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ABSTRACT. Plant molecular farming (PMF) is an important growing prospective approach in plant
biotechnology; it includes production of recombinant pharmaceutical and industrial proteins in large
quantities from engineered plants. Elastin is a major protein component of tissues that require elasticity,
it helps keep skin smooth as it stretches to allow normal. Elastin is used as a raw material for the
cosmetic industry. In this work, we aimed to use plant as a bioreactor for the expression and production
of the full human tropoelastin protein. Agrobacterium- mediated transient expression system into
Nicotiana tabacum using syringe agroinfiltration was used to provide fast and convenient way to produce
recombinant proteins with greater expression overall the plant leaf. This study aimed to establish an
efficient and rapid system for transiently expression and production of human recombinant tropoelastin
protein in transgenic N. tabacum plants. Modified elastin (ELN) gene was biosynthesized and cloned into
pCambia1390 vector to be used into N. tabacum agroinfilteration. Optimization of codon usage for the
human tropoelastin gene, without changing the primary structure of the protein was carried out to ensure
high expression in tobacco plants. The obtained data proved that the 5th day post-infiltration is the
optimum interval to obtain the maximum production of our recombinant protein. Southern blot analysis
was able to detect 2175 bp fragment length representing the ELN orf (open reding frame). On the other
hand, ELN -expression within plant’s tissue was visualized by RT-PCR during the period 3–10 days post
agroinfiltration. At the protein level, western and ELISA confirmed the expression of recombinant
tropoelastin protein. Western blot analysis detected the tropoelastin protein as parent band at »70 kDa
from freshly extracted protein, while two degraded bands of»55 and»45 kDa, representing a pattern of
tropoelastin were appeared with frozen samples. This study showed that biosynthetic ELN gene was
successfully expressed intoN. tabacum leaves using agroinfiltration technique.

KEYWORDS. agroinfiltration, ELN, ELISA, hTE, Molecular farming, transient expression,
tropoelastin, western blot

*Correspondence to: Naglaa A Abdallah; Email: naglaa_a@hotmail.com
Received February 5, 2015; Revised February 26, 2015; Accepted March 1, 2015.
Color versions of one or more of the figures in the article can be found online at www.tandfonline.com/

kgmc.

54

GM Crops & Food, 6:54–62, 2015
� 2015 Taylor & Francis Group, LLC
ISSN: 2164-5698 print / 2164-5701 online
DOI: 10.1080/21645698.2015.1026524



INTRODUCTION

Plants are able to be used as bioreactor by
producing full functional, biologically active
recombinant proteins. They provide low-cost,
large-scale production platform of recombinant
industrial and pharmaceutical proteins
(Hefferon, 2012). This began with the produc-
tion of the human serum albumin from tobacco
and potato plants (Sijmons et al., 1990), and
led to production of several proteins from
plants including; antibodies, vaccines, peptides,
and enzymes (Ko, 2014; Donini et al., 2005;
Aboul-Ata et al., 2014). Moreover, plants uti-
lize eukaryotic endomembrane system which is
similar to mammalian cells, this allows proper
post-translational modification of proteins
including glycosylation and the assembly of
multiple-subunit proteins. This ability puts
molecular farming technology ahead of those
based on prokaryotic systems, such as bacteria
(Demain and Vaishnav, 2009).

Agrobacterium-mediated transient expres-
sion offers many advantages over other trans-
formation systems. It ensures scalable, fast
gene expression without chromosomal integra-
tion or position effect (Demain and Vaishnav,
2009). Transient expression via agroinfiltration
offers an easy, simple, and effective procedure
to obtain high level of protein accumulation
few days post-infiltration (Sparkes et al.,
2006). Agroinfiltration could be done either by
using syringe or vacuum infiltration. The ease
in using syringe infiltration made it the method
of choice in agroinfilteration (Shamloul et al.,
2014). Many plants utilized its efficiency in
agroinfiltration, however tobacco plant is well-
suited production system for recombinant pro-
teins and most common used as its non-food,
non-feed crop with no risk of contamination
with neither human nor animal food chain. In
addition, it has pulpy thin dermis leaves which
are very adapted for agroinfiltration procedures
(Rymerson et al., 2002). Tobacco has a high
biomass yield and as the expression platform is
based on leaves, harvesting occurs prior to
flowering minimize the possibility of gene flow
into the environment. Most importantly,
tobacco is a non-food, non-feed crop, which

minimizes regulatory barriers by eliminating
the risk of plant-made recombinant proteins
entering the food supply (Rymerson et al.,
2002; Twyman et al., 2003).

Elastin is the main protein that plays an
important role in formation of elastic fibers that
presents in skin, lungs and other connective tis-
sues (Rosenbloom et al., 1993). Elastic fibers
provide tissues with the required resilience and
elasticity. Tropoelastin is 60–72 KDa soluble
precursor of elastin that is encoded by ELN
gene located on chromosome 7 at position
11.23. It is divided into two domains; hydro-
philic domains which is characterized by their
high lysine and alanine residues where the
cross linking occurs, as well as hydrophobic
domains which rich in the non-polar residues
glycine, valine and proline (Wise and Weiss,
2009).

During perinatal development, the elasto-
genic cells produce tropoelastin protein which
is moved out to the cell surface by elasitn-bind-
ing protein (EBP). the protein molecules then
aggregate and are settled onto the microfibrils
and get cross-linked by the copper-requiring
lysyl oxidase enzymes. Multiple processes of
cross-linking result in the mature insoluble
elastic fibers (Nivison-Smith and Weiss, 2011).
Serious diseases such as cutis laxa (CL) and
supravalvular aortic stenosis (SVAS) are asso-
ciated with deficiency ELN gene or degradation
of elastin protein. On the other hand, aging and
injuries damage are associated with losing of
elastin and consequently losing of cell elasticity
(Rnjak et al., 2011; Metcalfe et al., 2000).

In this study, we used agroinfiltration in
Nicotiana tabacum plants for transiently
express the ELN gene and to evaluate the effi-
ciency of this technique as plant-based expres-
sion system for industrial products.

RESULTS

Optimizing the Codon Usage of the ELN
Gene for Plant Expression

As the native human ELN gene employs tan-
dem rare codons can reduce the efficiency of
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translation or even disengage the translational
machinery, therefore, the codon usage bias in
Arabidopsis thaliana was used by upgrading
the codon adoption index (CAI) from 0.70 to
0.88. The GC content and unfavourable peaks
have been optimized to prolong the half-life of
the mRNA. The Stem-Loop structures, which
impact ribosomal binding and stability of
mRNA, were broken. In addition, negative cis-
acting sites were screened and successfully
modified. The modified sequence was submit-
ted to GenBank (KP699575).

Construction of Plant Expression Vectors

The 2175 bp-ELN orf was excised from
pUC57-ELN by digesting with both EcoRI
and BglII and subcloned into modified pCam-
bia1390-35S binary vector in the correspond-
ing sites and under the control of 35S-
promoter (Fig. 1). The transformed colonies
were confirmed with restriction digestion.
The recombinant plasmid pCambia-ELN was
extracted from the selected colony and conse-
quently was transformed into Agrobacterium
to carry out agroinfilteration experiments.

MOLECULAR ANALYSIS

Southern Blot Analysis

Genomic DNA from the agroinfilterated
plants were extracted and digested with both
EcoRI/BglII and subjected to Southern blot
analysis. Results showed that the synthetic
ELN orf was successfully transformed into N.
tabacum leaves using agroinfiltration. The

presence of amplified fragment with the
expected size (2175 bp) indicates that the gene
was successfully transformed into Nicotiana
tabacum leaves via agroinfiltration. Higher
molecular weight fragments were visualized
due to partial digestion of some DNA of the
samples. The digested recombinant vector
pUC57-ELN was used as positive control and
resulted in the same size band while the un-
infiltrated leaves were used as negative control
(Fig. 2).

RT-PCR

Transcription of the ELN gene was con-
firmed using RT-PCR. The extracted RNA
samples from infiltrated N. tabacum leaves
were subjected to reverse transcription-PCR
(RT-PCR) analysis using ELN specific primers
to amplify the core region of the gene. The RT-
PCR amplified fragment of »800 bp indicated
that all the infiltrated leaves with pCambi-ELN
clearly exhibited the transcription of the ELN
gene as shown in Figure 3. While, un-infil-
trated leaves showed negative results.

ELISA

Direct ELISA test was performed to test the
expression of recombinant tropoelastin protein
in total soluble proteins extracted from infil-
trated plants. The antigen was used once as a
crude lysate. The samples were coated in
microtiter 96-well ELISA plate then identified
with anti-tropoelastin serum followed by anti-
rabbit conjugate.

FIGURE 1. Physical maps of the binary vectors pCambia-ELN used for Agroinfilteration-transfor-
mation (ELN: elastin gene, P35S: 35S promoter, TNOS : NOS terminator, T35S : 35S terminator,
Hyg: hygromycin resistance gene, RB: right border, LB: left border).
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As shown in Figure 4, ELISA values were
expressed as the mean absorbance at wavelength
(λ D 630A�). Compared to negative control
(C¡), the S3, S5, S7 and S10 infiltrated samples
showed positive result after 15 min and 30 min
of read time. The highest expression level of
ELN gene within N. tabacum leaves was
obtained at the fifth day post-infiltration fol-
lowed by descending in expression level at 7th

and 10th days post-infiltration.

Western Blot Analysis

Western blot was performed to confirm
the production of the human recombinant

tropoelastin protein within plant’s tissue. Total
protein was extracted from infiltrated plants
and subjected resolved on SDS-PAGE (10%)
and then transferred on to nitrocellulose mem-
brane and probed with tropoelastin antibody to
detect the expression of the tropoelastin pro-
tein. Total protein from collected leaves was
either used directly or was storing at -80 until
used. Fresh cut leaves gave the expected blotted
band of tropoelastin at »70 kDA for plant sam-
ples number 3 and 5 and their 1/10 dilution,
while stored samples showed the two degraded
forms of tropoelastin at »55 and »40 kDA
(Fig. 5A and B, respectively). As anticipated it
showed no reactivity with un-infiltrate d plants
which was used as negative control.

FIGURE 2. Southern blot results using ELN probe for the total DNA of ELN-infiltrated tobacco
leaves after digestion with EcoRI and BglII. Lanes 3, 5, 7 and 10: ELN-infiltrated plants, Cve:
digested plasmid pUC57-ELN used as a positive control, -ve: negative control un-infiltrated plant,
M: 1Kb ladder DNA marker.

FIGURE 3. RT-PCR results of ELN-infiltrated Nicotiana leaves using ELN primers. for the RNAs
extracted from using EL-F&EL-R primers. RT-PCR from leaves of infiltrated samples No. 3, 5, 7,
and 10 days amplified » 800 bp fragment, –ve represents not infiltrated plant used as negative
control, M: 1kb ladder DNA molecular marker.
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DISCUSSION

During the last decade, significant progresses
have been made in the development of novel
transient expression platforms to produce
industrial and pharmaceutical proteins from
plants. These technologies allowed us to pro-
duce high amounts of recombinant proteins
within few weeks (Schipperus et al., 2009). In
case of tropoelastin protein, by the use of tran-
sient expression system based on syringe agro-
infiltration through pCambia1390-35S binary
vector, we was able to adapt the system to

produce human tropoelastin (hTE) protein in
Nicotiana tabacum plant in a reduced period of
time. This protein is similar to that produced by
microbial fermentation (Indik et al., 1990).

In general, many studies have been
employed to produce elastin like polypeptides
(ELPs) based on peptide synthesis whose
in vivo biocompatibility is not known yet. This
problem was overcame by using recombinant
DNA technologies (Schipperus et al., 2009).
However many attempts have been carried out
to produce elastin sequence-containing proteins
(Floss et al., 2010), our research is the first

FIGURE 4. ELISA reading values showing protein expression level over time intervals post inocula-
tion, measurements were taken after 15 and 30 min respectively. “0” represents negative control.

FIGURE 5. Western blot analysis for ELN-infiltrated into tobacco leaves, (A) from fresh prepared
protein for infiltrated plant No. 3 and 5 and their dilutions (3’ &5’) and B. for stored protein from
plants No 3, 5, 7, & 10 showing additional two degraded bands at »55 and »45 kDa. –ve: un-infil-
terated plant used as negative control, M: represents Page ruler plus pre-stained protein ladder.
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time to express and produce full human tropoe-
lastin protein (hTE) from plant cells.

In this work, Nicotiana tabacum has been
selected as a host for expressing of the ELN
because of the relative ease of production of
transgenic plants among the Solanaceae, partic-
ularly (Pen et al., 1993; Komarova, 2010).
Nicotiana tabacum plant proved to be the opti-
mal widely used plants whose leaves are ideal
for agroinfiltration procedures (Komarova,
2010). The sequence of the Homo sapiens elas-
tin gene was used as a template biosynthesize a
modified gene with a good expression into coe-
taneous plants by upgrading the codon adoption
index (CAI) from 0.70 to 0.88.

The Agrobacterium-mediated transient
expression system based on agroinfiltration
was successfully used in this work and we were
able to detect the expression of the synthetic
gene in a very short time starting from 48 hr
and it can persist for 10 days. To ensure the
expression of the ELN gene in the infiltrated
plants, compliance and authentic protocols
were needed. For nucleic acid based protocols,
Southern blot analysis and RT-PCR were used.
While, for protein based detection, polyclonal
antibodies was used in ELISA and western blot
analysis.

Southern blot analysis and RT- PCR screen-
ing confirmed the presence and expression of
ELN gene in DNA of tobacco leaves as they
gave a positive results at 3rd day, 5th, 7th and
10th day post infiltration. This is in consistent
with the a previous studies carried out by Ben-
Amar et al., (2013) where they used agro-infil-
tration system for transient gene expression in
grapevine (Vitis spp.).

Screening with direct ELISA was used to
ensure the expression of the transgene. By
using anti-tropoelastin serum, results revealed
that maximum expression of tropoelastin pro-
tein was obtained 5 days post-infiltration (d.p.
i), while the expression peak appeared at the 7th

d.p.i with a decrease at the 10th day post-infil-
tration. Therefore, we are recommending to
purify the recombinant protein from infiltrated
leaves at 5th day post-infiltration to obtain the
maximum of recombinant protein production.

Also, the production of HIV-1 Nef antigen
from Nicotiana benthamian leaves was

successfully detected via ELISA test (Circelli
et al., 2010).

Western blot analysis was also carried out
using anti-tropoelastin serum. The obtained
results revealed the presence of one parent
with fresh prepared protein band and two
degraded bands (»55- and »45 kDa) with
stored protein (Chen et al., 2005; Pellicoro
et al., 2012). The first band at »70 kDa rep-
resents the recombinant tropoelastin protein
while the other two bands at represent the
degraded form of the protein. This degrada-
tion may happen due to proteolytic activity
in the extracted protein. Although tobacco is
very convenient for a variety of proof-of-
concept experiments, it may not be the ideal
host because their vegetative tissue consists
of over 90% water and this may result in
increasing the activity of the proteolysis.
Also, Liu et al. (2014) and Indik et al.
(1990) were successfully produced the
recombinant tropoelastin using microbial fer-
mentation at »70 kDa on SDS-PAGE and
immunoblots.

MATERIAL AND METHODS

Plant Material

Nicotiana tabacum seeds were grown in
greenhouse. Seedling and germination of N.
tabacum plants were carried out under artificial
illumination (16h light/ 8h dark cycle) at a con-
stant temperature of 25�C. For all agroinfiltera-
tion experiments, 6- to 8-weeks-old N. tabacum
plants were used.

Biosynthesis of the ELN Gene

Homo sapiens elastin (NM_000501) was
used as a template to biosynthesize the modi-
fied ELN gene. The restriction sites for EcoRI
and BglII were added to the 50 and 30 ends of
the gene, respectively. Codon usage was opti-
mized and the gene synthesis was done by Gen-
script Inc. The 2175 bp-ELN fragment was
cloned into pUC57 vector to facilitate gene
subcloning into plant expression vector.
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Construction of Plant Expression Vectors

The 2175 bp-ELN orf was excised from
pUC57-ELN by digesting with both EcoRI and
BglII and subcloned into pCambia1390-35S
binary vector (modified from pCambia1390 by
adding an addition 35S-promoter) in the corre-
sponding sites and under the control of 35S-
promoter (Figure 1). The transformed colonies
were confirmed by restriction digestion. The
recombinant plasmid pCambia-ELN was
extracted from the selected colony and conse-
quently was transformed into Agrobacterium to
carry out agroinfilteration experiments.

Agroinfiltration of Plant Leaves

The pCambia-ELN construct was
transformed into Agrobacterium strain
GV3101. (Koncz et al., 1989) using electropo-
ration technique (Sukharev et al., 1992) at
2.5 kV, 25 mF and 400 V. The transformed
cells were plated on LB agar medium contain-
ing 50 mg/ml kanamycin and 50 mg/ml
streptomycin.

Agroinfilteration was used for transient
expression in N. tabacum with Agrobacterium
strains as previously described (Yang et al.,
2000). One hundred microlitres of transformed
Agrobacterium frozen cells stock was inocu-
lated in 5 ml LB broth supplemented with
50 mg/ml streptomycin and 50 mg/ml kanamy-
cin. The culture was incubated at 28�C at 210
rmp shaking for overnight. Five hundred micro-
litre (ml) was used to inoculate 50 ml of LB
medium. The cultural cells were incubated at
28�C shaking at 210 rpm until the culture had
reached an O.D.600 D 0.6. The cells were har-
vested by centrifugation at 6000 rpm and resus-
pended in 50 ml MES buffer (10 mMMES; pH
5.5, 10mM MgCl2). This mixture was
incubated for 2 hours at room temperature with
100 mM acetosyringone. The leaves 6- to 8-
weeks old N. tabacum were pressure injected
into the lower epidermis of the leaf through
3 ml disposable syringe. After infiltration, the
plants were maintained for 10 days post-infil-
tration in a controlled growth chamber at 25 �C
with a 16-h photoperiod. To avoid variability,

leaves and location on the leaf, comparably-
sized leaves for each plant of similar age were
agro-infiltrated for each experiment.

Southern Blot Analysis

The individual agroinfiltrated leave with
the pCambia-ELN was harvested at different
time-intervals; 3, 5, 7 and 10 days post-infil-
tration, in addition to un-infiltrated plant was
used as a control plant. DNA of infiltrated
leaves was extracted by DNeasy Plant DNA
mini kit, QIAGEN and fragmented by endo-
nuclease enzyme; EcoRI. The recombinant
ELN-orf released from pUC57-ELN was used
as a probe. Labeling and detection were car-
ried out using Biotin Deca Label DNA Lab-
eling Kit, ThermoScientific and Biotin
chromogenic Detection kit, ThermoScientific,
respectively.

Detection of Chimeric Gene by RT-PCR

Total RNA was extracted from agroinfil-
trated leaves using illustra RNAspin mini
kit, GE healthcare. Oligonucleotides pair at
the core region was designed to detect the
presence of ELN gene at the core region;
TE-F: 50-CAGGAGTTTACCCTGGTGGA-30,
and TE-R: 50-GTATTCCACCCACAC-
CAAC-30). One step RT-PCR was carried
out according to manufacturer instructions
using SuperScript�III with Platinum� Taq
DNA Polymerase. The reaction was resulted
in the expected 805 bp-fragment of the core
region of the gene.

Enzyme Linked Immuno Sorbent Assay
(ELISA)

Direct ELISA protocol was carried out to
confirm the expression of the transgene after
agroinfilteration. Total proteins were extracted
using ELISA-extraction buffer (2% PVP, 0.02
MNa2SO3). 96-well ELISA plates were coated
with 200 ml antigen; total soluble protein and
then were incubated at 4�C for overnight. On
the next day, plates were washed with washing
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buffer three times for 5 min each. The remain-
ing protein-binding sites were blocked by add-
ing 200 ml blocking buffer (PBS-Tween 20,
4% low-fat milk) and incubated for 2 hr at
room temperature. After washing with PBS C
tween 20, the anti-tropoelastin antibody was
diluted by 1:1000 in blocking buffer and
200 ml was added each well. The plate was
incubated in a humid chamber at 37�C for 3 hr.
Then the plate was decanted and washed three
times for 5 min each. 200 ml of the substrate
buffer (0.2 g (NaN3), 97 ml diethanolamine,
600 ml H2O) was added to the plate and was
incubated at room temperature until the color
develops. Finally, absorbencies were read at
630 nm wavelength each 15 min in an auto-
mated ELISA reader.

Western Blot Analyses

Plant leaves were harvested and then grinded
in liquid nitrogen. Total proteins were extracted
using SDS-extraction buffer (2% SDS, 0.1%
bromopheol blue, 10% glycerol), and the
extracts were clarified by centrifugation at
14,000 g for 20 min at 4�C. Supernatants were
transferred to fresh tubes, and the protein con-
tent was determined (Bradford 1976). Total pro-
teins (40 mg) were separated by SDS-PAGE
and then transferred onto polyvinylidene
difluoride (PVDF) membranes. Polyvinylidene
difluoride membranes were blocked for at least
2 h and then probed with rabbit anti-tropoelastin
in a 1:500 dilution. After extensive washing, the
membrane was incubated with the appropriate
secondary antibody in a 1:5000 dilution and
then was conjugated to alkaline phosphatase.
BCIP/NBT (Amresco) was used for
immunodetection.

CONCLUSION

A successful expression of the biosynthetic
human elastin via agroinfilteration into Nicoti-
ana tabacum was achieved in the present study.
However, variation in protein expression was
observed with different time post infiltration.
Also, fresh extracted protein is recommended

for purifying the expressed protein to avoid
degradation by the proteolytic enzymes.
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