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Thermodynamic analysis of Hoechst 33258 interaction with poly{rA)-poly(rU) at the ionic
strengths of the solution 0.04, 0.02 and 0.1 M has been carried out. Values of both binding
constant (K) and number of nucleotides (n) per binding site were determined from Scatchard’s
curves that were obtained based on spectroscopic and electrochemical measurements. Values of
changes of enthalpy (AH), entropy (AS) and free energy (AG) were also determined at the
complex-formation. It should be mentioned that the binding of Hoechst 33258 to nucleic acids is
accompanied by positive change of enthalpy. Meanwhile depending on the ionic strength of the
solution, the values of AH for DNA change insignificantly, while for poly(tA)-poly(rU) this
parameter is exposed to relevant alterations.

Hoechst 33258 — DNA — poly(r4)-poly(rU) — thermodynamic parameters of complex-formation

Ppwlwlwgyt) £ poly(tA)-poly(iU)-h hiin Hoechst 33258-h thnhuwignbgniejwl pGndnnhuwdhlw-
JuwU Jepinwsnipinl [nudnyeh 0.04, 0.02 W 0.1 U hnbwlwU nudh nbwencd: UGGnswnnh YnpGphg, npnlp
unwgybl U uwtyunpnuynwhy W fEGnpuehdhwywu swhnuduGph hhdwl Jpw, npnzdtp Bu Juwdwl
hwuthwwnntuh (K) W UGy uwdwl nenhl pulunn uncyEninhnutnh puh (n) wpdGelubpn: Npnpdbp B
lwl Bipwiwhwih (AH), Huppnuhwih (AS) W wquun Euepghwih (AG) thnithnpunugywl windGpubpp
Undw|Gpuwgnwgdwl nGwenid: Iwnly E UL, np Hoechst 33258-h Juwwnudp UnLyBhUwppnluGph hGun
nunthgynud £ Eupwwhwih npuywl ginthnpungggudp, pun npnd, Jupudwé (neenyeh pnbwlwl nidhg,
Aue-h nbwend AH-h wpdBeubpp wulpwl BU thnpuyned, Uhlsnbn poly(rA)-poly(tU)-h nGwenid wju
wwpuwutunpp Gurwplynd £ Eulyuwl hnthnfuncgnculph:

Hoechst 33258 — Wie— poly(rd)-poly(rli) — ndibpugnugdiuli pEpdnnplivdhlpulol upupuwdinnln

IIporemen TepMommHaMdeckiii ananws B3aumozeifcTeus Hoechst 33258 ¢ poly(rA)-
poly(rU) mpu norHkx cinax pacteopa 0.04; 0.02 1 0.1 M. OnpefeneHbl 3HAUEHUS KOHCTAHT CRA-
3EIBAHIA K K YHCcIa HyKICOTHAOB N, IPINOAANNIK HA OAHO MECTO CBA3EIBAHMA, M3 KPHBEIX CKeT-
Yapya, TONYyIeHHEX Ha OCHOBAHMH CHEKTPOCKOITHIECKHX M HIEKTPOXUMIYECKHX H3MepeHHH. On-
pelienennl Takke BENMUHHE M3MeHeHHH sHTansimi (AH), suTpormm (AS) 1 cBoOOAHONR SHEPTHH
(AG) mpu vomutekcoobpazopaani. HeobXo MO OTMETHTE, UTO cBa3kBaHme Hoechst 33258 ¢
HyKJICHHOBEIMH KHCIOTAMH COIPOBOXAACTCA IONOMKHNTSIBHEIM H3MEHCHIEOM SHTANBIMH, IIPH
3TOM, B 3BHCHMOCTH OT MOHHOM CITHI pacTeopa, B cnyuae JTHK svavemis AH mpeTeprieBatoT He-
HONBIIOE W3MEHSHHE, B TO BpeMsl Kak B ciayuae poly(rA)-poly(rU) sToT mapamerp IoaBepraeTcs
3HAYATETLHBIM 3MEHEHHM.

Hoechst 33258 — /IHK — poly(rd)-polv(rU) — mepaodunanuueckie napavempol
KOMIIERCOOBPUB08aHUA
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During the recent decades the structural-functional peculiarities of RNA,
particularly its double-stranded (ds-) structure that practically plays an important role in
realization of encoded genetic information, have been of growing interest [3, 4, 12, 15].
Moreover, new species of RNA (non-coding — nc-RNA) are found, which can be a good
instrument for cellular activity modulation. Micro-RNA (mc-RNA) and short interfering
RNA (si-RNA) are referred to these species of RNA. They bind to matrix RNA, forming
ds-structures that mainly inhibit the translation, but are able to initiate it as well [3, 4, 12,
15]. It indicates that ds-type of RNA can also become a target for many biologically
active compounds, which display a specificity to ds-DNA and are hindered in cytoplasm
having no chance to get to DNA, which in turn can radically change the cellular activity.

Biologically active compounds that are specific to DNA, including ligands-
intercalators or groove binding compounds, form slowly dissociating complexes [2, 7,
11, 14, 17, 19, 20]. In this regard, the specificity of these ligands, especially groove-
binding compounds, relevantly depends on DNA structural form. DNA mainly is in ds-
form, though at functioning it can be transformed to single-stranded or seldom four-
stranded state [19].

Obviously, the studies of the interaction of ds-DNA specific ligands with ds-form
of RNA can have an important value for more detailed understanding of mechanisms
and ways of modulation of cellular activity throughout biologically active compounds.
The recently obtained results have indicated that several intercalators, particularly
ethidium bromide (EtBr), methylene blue (MB) can display a specificity to ds-RNA [22,
24]. From this point of view, the studies on the interaction of groove-binding compounds
with ds-RNA can be quite interesting and valuable. Among such compounds AT -specific
ligand Hoechst 33258 (H33258) is one of well-studied ones. It is localized in minor
groove of DNA. Minor and major grooves in B-NA (DNA) and A-forms (RNA as well
as DNA) significantly differ from each other [19]. In this regard, the studies dedicated to
H33258 interaction with ds-RNA have an important value.

Groove-binding ligands are also interesting because of their ability to affect gene
expression, selectively binding to them. From this point of view, some compounds,
particularly distamycin A, CC-1065, H33258, being anti-neoplastic agents, possess anti-
bacterial, anti-fungal, antivirus properties as well as they are fluorescence dyes for DNA.
These compounds are applied with other ligands for cytotoxic purposes as well as for
decreasing the toxicity of other drugs [1, 8, 10, 12, 18, 25]. Apart from specific groove-
binding and intercalation, H33258 was shown to bind to phosphate groups from external
side of DNA due to electrostatic forces [1, 8, 10, 12, 18, 25]. Being localized in minor
groove, one ligand molecule covers 5-6 pairs of bases along DNA chain, meanwhile
these regions become more “rigid”, while adjacent regions remain flexible [1, 8, 10,12,
18, 25]. The ionic strength of the solution is one of chief factors, conditioning the
specific binding of H33258 to DNA, since depending on this factor the hydration degree
of DNA changes.

Taking into account the above-mentioned, this work is aimed at studying the
interaction of H33258 with ds-RNA analogue — poly(rA)-poly(rU) and analyzing
thermodynamically the complex-formation depending on the ionic strength of the
solution.

Materials and methods. Poly(rA)-poly(rU), calf thymus DNA (“Sigma”, USA), Hoechst
33258 (“Sigma”, USA) were used in experiments. Binding of H33258 to poly(rA)-poly(rU) and
calf thymus DNA was studied in standard solution, containing NaCl, Na-citrate and
ethylenediaminetetraacetate, the ionic strengths were equal to 0.02, 0.04 and 0.1 M.
Concentrations of poly(rA)-poly(rU), DNA and H33258 were determined spectrophotometrically,
using the following values of extinction coefficients (M™cm™): £,5,=7140 for poly(rA)-poly(rU),
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£260=6600 for DNA, 343=42000 for H33258. Spectrophotometric titration was carried out on
spectrophotometer PYE Unicam-SP8-100 (England), fluorescence measurements — on Varian
Cary Eclipse Fluorescence Spectrophotometer (Australia). Spectroscopic measurements were
carried out in thermostating cells, using quartz cuvettes with optic pathway length 1 cm and
hermetically closing caps. Based on the absorption, fluorescence spectra as well as voltammetric
curves, the concentration portions of bound and free ligand molecules were obtained and using
them the binding curves of H33258 with DNA and poly(rA)-poly(rU) in Scatchard’s coordinates
were constructed as described in [4]. The binding isotherms of ligands to DNA and poly(rA)-
poly(rU) were obtained at three temperatures 20, 30 and 40°C and the above mentioned ionic
strengths of the solution. The theoretical curves were passed through the experimental points by
the least square method, using the formula (1) [4]:

} d-(n-Dr) @

o 1-nr
C, 1-(n=Dr

and the values of binding constants (K) and number of base pairs of nucleic acids (NA) per
binding site (n) were determined. These base pairs become unavailable at the binding of one ligand
molecule. In formula (1) Cs is concentration of free, C, — concentration of bound ligand, C, —
. Cp
concentration of NAand r=—.
Cp
Values of AG were determined by formula AG=-RTInK, the value of AH was determined
by extrapolation of InK dependence curve on 1/K to ordinate axis; the point of crossing with it
gives a value of AH/R. From the equation of AG=AH-TAS the entropy change was determined.

Results and Discussion. The rising interest to the interaction of various ligands
with nucleic acids is due to the fact that biosensors and biochips on the basis of genetic
material (DNA, RNA) are getting wide application. The ligands-intercalators are used as
sensors that are inserted into the plane of base pairs of ds-NA, in the consequence of
which an analytical signal of sensor or chip is strengthened by several orders. It is
conditioned by the fact that the majority of ligands in intercalated state possess high
intensity of fluorescence [5,6,13]. Ligands-intercalators, having high intensity of
fluorescence, obviously can be good sensors for the signal strengthening of genosensors
or genochips. Moreover, some ligands-intercalators, particularly H33258, show a high
specificity to many types of DNA nucleotide sequences, which depends on the ionic
strength of the solution [21], that is why they can be good analytic sensors. Particularly,
at the ionic strengths p>0.004 M, H33258, being localized in DNA minor groove,
preferably binds to (AT), (n=3-6) sequences that are on the boundaries of GC-pairs from
both ends; at the low ionic strengths — it preferably binds to GC-rich regions by the
intercalation mode [1,8,10,12,18]. The mentioned peculiarities refer to the binding of
H33258 to B-form of DNA. Meanwhile, DNA in A-form as well as RNA (that always is
in A- or A’-form) structurally differ from B-DNA. Particularly, the distance between ds-
NA phosphates in A-form is equal to about ~5.9 A, in B-form — ~7.0 A, the minor
groove of A-NA is deeper and narrower, than that of B-form. Obviously, such structural
differences can have an important value at the interaction of groove-binding ligands to
ds-NA [19]. Besides, at the interaction of H33258 with ds-DNA the thermodynamic
parameters were obtained and the enthalpy-entropy complexation mechanism of
complex-formation was revealed. Though, it was shown that the complex-formation of
H33258 with B-form DNA is accompanied by positive change of enthalpy [1, 8, 10, 12,
18].
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Analogous data on H33258 interaction with RNA are practically absent. On the
other hand, RNA, in contrast to DNA, has less stable ds-structure in physiological
conditions [24]. Taking into account the above mentioned, the thermodynamic analysis
of the interaction of H33258 with poly(rA)-poly(rU) at the various ionic strengths of the
solution has been carried out. Experiments were carried out by absorption and
fluorescence spectroscopy methods at the temperatures 293, 303 and 313 K. Absorption
and fluorescence spectra of H33258 complexes with poly(rA)-poly(rU) at all ionic
strengths of the solution are similar to those obtained in [23] (spectra are not presented).
Based on the obtained spectra the adsorption isotherms were constructed and the values
of K and n [23] as well as AH, AS and AG (table 1 a, b, c) were determined, as described
in experimental part.

Table 1a. Thermodynamic parameters of Hoechst 33258 binding to DNA and
poly(rA)-poly(rU) at the ionic strength of the solution u=0.02 M

T K | K10% M [ -AG, kcal/mol | AH, kcal/mol | AS, cali(mol-K) | n
DNA
293 0.80+0.05 10.70£1.5 6.0+0.5
303 1.05+0.05 11.21+1.5 5.0+1.5 53.5+£0.5 6.0+0.5
313 1.50+0.05 11.80+1.5 5.5+0.5
Poly(rA)-poly(rU)
293 0.005+0.0005 7.7£1.5 2.0+0.5
303 0.005+0.0005 7.95+1.5 22415 33.5+£1.0 2.0+0.5
313 0.006+0.0005 8.32+1.5 2.0+0.5

Table 1b. Thermodynamic parameters of Hoechst 33258 binding to DNA and
poly(rA)-poly(rU) at the ionic strength of the solution u=0.04 M

T, K | K10% M [ -AG, kcalimol | AH, kcal/mol | AS, cali(mol-K) | n
DNA
293 0.65+0.05 10.54£1.5 5.540.5
303 0.85+0.05 11.13+£15 5.24¢1.5 54.0+0.5 5.5+0.5
313 1.20+0.05 11.65+1.5 5.0+0.5
Poly(rA)-poly(rU)
293 0.05+0.005 9.04£1.5 3.0:0.5
303 0.07+0.005 9.55£1.5 6.5+1.5 53.0£1.0 2.540.5
313 0.10+0.005 10.09£1.5 25405

Table 1c. Thermodynamic parameters of Hoechst 33258 binding to DNA and
poly(rA)-poly(rU) at the ionic strength of the solution u=0.1 M

T K | K108 M [ -AG, kcalimol | AH, kcal/mol | AS, cali(mol-K) | n
DNA
293 0.5540.05 10.5£1.5 6.5+0.1
303 0.8540.05 11.0£15 6.0£1.5 56.0£0.5 6.5+0.1
313 1.05+0.05 11.5+1.5 6.0+0.1
Poly(rA)-poly(rU)
293 0.2040.05 9.85+1.5 5.0+0.2
303 0.33+0.05 10.5£1.5 8.5+1.5 62.65+1.0 5.0+0.2
313 0.50+0.05 11.1+15 5.040.2

In the tables the analogous values of thermodynamic parameters of Hoechst
33258 interaction with DNA are presented for the comparison. As it is obvious from the
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presented tables the binding constant of Hoechst 33258 with DNA is higher, than with
poly(rA)-poly(rU). At the same time, along with the increase of the ionic strength of the
solution from 0.02 M to 0.1 M, the value of K takes a little change in the case of binding
to DNA, while in the case of poly(rA)-poly(rU) a significant increase of this parameter
takes place. It is due to being of poly(rA)-poly(rU) in unstable ds-form at the ionic
strength of the solution 0.02 M, when it is practically denatured at the temperatures
T>293 K [24]. At higher ionic strengths ds-structure of poly(rA)-poly(rU) is transformed
to stable state, in consequence of which the values of K increase. Though, along with
enhancement of the temperature a little increase of K is observed, which results in
positive changing of the enthalpy, as in the case of DNA.

However, at Hoechst 33258 interaction with ds-poly(rA)-poly(rU) (at the ionic
strengths 0.04 and 0.1 M), the value of K is about an oder less, that that with DNA,
which can result from several reasons: 1. being of NA in A-form, due to which the
coincidence between ligand molecule and NA decreases that in turn results from deeper
and narrower groove, 2. Absence of GC-pairs or 3. two precursor reasons simultaneously
[9, 12, 16, 18, 19].

It is also shown from the table data that for DNA, the values of AH change less
along with the ionic strength increase, than that for poly(rA)-poly(rU). Entropy of the
complex-formation of H33258 with ds-poly(rA)-poly(rU) takes much higher change as
compared to DNA, which is twice as higher at the ionic strength of the solution 0.1 M.
For DNA the entropy change increases by 2-3 cal/(mol-K) with the ionic strength
enhancement. Changes of free energy at H33258 complex-formation with DNA are
higher, than that with poly(rA)-poly(rU), which indicates the preferance of the binding
of this ligand to B-DNA.

It should be mentioned that along with the ionic strength growth, the binding of
H33258 to poly(rA)-poly(rU) becomes more and more beneficial from the entropic point
of view as compared to DNA, while during DNA-ligand interactions the entropic losses
increase. Possible mechanism is the flexibility increase, due to the screening of
electrostatic repulsion, which in turn leads to strengthening of geometrical coincidence
between ligand and binding center. At the same time, the growth of the entropic losses
can be connected to the originally higher flexibility of poly(rA)-poly(rU) that increases
with the growth of the solution ionic strength.

Thus, the obtained data show that DNA B-form specific ligand H33258 can also
bind to ds-polynucleotides, being in A-form. Moreover, both in the case of DNA and
poly(rA)-poly(rU) the interaction occurs according to enthalpy-entropy complex
formation mechanism, when the enthalpy change is positive. This fact indicates that one
of factors of H33258 specificity to ds-NA is a geometrical coincidence between ligand
molecule and minor groove of nucleic acid, which changes depending both on the
temperature and on the solution ionic strength.

This work was supported by the RA MES State Committee of Science, in the
frames of the research project Ne 18T-1F030.
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