 bp in length, cloned in to pHEN1 vector)
was used which produce a PCR product of 756 bp in
length, using the same URP and a gene-specific
primer. The results of plasmid preparation and restric-
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Figure 3. & PCR amplification of the IFN-Y coding region
using FA1 and FA2 primers. Lanes 1, 2 and 3 are the same PCR
products; lane 4 is a DNA ladder of 100 bp, lane 5 an unrelated
PCR products of 1 kb. b) Restriction enzyme digestion of the
PCR products by Dral enzyme. Lanel, uncut PCR product; lane
2 digested PCR product; and lane 3 DNA ladder of 100 bp. The
size of the digested PCR product is in the range of 202-259 bp.
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Figure 4. Colony-PCR screening. A universal reverse primer
(URP) (in pHEN1) and a gene-specific downstream primer (in
IFN-v) have been used in PCR. Lanes 1-15 are amplified products
(about 594 bp in length) of the obtained recombinant clones. As
shown, clones no. 3 and 5 are negative. The PCR control (lane 16)
is an amplified product of about 756 bp in length.

tion enzyme digestion are shown in figure 5. One of
the selected clones (D4) was digested with Sacl and
Notl restriction enzymes and a fragment of the correct
Size (445 bp in length) was resulted.

Figure 5. Sacl and Notl
restriction enzyme digestion
of the D4 plasmid DNA.
Lanel, control fragment of 600
bp (P21); lane 2, DNA ladder of
100 bp; lane 3, uncut D4 recom-
binant plasmid; lane 4 cut D4
recombinant plasmid. The
released fragment has migrated
below the 500 bp fragment of
the DNA ladder.

5°-(47)

In order to finally confirm the results of the cloning
experiments, the recombinant plasmid was sequenced.
The obtained sequencing data was run on GenBank
using the BLAST engine search program, which
showed the highest similarity with the human IFN-y
(Fig. 6). According to the blasting results, there is a
complete match between the cloned sequence and the
IFN-y sequence datain GenBank.

Producing polyclonal antibodies against IFN-y was
performed to supply the need in different stages of var-
ious experiments. The produced antibodies were eval-
uated in Western blotting and EL1SA experiments, and
it was shown that these antibodies are able to specifi-
caly recognize the commercial IFN-y as well as the
IFN-y produced in the stimulated T-lymphocytes in
cell culture soup (Fig. 7).

Following the confirmation of the cloned human
IFN-y gene by sequencing, it was subcloned into an
expression vector (pET21a). The gene segment is
under the control of T7 promoter in the vector and the
expressed protein is accumulated in the cytoplasm.
There is also a peptide tag (His-Tag) at the end of the
cloned gene fragment that is useful for purification and
detection purposes. After stimulating of individual
colonies, the produced proteins were run onto SDS-
PAGE and stained with Coomassie Brilliant blue. In
parallel, an identical gel was blotted on nitrocellulose
membrane and the expressed proteins were detected
using the rabbit antisera followed by anti-rabbit-1gG
peroxidase conjugate. The result of thiswork is shown
in figure 8.

Asitisclear inthe picture, the produced protein by
D4 (about 20 kD) and two other recombinant clones
(Fig. 4) are recognized by the same polyclonal anti-
bodies prepared against commercial human IFN-y
(about 16 kD). The differencesin the size are due to

TAAGAAGGAGATATACCTATGGCTAGCATGACTGGTGGACAGCAAATGGGTCGCGGATCCGAATTCGAGCTC
GCGTGTTACTGCCAGGACCCATATGTAAAAGAAGCAGAAAACCTTAAGAAATATTTTAATGCAGGTCAT
TCAGATGTAGCGGATAATGGAACTCTTTTCTTAGGCATTTTGAAGAATTGGAAAGAGGAGAGTGACAG
AAAAATAATGCAGAGCCAAATTGTCTCCTTTTACTTCAAACTTTTTAAAAACTTTAAAGATGACCAGAG
CATCCAAAAGAGTGTGGAGACCATCAAGGAAGACATGAATGTCAAGTTTTTTTTTTAGCAACAAAACCC
CCCCACATGACTTCGAAAAGCTGACTAATTATTCGGTAACTGACTTGAATGAACAACGCAAAGCAATAC
ATGAACTCATCCAAGTGATGGCTGAACTGTCGCCAGCAGCTAAAACAGGGAAGCGAAAAAGGAGTCAG
ATGCTGTTTCGAGGTCGAAGAGCATCCCAGAGCGGCCGCACTCGAGCACCACCACCACCACCACTGAGA

TCCGGCTGCTAA-3’ (612)

Figure 6. The sequencing result of the cloned | FN-y coding region (D4 clone).
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Immune responses to IFN-y in rabbits
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Figure 7. a) Rabbit immune response to human |FN-y detected by ELISA technique. The absorbance was
read at 492 nm. X-axis shows the time interval after bleeding: 1, Negative control; 2, 14 days after the 1st injec-

tion; 3, 14 days after the 2nd injection; 4, Day four after the 4th injection; 5, Day 5 after the gth injection; 6, Day

6 after the 4t injection. b) Western blotting of |FN-y as well as the cell culture soup using produced rabbit
antisera. Lane 1, commercial human IFN-y ; Lane 2 and 3, cell culture soup.

Figure 8. Western blotting of
the expressed IFN-g in E.
coli as well as commercial
IFN-y . Lane 1. commercial
human IFN-y; lanes2 (D4), 3
(D6) and 4 (D8): positive
clones; lane 5: negative con-
trol. The protein dimers or
aggregates can be seen in
commercial IFN-y as well as
in the recombinant clones.
The low molecular weight
proteins (below 5kD), which
are probably protein degrada-
tions or some nonspecific
antibody interactions.

some extra tag sequences in the vector both at the
beginning and at the end of the IFN-y DNA sequence.
The presence of protein dimers or aggregates is evi-
dent in both commercial sample and the expressed
recombinant proteins. There are also some low molec-
ular weight proteins (below 5 kD), reacting with the
antibodies which are either degradations of the recom-
binant protein, or nonspecific interactions of poly-
clonal antisera with bacterial proteins.

92

DISCUSSION

The human gamma interferon has not only an antiviral
and cytotoxic activity in common to al human inter-
ferons, but also shows a potentiating effect on these
activities with o— and B-interferon. Also, the in vitro
antiproliferative effect of IFN-y on tumor cells is
believed to be 10- to 100-fold greater than the other
interferon classes. This result, together with its pro-
nounced immunoregulatory role, suggests a much
more pronounced antitumor potency for IFN-y and
clearly pointing to a potentially promising clinical can-
didate for cancer treatment (Bloom, 1980; Zoon et al.,
1980; Bass, 1997; Fleishmann, 1981; 1979; Reddy et
al., 1997; Falkner and Maurer-Fogy, 1996; Musch et
al., 1998; Blackbourn et al., 2000).

It was perceived that the application of recombinant
technology would be the most effective way of pro-
viding the requisite larger quantities of human immune
interferon. It was then shown that the materials so pro-
duced exhibit bioactivity admitting of their use clini-
caly in the trestment of a wide range of viral, neo-
plastic, and immunosuppresive conditions or disease
(Yip et al., 1981; Langford et al., 1979; Nathan et al.,
1981; Gray and Goeddel, 1982; Blackbourn et al.,
2000). Gray, Goeddel and co-workers were the first
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who reported expression of a recombinant gamma
interferon (rIFN-y) Yip et al., 1981 and Gray et al.,
1982), which has proven to exhibit the characteristics
of human gamma interferon, i.e., anti-viral and anti-
proliferative activity coupled with loss of activity at
pH 2. Since then, various expression systems as well
as purification protocols have been developed in order
to increase the final yield of the recombinant protein
and to boost its efficacy (Langford et al., 1979;
Vassileva-Atanassovaet al., 2000; Zlateva et al., 1999;
Arora and Khanna, 1996; Kendrick et al., 1998;
Blackbourn et al., 2000; Kontsek et al., 2000).

In the present study, based on the IFN-y DNA
sequences obtained from GenBank, two gene-specific
primers (FA1 and FA2) were designed and used in a
PCR experiment. The PCR conditions for the amplifi-
cation of IFN-y gene region was optimized and finally,
a fragment of expected size (461 bp in length) was
obtained. In order to confirm that the amplified DNA
corresponds to the IFN-y cDNA sequence, restriction
enzyme mapping was performed followed by sequenc-
ing. There are two internal Dral restriction enzyme
sites within IFN-y DNA sequence (Fig. 2), the first
one at position 298 and the second one at position 307.
To confirm the cloned IFN-y cDNA fragment, restric-
tion enzyme analysis was performed as well as
sequencing of each plasmid DNA prepared from indi-
vidual ampicillin resistant colonies. The results of
digestion together with sequencing data showed that
the correct fragment has indeed been cloned.
Sequencing of the IFN-y gene was problematic due to
the presence of stretches of homonucletides (mainly
Asand Ts). After severa trials on different DNA sam-
ples, we obtained a fair sequencing data from D4
clone. Comparing the IFN-y cloned fragment from D4
plasmid DNA sequence with the IFN-y DNA sequence
available in the GenBank, there is amost a complete
match between the query and subject sequences.
There is a short region amost in the middle of the D4
DNA sequence that does not match with the GenBank
IFN-y DNA sequences. This is mainly due to the tan-
dem repeat of T and A nucleotides in this region and
can only be improved by repeating the sequencing
process under specific conditions.

The IFN-y encoding gene was subcloned into
pPET?21a vector was under the control of T7 promoter
that was also linked to aHis-tag DNA sequencethat is
useful for purification and detection purposes. As
shown in figure 8, some of the extracted proteins from
E. coli lysate, aswell asthe commercial IFN-y protein,

reacted positively with the rabbit IFN-y antisera. The
presence of the extra bands (almost twice in size) in
the induced samples, as well as in the commercial
IFN-y protein sample can possibly be due to misfold-
ing, aggregation or dimerization. There are severd
reports on the misfolding and aggregation of recombi-
nant IFN-y. protein (Zlateva et al., 1999; Arora and
Khanna 1996; Vandenbroeck and Billiau, 1998;
Vassileva-Atanassova et al., 1999; Zlateva et al.,
1999) in particular due to the presence of CYS-TYR-
CY S sequence in the beginning of the IFN-y polypep-
tide and substitution of CY Sresidues with other amino
acids can aleviate the problem. The difference in size
between the commercial IFN-y protein and our recom-
binant clone is due to the presence of some 37 extra
amino acids (on average equivaent to 4.1 kD) in the
beginning (T7-Tag) and at the end (His-Tag) of the
recombinant proteins. These extra Tag sequences are
only for purification or detection purposes and can eas-
ily be removed in the final stage of IFN-y production
for medical applications.
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