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ABSTRACT:

There is a crucial need for a low cost, non-biohazard horizontal gene transfer method in
avian to produce enhanced genetic traits. The delivery of recombinant DNA into hen's
tissues has been confirmed for practical use to promote the desired productive features.
But still has several limitations such as expense, and the requirement of specialized
devices for manufacture. Therefore, a low cost and calcium phosphate tool was devised,
and its efficiency was tested by its direct exposure to DNase. Thus, to investigate the
stability of the injected DNA through this method, hens were used as biomarkers in this
study. Twenty mature hens were randomly chosen. They were directly injected by
calcium phosphate — DNA and naked DNA methods. Then, blood samples were
withdrawn after one day, three days, and one week of injection. DNA samples were
extracted from blood in each case. Afterwards, both methods of direct gene injection
were compared using polymerase chain reaction to explore the persistability of injected
DNA in both cases. Though the naked DNA has initially shown much more penetration
compared with its calcium phosphate counterpart, the later method has shown more
stability in vivo. Nevertheless, both in vivo injection methods aren’t practical enough for
long term in vivo gene expression.
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INTRODUCTION:

Direct gene delivery in vivo is a
promising alternative route for in vitro
transfection techniques, as it would allow
sustained expression of the desired gene
(Roy et al., 2003). Viral gene delivery
systems exposed to several problems,
such as the high difficulty of viral gene
vehicles production (Wall, 2002), acute
inflammatory response that exhibits the
limited prospects  for repeated
administration (Ponder, 2001.), and the
significant  post-injection  biohazard
(Cornetta et al., 1991). The method of
DNA delivery by calcium phosphate
plays a key role in several biomedical
applications, and it's very important that
the interaction of calcium phosphate with
biological systems should be clearly
understood for  accomplishing a
successful gene delivery approach
(Houdebine, 2003). Hence, the demand
for non-viral gene delivery systems
increased. Calcium phosphate was first
reported in 1973 for DNA condensation
to increase the transfection efficiency
with easy preparation (Graham et al.,
1973).  The  calcium  phosphate
nanoparticles are cheap, safe and
significant as compared to viral gene
delivery system (Ardekani et al., 2014).
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Calcium phosphate has been used for
many years as a DNA delivery system
(Wigler et al., 1977). Calcium phosphate
nanoparticles have been shown to be a
lesser irritant than the macroparticles,
and they have many advantages over
organic ones, such as better keeping
quality and also being inexpensive
(Tamuly and Saxena, 2012). The area of
nanoparticles of inorganic compounds
has assumed great significance in
entrapping biomolecules in veterinary
and medical sciences (Roy et al., 2003).

These nanoparticles have found their
way in a number of biomedical
applications such as gene therapy,
adjuvants and drug-delivery systems
(Joyappa et al., 2009; Cui and Mumper,
2003; He et al, 2002). The exact
mechanism of action of calcium
phosphate nanoparticles as an adjuvant is
not clear; however it is believed that the
calcium phosphate — exogenous DNA
mix settles onto the cells and some of the
particles are taken up by endocytosis
(Jordan et al., 1996).

In contrast to several gene delivery
routes, the calcium phosphate
nanoparticles do not stimulate site-
specific reaction upon intramuscular
injection, and as long as hens have long
held promise as a low-cost, high-yield
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bioreactor for the production of human
biopharmaceuticals in egg whites using
genetic engineering (Harvey and Ivarie,
2003), the injection methods were
focused on these types of animals
(Esmaeilzadeh and Farhadi, 2011).
Although calcium phosphate transfection
method is highly recommended method
for transfection of cells growing in tissue
culture (Kingston, 2003), it entails the
presence of high cost devices that aid in
the process of calcium phosphate
nanoparticles construction, such as CO2
incubators and several others cost
effective tissue culture equipment.
Therefore, a new and simplified mix of
calcium phosphate was devised. In
which, no sophisticated instrumentation
and accessories were recruited to
contrast this DNA  accompanying
nanoparticles. Add to that, this simplified
mix was tested in vivo to evaluate its
efficiency after injection.

The efficiency of calcium phosphate
method of DNA delivery in vivo was
focused on in term of its validity in
comparison with its corresponding naked
DNA delivery route. Nevertheless, the
first goal of the present study was to
determine to what extent whether a
coprecipitates of DNA with a simplified
calcium phosphate nanoparticles is an
efficient tool to inject DNA in vivo in
comparison with naked DNA injection.
The second goal of this study is to
examine the in vivo linearity of the
directly injected intramuscular DNA in
both cases.

MATERIALS AND METHODS :
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Experimental animals. The mature hens
(Gallus domesticus) that used in this
study were raised in department of
animal resources — college of agriculture
— Al-Qasim Green University. All
chickens were given a standard cornsoy
broiler feed and water ad libitum.
Calcium phosphate DNA transfection
mix preparation. Calcium phosphate
transfection mixture was prepared
according to Sambrook and Rushell
(2001) with modifications. Briefly, two
transfection tubes were prepared; the
transfection tube No.1 (18ul 2M CaCl2
dissolved in  150ul D.W.), and
transfection tube No. 2 (150l 2X Hepes
Buffered Saline).

Calcium phosphate DNA transfection
mix evaluation. The exogenous DNA
entrapment within calcium phosphate
nanoparticles was tested by exposing the
resulting mix for variable time intervals
into DNase (Cat # BS88253, Biobasic —
Canada). The exposed amount of the
entrapped DNA was equal to the amount
of DNase (1 unit of DNase for each one
microgram of DNA). The DNase
exposed mix was incubated at 37°.
Several aliquots were made after each 5
min exposure to DNase treatment. Once
degradation to DNase was finished, the
resulting mixture was incubated at 65°C
for 15min to inactivate DNase activity.
Each aliquot was electrophoresed on a
prestained (1%) agarose gel unit (Cat.
No ON-MS, Mupid — Japan).

Direct DNA injection. The exogenous
DNA (gWizGFP vector) was purchased
from Aldevron (Cat No. 5006 — USA).
Small amounts of the transgene (only
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10pg in each injection) were used since
high concentration of DNA results into
lower transfection efficiency (Welzel et
al., 2004). Hens were divided into two
sections; the first section (No. 1 into No.
10) was injected with 10ug naked
transgene treatment, while the second
section (No. 11 into No. 20) was injected
with  calcium phosphate — 10ug
transgene conjugation treatment. In the
case of naked DNA injection, the
gWizGFP vector was diluted into 500ul
with D.W. and injected intramuscularly
into each animal of section one using he
commercially available 1ml insulin
syringe. Whereas in the case of calcium
phosphate — DNA conjugate, the
gWizGFP vector was added into
transfection tube No. 1. Then,
transfection tube No. 1 solution was very
slowly added into transfection tube No. 2
solution until it depleted. Afterward, the
mixture was incubated for 30 min at
room temperature. Using the same
intramuscular naked DNA injection
mechanism, calcium phosphate —
transgene conjugate was injected through
Iml insulin syringe into the hens section
2 (numbered from 11 into 20).

Blood samples collection. After one day
(24hr), three days (72hr), and one week
of the transgene injection of the two
sections, about 1ml blood samples were
collected from the wing vein for each
injected animal and placed in
anticoagulant (EDTA) tubes. Samples
were stored in 4°C overnight until DNA
isolation.

Genomic DNA isolation. DNA was
isolated from blood by Gnomic DNA
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mini kit (lot No. JM36410, Geneaid —
Taiwan). Then, the concentration and
purity of the isolated DNA was assessed
by nanodrop (part No. 80-3006-51,
Biodrop - UK). The DNA was stored
under -20°C until submitting genomic
DNA samples to PCR expermins.

Polymerase chain reaction. To check the
presence of the injected recombinant
DNA PCR experiments were performed.
Two specific primers for the transgene
green fluorescent protein (GFP) in gWiz-
GFP vector were designed according to a
free  internet  software  program
(http://genamics.com). In which, the
length of amplicons was 364 bp, which
was extended within the open reading
frame of the GFP transgene. After
designing was done, forward primer (5"—
CCATGCCCGAAGGTTATGTA -3)
and reverse primer (5"-
GAAAGGGCAGATTGTGTGGA -3")
were ordered from Bioneer — Korea.
PCR reaction was conducted by adding
30 — 50 ng of template DNA and
10pmole of both forward and reverse
primers were added into the PCR premix
(Cat. No. K-2012, Bioneer — Korea).
PCR reaction program was set as the
following: step one; initial denaturation
95°C for 5min, step two; (denaturation
95°C for 30 sec, annealing 52°C for 60
sec, polymerization 75°C for 30 sec) x 3,
step three; final extension 75°C for 1 min
in gradient PCR thermocycler (part No.
6325 000.510, master cycler-nexus,
Eppendorf — Germany). The amplicons
were electrophoresed on  ethidium
bromide pre-stained 1.5% agarose gel.
Agarose gel were photographed in gel
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image photodocumentation unit (Cat No.
170-8280, ChemiDoc system, Bio-Rad —
USA).

RESULTS AND DISCUSSION :

The longevity of a simplified
method of DNA entrapment into calcium
phosphate was evaluated - in
comparison with naked DNA injection
method — through PCR technique using
hens as bioreactors. In this method, no
special techniques and accessories were
used in the mixing of the transfection
tubes. However, this easy to make
calcium phosphate transfection mix has
manifested a significant protection for
hens genomic DNA against the
aggression of DNase activity for the first
20min (Fig. 1). However, the charge of
the DNA interacted with calcium
phosphate  was  neutralized.  This
obviously related with the counteracting

positive charges for some these non-viral
compounds. This, in turn, refers to the
reactivity of these compounds with
regard to DNA entrapments within this
sort of nanoparticles. In addition to
calcium phosphate kit, there are several
manufactured peptides which have
potential ability to play crucial role in
this approach (Shwatrz et al., 1999). The
most popular peptides are cationic
peptides; the peptides rich in positively
charged amino acids since they
counteract the negative charge of DNA
molecules. This neutralization of the
DNA charge abolishes the repulsion
forces in DNA and packs it closely
(Khan, 2010). Nevertheless, the
protection against DNase activity was
never last more than 20min (Fig. 1), but
might be enough time for the foreign
DNA since its injection into integration
into the genome.

Figure (1): Testing the simplified calcium phosphate — genomic DNA interaction
method by direct exposure into DNase activity. Lane ""L" refers to 1 kp DNA ladder
(Cat. No. D-1040, Bioneer — Korea). Lane 1 refers to unexposed genomic DNA of
hens for DNase activity. Lanes 2 — 7 refer to the exposure of calcium phosphate —
genomic DNA mix into DNase activity for 5min, 10min, 15min, 20min, 25min, and
30min respectively. Lane 8 refers to DNase unexposed calcium phosphate — genomic
DNA mix. Lane 9 refers to the completely degraded naked genomic DNA of hens
after its exposure into DNase activity.
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As long as the in vivo injected
transgenes was demonstrated as an
obvious and powerful tool in mammals
for more than one decade (Butrick et al.,
1992; Thierry et al.,, 1995), the same
injection route was tested in this paper in
hens by using calcium phosphate as a
gene accessory tool. However, PCR
experiments were conducted to analyze
the fate of recombinant DNA that
directly injected into the tissues of hens.
The both cases of the injected reporter
gene construct gWizGFP were exhibited
a significant presence after a 24hr of

injection (Fig. 2). Interestingly, the
naked DNA state was initially shown
excellent in vivo presence within the first
24hr after injection (Fig. 2). Although
the complex enables DNA to enter the
cell and protects it from nucleases, it was
found that only free DNA is available for
expression or interaction with the host
cell’s genome (Twyman, 2005). Add to
that, the injection of uncomplexed
plasmid DNA in vivo into muscle and
skin results in high-efficiency gene
transfer and expression (Graham et al.,
1973).

2

Figure (2): the PCR 364bp amplicons of the transgene (gWizGFP) of two different
mechanisms of hens after 24hr of in vivo injection. Lane ""L"" refers to 100 bp DNA
ladder (Cat. No. D-1030, Bioneer — Korea). Lanes (1 — 10) refer to the amplicons of
the naked DNA in vivo injection route, while lanes (11 — 20) refer to the amplicons of
the calcium phosphate conjugated DNA in vivo injection route.

The conventional PCR technique is not
effective tool to determine the exact state
of the injected DNA, whether it was
localized as an integrated or non-
integrated state. Nevertheless, PCR is a
non-cost effective tool, through which it
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was so feasible for any researcher to get
a speculation for the genotypic
manifestation of the injected gene
vehicle.

The results obtained in this paper have
shown two main differences. These two
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differences could be separated by time
intervals into two main divisions. The
first significant difference is exhibited
within the first 24hr after injection. In
which, the excellent efficiency of naked
DNA to replicate itself in vivo is
obviously  superseded the calcium
phosphate conjugated route. This might
be attributed to the fact of the ability of
naked DNA to persist efficiently in an
episomal state within the first hours that
follow the in vivo injection (Ponder,
2001). It was not known however what
exactly is the inhibitory role of calcium
phosphate in the reducing this initial high
efficiency of replication. Moreover, it's
not unusual for these results to come in
accordance with the notion that indicates
the ability of the injected naked DNA to
replicate itself within the first 24hr after
injection (Sang and Perry, 1989).
However, one of the crucial justifications
for the low transfection efficiency
obtained with  non-viral  vectors,
including the precipitated calcium
phosphate, is the partial protection of the
vector DNA by the encapsulating
material as well as low cell surface
accumulation of the plasmid vector (Luo
and Saltzmann, 2000). Such partial
protection makes the DNA highly
susceptible to aggressive DNase attack in
the body as well as inside the cell (Roy
etal., 2003).
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The second significant differences
between the two routes of injection were
represented after 24hr of injection. This
is become an obvious observation when
most of the exogenous DNA was lost
after 72hr of injection (Fig. 3). However,
despite the high efficiency of naked
DNA to persist itself in vivo, this
persistence is constrained only within the
first 24hr after injection. After this, the
persistability of the injected naked DNA
is lost after this time. Hence, the role of
calcium phosphate is emerged. In which,
a fierce resistance for the action of
nuclease activity might be involved.
Nevertheless, No evidence for
chromosomal integration of the
exogenous DNA  was obtained,
suggesting that the plasmid DNA
persisted episomally (Sang and Perry,
1989).
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Figure (3): the PCR 364bp amplicons of the transgene (gWizGFP) of two different
mechanisms of hens after 72hr of in vivo injection. Lane ""L"" refers to 100 bp DNA
ladder (Cat. No. D-1030, Bioneer — Korea). Lanes (1 — 10) refer to the amplicons of
the naked DNA in vivo injection route, while lanes (11 — 20) refer to the amplicons of
the calcium phosphate conjugated DNA in vivo injection route.

In conclusion and from the above stated
results, it is realized that the direct DNA
injection in its naked state is an efficient
route in case of the rapid expression of
the desired gene in very short period of
time. Whereas, the calcium phosphate
route might be the favored one in case of
longer time of transgene in Vivo
expression is  required.  Calcium
phosphate nanoparticles can act like gene
carriers of the transgene, and therefore
this route can be used for more elongated
period of time compared with the first
one. But when samples were taken after
one week of in vivo injection for PCR
analysis, the injected transgene was
absolutely disappeared from the hens'
genome in both injection mechanisms
(data not shown). Thus, in both cases, the
expression of the desired transgene for
one week term was an impractical tool.
However, both in vivo methods were not
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experimentally efficient in the long term
gene expression in case of direct
horizontal gene transfer. Therefore,
much more modifications whether in
calcium phosphate of in other nonviral
horizontal gene transfer techniques are
still required to enhance the stability of
the transgene in hens after direct in vivo
injection.
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