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Although lipid-nucleic acid interactions have been studied for more than 30 years, it is only lately this problem has received particular attention [1-4]. It should  be noted that most studies regard to complexes of  DNA-cationic surfactants whereas DNA-zwitterionic lipids interactions more complex, non- toxic and close to living systems are poorly investigated [5, 6]. The studies of the ternary complexes (TC): DNA- phosphatidylcholine (PC) liposomes- divalent metal cations allow us to consider TC as nanostructures because size of  TC prepared from  zwitterionic liposomes may reach 200 nm and less. Investigating TC, where processes of liposomes aggregation and fusion go together, we have goal split these processes and find  concentration of  TC componets (DNA, Me+2 and Lipids) at which form small TC suitable for non virus  gene transfer systems. We used simplest characteristic of TC: turbidity (absorbance at 500 nm) which  increase during complex formation. 

Material and Methods:
High molecular weight and low molecular weight DNA  were  from (Sigma-Aldrich).Lipids DOPC, DMPC and DPPC were  from this source too. All solutions prepared on HEPES buffer 1mM, pH 6,0.
We used  Varian  Carry-UV-VIS-NIR 6000 spectrophotometer and small quartz cuvette (volume -0.5ml, 1cm pathway ). 
For control of size and zeta potential we used Malvern zeta sizer.
For analysys of size DNA after sonication procedure we used Vibro  Viscosimeter SV-10/SV-100 (A&D Company, Limited, Tokyo, Japan).

Sonication of DNA made  on the Covaris S2 ultrasonic disintegrator produced by KBiosciences,

Hoddesdon EN11 OEX,  United Kingdom.

Samples of nanoparticles centrifuged on the Eppendorf Centrifuge 5800, Hamburg, Germany.

    Results and Discussion
Study of kinetics of Ternary Complex formation.  

There are few papers with analysis of TC formation kinetics [7, 8].   

The kinetics of  TC  formation is  different for various   concentration of  TC component. As sample of such kinetics we show the kinetics at 40 µg/ml DNA, 100µg/ml DOPC and 0,3 mM Mg2+   (Fig.1).
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Fig.1 Sample of  kinetics of  TC formation (absorbance at 500 nm versus time)

First fast stage went for few seconds after all components of TC (Fig.1). Then follow low speed phase which spread up 24 hours. We try analyzing this kinetics using Origin application. First derivative of this kinetics show presence of  2 distinct phases in this process and proposed that first fast stage reflect  liposomes fusion, because this is really fast process ( 1-2 ms). Second process:  exponentially decreasing of 1st derivative, in our opinion, is the  aggregation of  liposomes (Fig.2). Coarse analysis based on our data about PC liposomes fusion [ 5 ] support our proposition (Fig.3).
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Fig.2. Derivaieve 1st   of Fig.1. (Value F- reflect fusion of  liposomes in this sample).  
Determination of  TC size after their 20 hours keeping at +4 ºC showed that it  dependend from  the size used DNA. TC prepared from very small DNA (400-600 b.p.) has size 1500 nm. But TC from  high molecular weight DNA and from DNA 2 -4  times shortly showed size 200-210 nm.

Zeta potential don’t showed direct correlation with TC size, but could   serve as compactness index of  TC.  Analyzing all data of kinetics of TC formation we hope built plot of phase state of TC depending from component concentration and find conditions for building small TC (100-150 nm) suitable for gene transfer in a cell.  
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Fig.3. Correlation between lipid mixing of  DOPC liposomes (black curve) and factor F( in relative units), obtained from 1st derivation of the kinetics of  TC formation (red curve). 

Data of  TC formation kinetics is important characteristic of such complexes. From analysis of  kinetics of  TC formation in wide range of DNA, lipids and Mg concentration we can find conditions of formation small non toxic nanoparticles suitable for gene transfer in a cell. Some TC obtained by us has size around 200 nm and may be check on the ability transfer DNA to cells.

Building of  nanoparticles suitable for gene transfer.   

There is much constructions of nanoparticles using lipid bilayer as basic component [9, 10]. We tried to make new construction DNA layer bound with amino silica-NP, and DMPC-DODA lipid bilayer, containing DODA in nontoxic concentracion - 5%. 
After many attempt we made next construction: silicon nanoparticle, containing amino groups and having positive zeta potential, low molecular weight  DNA and liposomes  from DMPC and DODA ( in proportion 5% ). All stages of new nanoparticles production checked with   Malvern Zeta- sizer.  Low molecular weight DNA was obtained  by  sonication of  high molecular weight DNA  during 6 min on the Covaris S2 desintegrator. For analysys of size DNA after sonication procedure we used Vibro  Viscosimeter SV-10/SV-100 [11 ]. Liposomes produced by ejection of 1ml of ethanol solution of  lipid mixture of  DOPC (DMPC) and DODA (5%) in 3ml of 1mM HEPES buffer, pH6,0 . After preparation the liposomes centrifuged 5 min at 12000 rpm. Sediment containing non vesicular lipids was removed.

Procedure  building of  amino-silica nanoparticles-DNA-lipid bilayer .
1. To 500 µl of sonicated DNA (2mg/ml) add 500µl amino nanoparticles at fast wortexing.
2. Nanoparticles keeped 30-40 min. on the shaker Grant-Bio (600-800 rpm) at room temperatute.

3. Two times washing for removing unbound DNA (12000rpm, 5 min x2). 
4. Nanoparticles  dispersed in 1mM Hepes  buffer, pH 6,0  and add  to DOPC-DODA(5%) liposomes (size- 38,5 nm, zeta potential +56 mv )  (1:1) at fast vortexing.

5.  Two times centrifuged at 14000 rpm, 5 min.

6. Resuspended  in HEPES  nanoparticles showed in DLS analysis size 155 nm, zeta potential + 25 mv, that is good parameters of nanoparticles  for gene transfer to cells.

7. Because zeta potential obtained construction is positive similar system studied in many works with lipoplexes and in presence serum too, we think that reaction of these nanoparticles will be similar and don’t need subsequent study. 

Table 1.

	             Sample
	Amino-silica 

Nanoparticles (NP)
	NP+ low mol. weight DNA (500 b.p.)
	NP+DNA+ DODA-DMPC liposomes

	Parameter
	
	
	

	               Size (nm)
	          55
	            90
	          160

	Zeta potential (mv)
	         +22
	           -41 
	          +24


In our NP construction were used existing elements of  NP layered with DNA [9] or DODA-DPPC lipid bilayers [10]. Originality  our construction in layering of DNA on the positive charged  amino-silica NP and covering of this NP by DMPC-DODA bilayer is in  keeping DNA from nucleases digestion and providing positive charge of resulting NP, that support NP penetration through   cell and nuclear  membrane. Quantity of  layers DNA and DODA-DMPC bilayers in NP composition can be  2-4 , but we need check these construction on gene transfer efficiency.  UV-VIS spectra of initial NP, NP+DNA and NP containing DNA and DMPC-DODA bilayer are shown on the Fig.4.  
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Fig. 4.  UV-VIS spectra of   3 stages preparation of amino-silica nanoparticles (NP) suitable for gene transfer.  

Both parts of our projects may be published in scientific journal after small additional work and check NP on the penetration in cells and gene transfer capability. 
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