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Abstract: Polyethelenimine (PEI) has been used to synthesis Polyplexesforgene transferring
applications, it shows high efficacy in gene expression and formmore stable complex with
DNA, different concentration of glucose was used in preparation polyplex with GFP vector in
different percentage, retardation assay, dissociation assay and protective activity against DNase
was performed to test polyplex stability, the results show that all N/P ratios was high stability
except N/P 2 at2%,3%,4%, 5% glucose also it show protective activity against DNase activity.
Key words : polyethylenimine, polyplexe,  Glucose.

Introduction

PEI used as a gene delivery system in different cell types It was had buffered property can be protected
DNA from degradation by endosomal lysosome so the high density of PEI show high efficacy and low
cytotoxicity, this system was synthesis by different methods to decrease its cytotoxicity and increased
efficiency. The studies used additive compounds with PEI such as PEI-grafted-PEG in different ratios to reduce
cell cytotoxicity and aggregation, although the cytotoxicity of PEI was dependent on its substitution, but don’t
depend on the molecular weight of this complex1. PEI was conjugated with targeting motifs , PIE-grafted-PEG
was incorporated in integrin binding of RGD peptide, also it incorporated with monoclonal antibody against
human epidermal growth factor receptor-2 (HER-2) in cancer cell, It bond with linear PEI to enhance
transfection efficiency in cancer cell, also Folate-polyethylene glycol-folate-grafted-polyethylenimine (FPF-g-
PEI) was synthesized by grafting folate-PEG-folate to PEI. It used to transfer small interfering RNA Throw cell
surface 2.

Park and co-worker also mention water soluble lipopolymer (WSLP) was synthesized by conjugated
cholesterol chloroformate to a low molecular weight of PEI3, This complex was bound with DNA to form stable
colloid partials 70 nm, this complex have buffering effect this useful of endosomal escape and facility
transfection  complex in side cell , stability of small complex partials of this staircase  structure resulted from
the hydrophobic cholesterol of WSLP which enhance gene transfer efficiency. Zintchenko et al., used it to
transfer  siRNA to Neuro2ALuc cells  ,  they found that  the modified PEI was lower size and more stable  than
normal PIE, in last recent years large number of studies recorded successful of PEI  in gene transfer4.

Materials and methods:

Polyplex was prepared to form complex between DNA plasmid (Turbu-GFP, Evrogen) and
plyethylenimine (branched MW 25000 k, Sigma Aldrich) in a different N/P ratios according to5 with
modification:
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1. Polyethylinimine was dissolved in dH2O as a stock solution by 0.0323 g/100 ml and 0.0032g/100ml
2. After its dissolved pH was adjusted at 7.5then solution sterilizeby 0.22 nm Millipore.
3. Solution freezing and thawed 4 times. Then it store at -20 C.
4. PEI solution was added to DNA with mixing according to the equation

PEI (µl) = 3x DNA con µg x(N/P) ratio/ molarity of stock solution (nm/µl)

1. Mixture incubation at room temperature for 30 min.
2. Polyplex assays can be performed.
3. Retardation  assay: This assay was performed by electrophoresis complexes in different N/P ratio (2, 4, 6,

8, 10)  in 0.7% agarose, 0.5 X TBE buffer for 45 min at 75V.

B- Dissociation complex in different d-glucose solution according to6

1. Different D-glucose percentage (1%, 2%, 3%, 4%, 5%) was added to the ployplex solution in N/P ratio 2.
2. Mixture was incubated at 37 Cº overnight,
3. Mixture was centrifugation at 3000 rpm for 20 min.
4. The dissociated DNA was measured at 260 nm in supernant. And pellet was electrophoresis in 0.8%

agarose in 0.5X TBE for 40 min in 75 V.

C-Protective effect against DNase activity, the different N/P ratios of polyplex was incubated with
DNase (eurx) as fallowing:

1. One Microliter of RQ1RNase-free DNase buffer 10X was added to polyplex solution.
2. RQ1 RNase-free DNase was added tothe  mixture.
3. Mixture was completed to 10 µl by DH2O.
4. Mixture was incubated at 37 Cº for 30 min.
5. Microliter of RQ1 DNase stop solution was added to the mixture.
6. Mixture was incubated at 65 Cº for 10 min.
7. Mixture was electrophoresis in 0.8% agarose in 0.5X TBE for 40 min at 75 V.

Results

The results of the present study show that the polyplex was formed when used 7.5 mM of
polyethylinimineexcept N/P 2 it show disassociation from complex at N/P 2 , while 0.75 mM don’t formed any
complex as shown in figure (1).

Figure(1) Retardation assay of polyplex complex in 7.5 mM and 0.75mM of polyethylinimine at different
N\P ratio lane 1,2,3,4,5 polyplex at 2,4,6,8,10 N\P of 7.5 mM; lane 6,7,8,9,10 refer to 2,4,6,8,10 N\P ration
at 0.75mM respectively .
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Protective effect against DNase activity show high efficiency in all N/P ratios as shown in figure(2)

Figure (2) Electrophoresis patterns of DNase activity against polyplex in (2,4,6,8,10 N\P ratio, lane
1,2,3,4,5, polyplex in 2,4,6,8,10 N\P ratio respectively ; lane 6 digestion D1 vector by DNase; lane 7
polyplex without any additive ; lane 8 D1 vector without any additive ; lane 9 DNA marker.

1      2        3        4       5        6       7

Figure (3) Electrophoresis pattern of stability assay of glycatedpolyplex in 1%, 2%, 3%, 4%, 5%,Lane 1
DNA plasmid without any additive; Lane 2 1kb DNA Ladder.Lane 3, 4, 5, 6, 7 polyplex in 1%, 2%, 3%,
4%, 5% glucose respectively at N/P 2.

The result shown that 2%,3% and  4% of glucose causes leakage of DNA from complex when it
incubate with glucose, only 1% and 5% don’t cause DNA leakage as in figure (3).

Figure (3) Electrophoresis pattern of stability test of glycatedpolyplex in 5% and 10% glucose, lane
1,2,3,4,5 polyplx in 2,4,6,8,10 N\P ratio at 5% glucose; lane 6,7,8,9,10  polyplex in 2,4,6,8,10 N\P ratio in
10% glucose ; lane 12 plolyplex without any additive ; lane 13 DNA marker; lane 14 vector without any
additive.
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Discussion

As show in the review of literatures different methods were used to prepare polyplex from PEI and
plasmid, these different methods show different results in pre-tests which used to confirm PEI efficacy in
protecting DNA and complex stability.

In association assay different N\P ratios were used with two concentrations of PEI, these ratios and 7.5
mM shown a good association except N\P  2 it show dissociation from the complex , the complex was formed
by branched PEI that have more than two-NH2 in its structure which can be condense DNA if the amount of N
was enough to form linking reaction between P and N7.

Ikonen et al., used PEI –DNA at N\P ratio 2.4,the choosing this ratio was because it did not have net
charge17, this according to Choosakoonk ring and his worker8 which reported that the changes of negative to
positive zeta potential occur between N/P 2 and 4.

The retardation assay used to determinate efficiency of complication between DNA and PEI because
only charged molecules can be migration in electricity field thus all DNA molecules which bind with PEI
cannot migrate in the gel.

Yue and his scientific team clarified that the polyplex formation depending on the hydrodynamic radius
distribution they found that polyplex were formed completely at N/P 3 when no free DNA was observed in PBS
buffer after complication9.They also used unique methods for enhancing transfection efficiency by using
complex  at  N/P  3  and  added  free  PEI  to  become  N\P  10  they  found  that  this  excessive  PEI  was  increased
transfection efficacy, this because the role of PEI in navigate intracellular trafficking barriers like
endolysosomal formation and escape from these pathways9.

Sun and his team concluded from their worker that the binding between DNA and PEI depending on
the protonation ratios, they concluded that PEI was bound to DNA bone by hydrogen bond with oxygen, 46%
protonated PI bind directly with DNA and 23% bind by indirect interaction mediated by water molecules also
the binding was stable at low pH because it high protonated molecules10.  Tang  and  Szokadescribed   the
interaction between DNA and PEI was electrostatic interactive , a 90%of these molecules were charged which
neutralized by condense DNA11.

The polyplex complex volume was smaller  than naked DNA it  was 104-106 times smaller than naked
DNA. Increasing in amount of PEI which lead to an increased N/P ratio to 20 resulted to decreased partials size
from 1000-(100-200) nm12.

The condensation DNA inpolyplex complex depending on PEI  feature and ionic strength of the buffer,
another study used PBS and NaCl in preparation polyplex they found that used sodium phosphate was
beneficial  to use in injection than other buffer glucose was used in the present study because glucose reduced
polyplex size (30-60) nm than other buffer1.

Also PEI have buffering capacity resulting from of present the secondary Amin groups in PEI, Madyet
al13 used different PEI  molecular mass in polyplex formation , they found that the buffering capacity reduced
with increased molecular mass in it; thus 25 k has lowest this facilitate gene transfer and enhancing gene
expression according to Forrest et al. 14. The coagulation of polyplex depending on factors molecular mass, N\P
ratio and Type of buffers, when it prepares in water at N\P 1 the positive surface charge preventing complex to
aggregation, This was improved by Mady et al13 when it used with NaCl.

PEI has been used in gene transfer as a gene carrier because the polyplex ranging in size from 50 to
1000 nm, it depends on the types of PEI linear or branch and types of buffer glucose , PBS, TE  and sodium
chloride.

Used sodium chloride in polyplex preparation causes agitation of the complex which causes enhanced
transfection in vitro while it lowest in vivo, thus in present study used glucose to ployplexprepare. Studies
showed that the protonation ability of PEI is important for gene transfer, it gives a cationic polymer buffering
capacity against change in pH also it induced facilitate endosome escape due to the uptake protons by the basic



Mona Al-Terehi et al /International Journal of ChemTech Research, 2016,9(3),pp 396-401. 400

amino group when pH decreased in endosome thus buffering effect causes an increase in osmatic pressure in
endosome lading to disruption endosome membrane to facilitate polyplx transport into the cytoplasm15-19.

Nakamura and his workers20 used jet injection kitin vivo-jet PEI (Polyplus-Transfection, Illkirch,
France) that consist of PEI for transgene mouse liver they found that used this martials as a gene carrier they
found high gene expression of GFP  because the size of the complex was 80-100 nm this sizes enable the
complex partials to cross cell membranes because it is  smaller than hepatocytes pours.

The pH used in this polyplex formation was 7.5, according to the Reed et al clarified  that  pH  of
polyplex was ranging from 7-8 after modulation Ph using HCl this because the physiological pH is 7 it the
better for cells functions also this pH was suitable for DNA21.
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