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DNA is & poomising construction material for the enginesring of artificial
manostractured devices [1]. Cne of possible DNA itoplicstions in bionmnoedevices is
deteeting of metal ions. This possibility in based on \he face thar meial ions may
preferentinlly bind 1o definite DNA conformation and thus meial ion bindiog tay give
rise o transition between A-, B, ot Z-DNA [2]. Ancther approach based on utilizing
the specific DNA sequence roquired to delect speeific mctals was reponied recently [3].
In this method single-sranded DNA forms “pocket” {hat accepia only lead ioos. Here
we consider & patential DNA-based sensor delecting metal ions which is based on the
phenomenon of DNA condenaation.

DA condensation in viver i3 geveroed by complicated system contaiming plyarmines,
hittones, regolatory prowins and metal jons. It is essential for DNA cyelisation [4],
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rénaruration and recombinaton [4, 6] accelerating tlese processes in thousands mmes,
Reversible condensacion of DNA iggens geoe silencieg [T]. fu wirke DMNA
condénsation may be induced by sddition of rmultivalent cations, for example maial 100
[8]). Thiz process i@ described as transilion of the fiest kind Fom extended ool o
compact globule In some cases yery $inpll variation wo cationic ligand concentration
capsey abrupt DNA coodensalion |9, 10].

We have shown previously thal lobg-range interaction between ligusda bound 9 a DNA
molecule may give nise o adscrpdion with the character of phase transition [11]. This
micedel may descnibe the process of DNA condensation. From the gl of view of
mialesular ebecirenics, such o sydietn shows properies of a tgger and thus may be
applied for sensor menufaciunbg.

Caleulation shows thot adsamption with the character of phase fransitan arises when the
kong-range potential is high enough. Here we derive the critetion for encrgy of ligand-
ligand inlcTaciion necessasy (0 give rist to B phase wansitlon, Then we aralyze dota
from lilerature on interactions berween hivalent metal iona bound to DNA, The velues
for long-range potcnhel comreaponding to metal ions bound te DNA ste recelculated cu
the basis of data from several papers. 1t ia shown that absolute valugs of WieHr interoction
iz enough [0 give nee to phase transilion. Possible applicalion of adsorption with the
chararier of phase iransition in DNA-hosed seodor for bivalent metal ions is discussed.

1. Mehed for calcabaring binding curves

Let us censider on ideal sohition of ligands and DNA, The free encrgy of & ligand
bound to DNA mcludes three constiiuenis:

1} ¥ -free encrgy of direct binding of a ligand fo ¢ basc pairs that ace covered by the
ligand.

2] We include Jong+enge interaction between aif the adsorbed ligands in the: frme of
approach that was propesed by Scolehacd [12] and wpdated by Nechipurznke [13] w
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make it suitable for studies of DNA-ligand interactivas. In the Scafchard [1%] approach,
it ia aysumed ihat the 10zl free cnergy of every bound ligand is # linsar dependence on
relative conceawation of all bound hgands, The dependence can be aken athitrary in
the Wachipureoke method, The approaches [LZ 13) has been succensfully used for
description of ligand binding to the helical DMNA molecolss [3, 14-18) and single-
atranded polynucleotides [16, 17]. In e frame of thia approach (he froc energy term
comrespooding 1o long-mange micaction cquaks 1o (Fie®), where o* =k i3 tha relanve
conceotslion of bound ligands (degree of binding), k is the aumber of pound ligands,
and ¥ it the oumber of hese pairt (units) o a DMNA chain, A5 in [12, 13], itis suppuied
that Gyc*) i3 independent of ligand distribulion slong DA chaim It i3 abvious tha
o,

3} The 1ecin corresponding to the etropy of adporbed ligands wan calcukied aceorditig
ta [15-20].

Tw tnethods were applisd to caloulote hinding curves £iv.). whete ¢ - averuyy degree
of binding, ©, - conceomalion of free ligrads in schoion: method of the minimum of the
frew energy (cquivaloml to the method of the mactimum of the cowropy'h and the Partition
Fumcrion method, Method of the minimum of frez energy gives S-shaped, Yan-cer-
Vaaly like curve ¢fe,d for large enough long-range potential {uwken in form =Ko, ¥
being determined in unita of R-F}. In this case the poimt £, cxizld 6t which wamitico
Frorm lower branch of binding curve to the higher brnch occurs, Al poinl <, free
eetyies comesponding to these two slates ar: cquol. The derivouves of free avergics
corresponding 1o difTerent atates are ool aqual. ‘Fhnas this adsarption has s character of
phase transition of the Firet kand. Calculations cared oot usimg the Partiion Funclion
method which gives disecty the binding curve and the probability of a given degree of
binding proved that adsorption has the character of pliase transition becauss degrecs of
binding coresponiding to the central part of the curve e prohibited.
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2. Reaulis and Dlscusslon

Calculation of binding curves demenstrates that adsorption with the chavacier of phase
trangition ariezs when long-raoge interactiont ane song enough. IF kong-range
interaction |8 introduced in linear Scatchand form Ge=i'r, then W must teach the
threshold value W, m allow sdsorplion with e characier of phise trangition.
Caleuwlation for parametsrs corcsponding 1w binding of bivalent merkl ioms w DMA
{ons metal ion per one base pair al the saluration) gives # =2

Are long-renge interaction hetween ligands bound 1o DNA molecule srong nough to
give Tisc to adsarption wilth the charcter of phist eansition in real DNA-Re™ ystema?
To answer this question we have analyzed data in |iterare on sdsorpiion of bivalenl
metal jome on sitgle- and deuble-stranded DMA. Dats for interaction of Me™ wilh
ninghe-sieanded DNA suggesl arwclive |inear Scatchatd pelential in the foom Gmi e
with HW=2 for Ca’™" (recakulated from [21]), We2 for Cu®* irecaltulsted from [17]),
Wal 55 for Mg (recaleulzted from [217) These velues indicate that the energetica of
long-range inlerction between bivalent metal ions bound to aingle-stranded DNA is at
list of order necogsary for wdserption with the character of phase trangition (3 acise
(W, =2]. Such & wansition for singlke-stranded DNA would probably repeesent a crivial
aggrogation. Long-range potential between bound ligands is caused by crosslinking of
differcnl DNA srands in disgrdered structure by Me™.

Lat us consider binding of bivalemt wmetals to dooble-stranded DA, Interaction
between boum! 16 DNA Mg or M may be well fitted by repulsive lnear Scatchard
potcntial with W=-1.5 {recalculated from [22]} Although repulsive potential can naot
give rise o cooperative transition, tbe sbsolule value is cncugh for it Auractive
poteotial between the all bound to DMNA ligands might appear between tightly packed
DMNA moleculkes [21]. Atractive forces arise between DNA molecules if definite critical
concentration of ligands i solution s reached These forces are dependent on the
adsorption of counterions [8, 23], Thus long-range inleraction betwesn bivalent melal
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jons boand ta DMA may accounl for phase transition in DNA. It should bt noted that
water aolution ions wilh valence fmore thet hwo are required to induce condaneation.
Bui bivalent iooms roay ceuse ¢ondenaation if DNA s topalugically conatrained
{comdensation of supercoiled plasmid DA by Ma™ ions [B)) conlined W0 [
dimengions (?D-condencalion of DNA malecules berween lipsd membranes by Ca'™,
B, Mnt" ions [10]), or dissalved I methancl-water mixtur [24]).

From the cxperiments mentioncd aboye oF our particular meerest is 2D-condensatiop. in
the work [14] a sandwich-like structure wat lnvestigated: lipids are areoged in a
tacnellat stack of gearly fat bilsyers with the DNA ioicrcokied betwedn cach pair of
Bilayers. Upon addition of theeshald concenaation of bivaknt metal & stepwise phase
ansition was obgerved. From the point of view of clectionics, this sysicm Bave a
propertics of elactrical condenser, The capacily ol such & sensor changea shruplly upon
condensation fensition and probably may be measured directly or inderecily by a
various eplical metheds [B].

This work was supported by Furd of Fundamontal Lavestigations of the Republic of
Belarus, Grant No X9SR-09% amd by CHOF Foundation (USA), Award ¥ AT 0,
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