
MOLECULAR BIOPHYSICS

Ef fect of Cd
2+

 ions on conformational equi lib rium of
three-stranded polyU·polyA·polyU polynucleotide at
near-phys i o log i cal con di tions

V. A. Sorokin, V. A. Valeev, E. L. Usenko, Yu. P. Blagoi

B.Verkin In sti tute for Low Tem per a ture Phys ics and En gi neer ing NAS of Ukraine
47 Le nin Ave., Kharkov 61103 , Ukraine 

sorokin@ilt.kharkov.ua

Cd2+ ions ef fect on the conformational equi lib rium of three-stranded polyU·polyA·polyU polynucleotide (0.1 M
Na+, pH 7.0) has been stud ied by the method of dif fer en tial UV spec tros copy.  It has been re vealed that Cd2+ ions
do not bind to heteroatoms of ni tro gen bases of polyA and polyU be ing in tri ple (A2U) and dou ble (AU) he li ces and 
do not change their con for ma tion.  The heat ing of A2U re sults in two sub se quent pro cesses: the first one rep re sents 

sep a ra tion of one strand of polyU from A2U i.e. A2U®AU+U tran si tion (3®2 tran si tion) is real ised, and the sec -

ond one cor re sponds to more co op er a tive melt ing of AU, i.e. 2®1 (U+A®U+A+U) tran si tion.  The con cen tra tion 
dependences of melt ing tem per a tures for these pro cesses have some in ter sec tion point (Tm = 60°C; [Cd2+] ~
3.5·10–4 M) at which ther mal sta bil ity of A2U and AU be comes iden ti cal.  The the o ret i cal cal cu la tions of con cen -
tra tion dependences (Tm)3>2 re vealed that the best agree ment be tween ex per i ment and the ory is ob served at the

enthalpy of tran si tion DH3®2 = 5 kcal/mol·trip let.
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In tro duc tion. Pol lu tion of en vi ron ment with heavy
metal salts [1–3] from chem i cal and met al lur gi cal
works – the main source of pol lu tion – in de vel op ing
coun tries (In dia, China) now a days pres ents a se ri ous
eco log i cal prob lem be cause of eco log i cal con trol of the
lat ter.  Cad mium (Cd) be longs to the group of the most
toxic met als [1, 4].  Ac cord ing to [1], the rate of Cd en -
ter ing the en vi ron ment started in creas ing sig nif i cantly
since 1950s, and in 1980s Cd con cen tra tion in rain wa -
ter in the ar eas near non fer rous met al lurgy works ex -
ceeded that in the Earth hy dro sphere 2-fold.  Pol lu tion
of wa ters in cases of in ci dents is of spe cial at ten tion
dan ger-wise.  For ex am ple, one in ci dent in South-East

China in 2005 re sulted in multifold ex cess in Cd con -
cen tra tion in river wa ters.  The flow of heavy metal
salts into the wa ters of World Ocean is of spe cific dan -
ger in the light of con stantly grow ing hu man con sump -
tion of ma rine or gan isms, which ac cu mu late heavy
metal salts in the course of their vi tal ac tiv ity.

Metal ions with d-elec trons on ex ter nal atomic
orbitals (d-ions) are known to form spe cific com plexes
with heteroatoms of ni tro gen bases of nu cleic ac ids [5],
which re sults in er rors dur ing syn the sis of
polynucleotide se quences [6].  The lat ter may lead to
dis or ders in nor mal func tion ing of ge netic and reg u la -
tory ap pa ra tuses of cel lu lar and sub-cel lu lar or gan isms,
par tic u larly man i fested by the oc cur rence of mutagenic
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and car ci no genic ac tiv ity in cad mium and nickel salts
[1, 6].  Max i mal car ci no genic in di ces are spe cific to
chrome and nickel [7], and cad mium was as signed to
Group 1 car cin o gens by In ter na tional Agency for Re -
search on Can cer (IARC) [4].

In con nec tion with the above men tioned, the in ves -
ti ga tion of d-ion com plexes formed with bi o log i cally
func tional macromolecules of dif fer ent lev els of struc -
tural or ga ni za tion is of cur rent im por tance.  Re cently,
three-stranded oligo- and poly nuc leo tides, the struc ture 
of which re mains sta ble at phys i o log i cal con di tions
(»0.1 M Mt+, pH»7), have been dem on strated to re veal
this func tion al ity [8].  Close at ten tion to these struc -
tures is de ter mined by the pos si bil ity of their be ing used 
in treat ment of vi ral (in clud ing AIDS [9]) and can cer
dis eases [9, 10].

There are hardly any ex per i men tal data on com -
plexes of tri plexes with d-ions.  At the mo ment, there
have been ob tained di a grams of conformational equi -
lib rium for com plexes of Ni2+ ions with three-stranded 
polyI·polyA·polyI [11] and polyU·polyA·polyU
(A2U) poly nuc leo tides [12].  How ever, in the lat ter
case [12] the ef fect of Ni2+ ions on tem per a tures of
conformational tran si tions has been ex am ined in low
ionic strength so lu tions ([Na2+]£ 0.03 M).  No sim i lar
in for ma tion for Cd2+ ions has been ob tained.

Tak ing into ac count the above men tioned facts, the 
aim of cur rent work was to col lect the data on the ef -
fect of tem per a ture and Cd2+ con cen tra tion on struc -
ture and sta bil ity of three-stranded A2U in high ionic
strength so lu tions (0.1 M Na2+), which is sim i lar in the
con tent of Mt+ ions in the cell and, thus, is of great in -
ter est.

Ma te ri als and Meth ods. Three-stranded A2U
were ob tained af ter long term (not less than a month)
keep ing at 4°C in buffer so lu tion (0.001 M so dium
cacodylate, pH 7; 0.099 M NaCl) of equimolar so lu -
tion of two-stranded polynucleotide polyA·polyU
(AU) and po tas sium salt of sin gle-stranded polyU.  To
achieve fuller com ple tion of the pro cess of A2U for -
ma tion, polynucleotide so lu tions con tained phos pho -
rus in high con cen tra tion (0.008¸0.01 M).  Prior to
mea sur ing, the so lu tion was di luted to P »  (2¸3)·10–5

M.  P value was de ter mined ac cord ing to the val ues of
mo lar ex tinc tion co ef fi cients of A2U and AU in the
ab sorp tion max ima [12].

The con cen tra tions of Cd2+ ([Cd2+]), in tro duced to
the so lu tion di rectly be fore mea sur ing as CdCl2·0.5H2O 
salts (Reachim, Rus sia), were de ter mined ac cord ing to
mass and con trolled ad di tion ally by the
complexonometric method.  Sta tis ti cal er rors of [Cd2+]
and P de ter mi na tion did not ex ceed 0.5%.  Re gard less
of a rel a tively high pH value in the in ves ti gated Cd2+

con cen tra tion range (up to 0.001 M), the for ma tion of
hy drox ides can be ne glected [13].  All poly nuc leo tides
(Sigma, USA) were used with out any pu ri fi ca tion.

A2U melt ing curves, i.e. the de pend ence of changes 
in the op ti cal den sity of so lu tion on tem per a ture
(DA(T)) at wavenumber v = 38 500 cm–1, and dif fer en -
tial UV spec tra, i.e. DA(v) (v – wavenumber) at T0 =
20±2°C, were mea sured us ing spec tro pho tom eters
UV-VIS and M40 (Carl Zeiss Jena, Ger many), re spec -
tively.  A2U melt ing curves were re corded as h(T) =
DA(T)/AT0, where AT0 is the op ti cal den sity of so lu tion
at T=T0, and melt ing curves of their de riv a tives
dh(T)/dT were re corded us ing PCs.  The melt ing tem -
per a ture Tm, cor re spond ing to the tran si tion of ap prox i -
mately half of nu cle o tide links into new con for ma tion,
was de ter mined ac cord ing to the po si tion of max ima on
dh(T)/dT.  Melt ing curves were ob tained us ing the fol -
low ing dif fer en tial scheme: two cuvettes, lo cated in
work ing and stan dard chan nels of the
spectrophotometer, con tained iden ti cal so lu tions with
iden ti cal con cen tra tions of poly nuc leo tides and Cd2+. 
Stan dard cuvette was thermostated at T=T0 in the range
of ±0.5°C, the work ing one was heated slowly (heat ing
rate – 0.25°C/min) in or der to pro vide the equil i brated
con di tion of the poly mer at each tem per a ture point. 
DUV-spec tra of A2U and AU, in duced by Cd2+, were
mea sured us ing 4-cuvette scheme, which com pen sates
ab sorp tion of poly nuc leo tides and ions in both chan nels 
of the spectrophotometer.

Re sults and Dis cus sion. Macrochelates are known
to be def i nitely pre ferred type of com plexes of d-ions
with nu cleo tides (NMP) of pu rine bases (AMP, GMP,
IMP) [14].  In side these com plexes Cd2+ ions are
innerspherically bound to N7 of pu rine ring and
outerspherically (i.e. via one of the mol e cules of the oc -
ta he dral hy drate ion shell) bound to the ox y gen atom of
the phos phate group.  The for ma tion of sim i lar struc -
tures is pro moted by both en ergy-wise ad van ta geous -
ness of chelation and struc ture-wise ad van ta geous ness,
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de ter mined by anti-con for ma tion of the sugar ring [15].  
Dications of d-ions are ca pa ble of bind ing to ox y gen at -
oms of phos phate groups only, as NMP be long to
dianions.  The lat ter type of in ter ac tion is pref er a ble for
NMP com plexes with ions of al kali-earth met als, as
well as for d-ions com plexes with py rim i dine nu cleo -
tides [14, 16].  In the case of uracyl de riv a tives, d-ions
may in ter act with N3 and/or O4 of ni tro gen bases [5,
17].  How ever, these in ter ac tions are rather weak [16].

Innerspheral in ter ac tion of d-ions with heteroatoms
of ni trog e nous bases re sults in changes in the po si tion
and in ten sity of their ab sorp tion bands and, con se -
quently, in the oc cur rence of DUV-spec tra of the cer -
tain shape.  De tec tion of these spec tra in com plexes of
sin gle-stranded polyA and polyU with Ni2+ and Cd2+

[12, 18] tes ti fies to the pres ence of their in ter ac tions
with N7 (in the form of macrochelates) and N1 of
polyA, as well as O4 and N3 of polyU.

How ever, it has been re vealed that at 0.1 M Na+ the
change in A2U ab sorp tion spec trum in the pres ence of
Cd2+ does not ex ceed 80 M–1·cm–1 (i.e. it is within the
mea sure ment er ror) up to 0.02 M Cd2+.  This means that
at T=T0 cad mium does not bind to heteroatoms of ni tro -
gen bases of polyA and polyU as a part of
three-stranded A2U and does not change its con for ma -
tion.  This re sult seems to be nat u ral as in the struc ture
of U-A-U trip let (Fig.1) there are po ten tial at oms for
bind ing – N7 and N1 in polyA and N3 in two chains of
polyU, in cluded into the sys tem of hy dro gen bonds,
which makes them un reach able for in ter ac tion with
Cd2+ ions, and ap par ently with other d-ions as well. 
Prin ci pally pos si ble in ter ac tion of cad mium with O4
(Fig.1) is not real ised in the cur rent con cen tra tion range 
be cause of very weak con tacts of their ions with polyU
uracyl [18].

Re mark able is the fact that al though at 0.1 M Na+

and T=T0 Cd2+ ions do not change the ab sorp tion spec -
tra of two-stranded polyA·polyU up to 0.003 M Cd2+,
how ever in this case N7 at oms of polyA most ac tive for
the bind ing to Cd2+ ions seem to be open for in ter ac tion.  
This re sult is in good qual i ta tive cor re la tion with re sults 
ear lier ob tained in [12], which state that Ni2+ ions do not 
in ter act with N7 of AU.

The rea son of low sen si tiv ity of AU-pairs of
polyA·polyU to wards the pres ence of d-ions in the
so lu tion is as fol lows.  Ac cord ing to the data in

[20–22], the for ma tion of macrochelates is per -
formed due to the change in con for ma tion of sin -
gle-stranded poly nuc leo tides, re sult ing in the
for ma tion of short loops, 4–5 nu cleo tides long [20]. 
This is con nected with the fact that the lengths of sta -
tis ti cal seg ment (à) and lat eral di men sion (D) in sin -
gle-stranded he li ces are com men su ra ble (D » à » 2
nm) [23].  In dou ble-stranded poly nuc leo tides D = 2
nm and à » 100 nm [23].  Sig nif i cant ri gid ity of mol e -
cules makes the for ma tion of men tioned loops im pos -
si ble, which ap par ently im pedes the for ma tion of
macrochelates.  In ter ac tion of d-ions with N7 at oms
only, re con structed by their in ter ac tion with
adenosine (Ado) N7, has got to be very weak.  In -
deed, bind ing con stants of Ni2+, Cu2+, and Cd2+ with
AMP N7 in the forms of macrochelates are 310,
1380, and 480 M–1, re spec tively [14], whereas bind -
ing con stants of Ni2+ and Cu2+ ions to Ado are 8 and
20 M–1 [24], i.e. 40 and 70 times lower.

Phase di a grams. Ac cord ing to [25–27], heat ing
of A2U in the ab sence of Mt2+ in duces two con sec u -
tive pro cesses (Fig.2).  The first in ten sive max i mum
on the dif fer en tial melt ing curve cor re sponds to the
sep a ra tion of one polyU strand (U2) from A2U
(Fig.1), that is to reali sa tion of A2U®AU+U tran si -
tion (3®2 tran si tion), the sec ond in ten sive max i mum 
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Fig.1 Struc ture of U-A-U trip let [19];  U1-A – Wat son-Crick pair,
(A-U2) – Hoogsteen re verse pair 



cor re sponds to melt ing of AU, that is to more co op er a -
tive tran si tion 2®1 (U+UA®U+A+U).

Though in the cases of dif fer ent prep a ra tions of so -
lu tions, cor re spond ing Tmo val ues dif fer sig nif i cantly –
(Tm0)3®2 = 50.3 ± 2°C; (Tm0)2®1 = 56.6± 1.5°C, they are
in tol er a ble cor re la tion with the data of other au thors,
ob tained with 0.1 M Na+ (Ta ble 1).

Dependences of (Tm)3®2 and (Tm)2®1 on Cd2+ con -
cen tra tion (Fig.3) are seen to cross in the point cor re -
spond ing to the crit i cal con cen tra tion ([Cd2+]cr »

3.5·10–4 M) and tem per a ture (Tm)cr = 60°C.  Thus, at
[Mt2+]=[Mt2+]cr the val ues of thermostability of A2U
and AU are iden ti cal (Fig.3) and dur ing heat ing of A2U
only one tran si tion takes place A2U®U+A=U (3®1
tran si tion) (Fig.2, c).  We were not able to ob tain the de -
pend ence of (Tm)3®1 on [Cd2+] be cause of high de for -
ma tion of melt ing curves, con di tioned by par tial pre cip -
i ta tion of metal-com plexes of sin gle-stranded polyA in
the re gion of the conformational tran si tion.

Fig ure 3 shows that the change in (Tm)2®1 of A2U at 
the in crease of Cd2+ con cen tra tion to 3·10–4 M is in the
range of 2°C, whereas in the same con cen tra tion range
(Tm)3®2 is in creased in 8°C.  These spe cial forms of the
phase di a gram ob tained may be ex plained by com par i -
son of ex per i men tal con cen tra tion de pend en cies of Tm

to those cal cu lated us ing equil i brated bind ing the ory
[11, 12, 28].

For two in de pend ent types of bind ing of ions to the
polynucleotide (by phos phates (P) and by ni tro gen
bases (N)) the de pend ence is pre sented as fol lows [28]:

(1)

where Tm0 = Tm at [Mt2+] = 0; DH is enthalpy of the
conformational tran si tion.

For 3®2 tran si tion the de pend ence is pre sented as
fol lows:

     
(2)

where K is bind ing con stants; n is stoichiometry of the
com plex (the num ber of ions for one bind ing site).  In -
di ces 3 and 2 mean bind ing of ions to A2U and AU, re -

SOROKIN V. A. ET AL. 

436

Fig.2 Dif fer en tial melt ing curves of A2U (0.1 M Na+, pH 7.0): a –
[Cd2+] = 0; b – 3.5·10–5 M Cd2+; c –3.5·10–4 M Cd2+

Ta ble 1
A2U Melt ing tem per a tures (0.1 M Na+, ðÍ 7.0) in the ab sence of
Mt2+ ions
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spec tively; U is sin gle-stranded polyU; Af is the con cen -
tra tion of free ions,
           A Mt A

f b
= -+[ ]2 ,(3)

 where 

(4)

where y is a part of nu cle o tide links in the cor re spond -
ing con for ma tion at T=Tm (Ta ble 2); C is the oc cu pa -
tion de gree of bind ing sites, which can be cal cu lated ac -

cord ing to the for mula Ñ = K×Af/1+KCAf.
Ac cord ing to the data ob tained in the cur rent work,

Cd2+ are bound to A2U and AU phos phates only, and
their in ter ac tion with polyU uracyl is very weak (KN <
100 M–1) [18].  cN in (1) is set to be 1 for the 3®2 tran si -
tion.  Bind ing con stants for Cd2+ bind ing to A2U and
AU phos phates and com po nents of their sin -
gle-stranded poly nuc leo tides re main un known.  How -
ever, the in ter ac tion of cat ions with neg a tively charged
ox y gen at oms of phos phates is purely Cou lomb in ter ac -
tion and can be de ter mined by the val ues of in ter act ing
charges only.  Stat ing on the abovementioned, when
cal cu lat ing the de pend ence of (Tm)3®2 on [Cd2+] we
used K val ues ob tained for Mg2+ (Ta ble 2).  At the con -
di tions of com pen sa tion of charges on nu cle o tide phos -
phates by Mt2+ ions we sup posed that n3 = n2 = nU = 0.5

[29].  The cal cu la tion showed that due to low P and K
val ues, Ab con cen tra tion did not ex ceed 2% of [Cd2+],
i.e. Af = [Cd2+] within this range.

There fore, as it is seen from for mu lae (1, 2), the
change value (Tm)3®2, ex cept K and n, de pends sig nif i -
cantly on (DH)3®2, the val ues of which were de ter mined 
by the meth ods of dif fer en tial scan ning and iso ther mal
ti trat ing cal o rim e try to be in the range of 2?4.2 kcal/mol 
[27, 30], i.e. they are 2 times dif fer ent on the edges of
value scat ter ing (DH)3®2.  This fact may be con nected
with in suf fi cient equi lib rium of 3®2 transiiton dur ing
fast heat ing of the so lu tion (this pro cess is slower that
that of 2®1 [30]), with ef fect of ag gre ga tion, com plex -
ity of reg is ter ing the zero line ef fect on the cal cu la tion
of heat ef fect value, us ing the method of dif fer en tial
scan ning cal o rim e try with dif fer ent con for ma tions of
sin gle-stranded poly nuc leo tides at low and high tem -
per a tures (the lat ter is re lated to polyA and polyC,
which are 50–60% spiralized at T=T0 [31]).  Dif fer -
ences in (DH)3®2 val ues, dis cov ered from tem per a ture
de pend en cies of equi lib rium con stants (Vant-Hoff
method: d lnK/d(1/T) = –DH/R) are even higher and lo -
cated in the range of 2–8 kcal/mol [30].

Phase di a grams al low ob tain ing more pre cise value
of (DH)3®2 for A2U, us ing for mu lae (1)–(4).  The con -
cen tra tion de pend ence (Tm)3®2 was cal cu lated for 4 val -
ues DH3®2 to be 2, 4, 5, and 6 kcal·mol–1·trip let–1.  It is
ev i dent that the best cor re la tion be tween the ex per i -
ment and the the ory is ob served in the case of DH3®2 = 5 
kcal·mol–1·trip let–1.  This value is in good cor re la tion
with DH3®2 = 5.3 kcal·mol–1·trip let–1, ob tained in anal y -
sis of the phase di a gram (Tm = f([Na+])) of polyA·polyU 
[32] and val ues of DH3®2 = 4.6 and 4.9 kcal·mol–1·trip -
let–1, re vealed for T·AT trip let us ing the method of iso -
ther mal ti trat ing cal o rim e try [33] and for
oligonucleotide dA15–2dT10 (cal cu lated us ing the
“stag ger ing zip per” model, cor re spond ing to the high -
est val ues of nu cle ation con stant [34]), re spec tively.

In the case of 2®1 tran si tion for mu lae (2) and (4)
are pre sented as fol lows:

   (5)

and

(6)
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Fig.3 Phase di a gram of A2U com plex with Cd2+ ions (0.1 M Na+, ðÍ 
7.0); Tm is tem per a ture of conformational tran si tion; white and
black cir cles – 3>2 and 2>1; reg u lar lines – ex per i men tal
dependences of Tm ([Cd2+]), cal cu lated ac cord ing to the method of
the least squares; sectioned lines – dependences of Tm3>2 on [Mt2+]
(1?4) and (Tm2>1) on [Mt2+] (5), cal cu lated ac cord ing to (1)–(6)
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where KA and nA are bind ing pa ram e ters of Mt2+ with
sin gle-stranded polyA.

In this case only [(dTm)2®1]P de ter mined by bind ing
of ions to phos phates (Ta ble 2) can be cal cu lated re li -
ably as (KA)N and (nA)N for Cd2+ are un known.  How -
ever, it has been re vealed that when tak ing into ac count
only the phos phate com po nent dTm, cal cu lated and ex -
per i men tal dependences of (Tm)2®1 on [Mt2+] cor re late
within the range f one de gree.  The rea son for in sig nif i -
cant in flu ence of Cd2+ bind ing to ad e nine of sin -
gle-stranded polyA on the de crease in thermostability
of A2U is ap par ently be cause of nAN < y.  In deed, as it
has al ready been men tioned, the in ter ac tion of Cd2+

with sin gle-stranded polyC, the struc ture of which is
sim i lar to that of polyA [31], re sults in the for ma tion of
loops of 4¸5 nu cleo tides long [20], which cor re sponds
to n = 0.2¸0.5.  Be sides, ac cord ing to [35], for the com -
plex of Ni2+ with sin gle-stranded polyA n makes up
0.26.

If we sup pose that for Cd2+ nAN also equals to 0.2
(KAN » 1 000 M–1 [18]), then [(dTm)2®1]N = –1.3°C, that
is to the value within the stan dard Tm er ror, which is
»2°C.

Higher DH2®1 value and low dif fer ences be tween
as so ci a tion con stants for Cd2+ bind ing to AU and sin -
gle-stranded polyA and polyU lead to the fact that AU
thermostability changes hardly even at [Cd2+]/P»10. 
Al though the dif fer ence be tween K3 and K1 is some -
what higher, sig nif i cant con tri bu tion to Cd2+ ions – in -
duced in crease in A2U thermostability re sults from the
lower DH3®2 value in com par i son with that for DH2®1. 
Thus, the dif fer ences be tween enthalpies val ues of
these tran si tions are the con stant valu able fac tor of ap -

pear ance of “crit i cal” points on phase A2U di a grams in
the pres ence of not only two- but also monovalent metal 
ions [12, 26, 27, 29].

The data ob tained in di cate that the struc ture of rigid 
multi-stranded poly nuc leo tides formed by both Wat -
son-Crick and Hoogsteen AU-pairs does not al low
d-ions to form ef fec tive coordinational bonds with ad e -
nine and uracyl heteroatoms up to very high ionic con -
cen tra tions.  This re sults in the conformational and
ther mal sta bil ity of cor re spond ing pairs and trip lets to -
wards these ions.  There fore, their mutagenic and car ci -
no genic ac tiv i ties can hardly be in duced by spe cific in -
ter ac tions of AU- or AT-pairs of dou ble-stranded RNA
and DNA of liv ing or gan isms.

More over, we can put for ward a sup po si tion that
con ser va tism in the trans fer of ge netic in for ma tion by
DNA and RNA mol e cules upon changes in liv ing con -
di tions of or gan isms is pro vided by the conformational
sta bil ity of AT- or AU-pairs to wards the ef fect of not
only metal d-ions but also some other bi o log i cally ac -
tive sub stances, whereas the al ter na tive evo lu tion ary
pro cess is con di tioned by their in ter ac tion with pairs of
ni tro gen bases con tain ing 6-oxopurines (gua nine or
hypoxanthine).

Â. À. Ñîðîêèí, Â. À. Âàëååâ, Å. Ë. Óñåíêî, Þ. Ï. Áëàãîé

Âëèÿíèå èîíîâ Ñd2+ íà êîíôîðìàöèîííîå ðàâíîâåñèå

òðåõöåïî÷å÷íîãî ïîëèíóêëåîòèäà ïîëèU×ïîëèÀ×ïîëèU â

óñëîâèÿõ, áëèçêèõ ê ôèçèîëîãè÷åñêèì

Ðåçþìå

Ìåòîäîì äèôôåðåíöèàëüíîé  ÓÔ-ñïåêòðîñêîïèè èçó÷åíî
âëèÿíèå èîíîâ Cd2+ íà êîíôîðìàöèîííîå ðàâíîâåñèå

òðåõöåïî÷å÷íîãî ïîëèíóêëåîòèäà ïîëèU ×ïîëèA ×ïîëèU (0,1 Ì
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Ta ble 2
Pa ram e ters of equa tions (1)–(6) [29]

Transition

Part of links Ì–1 kcal× mol–1× triplets–1 kcal × mol–1× pairs–1

y A2Uºy 3 y AUº y 2 y A y U KA2UºK3 KAUºK2 KA KU DH3®2 DH2®1

A2U®AU+U

(3®2)
1/2 1/3 0 1/6 1000 345 200 250 2,1 [27];  4; 5; 6 –

AU+U®A+U+U

(2®1)
0 1/3 1/6 1/2 – – – – – 8,2

y – part of polynucleotide links in the cor re spond ing con for ma tion at T=Tm; 3 and 2 are A2U and AU re spec tively; A and U are 
sin gle-stranded polyA and polyU; K is Mg2+ bind ing con stants. DÍ is enthalpy of cor re spond ing tran si tions; Ð =
3•10–5 Ì, (nA)P = 0.5 [29].



Na+, pH 7). Ïîêàçàíî, ÷òî ýòè èîíû íå ñâÿçûâàþòñÿ ñ
ãåòåðîàòîìàìè àçîòèñòûõ îñíîâàíèé ïîëèA è ïîëèU,
íàõîäÿùèõñÿ â ñîñòàâå òðîéíîé (A2U) è  äâîéíîé (AU)
ñïèðàëåé, è íå èçìåíÿþò èõ êîíôîðìàöèè. Íàãðåâàíèå A2U
èíäóöèðóåò äâà ïîñëåäîâàòåëüíûõ ïðîöåññà: ïåðâûé
ñîîòâåòñòâóåò îòäåëåíèþ îò A2U îäíîé íèòè ïîëèU, òî

åñòü ðåàëèçàöèè ïåðåõîäà 3®2, âòîðîé – áîëåå

êîîïåðàòèâíîìó ïëàâëåíèþ AU, ò. å. ïåðåõîäó 2®1.
Êîíöåíòðàöèîííûå çàâèñèìîñòè òåìïåðàòóð ïëàâëåíèÿ,
ñîîòâåòñòâóþùèå ýòèì ïðîöåññàì, èìåþò òî÷êó
ïåðåñå÷åíèÿ (Tm = = 60 îÑ; êîíöåíòðàöèÿ Cd2+ » 3,5×10–4M), ïðè
êîòîðîé òåðìîñòàáèëüíîñòè A2U è AU ñòàíîâÿòñÿ
îäèíàêîâûìè. Òåîðåòè÷åñêèå  ðàñ÷åòû êîíöåíòðàöèîííûõ
çàâèñèìîñòåé (Tm)3®2  ïîêàçàëè, ÷òî íàèëó÷øåå ñîãëàñèå
ìåæäó îïûòîì è òåîðèåé íàáëþäàåòñÿ ïðè ýí òàëüïèè
ïåðåõîäà DÍ3®2 = 5 êêàë×ìîëü–1×òðèïëåò–1. 

Êëþ÷åâûå ñëîâà: èîíû ìåòàëëîâ,  òðåõöåïî÷å÷íûå

ïîëèíóêëåîòèäû, êîíôîðìàöèîííûå ïåðåõîäû.
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