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In this work, the effect of ethylene glycol oligomers and polymers of various molecular
masses on the structural transformations of deoxyribonucleic acid (DNA) is studied exclusively by
viscometry. The main goal of this study was to understand how polyethylene glycol (PEG)
interacts, which binds to calf thymus DNA (ctDNA). This paper presents the results of these
studies. It has been found that ethylene glycols with molecular masses of 600 and 1000, apparently
due to their smallness, do not have a noticeable effect on the sizes of DNA macromolecules in the
studied concentration ranges. For ethylene glycols with molecular masses of 6000 and 7000, a
clearly expressed complex course of the dependence of the intrinsic viscosity of DNA solutions on
the polymer content was established. A decrease in the viscosity of solutions was observed, which
was interpreted as a result of a decrease in the size of DNA macromolecules. It was assumed that
with a change in the concentration of ethylene glycols in the system, an increase in the density of
DNA macromolecules occurs due to a change in the balance of hydrophobic-hydrophilic
interactions. The results of the study in the presence of 20 000 molecular masses of PEG in a DNA
solution practically exclude the presence of interaction between DNA and PEG molecules at such
molecular masses.

Deoxyribonucleic acid (DNA) — ethylene glycol (EG) — polyethylene glycol (PEG) —
calf thymus DNA (ct DNA) — viscometry
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qopupnhpnunclGhUwpent (YUR) — Eehiuqihyn (EQ) — wnihkphitUqihlyn (MEQ) - hnpreh
Wpwatinéh M@ (hu MUie)— dwodnighynienil

B nmanHOl paGoTe MCKIIOYMTENEHO METOJOM BHCKO3UMETPHM H3YY€HO BIUSHUE OJIMTO-
MEpOB U MOJIMMEPOB ATHJICHITIMKOJS PA3INIHOM MOJIEKYJSIPHOH MacChl Ha CTPYKTypHBIE TpEB-
paienus ne3okcupubonykienHoBor kuciaothl (JIHK). OcHOBHAS 1€/ 3TOr0 MCCIICIOBAHUSA COC-
TOsIa B TOM, YTOOBI MOHATH, KaK B3aMMOJCHCTBYeT monmdTuiaeHrmukonb ([1317), koTtopslit cBs-
3piBaercst ¢ JJHK tumyca tenenka (ut/IHK). B nanHoit pabote mpeacraBieHbl pe3yabTaThl STHX
HCCIIeJOBaHUN. Y CTAHOBIJICHO, YTO ATUJICHTIIMKOIN C MOJeKyIsapHbIMU Maccamu 600 u 1000, mo-
BUIUMOMY, B CHUIy CBOE MaJOCTH, HE OKa3bIBaIOT 3aMETHOI'O BIMSHHS HA Pa3Mephl MaKpOMO-
nexyn JIHK B ucciienoBaHHBIX TUana3oHaxX KOHLEHTpauui. Jis sTUiIeHIIHKONIeH ¢ MOIeKysp-
HeIMI MaccaM 6000 u 7000 ycTaHOBIIEH YETKO BBIPaYKCHHBIN CIIOMKHBIA X0 3aBHCHMOCTH Xapak-
TepucTuieckoi Bs3koctu pactBopoB IHK ot comepkanus moimmMepa. HaGmoaanoch CHUKEHUE
BSI3KOCTH PacTBOPOB, YTO HMHTEPIPETHPOBANOCh KaK Pe3ylbTaT YMEHBIUEHHUs Pa3MEPOB MaKpO-
monexyn JJHK. Ipennonaranocs, 9To Npu H3MEHEHUH KOHIEHTPAIMY STHICHTJINKOJIEH B CHCTEMe
MIPOUCXOMUT yBENMYeHHE IIOTHOCTH Makpomodekyn JIHK 3a cuer m3meHeHus OanaHca TUAPO-
($oOHO-THIPOPUIBHEIX B3auMozelcTBuid. Pesynbprarel mccnemoBanus B mpucyrcrsun 20 000
monexyJsipHbix Mace II9I B pactBope JJHK nmpakTuuecku UCKIIOYAIOT HATUYUE B3aUMOJEHCTBUS
modekyn JJHK u IIOI npu Takux MoseKyJIsIpHBIX Maccax.

Hesoxcupubonyxneunosas kucroma ([JHK) — smunenenuxons (3I) — nonusmuneneauxons
110I') — JHK mumyca menenxa (xm JHK) — euckozumempus

As is known the viscosity measurement is regarded as the least ambiguous and
the most critical test of a DNA-binding model in the solutions [15, 25, 29, 32].
Viscometry is widely used as one of the well-known methods of hydrodynamic studies
of polymers to establish results of the interaction of small molecules with DNA, as it is
one of the most sensitive methods to changes in the shape and size of polymer
macromolecules. Along with all available methods for determining the type of binding
of small molecules to DNA in solutions, the measurement of viscosity is considered the
simplest and most illustrative [15, 21, 25, 29, 30, 32].

Viscometry gives primary information about the structure, size, shape, and
molecular mass of compounds [26]. Currently, it is considered that the analysis of the
shapes of viscometry titration curves is a convenient way to determine the type of
binding of small molecules with DNA [32, 33]. Viscometry is widely used as one of the
well-known methods of hydrodynamic studies of polymers, as it is one of the most
sensitive methods to changes in the shape and size of polymer macromolecules.

In our studies to explore the interaction between the small molecules and DNA,
viscosity measurements were carried out by keeping the DNA concentration constant
and varying the con-centration of small molecules. The viscosity of DNA solutions was
performed using an Ubbelohde capillary viscometer (the capillary’s diameter is
0.56 mm, viscometer constant, mm? / s*> — 0.01). All viscosity measurements were carried
out in a thermostated bath at a temperature of 22+0.01°C.

Measurements were made in a thermostat, the temperature of which could be
maintained within the +0.01°C range from the required one. A phosphate buffer of
6.0 ml was transferred to the viscometer to obtain the reading of efflux time. The efflux
time of the solvent (0.1 BPSE buffer) was 93.5 sec. For the determination of solution
viscosity, 6.0 ml of 86 uM DNA in phosphate buffer was taken to the viscometer and a
flow time reading was obtained. To avoid reducing the concentration of DNA when
adding the appropriate amounts of solutions of PEG in the dynamics, the same quantity
of solution of DNA was added simultaneously with redoubled concentration.
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The efflux time of samples was measured after the thermal equilibrium of the
viscometer was achieved (about 10 min). Time reading was obtained with a timer
accurate to +£0.01s and viscosity measurements were taken until three consecutive
readings differed by less than +0.1s. In all measurements, the experimental errors were
within allowed limits and did not exceed 1%.

Our previous studies on the interactions of small molecules with DNA also
confirm the importance of using the viscometry method to obtain complete information
with optical methods [(1-6)]. Therefore, in this work, we used exclusively the
viscometry method.

As already known, polyethylene glycol (PEG) is a high-quality chemicals
polyether compound derived from petroleum with many applications. Oligomers and
polymers of ethylene glycol are organic compounds with the structural formula HO-
CH,-(CH»-0-CH,),-CH,-OH, with different molecular masses (Other names are also
used - polyoxyethylene (POE), polyethylene oxide (PEO) [20]. Oligomers weighing up
to 2000 g/mol ape wax flakes or length of the compound’s molecular chain. Oligomers
weighing up to 400 g/mol are colorless powders [21]. Oligomers and polymers of
ethylene glycols for various purposes are widely used in everyday life, in the fields of
the food industry, medicine, agriculture, and industry. PEG is widely used to improve
the properties of drugs [32] for cell immobilization [17], and in technical applications
[22, 24]. PEG is incorporated into DNA complexes of a number of cationic polymers,
including polyethyleneimine (PEI) [17, 28] and poly(amidoamine) [5].

As we have already noted, PEG is a very common food supplement. As is known,
PEG is widely used in the process of DNA condensation [14]. Considering this fact, we
devoted the present work to studying the effect of PEG on the DNA structure. Our main
goal was to investigate the influence of the molecular mass of PEG on the nature of its
interaction with DNA exclusively by the viscometry method.

Thus, our main goal was to study conformational changes in DNA under the
influence of PEGs of different molecular masses. For our studies, we used only the
viscometry method, since it is rightly considered the method most sensitive to the shape
and mass of macromolecules [14, 19, 23].

Viscometry gives primary information about the structure, size and mass of
compounds [23]. Currently, it is considered that the analysis of the shapes of viscometry
titrations curves is a convenient way to determine the type of binding of small molecules
with DNA [20, 23].

Materials and methods. It is well known, that viscometry is a key indicator of changes in
the conformational properties of macromolecules in different processes [29, 30]. Optical,
measurements and studies provide necessary but not sufficient clues to explain binding between
DNA and the complex, while hydrodynamic measurements are regarded as the least ambiguous
tests of a binding model in solution [10, 36].

Thus, viscosity measurements are carried out as an effective tool to clarify the binding
mode of PEG to ctDNA. Intercalates are known to cause a significant increase in the viscosity of
DNA solution due to lengthening the DNA helix as base pairs are separated to accommodate the
binding ligand. In contrast, partial, non-classical ligand intercalation in grooves causes a bend in
the DNA helix reducing its effective length and thereby its viscosity [19, 27, 28].To explore the
interaction between the PEG to DNA, viscosity measurements were carried out by keeping the
DNA concentration constant and varying the concentration of PEG.

Viscometry is widely used as one of the well-known methods of hydrodynamic studies of
polymers to establish results of the interaction of small molecules with DNA. Indeed, according to
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the Flory-Fox famous equation, the dependence of the intrinsic viscosity on the size of
macromolecules is expressed by the following expression

N (1) SN (7N Lt
[17], = @(O) = = 0(0) = e

where — is Flory constant, is the average molecular mass of the polymer, is the mean
square distance between the ends of the macromolecules, A is the Kuhn segment, L is the contour
length and o is the swelling degree of macromolecules [12]. Experimental data show, that from a
thermodynamic point of view, the value is greater in good solvents than in bad ones. These data
are in good agreement with the theoretical conclusions since it is proven that macromolecules
acquire a minimum size in 0 solvents and swell as the quality of the solvent improves.

In this work, the viscosity of DNA solutions was performed using an Ubbelohde capillary
viscometer of the Diadem company, which, along with the main office in Moscow, also includes a
branch in Armenia. As known, it used to determine the kinematic viscosity of transparent
Newtonian fluids. The capillary's diameter is 0.56 mm, and the temperature of all studies is 22°C.

Flow times were measured with a digital stopwatch. Each sample was measured three
times and an average flow time was calculated.

The efflux time of samples was measured after the thermal equilibrium of the viscometer
was achieved (about 10 min). Time reading was obtained with a timer accurate to +0.01s and
viscosity measurements were taken until three consecutive readings differed by less than +0.1s. In
all measurements, the experimental errors were within allowed limits and did not exceed 1%.

PEG fractions of different average sizes (600, 1 000, 6 000, 7 000, and 20 000 from
Sigma) were used in the concentration-dependent viscosity measurements. Samples were prepared
by dissolving a weighed amount of PEG in twice-distilled water, followed by stirring at room
temperature to achieve complete dissolution. Measurements were carried out in a thermostat, the
temperature of which could maintain + 0.01°C of the required one. 10.0 ml of phosphate buffer
was transferred to the viscometer to obtain the reading of efflux time. The efflux time of the
solvent was 93.5sec. The viscosity of the solution was measured until three consecutive readings
differed by less than +0.1s. For the determination of solution viscosity, 10.0 ml of 86 uM DNA in
phosphate buffer was taken to the viscometer and a flow time reading was obtained. Each point
measured was the average of at least five readings. The data obtained were presented as relative
viscosity, versus r, where is the reduced specific viscosity of DNA in the presence of PEG and is
the reduced specific viscosity of DNA alone.

An appropriate amount of PEG in a buffered solution was added to the viscometer to give
the needful relative concentration (r) while keeping the DNA concentration constant, and the flow
time read. To avoid reducing the concentration of DNA when adding the appropriate amounts of
solutions of DNA in the dynamics, simultaneously the same quantity of solution of DNA with
redoubled concentration was added. Time readings were obtained with a timer accurate to +0.01s
and viscosity measurements were taken until three consecutive readings differed by less than
+0.1s. The experimental errors did not exceed 1 %. In our studies, the samples were prepared by
dissolving a weighed portion of PEG in bi-distilled water, followed by stirring at room
temperature until complete dissolution. All samples were used without further purification. During
investiga-tions, increasing amounts of ethylene glycol oligomers or polymers were added to DNA.

Results and Discussion. We characterize the viscosity behavior of the PEG-DNA
solution through the relative viscosity, defined as the ratio 7/7, where the reduced
specific viscosity of DNA in the presence of DNA is and the reduced specific viscosity
of DNA alone is 7. Obtained data were presented as (7/ ) versus r (r = [PEG/DNA]).

The effect of ethylene glycol oligomers of various molecular masses (600 and
1000) on the conformation of DNA macromolecules in buffer solutions was studied.

Relevant studies have shown that ethylene glycol oligomers in the studied
molecular size ranges do not affect the size of DNA macromolecules at all (fig.1).
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Fig. 1. Dependence of the relative viscosity of DNA on the concentration of
ethylene glycol oligomers with molecular masses of 600 and 1000.

Quite a different result for PEG with molecular masses of 6000 and 7000 (fig. 2).
The condensing properties of PEGs on DNA macromolecules have clearly demonstrated
by studying the effect of PEGs with such molecular masses.

Fig. 2 shows the effect of 6000 and 7000 molecular mass polyethylene glycols
(PEG 6000, PEG 7000) on the relative viscosity of the DNA solution and hence on the
size of the macromolecules. The data show that under the influence of PEG there are
clear structural changes in DNA macromolecules.
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Fig. 2. Dependence of the relative viscosity of DNA on the concentration of ethylene glycol
oligomers with molecular masses of 6000 and 7000.

Unexpected were the results in a low range of relative concentrations of PEG —
the growth of viscosity of the solution and, as a consequence, an increase in the size of
DNA macromolecules. Therefore, we performed additional measure ments in the
specified range with smaller steps. The results presented in fig. 3 demonstrate the
reliability of the data obtained. In our opinion, it is possible that, at a concentration of
PEG, its condensing effect on DNA first manifests itself with a slight increase in the size
of macromolecules.
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Then, due to the increase in PEG concentrations, the condensation properties of
DNA macromolecules change, which is expressed by a sharp decrease in the size of its
macromolecules to a constant value [33].
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Fig. 3. Change in DNA viscosity in the presence of PEG 6000 in
the low concentration range.

The dependence of the relative viscosity on the concentration of PEG/DNA can
be divided into three parts. The relative viscosity increases in the range r < 0.9 decreases
in the range 0.9 < r < 2.0, and remains constant in the range r > 2.0. At high PEG
concentrations, when 1 base pair contains more than 1 repeating unit, a decrease in
solution viscosity is observed, which is interpreted as a result of a decrease in the size of
DNA macromolecules.

Then, due to the increase in PEG concentrations, the condensation properties of
DNA macromolecules change, which is expressed by sharp decrease in macro m
olecules to a consatant value size of its [33].

This was interpreted because of a change in the balance of hydrophilic-
hydrophobic interactions or otherwise as a result of screening of negative charges on
phosphoric acid resin. Thus, the data show that under the influence of PEG there are
clear structural changes in DNA macromolecules.

On fig. 4 shows the effect of 20, 000 molecular mass polyethylene glycol on the
relative viscosity of the DNA solution. The results obtained practically exclude the
presence of interaction between DNA and PEG molecules. The linear dependence of the
viscosity of DNA and PEG on the composition of the solution corresponds to the
principle of additivity.

On fig. 4 shows the effect of 20, 000 molecular mass polyethylene glycol on the
relative viscosity of the DNA solution. The results obtained practically exclude the
presence of interaction between DNA and PEG molecules. The linear dependence of the
viscosity of DNA and PEG on the composition of the solution corresponds to the
principle of additivity.

It should be noted that we have already conducted similar studies in the past - the
influence of oligomers and polymers of ethylene glycols with a different molecular mass
on the structural transformations of aqueous solutions of a surfactant - sodium
pentadecylsulfonate (SPDS) depending on their content in the system. The studies were
carried out by the methods of viscometry and light scattering [7]. It established that
ethylene glycol with a molecular mass of 2,000 and 40,000 does not affect the structure
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of the system. For ethylene glycol with a molecular mass of 4,000, 6,000, and 20,000, a
clearly expressed complex course of the dependence of the intrinsic viscosity of the
micelle system on the polymer content was established. It is assumed that with a change
in the concentration of ethylene glycols in the system, micelles are compacted due to a
change in the balance of hydrophobic-hydrophilic interactions. In parallel with the
change in apparent micelle masses and asymmetry coefficients determined by the light
scattering method, the intrinsic viscosity also changes depending on the composition of
the system. The results of the study in the presence of 20 000 and 40 000 molecular
masses of DNA in a DNA solution substantially exclude the interaction between SPDS
and PEG molecules. The linear dependence of the viscosity of SPDS and PEG on the
composition of the solution corresponds to the principle of additivity.
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Fig. 4. Dependenceoftherelative viscosity of DNA of the concentration of
ethylene glycol oligomers with molecular mass 120 000.

On fig. 4 shows the effect of 20, 000 molecular mass polyethylene glycol on the
relative viscosity of the DNA solution. The results obtained practically exclude the
presence of interaction between DNA and PEG molecules. The linear dependence of the
viscosity of DNA and PEG on the composition of the solution corresponds to the
principle of additivity.

It should be noted that we have already conducted similar studies in the past - the
influence of oligomers and polymers of ethylene glycols with a different molecular mass
on the structural transformations of aqueous solutions of a surfactant — sodium
pentadecylsulfonate (SPDS) depending on their content in the system. The studies were
carried out by the methods of viscometry and light scattering [7]. It established that
ethylene glycol with a molecular mass of 2,000 and 40,000 does not affect the structure
of the system. For ethylene glycol with a molecular mass of 4,000, 6,000, and 20,000, a
clearly expressed complex course of the dependence of the intrinsic viscosity of the
micelle system on the polymer content was established. It is assumed that with a change
in the concentration of ethylene glycols in the system, micelles are compacted due to a
change in the balance of hydrophobic-hydrophilic interactions. In parallel with the
change in apparent micelle masses and asymmetry coefficients determined by the light
scattering method, the intrinsic viscosity also changes depending on the composition of
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the system. The results of the study in the presence of 20 000 and 40 000 molecular
masses of DNA in a DNA solution substantially exclude the interaction between SPDS
and PEG molecules. The linear dependence of the viscosity of SPDS and PEG on the
composition of the solution corresponds to the principle of additivity.

The described circumstance allows us to be skeptical of the opinion spread in the
literature, according to which the interactions observed in the DNA-PEG system are
tried to be interpreted by the structural features of DNA.

Conclusion. The work is devoted to the elucidation of the pathways of PEG-
DNA interaction. The results of studying the effect of oligomers and polymers of
ethylene glycols of various molecular masses on the structural transformations of DNA,
studied only by the viscometry method, are presented. It has been established that
ethylene glycol oligomers do not affect the structure of DNA at all. In polymers of
ethylene glycols (with molecular masses of 6000 and 7000), a well-pronounced complex
character of the dependence of the intrinsic viscosity of DNA solutions on the content of
the polymer has been established. It was assumed that with a change in the concentration
of ethylene glycols in the system, a change in the structure of DNA macromolecules
occurs due to a change in the balance of hydrophobic-hydrophilic interactions. The
presence of 20,000 molecular mass of PEG in a DNA solution excludes the interaction
of DNA and PEG molecules.

We hope that with further research we will be able to more clear:

- to find out the cause of a slight increase in the size of DNA macromolecules at
initial doses of adding PEG of a certain molecular mass to its solution and to clarify the
mechanisms of change in the size of macromolecules;

- clarify the range of PEG molecular mass values, in which changes in the size of
DNA macromolecules are clearly observed.

Thus, these studies have demonstrated that viscometry is apparently a very cogent
method for demonstrating the influence of small molecules for monitoring the structural
changes in the solution of DNA using other methods if necessary to confirm the results
obtained.
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