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Application of equilibrium binding model for analysis
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Aim. The study is aimed at generalization of the previous experimental results on the metal ion (Mg’", Ni’"
Cd*') effects on conformation transitions in poly(rA)poly(rU). The objective was to find out how the type of a
metal ion-polynucleotide complex influences the phase transitions and to estimate the constants (K) of ions
binding to polymers of different structures. Methods. The K values were obtained upon theoretical and
experimental transition temperature fitting by the least-square method with the root mean square deviation
minimized through the procedure of the gradient descent in the multidimensional space. Results. Calcula-
tions of diagrams with Mg’ are shown to permit obtaining satisfactory results if concentration-
independent, mean values of constants are used. For Ni’" and Cd’" the concentration dependence of K must
be taken into account, especially for high ion contents at which compaction of single-stranded poly(r4)
emerges. It was revealed that the main factor responsible for the differences in diagrams with Ni’" and Cd™*
is a significant distinction of their constants of binding to poly(rA) and poly(rU). Conclusions. The model
theory of equilibrium binding is capable to describe adequately conformation transitions in polynucleotides
in the presence of metal ions.

Keywords: phase diagrams, conformational transitions, metal ions, poly(rA4), poly(rU), poly (rA)poly(rU).

Introduction. By the present time, a great number of
studies on conformational transitions in double and
triple chains formed by homopolynucleotides poly(rA)
and poly(rU) in solutions with different metal ions
(Mg’ Ni*", Cd’" and others) has been carried out, using
a number of experimental methods (UV-, IR- and
VCD-spectroscopy) [1-10]. Dependences of duplex-
coil (AU-A + U, or 2¢>1), duplex-triplex (2AU«>
A2U + A, or 2¢>3) and triplex-coil (A2U«<A + 2U,
or 3<>1) transitions, characterized by the melting tem-
perature (7)) on ion concentrations, have been ascer-
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tained. Therefore, it is of interest to consider possibi-
lities of applying existing model theories of helix-coil
transitions for describing the results obtained. This
permits to predict the transition character at different
ion concentrations and to determine the constants of
ion-polymer binding.

In our previous works [1, 2], the equilibrium bin-
ding model [11] was successfully used for descri-
bing 2«>1 transitions («melting») of heterogeneous
native DNA in the presence of biologically active
substances. With respect to the binding of monomeric
substances, in this case both DNA strands are equi-
valent after their separation. Nevertheless, upon the
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polymer binding to ions, mutual repulsion of the
cations bound and possible compaction of single-
stranded molecules have to be taken into account in the
presence of the ions mentioned. The problem is more
complicated in the case of synthetic homopolynuc-
leotides forming three-stranded helices consisting of
purine and pyrimidine strands. In this case several
transition types (2¢>1, 332, 3<>1) are possible. The
constants of ions binding to purine and pyrimidine
strands and dependences of these constants on the bin-
ding degree and temperature differ significantly.
Besides, the transition of polynucleotides into a com-
pact form is observed, followed with significant chan-
ges of the binding constants and the precipitation of
compact particles. In particular, this process can pro-
vide an explanation for irreversibility of 2¢>3 transition
in solution with Ni** [9]. All the stated require additio-
nal experimental and theoretical data on ion-polynuc-
leotide complexes in order to avoid ambiguity in
calculation results.

In the previous papers related to the Mg”*, Ni** and
Cd*" complexes with AU and A2U the dependence of
binding constants on ions concentration was not taken
into account [1-8], the averaged values of constants K
were used, and the description was of the qualitative
character.

In the present work an attempt is made for more ri-
gorous describing the experimental data for transi-
tions in polynucleotide structures formed by poly(rA)
and poly(rU) with Mg®’, Ni*" and Cd”". All the above
factors have been taken into consideration.

Methods. Experimental dependences of melting
temperatures of polynucleotides in solutions with metal
cations can be described theoretically by formulas ba-
sed on the model of the most probable distribution
[11-14]. At the same time the constants of ion binding
to polynucleotides of the appropriate structures can be
determined. More generally, formulas for transitions
are the following [3, 4]:

for 2—1 transition

T

m2—1

1
=T,. /((1—E-R-TOH, /AH,  )In (14K, -4,)"/

HA+K,-A,)-(1+ Ky, - A4,))), (1)

for 3—1 transition

Ty =T /((1—§~R~TOM /AH, ) (14K ,,-A4,) /
N+ K, A)-(1+K, - 4,)), 2
for 2—3 transition
T =T, /((1—%-R~TOM JAH, )n (14K -4, )/
I+ K - A,)-(0+K - 4,)))). (©)

Here 7, is the melting temperature of the
appropriate transition, 7, is the melting temperature at
zero concentration of divalent cations, AH, is enthalpy
of the corresponding transition, R is the gas constant, 4,
is the concentration of free cations in solution, and K,,
K, K., K,y are constants of the cation binding to the
polynucleotide of certain structure.

Besides, for simplification of calculations and for
greater visualization of the results, the formulas (1)—(3)
were rearranged to

for 2—1 transition

(1+KAU 'A_/' )2

0T, ., =B,  -In ;
U (4K, A, (14K, A4))
— R 'TO 'TmZA)l . (4)
21 2AH2‘>1

for 3—1 transition
(I+K ~Af )3

oT. n 5
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B

for 2— 3 transition

(I+K 'Af )2

8T, ; =B, ;-In )
(1+KA2U.A/')'(1+KA'A/)
R-T -T
B — 0 m2—3 . 6
23 ZAH ( )
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where 8T, =T, — T,.
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Table 1
Parameters used in calculations of transition temperatures in
systems of poly(rd)poly(rU) with cations

Transition AH, kcal/mol By, grad Ty, K
21 9 12.1 332£1
31 12 9.6 332+1
23 4 25 332+1

AsT,~T, B,=R-T,/2AH, was used in calcu-
lations.

As is seen from the formulas (1)-(3) for T,
calculations, the data are necessary on transition
enthalpies AH; and on ion binding constants being
functions of temperature and concentrations of the ions.
The above formulas applied for describing expe-
rimental phase diagrams permit to determine K values
for polynucleotides of different structures and to ap-
preciate differences in the ion action. However, in a
general case the determination of correct values can be
ambiguous due to a great number of unknown para-
meters in the formulas (1)-(3). Therefore, some
literature data were used in our calculations using the
above formulas.

Enthalpies of transitions AH, were taken from
experimental works of Stevens and Felsenfeld [15],
Krakauer [16], Klump [17]. However, if to take into
account the supposition that enthalpies of transitions in
homopolynucleotides are conditioned with the degree
of the chain disordering and, hence, the stacking failure
[18], these values are not dependent on the ion kinds.
AH values used (Table 1) are within dispersion of the
data obtained by different authors at 7, ~ (55-60) °C.
All initial parameters used in our calculations are pre-
sented in Table 1.

To determine the binding constants and their
concentration dependences, we used two approaches:

1. In the simplest case (the constants are not
dependent on ions concentration) the least-squares
method and the method of the gradient descent in
4-dimensional space [19] were used for calculations. At
that constants varied up to the moment when the mean
square deviation of theoretical 7, values (1)—(3) from
the experimental ones

2. S(K, Ky K K )=
=3 (T, (4,)-T, (A,))* - min )
k
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took on the minimum value. & is index of the preset
experimental points.

Unfortunately, the method gave satisfactory results
only for Mg> ions for which concentration depen-
dences of binding constants were not be taken into
account. The reasons will be discussed below. For more
precise calculations in the case of Ni*" and Cd*" ions the
dependence of ion binding constants on concentration
must be taken into account.

2. Obtained by a differential UV spectroscopy
(DUVS) method, the experimental dependences of
binding constants K on the binding degree C [7, 8] were
re-calculated to the dependence of K on 4, with the
formula

C

(1-C)4,’ ®)

K(4,)=
substituting K(4,) in the formulas (4)—(6) and cor-
recting their values up to coincidence of the calculated
T, with their experimental values. To smooth stochastic
fluctuations of experimental points in diagrams, at first,
we approximated them by cubic splines (solid curves in
Figs 1-3), and then (formulas (1)—(6)) were fitted to
points at these spline curves.

After this, the dependences of K on 4, were defined
more exactly (formulas (1)—(3)) by the least squares
method with the minimization of the mean square
declination

S(K ,(1:N.),S (K, (1:N.),S (K ,, (1:N ),
S(K y (1:(N. =N, ,, ))) = min 9)

by the method of the gradient descent in N-dimensional
space [19]. Here N=4-N.— N,_,, is the number of varied
parameters, N, is the total number of 4, concentrations
in the diagram (Figs 1-3), &, ,, is concentrations num-
ber for 2— 1 transition (N =40 and N =48 for AU with
Cd’ and Ni*', respectively) and S(...) is determined by
formula (7). In this case we used exact formulas (1)—
(3). Initial values of constants were taken from [3—10].
Obtained in this procedure, dependences of K on 4,
(k=1,..., N, is the index of preset points) are presented
in Figs 4-6.

It is seen that calculated 7, (4, ) values coincide
with T, (4, ) preset on spline curves with a big ac-
curacy (see Figs 1, 2: black squares on solid spline
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Fig. 1. Phase diagram of poly(rA)poly(rU) with Mg*'. Experimental
T values [4] are shown by signs: filled circle — 7, ;; open circle —
T, ,; asterisk — T . Square are calculation values
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Fig. 2. Phase diagram of poly(rA)poly(rU) with Ni*". Experimental
T, values [7] are shown by signs: filled circle — T, ,; open circle —

T, ,; asterisk — T, . Square are calculation values. Triangle — 7, ,

and T, are transition temperatures obtained by IR and VCD
methods at corresponding total ion concentrations in solution [9].
— --—T, values corresponding to approximated concentration 4, of
free ions, used in calculations

curves). The deviation of experimental 7, values from
calculated 7, on spline curves is about 1 K.

Results and discussion. Analysis of calculated 7,
dependences on ion concentrations and their compa-
rison with the experimental data (Figs 1-3) permit to
ascertain principal factors determining forms of phase
diagrams for various ion types. First of all, as noted

T, °C
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Fig. 3. Phase diagram of poly(rA)poly(rU) with Cd*". Experimental
T, values [10] are shown by signs: filled circle — 7, ,; open circle —
T, .;asterisk—T . Filled square are preset values, open square are

m2-32
calculation values. A, A , A, mark existence conditions for

molecule in single-, three- and double-stranded states, obtained by
IR and VCD methods and corresponding to full ion concentrations,
A4,,[10]. — -- — Regions corresponding to approximated contents of
free ions (4,), used in calculations

above in the case of Mg™" ions it is possible to calculate
diagrams by fixed constants independent on ion con-
centrations (Formulas (1)—(3)). This may be related to
the fact that Mg”" ions (as well as Na" and K”) bind only
to negative charges of phosphate groups, not inducing
compaction of polymeric molecules. In this case the
binding constants for all polynucleotide strands (single,
double and triple ones) decrease with the rise of ion
concentrations, and ratios of these constants in formu-
las (4)—(6) keep about constant. Therefore, mean values
of constants used in calculations (Table 2) describe ra-
ther well the phase diagram (Fig. 1).

T, , value lowers and T} , increases with the ion
concentration rise. This calculation diagram agrees
well with the experimental data and is similar to those
for Na" and K* which also interact only with charges of
phosphate groups.

By the value order, Mg** binding constants (Table
2) agree with earlier values [4, 20] and describe T,
dependences on 4, for this system more precisely.

In contrast to Mg*', more complicated concentrati-
on dependences of transition temperatures 7;_, and 7, ;
are observed for Ni*" and Cd*" Besides, at Ni’" con-
centration up to 10~ M values of both 7, , and T, ,
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Fig. 4. K,, and K,,, dependences on Ni*" (a) and Cd* (b)
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Fig. 5. K, dependences on 4, for solutions with Ni* and Cd”". Filled
circle; filled square — values for Ni*" and Cd*’, respectively, obtained
by DUVS method and recalculated from linear dependence K, on
occupation degree (C) of binding sites of poly(rA) bases [7, 8].
Open circle, open square — total values of K, for Ni*" and Cd*,
respectively, used in calculations and taking into account ion
binding to phosphates groups of polynucleotides
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Fig. 6. K, dependences on Ni*" (filled circle) and Cd* (open circle)
concentrations, obtained upon calculations of diagrams

increase that is both diagram branches are up-directed.
At higher Ni*" concentrations light scattering is ob-
served, evidencing the initiation of polymer compac-
tion (presumably, of poly(rA)), and this prevents from
measurements by UV spectroscopy [3]. IR and VCD
spectroscopy applied [9] permitted to determine 7, ,,
and T, values at 4,corresponding to ~10* M Ni*". At
this concentration K, is about 210’ M ' because of the
ion binding to bases in compact particles. In this case
0T, ,~=—17°CanddT; ,, =+10 °C are close to values for
Mg*" (Fig. 2). It should be noted too that a higher
concentration of poly(rA)poly(rU) (~10 M) shifts the
beginning of disproportion 2—3 transitions into the
region of higher concentrations. Unfortunately, in this
case correct A, calculations for Ni’** are impossible
because of lack of the data on constants of the ion
binding to polynucleotides, especially taking into
account a possible compaction of poly(rA). Therefore,
Fig. 2 presents points A of 2—>1(7,, ;) and 3—>1(7,; )
transitions at the total ion concentration 3 - 10> M and
A,/P=0.4, where P and A4,, are a polymer content and
total Ni*" concentration, respectively. The regions of
approximated A, values for corresponding transitions
are marked with horizontal lines.

In contrast to Ni’" ions, Cd*" reduces temperatures
T, ;and T, , (Fig. 3), at that 7, , decreases especially
sharply [10]. Unlike data for Ni*', those for Cd*" ob-
tained in [10] (Fig. 3) characterize not the transition
temperatures but structural states of polynucleotides,
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Table 2

Values of cation-polyribonucleotide binding constants, obtained
by least-squares method for experimental phase diagram with
Mg’ (concentration dependences of constants were not taken
into account)

Ka ‘ Ky Kau

KA'.ZU
264 170 282 774
namely 1) only single-stranded molecules — A, 2)

triple-stranded ones + single-stranded poly(rA) — A,
3) double-stranded molecules — A . These states are
realized in appropriate concentration and temperature
regions. As seen from Figure, UV spectroscopic data on
existence regions of double-, triple- and single-stranded
structures correlate qualitatively with IR and VCD
spectroscopic findings. As in the case of Ni*', it was
impossible to perform exact quantitative comparison of
A, values obtained by UV and IR spectroscopy because
of high polynucleotide concentrations and molecule
compaction in the last method. In this case in theoretical
calculations the concentration of free ions (4)) is ap-
proximate. The transition of poly(rA) molecules into
the compact state results in irreversibility of the
disproportional transition 2—3 [3, 10]. At least, in the
experiment period under cooling up to 7, ~ 20 °C the
equilibrium in the system practically does not change.
To clear up the reasons of such an essential difference
between diagrams with Ni** and Cd™', it is necessary to
consider concentration dependences of binding cons-
tants of these ions to all three structures of polynuc-
leotides (K,, K, K,; and K,,;).

The least distinction between binding constants of
these ions is observed for the triple chain of polynuc-
leotides (K ,,,). In this case only Coulomb interactions
of ions with negative charges of phosphate groups and
mutual ion repulsion are possible which decreases
binding constants upon the rise of the ion con-
centration in solution. Therefore, in the case of equal
ion charges, their K,,, constants are of identical con-
centration dependences within the limit of the calcula-
tion accuracy (Fig. 4).

Unlike the above, the constants of ion binding to the
double chain (K,;) differ highly essentially (Fig. 4).
The difference is conditioned with the possibility of the
ion binding to bases, mainly to N7 and, to a somewhat
lesser extent, to N1 of adenine, resulting in the forma-

tion of macrochelate with phosphate. In comparison
with Ni*" ions, Cd*" has higher affinity to these atoms.
As aresult, K, is greater than K, (Fig. 4) in spite of
the fact that the density of negative charges on the triple
chain is higher. In this case, with concentrations from
10° M to 510 M Cd*" interaction with phosphates AU
prevails and the binding is of the anticooperative
character. In 510*-10” M Cd* interaction with nitro-
gen bases in compact poly(rA) dominates, and the
binding is of the cooperative character. As a result, the
dependence of K, on 4, goes through the minimum at
about 4,= 5-10" M. This peculiarity of Cd*" interaction
has an influence on the form of poly(rA)poly(rU)
diagram and especially on the 2— 3 transition character,
as follows from the formula (6).

The main factor determining the differences of dia-
grams for Ni** and Cd*" is binding of these ions to sin-
gle-stranded polynucleotides poly(rA) and poly(rU),
especially to the polyadenylic chain ordered at the gi-
ven temperature.

As noted earlier, in the case of Cd** the formation of
macrochelate complexes and subsequent compaction of
the polymer take place at a significantly lower
concentration of ions than that for Ni*". Besides, Cd**
binding constant K, is noticeably higher than that for
Ni*" (Fig. 5) and reaches 1.510* M in the region of the
molecule compaction. This value is significantly higher
than K,, and K,,;,. Such a high constant used in
calculations agrees well with K, value [8] obtained
earlier at the high degree of the binding site occupation
(C ~ 1), using DUVS method. Distinctions between K,
calculated and obtained by UV-spectroscopy method at
low ion concentrations are caused by the fact that cal-
culations provide the total value of constants, eva-
luating the sum of all the binding types (to phosphates
and bases) while DUVS method records only binding to
polymer bases. It follows from the formulae (5) and (6)
that upon such a significant increase of K, the values
0T, ,, and 87, , have to lower sharply (Fig. 3).

An additional contribution into forms of calculated
diagrams are made by differences in the constants of
Ni*" and Cd* binding to poly(rU) (Fig. 6). As shown
earlier [7], Ni*" induces no changes in DUV spectra of
poly(rU), and this is an evidence of its binding only to
negative charges on oxygen atoms of phosphate gro-
ups. Because of Coulomb ion repulsion upon the
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binding site occupation, K, value decreases. As shown
in [10], unlike Ni** ions, Cd*" binds additionally to po-
ly(rU) bases, forming chelate complexes and ordering
poly(rU) molecule. K, used in calculations (Fig. 6)
agrees with values obtained in our experiments.

Conclusions. 1. Calculated concentration depen-
dences of Mg”’, Ni*" and Cd*" binding constants with
polynucleotides permitted to explain the behavior of
temperatures of 3—1 and 2—3 conformational transi-
tions in phase diagrams of poly(rA)poly(rU) comple-
xes with these ions.

2. Mg ion effect on conformational transitions
may be described by mean values of constants not de-
pending on the concentration. In the case of Ni*" and
Cd*" the concentration dependence of constants has to
be taken into account.

3. Differences in ion effects on conformational
transitions are mainly determined by the values of con-
stants for the ion binding to single-stranded poly(rA)
and poly(rU).

4. Induced by Ni*" and Cd*" ions, compaction of sin-
gle-stranded structures has a significant influence on
the phase equilibrium in the systems studied. This ef-
fect may condition irreversibility of some transitions
upon the temperature changes.

5. The values of binding constants are conditioned
by interactions with both phosphate groups and adenine
N7 and N1, and uracil N3 atoms.

0. I1. baazou, C. O. €zynos, €. JI. Yceuko, I'. O. ['naduyenxo,
B. O. Copokin

3acTocyBaHHs MOJIEIN PIBHOBaKHOTO 3B’ sI3yBaHHS JI0 aHANIi3y
KoH(opManiliHUX mepexoniB y koMmiekcax poly(rA)poly(rU)
3 i0HAMM MeTalliB

Pesrome

Mema. Pobomy npuceaueno y3a2anioHenHio OmpuManux paniue ex-
CnepuMenmanbHux pe3yabmamie woo0o 6nauey I0HI8 Memanie
(Mg*', Ni* i Cd’*) na xondopmayiiini nepexoou & poly(rd)po-
ly(rU). Mema pobomu noaseanra y 3’scy8anHi 6NAUSY MUNY KOM-
niexcy iona Mmemainy 3 NOAIHYKIeOMUOOM HA U0 PA306020 nepexo-
0y I 6U3HAYEHHI KOHCMAaHM iXHb020 368 's3yeéanns (K) 3 norimepamu
piznoi cmpyxkmypu. Memoou. Beruuunu K susnauaniu nioconxoio
meopemuuHO po3pPAxX08aAHUX 3HAUEHb MeMnepamyp nepexooié 00
eKCnepuMenmanbHux 3a MemoooM HAUMeHUUX Keaopamie 3 MiHiMi-
3ayi€ro cepeOHbOK8AOPAMUUHO20 BIOXUIEHHA MEeMOOOM 2pAdieHm-
HOo20 cnycKy 6 bazamosumipromy npocmopi. Pesynemamu. Pospa-
XYHKU pazosux Oiazpam 3a npucymwocmi iOHI8 Mgz+ nokasaiu
MOJICTUBICTD 00EPIACAHHSL 3A008INbHUX PE3YTbMAMIE NPU GUKOPUC-
MAHHI NOCMITIHUX, He3ANeAHCHUX 8I0 KOHYeHmpayii cepeoHix 3Ha-
uenv koncmanm. Y pasi Ni'' i Cd™* maxi sanescnocmi maroms 6ymu
6paxoeani, 0coOIUBO 6 MedCAX GeNUKUX KOHYyenmpayii ionig, oe
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6i00y6acmovcsi  KOMRAKMU3ayiss  0OHOHUMYACMOT poly(rd).
Bemanoeneno, wo éiominnicms diazpam 3 Ni* i Cd’" o6ymoenena
3HAUHOI0 Pi3HUYeI0 Y IXHIX KOHCmanmax 36 ’a3yeants 3 poly(rA) ma
poly(rU). Bucnoexku. Ompumani pe3yiomamu c8i0uams npo Modic-
JUBICMb YCNIWHO20 ONUCY KOHGDOPMAYIUHUX nepex00ig y NOJIHYK-
1eomuoax 3a NPUCYmMHOCMI [OHI6 Memanié npu GUKOPUCMAHHI
MOOeNbHOI meopii PIBHOBANCHO20 38 '3V 6AHHS.

Kurouosi crosa: azosi diacpamu, kongopmayiini nepexoou,
ionu memanis, poly(rd), poly(rU), poly (rA)poly(rU).

10. I1. brazou, C. A. E2ynos, E. JI. Ycenxo, I'. O. I'naouenxo,
B. A. Copokun

ITpuMeHeHHe MOJIeIM PABHOBECHOTO CBSI3bIBAHMS AJIs aHATH3a
KOH(OpPMaNNOHHBIX IIEPEX0N0B B KoMIutekcax poly(rA)poly(rU)
¢ HOHAMH METaJIOB

Pestome

Llenv. Paboma nocsswena 0606ujenuio NOIyUeHHbIX panee dKcne-
PUMEHMATBHBIX PE3YIbMAMO8 N0 GIUAHUIO U0HOE Memannos (Mg,
Ni*', Cd’") na kongopmayuonnsie nepexodwt 6 poly(rd)poly(rU).
Lenv pabomor — @ulACHUMb, KAK MUN KOMNIEKCA UOHA MEMAlld ¢
NOUHYKACOMUIOM GIUsem HA 8UO PA308020 nepexood, u onpede-
AUms Koncmanmel ceasviganus (K) uonoe c nonumepamu pasauunoi
cmpykmypoi. Memoowt. 3nauenuss K onpedensiu noo2oHKou meo-
pemuiecku 8bl4UCTEHHBIX 3HAYEHUL IeMNepamyp nepexo008 K IKc-
nepuMenmanbHblM no Memooy HAUMEHbWUX K8AOPAMO8 ¢ MUHU-
mMusayuell cpeoHek8aopamuiHo20 OMKIOHEHUs MemoooM 2paou-
EeHMHO20 CNYCKA 8 MHO2OMePHOM npocmpancmee. Pesynsmamat.
Pacuemut hazoswix duazpamm 6 npucymemeuu Mg’ noxazanu 603-
MOJICHOCMb NONYUEHUs YOOBIEMEOPUMENbHBIX Pe3VIbMmamos npu
UCNONIL30BAHUU NOCMOAHHLIX, He 3AGUCAWUX OM KOHYEHMpayuu
cpednux snauenuti koncmaum. B ciyuae Nit*u Cd’" smy sasucu-
MOCMb HYIICHO YHUMbBLBATNb, 0COOEHHO 8 001acmu 60IbUIUX KOHYeH-
mpayuii UOHO8, 20e NPOUCXOOUM KOMNAKMUZAYUSL 0OOHOHUMYAMOU
poly(rd). Yemanoeneno, umo omauuue ¢ duazpammax ¢ Ni'© u Cd”*
00YCI06I€HO CYWeCMBEHHbIM PA3IUYUEM UX KOHCIAHM CB8A3bl6A-
Hus ¢ poly(rA) u poly(rU). Buieoowi. [lonyuennvie pesyivmamol
CBUAEeMENbCMBYIOM 0 BO3MOICHOCIU YCHEUIHO20 ONUCAHUSL KOH-
Gdopmayuonnblx nepexo008 6 NOAUHYKICOMUIAX 6 NPUCYMCMEUU
UOHO8 MEmAnios ¢ NOMOWbIO MOOEIbHOU Meopull PaA6HOBECHO20
CBA3bIBAHUS.

Kurouegvie cnosa: ¢hazosvie ouacpammol, KoHGopmayuonuvie
nepexoosl, uonsvl memaiios, poly(rd), poly(rU), poly (rA)poly(rU).
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