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Expressions of heterologous proteins in suitable plant tissues and targeting it into subcellular
compartments using specific signals have been studied. Seed-based platforms are among those that
allow recombinant proteins to stably accumulate at a relatively high concentration in a compact
biomass. In this study, we used seed specific promoter (Napin) and C-terminal KDEL sequence to
express human therapeutic protein, interferon gamma (IFN_y) in Brassica napus seeds. Kozak
sequence was linked to the 5' end of the IFN_y gene to increase the level of expression. The
constructed cassette was transformed into rapeseed. Presence and expression of the transgene were
confirmed in the transformants by polymerase chain reaction (PCR) and sodium dodecylsulfate-
polyacrylamide gel electrophoresis (SDS-PAGE). Analysis of transgenic plants by enzyme-linked
immunosorbent assay (ELISA), dot blot and western blot indicated that IFN_y protein is being
expressed in B. napus seeds and is as active as the standard IFN_y. Our results indicate that plant
seeds have tremendous potential for production of recombinant proteins as ‘natural bioreactors’.
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INTRODUCTION

Plant-based expression systems have attracted much
attention as alternative hosts for the production of recom-
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Abbreviations: ER, Endoplasmic reticulum; PCR, polymerase
chain reaction; SDS-PAGE, sodium  dodecylsulfate-
polyacrylamide gel electrophoresis; ELISA, enzyme-linked
immunosorbent assay; IFN_y, interferon gamma; IPTG,
isopropyl B-D-1-thiogalactopyranoside; Xgal, 5-bromo-4-chloro-
3-indolyl-beta-D-galactopyranoside; CaMV35S, cauliflower
mosaic virus 35S; GUS, B-glucuronidase; BAP, benzyla-
minopurine; IBA, indolebutyric acid; CTAB, cetyl trimethyl
ammonium bromide; DAB, diaminobenzidine; PTMs, post-
translational modification; TMB, 3, 3, 5, 5'-tetramethylbenzidine;
HRP, horseradish peroxidase; PBS, phosphate buffer saline;
NOS, nopalin synthase; NPTIl, neomycin phosphotransferase;
TSP, total soluble proteins.

binant proteins and peptides (Twyman et al., 2003).
Besides economic advantages, there are qualitative benefits
favouring the use of transgenic plants as factories for
producing recombinant proteins, in particular for phar-
maceutical proteins. Protein synthesis, secretion and
post-translational modifications have a lot of commonalities
in plant and animal cells (Fischer et al., 2000).

One important factor driving research in this field is
yield improvement because of its significant impact on
economic feasibility (Abranches et al., 2005). Some of
the strategies to increase recombinant protein yield in
plants include development of better expression cassettes,
improvement of protein stability and accumulation by
using specific subcellular targeting signals, and develop-
ment of downstream processing technologies (Menkhaus
et al.,, 2004). In this respect, seed-based platforms are
particularly interesting because they allow recombinant
proteins to stably accumulate at a relatively high
concentration in a compact biomass, which is beneficial



Table 1. Primers were designed for IFN_y gene amplification.
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Forward primer Additional seq | BamH |

Kozak seq

ATG seq 5’-CAGGACCCATATGTAAAAG-3’

Sacl

Backward primer | Additional seq

Stop codon

5-CTGGGATGCTCTTCG-3’

KDEL seq

for extraction and downstream processing (Stoger et al.,
2005). The desiccated environment in the mature seed
protects the stored proteins from degradation (Stoger et
al.,, 2002), and recombinant proteins remain stable and
active after storage at room temperature for more than
two years (Ma et al., 2003).

The endoplasmic reticulum (ER) provides an oxidizing
environment and a great deal of molecular chaperons,
with few proteases. These are probably the most
important factors which affect protein folding and
assembly (Nuttall et al., 2002).

As an example of a potentially useful pharmaceutical
protein, in this study we investigated the human interferon-
gamma (IFN_y ). IFN_y is a dimerized soluble cytokine
which is involved in the regulation of the immune and
inflammatory responses. IFN_y has antiviral, immuno-
regulatory, and anti-tumour features. It changes tran-
scription up to 30 genes producing a variety of
physiological and cellular responses (Schroder et al.,
2004). Traditionally, expression of recombinant IFN_y
has relied mainly upon microbial and mammalian cell
systems. Recombinant IFN_y expressed in these systems
exhibits different glycosylation profiles, leading to suscep-
tibility to proteolysis and shorter survival times in blood
(Chen et al., 2004). On the other hand, this involves high
production costs. Therefore, some research to eliminate
these restrictions and express IFN_y in plants have been
done. Chen et al (2004) demonstrated that the functional
therapeutic can be stably expressed in transgenic rice
suspension cells and exhibits biological properties similar
to the commercially available IFN_y. In another research,
the estimated level of IFN_y expression in tobacco
chloroplasts was found to be 0.1% of total soluble protein
(TSP) (Leelavathi and Reddy, 2003). Recently, Wu et al
(2009) reported that chicken IFN_y expression in tobacco
leaves was 0.02 to 0.04% of TSP. In this study, by using
a seed-specific expression cassette based on the seed
specific promoter and targeting the recombinant protein to
the ER, we endeavored to investigate the suitability of
plant seeds for the expression of recombinant IFN_y. We
witness successful expression of the human interferon
gamma in Brassica napus seeds.

MATERIALS AND METHODS
Plasmids and bacterial strains

The pGEM®-T Easy Vector (Promega) and Escherchia coli (TOP10F ")
were used for cloning and sequencing. The plasmid pBIl121
(Novagen) and Agrobacterium tumefaciens (LBA4404) were used
for plant transformation.

Amplification and cloning of IFN_y gene in TA vector

Human IFN_y gene cDNA has been isolated and cloned by
Moeenrezakhanlou et al. (2002) (Accession no. AF506749,
Genebank). For IFN_y gene amplification, appropriate primers were
designed with regard to Kozak over-expression sequence in the
forward and KDEL retention signal (based on plant codon usage) in
the reverse primer (Table 1). Polymerase chain reaction (PCR) was
performed in a total 25 pl final volume, using 2.5 mM of each
deoxyribonucleotide triphosphate (ANTPs), 10 pmol of each primer,
1.5 mM Mg? and 2.5 units of Taq DNA polymerase enzyme.
Thermocycler was programmed for one cycle at 95°C for 5 min,
followed by 25 cycles at 95°C for 1 min; 64 °C for 1 min; 72°C for 1
min and one cycle at 72°C for 10 min as a final extension. The
resulted band was purified using the agarose gel DNA extraction kit
(Roche). The purified IFN_y gene was cloned into the TA vector
and the transformed colonies were screened by selection on a
medium containing 100 mg/l ampicillin plus Isopropyl B-D-1-
thiogalactopyranoside (IPTG) and 5-bromo-4-chloro-3-indolyl-beta-
D-galactopyranoside (Xgal). Colony PCR was done on white
colonies with specific primers. The recombinant plasmids were
further analysed by sequencing (in both direction with M13F-pUC
and M13R-pUC standard primers). The sequencing results were
compared with other sequences deposited in the Genebank using
the BLAST software (Altschul et al., 1990) and ClustalW program
(Thompson et al., 1994).

Construction of seed expression cassette in plant binary
vector (pBI IFN_y)

The CaMV35S promoter was replaced by the Napin promoter in the
pBI121 binary vector. Napin is a promoter of major seed storage
protein in B. napus, making up 20 to 30% of total protein at seed
maturity (Barciszewski et al., 2000). GUS (B-glucuronidase) gene
was eliminated with BamHI and Sacl restriction enzymes and IFN_y
gene was subcloned in modified pBl121 vector with the same
enzymes. The presence and orientation of gene in recombinant
pBI121 (pBIIFN_y) were analysed by PCR and restriction enzyme
digestion. All recombinant DNA techniques (DNA digestion by
restriction endonucleases, T4-DNA ligase-madiated ligation, plasmid
preparation and growth of bacterial cultures) were performed
according to Sambrook and Russell (2001).

Agrobacterium-mediated transformation and regeneration of
Brassica plants

Seeds of B. napus (PF4570/91 cultivar) were surface sterilized with
2.5% (v/v) sodium hypochlorite by shaking for 15 min. The seeds
were washed 3 times in sterile distilled water and were germinated
aseptically on Murashige and Skoog (MS) medium (1962) in glass
bottles at 25°C in a 16 h light/8 h dark photoperiod. Plant trans-
formation and regeneration were performed after Moloney et al,
(1989). In brief, the 5-day old cotyledons were excised in such a
way that they included approximately 3 mm of petiole at the base.
Care was taken to eliminate the apical meristem which sometimes
adheres to the petioles. The excised cotyledons were placed on MS
medium containing 3% (w/v) sucrose and 0.7% (w/v) agar enriched
with 4.5 mg/l benzylaminopurine (BAP) as a cytokinine. Single
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colonies of the A. tumefaciens strain LBA4404 containing the
modified binary plasmid pBI IFN_y were grown overnight at 28°C in
lysogeny broth (LB) medium supplemented with 50 mg/l kanamycin.
Then, explants were inoculated with A. tumefaciens for 20 - 30 s
and the cultivation was continued on the same medium which
solidified with 8 g agar/l at 25°C in the dark. After 2 days of co-
cultivation, explants were transferred to the same medium containing
15 mg/l kanamycin (for selection of transgenic plant cells) and 200
mg/l cefotaxime (for elemination of Agrobacteria). Subculturing was
done at 10-15 day intervals and kanamycin concentration increased
up to 25 mg/l. Root development often started at this phase as well
and/or induced by transferring shoots to a fresh medium supple-
mented with 2 mg/l indolebutyric acid (IBA). Rooted plants were
transferred to perlite and acclimatized in a growth chamber, then
transferred to the greenhouse. Seed harvest was about 20 weeks
after transfer to soil.

Molecular analysis of transgenic plants (T0)
PCR

Total genomic DNA was extracted from leaves of putative trans-
formed and non-transformed Brassica plants by the cetyl trimethyl
ammonium bromide (CTAB) method as described by Murray and
Thompson (1980). PCR was performed by using IFN_y gene-
specific primers and amplified DNA fragments were electro-
phoretically separated on 1% agarose gel.

Sodium dodecylsulfate-polyacrylamide gel electrophoresis
(SDS-PAGE)

TSP were extracted from seed tissue of transformed and
nontransformed plants by grinding 0.1 g dry seeds in liquid nitrogen
and resuspended in 3 ml of extraction buffer (Tris-HCI 0.5 M,
Glycine 0.4 M, and 10% v/v Glycerol, pH 8.3). The insoluble debris
was removed by centrifugation at 10500 Xg (10000 rpm) for 20 min
at 4°C. The soluble seed protein was centrifuged one more time to
remove the remaining insoluble fractions (at the same speed for 15
min). The total soluble protein concentration in the supernatant was
estimated by Bradford protein assay using bovine serum albumin
as a standard. Extracted proteins were subjected to 12.5% SDS-
PAGE as described by Laemmli (1970) and visualized by Coomassie-
blue staining.

Enzyme-linked immunosorbent assay (ELISA)

Seed total proteins of transgenic and non-transformed plants were
prepared and coated onto the wells at the concentration of 10 g
per well. Wells were incubated at 37°C overnight and washed 3
times with phosphate buffer saline (PBS); 10 mM, pH 7.2 and
blocked with 4% (w/v) skim milk, washed, and added to 1:40 of
rabbit anti-IFN_y antibody and incubated for 2 h, washed, and
added to 3:5000 of mouse anti-rabbit labeled with horseradish
peroxidase (HRP). The wells were then incubated for 1 h at the
same temperature, washed and combined with 50 pl of substrate 3,
3', 5, 5'-tetramethylbenzidine (TMB) and incubated for 15 min. The
enzyme reaction was stopped using 50 pl of a 2 N HCI solution, and
optical density of reaction was read at 450 nm using an ELISA
reader.

Dot blot analysis

Seed total soluble proteins from two highly expressing TO transgenic
(T2 and T4, based on ELISA result) and non-transformed plants

were spotted onto a nitrocellulose membrane. The membrane was
blocked with 5% (w/v) skim milk with gentle shaking for 2 h,
followed by three 10 min washes with PBS. Incubation with rabbit
anti- IFN_y polyclonal antibody was done for 3 h at room temperature
(25°C), then washing with PBS was repeated three times.
Membrane was incubated with a secondary antibody labeled with
HRP for 1 h. Finally, color development of HRP was done by adding
the diaminobenzidine (DAB).

Immunoblot analysis

Seed TSP were separated on SDS-PAGE gel as mentioned above
and transferred from gel to nitrocellulose membrane in transfer
buffer at 14 mA for 30 min. After blotting, the rest of the process
was carried out as in dot blot.

RESULTS
Construction of binary vectors

PCR-amplified fragment (500 bp) was cloned into TA
vector. The authentic PCR fragment was sub cloned into
a plant binary vector (pBl121) and the resulting clones
and orientation of constructs were confirmed by PCR and
restriction enzyme digestion (Figure 1). In this construct,
the IFN_y gene with KDEL sequence in C-terminal was
located between the Napin promoter and Nopalin
synthase (NOS) terminator (Figure 2). This construct was
transferred to A. tumefaciens LBA4404 by the freeze and
thaw standard method (Héfgen and Willmitzer, 1988).

Cotyledon explants from PF cultivar of B. napus were
co-cultivated with the Agrobacterium strain carrying the
recombinant binary vector. Two to three times of sub-
culturing resulted in normal shoots that started to
elongate. Transformed shoots were first transferred to shoot
elongation medium (Figure 3) and then to MS medium
containing 2 mg/l IBA and 25 mg/l kanamycin. The
transgenic plants had about 29% regeneration frequency
in the medium containing 15 mg/l kanamycin.

Screening of the putative transformed plants

The transformed plants were initially selected by using
kanamycin. Later, total genomic DNA of putative trans-
genic (TO) and non-transgenic plants were analyzed for
presence of the gene by PCR using specific primers.
PCR amplification produced a fragment of 500 bp in the
transgenic plants, whereas no amplification was observed
in the control plants (Figure 4).

Analysis of protein expression by SDS-PAGE

Based on the kanamycin resistance and PCR amplification,
selected transgenic lines (T0) were used for SDS-PAGE
analysis. Total seed protein from wild-type and trans-
formed plants was loaded onto a SDS-PAGE gel. In the
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Figure 1. Amplification of the IFN_y gene and confirmation of cloning by restriction enzyme digestion.
a) Lane 1: Amplified IFN_y gene (500 bp); lane 2: 100 bp ladder. lane 3: negative control; b) lane 1:
100 bp ladder. lane 2: restriction enzyme analysis of the IFN_y gene by Sac/ and Smal digestion
(500bp).
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Figure 2. Schematic diagram of the T-DNA region in the binary vector pBl121 IFN_y. Nos pro,
nopaline synthase gene promoter; Nos ter, nopaline synthase gene terminator; nptll, coding sequence
of the neomycin phosphotransferase Il gene; IFN_y, human gamma interferon gene; KDEL, ER
retention signal; RB and LB, T-DNA right and left border, respectively.

Figure 3. Development and elongation of shoots after transformation. (a) Regeneration of green shoots from
cotyledon explants; (b) sample of regenerated shoots on shoot elongation medium; (c) sample of white
regenerated shoots on shoot elongation medium.
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Figure 4. PCR analysis of transgenic plants T1, T2, T3, T4 and
T5. Transformed plants (500 bp). C+: positive control (pBI
IFN_y plasmid). M: 1 kb ladder. WT: wild type plant.
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Figure 5. ELISA results of seed total soluble protein containing
IFN_y at OD 450 nm. The results were expressed as optical
density (OD). T1, T2, T3, T4, T5, Transgenic plants; WT: wild
type plant.

protein extracts of some seed stocks, a new band was
detected but not the same band observed in the wild-type
plants. The mentioned band had an expected molecular
mass of 18 kDa (data not shown).

ELISA analysis

The reactivity of transgenic seed proteins with anti- IFN_y
polyclonal antibody was tested by using ELISA. Test
results indicated that IFN_y protein is expressed such
that the difference in optical densities in the case of some

C+ WT T4 T2

Figure 6. The result of dot blotting of transgenic plants (T2 and
T4), wild-type plant (WT) and Imukin (C+).
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Figure 7. Immunological detection of IFN_y with
anti-IFN_y antibody. Wild-type plant (WT),
transgenic plants (T) and positive control (C+).

transgenic extracts (T1, T2 and T4) is higher than that of
wild type plant. Line T2 showed significant difference
compare to other samples. T3 and T5 extracts were the
same as wild type plants (Figure 5).

Detection of IFN_y by dot and western blotting

Some TO lines (T2 and T4) were further tested for the
detection of IFN_y protein by dot and western blot analysis,
using rabbit anti-IFN_y polyclonal antibody. Imukin
(interferon gamma-1b) was used as positive control (C+).
Comparison of dot blot results in transgenic and wild-
type plants confirmed the expression of the IFN_y protein
(Figure 6). Proteins extracted from the putative trans-
genic plants were separated on 12.5% SDS-PAGE gel.
As seen in Figure 7, a band corresponding to a molecular
mass of standard IFN_y was recognized by anti-IFN_y
antibody in transformed plant (T2) but anti- IFN_y antibody
did not recognize any protein from wild-type total seed
protein.

DISCUSSION

The present study was performed in order to investigate



whether IFN_y protein could be successfully expressed in
a plant seed system. Due to the importance of subcellular
localization and N-glycosylation on the stability, correct
folding, and biological activity of recombinant proteins, we
targeted IFN_y protein away from the cytosol to the more
favourable environment of the endoplasmic reticulum by
adding the tetrapeptide KDEL.

Several reports indicated that the KDEL retention
signal, recognized by a salvage receptor, was probably
well exposed (Tang et al., 1994), hence enabling the
scFv antibody to be retained in the ER. Compared with
the plants expressing the secreted scFv, the retention in
the ER resulted in a 100-fold increase in the amount of
detectable scFv antibody. It seems that the high level of
scFv antibody accumulation is because of its strict
localization in the ER and consequently is protected from
proteolytic activity (Schouten et al., 1996). On the other
hand, to inhibit some undesirable plant-specific post-
translational modification (PTMs), one strategy to prevent
the addition of immunogenic glycans to PMPs involves
the storage of the therapeutic protein within the ER, that
is, upstream of the golgi cisternae where immunogenic
glyco-epitopes are added to plant N-glycans (Gomord
and Faye, 2004).

Because of the importance of these factors, the construct
containing human IFN_y gene was prepared and cloned
in common plant expression vector (pBl121 IFN_y).
Given that major expression studies normally use the
CaMV35S promoter for stable expression of recombinant
proteins, we used a seed specific promoter and constructed
a seed expression cassette containing Napin promoter,
Kozak sequence, start codon, IFN_y sequence, KDEL,
stop codon, NOS terminator and nptll (neomycin phos-
photransferase) gene in T-DNA which was used in order
to perform agrobacterium-mediated transformation of
Brassica plants. Our results show that a Napin gene
promoter of Brassica can be used to express recom-
binant proteins in seed. Expression of recombinant IFN_y
in transgenic seeds was detected by SDS-PAGE, ELISA,
dot blot and confirmed by western blot analyses, however
transgenic lines differed concerning the level of protein
expression. This difference in the IFN_y expression may be
due to the difference in the position of the gene in plant
genome or different copy numbers of transferred gene. In
some transformed plants, the protein expression was not
seen even though IFN_y gene was detected by PCR
analysis. One reason may be that the level of expression
of recombinant protein had been less than the detection
threshold of the aforementioned techniques. The second
reason may be due to comparatively short half life of
IFN_y protein (Leelavathi and Reddy, 2003). The third
explanation can be a recombinant event within T-DNA,
which has altered IFN_y gene structure and has prevented
its expression (Prasad et al., 2004). Western blot result
shows that the conformation of plant-made IFN_y protein
is correctly achieved. The results demon-strated that the
Brassica seeds would be the choice for production of
recombinant proteins; low costs of seed production and
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compatibility with exising agricultural processing procedures
make it an attractive alternative to bacterial and yeast
fermentation system. However, more studies should be
conducted in order to optimize IFN_y production in plants
and the extraction/ purification protocols which have a
substantial influence on final yields.
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