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The adsorption isotherm of ligands on DNA in the region of small fillings which describes
the isotherm with pronounced linear areas has been obtained in this research. It has been shown that
experimental data description by such isotherm permits receiving not only more precise values of -
both binding constant and number of adsorption centers with which one ligand molecule binds but
also new parameter value-value of the portion of adsorption centers on DNA, having different
constants of binding.

DNA — ligand — adsorption isotherm — small fillings — binding constant —
number of adsorption centers
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B pa6ote monydena uzotepma ancopbimu smrannos Ha JJHK B 06macT Masipix 3amoHEHHIH,
KOTOpasi ONHUCBIBACTCS C IByMsI SIPKO BBIPRXKEHHBIMHU JIMHEHHBIMU yuyacTkamu. [lokazaHo, 4To omnu-
CaHMe SKCIEPHMEHTAIbHBIX JaHHBIX TaKOW M30TEPMOI MO3BOJSET HE TOJBKO IOIydaTh Oojiee Tou-
HbI€ 3HAUEHMs KOHCTAHTBHI CBSI3BIBAHMSA W YHCIIO aJCOPOLMOHHBIX LIEHTPOB, ¢ KOTOPHIMHU CBSI3BI-
BaeTcA OJIHA MOJICKYJIa JIUTaHia, HO U OTPEeATh 3HAUYCHHEe HOBOTO IIapaMeTpa, TOIH aJcopOLnOH-
HbIX 1IeHTpoB Ha JIHK, numeromux pasHble KOHCTAHTHI CBSI3bIBAHUS.

JHK — nuzeanod — uzomepma adcopoyuy — Mavle 3an0IHeHUst — KORCMAHMA CEA3bI6AHUS —
YUCI0 A0COPOYUOHHBIX YEHMPO8

The main processes of cell life ability are conditioned by interaction of different low
molecular compounds — ligands with macromolecules: at first proteins and nucleic acids.
This fact lies under the base of numerous studies on interaction of ligands with DNA by
different experimental methods [1, 3, 7, 10-12, 14, 15]. Mostly of fully filled bound situation
is not received due to weak binding of ligand to DNA as well as very small amount of
adsorbing ligands. That is why the reasonable way of carrying out the experiment is the
condition of small fillings when the ratio of molecules of ligands bound to DNA to number
of base pairs of DNA is less from unit, in other word the estimation of adsorption
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parameters within frame of simplified linear binding isotherm of ligands to DNA molecule
[2,4,5]. It should be mentioned that small fillings permit not only describing adsorption
process in relatively easy way but also having an independent interest. In vast majority of
cases the filling of macromolecules by ligands may be considered to be small in conditions
of real cellular system. Small fillings represent an interest due to the fact that the quantity of
ligands on macromolecule in other equal conditions weakly excites the system and the
obtained results describe the system adequately.

The statistic properties of such systems significantly differ from those when one ad-
sorbed ligand takes one adsorption center [8, 9, 13, 16]. It should be noted that mostly
ligands bind to DNA by several modes. This circumstance additionally complicates the ana-
lysis of experimental results. Despite adsorption isotherm has some characteristic peculiari-
ties facilitating the processing of experimental isotherm analysis of binding of ligands to
DNA, the problem of experimental data analysis of ligand binding to DNA may not be con-
sidered finally solved.

In the present work the adsorption isotherm of binding of ligands to DNA is obtained
which describes all experimental points in single way (by one curve), i.e. describes
experimental points that have two pronounced linear areas.

Theoretical part: 1t is known that in the region of small fillings the isotherm of Crothers-
Gurskii may be approximated by line [9, 13]. Let’s examine the case of binding of ligands to DNA
when in the region of small fillings two types of centers of binding exist and ligand may bind
independently to these adsorption centers. These centers are characterized by different binding para-
meters i.e. have different values of K binding constant and different number of n adsorption centers
with that one ligand molecule binds. Therefore assuming that DNA molecule is characterized by two
pairs of parameters — (K, n;) and (K, n;) the portion of adsorption centers on DNA that has binding
parameters (K,, n5), should be indicated. Let’s indicate this portion via p. It is obvious that the
portion of adsorption centers on DNA that has (K, ;) binding parameters will be equal to g =1 — p.
Let’s represent DNA as one-dimensional crystal with N adsorption centers of binding and ligand ha-
ving much less linear sizes at binding takes n adsorption centers on DNA disposed alternately. At
first let’s observe the case when one type of adsorption centers with (K, n) parameters exists on
DNA. In this case the average number of bound ligands with DNA is x at small fillings, i.e. adsorp-
tion isotherm according to [2] is determined by formula:

ke, N

=,
) k_+Q@2n-Dkc,

@

where k; and k_; are rate constants of formation and dissociation of ligand complex with DNA,
¢y — number of free ligands. If there are two types of adsorption centers on DNA with (K, n,) and
(K>, n,) binding parameters and they are filled independently the total number of adsorbed ligands on
DNA will be:
. K¢,/ N, . K¢, N, ’
1+2n ~DKe, 1+Qn,-DK,c,

2

where N; and N, are numbers of adsorption centers that are characterized by (K;, n;) and (K, ny)
binding parameters respectively, K; and K, — binding constants of ligands with adsorption centers of
the first and the second types. To describe the experimental data let’s rewrite (2) as:

= lzp _py
Y+a X Y+a,y-X
I ®
K, K,
o =2n-1, a,=2n,-1, p= N, ,
N, +N,

76



G.G. HOVHANNISYAN, V.B. ARAKELYAN, A.P. ANTONYAN, M.V. MINASYANTS, P.O. VARDEVANYAN

In formula (3) the “p” has the meaning of adsorption center portion on DNA that have K,
binding constant and number of adsorption centers with which one ligand molecule binds is equal to
n,. Equation (3) gives the dependence of Y on X not clearly, that is actually the adsorption isotherm
in Scatchard’s coordinates. Comparing theoretical adsorption isotherm (3) with experimental data the
values of n;, K;, n,, K,, p parameters may be determined. For comparison of theoretical adsorption
isotherm (3) with experimental data, it is appropriate to represent (3) isotherm as:

I _glzarzerr-plon)
[ 2
1-ayr—a,yr—p(l-y))
+K1\/( : 274 P( 7)) _7”(a|azr_az_p(a1_az))s (33)

Results and Discussion. Let’s apply above obtained theoretical results to
experimental data analysis on isotherms of which two linear areas are clearly appeared. An
example of such isotherm is represented on fig. 1.

If experimental binding isotherms of ligands to DNA have two pronounced linear
areas it may be considered that these ligands bind to DNA at least by two modes. Through
these experimental points two lines may be lined. The line with big slope angle cor-
responds to strong binding mode and the line with small slope angle corresponds to weak
binding mode. In vast majority of cases the analysis of curve with pronounced linear areas
is carried out in following way. Experimental linear areas of binding isotherm are
compared with theoretical linear binding isotherm separately [2, 6].

L K(1-@n-1p), )
Cf
As a result of such comparison two important binding parameters — ligand binding
constant to DNA K and number of adsorption centers on DNA n, with which one ligand
molecule binds are determined by the least square method. The determined binding

parameters for experimental points presented on fig. 1, are equal to n; = 6, K, =2 x 10° M~
L n,=3.6,K,=2.7x 10° M (for EtBr).

1 1 1
0.06 0.08 0.10 0.12 0.14

Fig.1. The binding curve of EtBr with DNA in Scatchard’s coordinates. The binding curve
is composed of two directly linear areas corresponding to two binding modes.
Tonic strength of solution is 2x107M. Points correspond to experimental data and
curve is constructed by the least square method according to (3a) equation.
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Moreover, this mode of binding isotherm analysis of ligands to DNA is approxima-
ted since the obtained experimental results artificially are divided into two groups and the
analysis of each group is carried out separately. In each group only those experimental
points remain that approximately are on the line. It is obvious that such mode of ex-
perimental data treatment for determination of binding parameters is incorrect. The more
substantiated treatment mode of experimental data is that one, which would take all these
data (i.e. experimental points). Experimental data analysis by new (3a) binding isotherm of
ligands with DNA permits not only obtaining the precise values of K and n parameters but
also determining new parameter value — the portion of adsorption centers of each type of p
adsorption centers. It should be mentioned that theoretical binding isotherm comprises five
varying parameters. This results in ambiguous determination of varying parameters. To
obtain unique values of parameters let’s fix several parameters hence their values
practically are known for certain from both our and numerous literature data. Such
parameters are n; = 6, K; =2 x 10° M, for strong binding mode of EtBr to DNA. Giving
values to these parameters the adsorption isotherm (3a) may be constructed along all
experimental points by the least square method (fig. 1) and the values of n, = 0.5, K, =
53 x 10° M, p = 0.025 parameters may be determined. Comparing the values of K and n
parameters obtained at experimental data description by one curve and two lines it is
obvious that the value of #n, is decreased about seven-times and K is increased about two-
times. It should be mentioned that the approximated description method of experimental
data allows to determine the value of new parameter p, the portion of adsorption centers on
DNA having K, binding constant that in our experiments is equal to p = 0.025.
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