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Bo3pacmarouwguit unmepec k gpuzuxo-xumuyueckum uccied08aHUAM OCHOGAHUIL HYKIEUHO-
6bIX KUCTIOM U UX NPOU3EOOHDIX 00YC/106J1€H 21AGHbIM 00PA30M UX dUoNoUYecKUM U (hapmaues-
muyeckum 3nauenuem. Hecmompsa na yeenuuenue oannvix o e3aumooeiicmeuu /THK ¢ npomeu-
HAMU, MOJIEKYIAPHBLI MEXAHUIM PACRO3HABAHUA UACHUY 6 00PA3YIOUUXCA KOMNIEKCAX U3YUYeH
euwe Heoocmamouno. H3yuenue npupoosl u cujl, CMAOUIUUPYIOUIUX CIPYKMYPbL HYK/1EUHOBBIX
KUCIOM U UX KOMRIIEKCO8 C OPYy2UMU MOJIEKY1AMU, UMEem He MOabKO pyHOamenmanvHoe 3nave-
Hue, HO U MOdXcem Hallmu npaKmuyeckoe npumenenue. B oannoit pabome mui 0o6cyounu ezaumo-
Oelicmeue MOOeNbHbIX COCOUHEHUIl HYKIEeUHOGBIX KUCI0M U NPOMeEeUH08 HA npumepe Kom-
njaekcoe ypauyuna ¢ apomamuiecKkumu amunoxkuciomamu: L-zucmuounom, L-mpunmogpanom
u L-¢penunananunom 6 e0ouvix dyghepnsix pacmeopax c pusuonozuueckum snauenuem pH 7.4.
Hcnonv3oeansvl umeroujuecs aumepamypHole OGHHblE NO MEPMOXUMUYECKUM, 00BEMHBIM U Hien-
JI0EMKOCHHbBIM C8OUCMEAM YKA3AHHbIX cucmem. Pacmeopenue uzyuaemuix peazenmoe 6 60oe 6ui-
3bl86aem usmMeHeHue KUCIOMHOCIU CPeOdbl, YO CORPOBOHCOAEMCA COBU2OM PAGHOBECUA UOHHBIX
hopm u maymomepos u npueooum K uzmMeHeHU10 UX peaKyuoHHou cnocoonocmu. Ilonyuennsle
XapaxKmepucmuKu npoyecca KoOMnjiekcoodpazoeanus npu guxcuposannom 3nauenuu pH 3amem-
HO omauyamca om pe3yibmamos, nOJYUeHHbIX 0lA 600H020 PACMEOpPa 6e3 UCHOb308aHUs OY-
depa. Ilposedeno o60b6uleHUE OAHHBIX HO USMEHEHUIO MEPMOOUHAMUYECKUX HAPAMEmPOE (KOH-
cmanm pasnogsecus, Inepzuu I'u6oca, Inmanvnuu, IHMPONUN, KAHCYULE20CA MOTIAPHOZO 00beMa u
Kaxicywieiicsa MOJIAPHOI MENn10eMKOCHU) NPU 00pa306aHUU KOMNIEKCO8 MeMCcOy YPAuuiom u
apoMamu4ecKumMu aMUHOKUCTIOMAMU 6 3A8UCUMOCHU OM UX (PUIUKO-XUMUYECKUX CBOLICHE.
Yemanoenena 3asucumocmo mepmoounamuueckux napamempos 0Opa306aHus KOMNIEKCO8 Om
KUCIOMHO-OCHOBHBIX CEOICME AMUHOKUCIOM KAK XAPAKMEPUCMUKU I/IeKMPOHHOI RAOMHOCHU
Ha Kapookcunamnoii cpynne. HzmeneHus cmanoapmuoil Ka)cywieics MoaapHoil menioemKocmu
U CAHOAPMHO20 KAHCYULEZO0CA MOTAPHO20 00bemMa ypayuia npu 000asa1enun AMUHOKUCI0M Kop-
penupyiom ¢ 2uopoghooHocmvlo 0006a6AAEMbIX AMUHOKUCTION.
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The increasing interest in the physicochemical studies of nucleic acid bases and their de-
rivatives is due mainly to their biological and pharmaceutical importance. Despite increasing data
on the interaction of DNA with proteins, the molecular mechanism of recognition of particles in
the resulting DNA-protein complexes is not well understood yet. The investigation of the nature
and the forces that stabilize nucleic acid structures and their complexes with other molecules is
not only of fundamental significance but may also find practical applications. In this paper, we
discussed the interaction of model compounds of nucleic acids and proteins using the example of
complexes of uracil with aromatic amino acids: L-histidine, L-tryptophan, and L-phenylalanine
in aqueous buffer solutions with physiological value of pH to be 7.4. The available literature data
on the thermochemical, volume, and heat capacity properties of these systems were used. It
should be noted that a change in the acidity of the medium induces a shift in the equilibrium of
ionic forms, tautomers, and this leads to a variation in the reactivity of the reagents. The obtained
characteristics of the complex formation process differ markedly from the results obtained for an
agueous solution without the use of buffer. A generalization of data on the change in thermody-
namic parameters (equilibrium constants, Gibbs energy, enthalpy, entropy, apparent molar vol-
ume, and apparent molar heat capacity) under the formation of uracil complexes with above ar-
omatic amino acids depending on their physicochemical properties is given. The dependence of
the thermodynamic parameters of the formation of complexes on the acid-base properties of ami-
no acids as a characteristic of the electron density on the carboxylate group has been established.
Changes in the standard apparent molar heat capacity and in the standard apparent molar vol-
ume of uracil under the addition of amino acids correlate with the hydrophobicity of the added

amino acids.

Key words: thermodynamics, complex formation, solutions, uracil, L-histidine, L-tryptophan,

L-phenylalanine

INTRODUCTION

Nucleic acids and proteins are complex mole-
cules and hence, the study of model compounds
which represent various groups and subunits in the
biopolymers, throw light on the exact nature of inter-
actions [1-3]. The study of interactions between pep-
tides and nucleic acids and their monomer units -
amino acids and nucleic acid bases - is a fundamental
problem in biology. It is known that biosynthesis of
the protein molecule proceeds with participation of
the specific SRNA molecules fixing the positions of
the corresponding amino acids. The molecular recog-
nition of every amino acid is determined by the pecu-
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liar sequence of the nucleotides in SRNA. Thermody-
namic investigations elucidate the nature and driving
forces of these processes.

Two possible mechanisms for the interaction
of nucleic bases with amino acids (or amino acid resi-
dues in proteins) are discussed in the literature. One
of them is the formation of hydrogen bonds. Active
sites of nucleic bases are NH groups involved in het-
erocycles, acting as H-donors, as well as carbonyl
oxygen atoms, capable of being H-acceptors [4-7]. In
amino acids, the terminal charged groups NHs* and
COO are potentially active. In peptides, amide fragments
O=C-NH can exhibit activity. In [7] the B3LYP
method was used to simulate the formation of
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H-bonds of nucleic bases with amino acid residues
involved in proteins through two sp? C-H bonds of
aromatic side groups of phenylalanine, tyrosine, and
tryptophan. Although the lengths of the marked
CH:-O=C bonds of the order of 2.8 A lie outside the
criterion for H-bond formation. The possibility of par-
ticipation in the formation of H-bonds of the NH
groups of the side indole fragment of tryptophan and
the imidazole fragment of histidine was noted. The
bond lengths NH---O=C in these cases are 1.98-2.47 A
and 1.95-2.72 A, respectively.

Stacking or n-m interaction between conjugat-
ed electron systems of nucleic bases and aromatic side
groups of amino acids is the second possible interac-
tion mechanism [8,9]. For the case of the most favorable
mutual arrangement of aromatic groups, the stacking
interaction energies amounted to -20 kJ mol? for
Ur:Phe, up to -26 kJ mol* for Ur:His, and up to -34 kJ
mol™ for Ur:Trp according to the results of the MP2
method. The given values refer to the interaction in
the gas phase and do not include the contribution of
the partial dehydration of the interacting molecules.

In this paper, we have discussed the interac-
tions of uracil (Ura, 1) with L-histidine (His, II),
L-tryptophan (Trp, I11) and L-phenylalanine (Phe, 1V)
in aqueous buffer solutions (with pH = 7.4) using
available literature data on thermochemical, volume
and heat capacity properties [10-16]. The chemical
structures of above solutes are shown in the scheme.
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Scheme. Molecular structures of chemicals
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Based on a comparison of the known results
for the above systems, we analyze the patterns in the
thermodynamic parameters of the complexes formed
between the reagents, as well as the patterns of
changes in the physicochemical properties of multi-
component systems under the influence of complexa-
tion in buffer media.

EXPERIMENTAL PART

We used the values of reaction constant, en-
thalpy and entropy for the formation of molecular

40

complexes of uracil with a series of aromatic amino
acids (histidine, phenylalanine and tryptophan) in a
phosphate buffer medium at pH = 7.4, which are giv-
en in works [10-12]. The data were obtained by calo-
rimetry (isoperibol ampoule solution calorimeter) and
UV-spectroscopy (Spectrometer Specord M40, Ger-
many). The data on the apparent molar values of vol-
ume and heat capacities [13-15] obtained from meas-
urements with a DMA 5000 M density meter (Anton
Paar) and a SKAL-1 microdifferential scanning calo-
rimeter (Pushchino, Russia) confirmed the occurrence
of the complex formation process in ternary mixtures
[Ura + (His, Phe, Trp) + bufer].

The obtained characteristics of the process
differ markedly from the results obtained for an aque-
ous solution without the use of buffer [17]. Aqueous
solutions of various amino acids and nucleic acid ba-
ses are characterized by different pH values. A
change in the acidity of the medium induces a shift in
the equilibrium of ionic forms, tautomers, and this
leads to a variation in the reactivity of the reagents.
That is why the data measured under such conditions
are not suitable for comparing results in a series of
amino acids or nucleic acid bases.

RESULTS AND DISCUSSION

In this work, we have made an attempt to
generalize the available thermodynamic parameters of
complex formation of uracil with aromatic amino ac-
ids at pH = 7.4, summarized in Table 1.

Table 1
Thermodynamic parameters of complex formation of
uracil with aromatic amino acids in a phosphate buffer
medium at 298.15 K
Taonuya 1. TepmoaMHaMuYecKue apaMeTpbl
00pa3oBaHNsI KOMILJIEKCOB MEKY YPaUUJIoM
U ApOMATHYeCKUMH AaMMHOKHUCJIO0TaMU B pochaTHoi
O0ydepnoii cpene npu 298,15 K

Amino acids IgK, AG™ | AH™ | TAS™
histidine 3.98 -22.7 | -2.68 | 20.0
tryptophan 4.89 -27.9 | -22.7 5.1
phenylalanine 4.13 -23.6 | -14.6 9.0

Data from refs. [10-12]

“The mole ratio of amino acid and uracil in complexes
is 1:2; unit of K is kilogram? (buffer solution) mol

**Unit is kJ molt

The stoichiometry of the resulting amino acid :
uracil complexes was 1:2 in all cases considered. In
the process of formation of above complexes, the en-
thalpy effect dominates over the entropy one. Ther-
modynamic and physico-chemical properties of amino
acids given in Table 2 were used to establish the pat-
terns of interactions between the uracil and the aro-
matic amino acids, whose molecules contain various
structure side chains, under buffer solution conditions.
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Table 2
Some physico-chemical properties of amino acids at
298.15 K
Taonuya 2. Hexkoropble puznKko-XxuMHYeCKUE CBOICTBA
aMMHOKHUCJI0T npu 298,15 K

Amino acids | pK; (COOH) | pK, (NHs*) |Hydrophobicity™
His ™ 1.82 9.17 -3.20
Trp~ 2.37 9.39 -0.90
Phe ™ 2.20 9.09 2.80

* From Ref. [18] **From Ref. [12] ***From Ref. [19]

The acid dissociation constants K; and K:
(pK = -IgK) characterize the ability of COOH and
NHs* amino acid groups to donate a proton, these
values are proportional to the electron density on ox-
ygen and nitrogen atoms. A decrease in the dissocia-
tion constant of the COOH group of amino acids (an
increase in pK3) indicates an increase in the electron
density on the oxygen atom, while the ability of the
ionized COO" group to act as an H-bond acceptor in-
creases. This should lead to an increase in the exo-
thermic effect of the process and stabilization of the
complex formed with the participation of this group.
On the contrary, an increase in the electron density on
the nitrogen atom should decrease the ability of the
amino acid NHs* group to act as an H-bond donor. As
expected, a regular relationship was found between
the thermodynamic parameters of complex formation
and the dissociation constants of COOH groups of
pK1 amino acids, that it shown in Fig. 1.
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Fig. 1. Dependence of the standard thermodynamic parameters in
the reaction of formation of complexes of uracil with aromatic ami-
no acids on the acid dissociation constant of the carboxyl group of
the amino acid: 1 — enthalpy change A:H; 2 — change in the entropy
factor TAS; 3 — Gibbs energy change A:G, T=298.15 K
Puc. 1. 3aBucumocts CTaHAAPTHBIX TEPMOJUHAMHNYCCKUX MTapaMeT-
POB B p€aKun 06pa303aHn51 KOMIUICKCOB ypaluiia ¢ apoMaTnie-
CKMMH aMMHOKHUCI0TamMu IpH 298,15 K 0T KOHCTaHThI KHUCIOTHOM
JUCCOLUALIUU KapGOKcvmbHoi?l IPYyIIbl aMUHOKHCIIOTHI: 1 — u3me-
Henue sHTanbnuu ArH; 2 — n3MeHeHne SHTPONMIHOTO (GakTopa
TArS; 3 — usmenenue sueprun ['u66ca ArG, T=298,15 K
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The increase in pK; values in the series of
amino acids from 1.82 for histidine to 2.37 for trypto-
phan is accompanied by an increase in the complexa-
tion reaction constant IgK; from 3.98 to 4.89. In this
case, the negative values of changes in the Gibbs en-
ergy ArG are altered (from -22.7 to -27.9) kJ mol?,
the exothermic effect of the reaction increases (from -
2.68 to -22.7) kJ mol?, and the favorable entropy ef-
fect TA(S is going down (from 20.0 to 5.1) kJ mol™.
The observed trend may be related to the change in
the electron density on the oxygen atoms of the COO-
group of amino acids, as indicated above. The enthal-
py effect in the series of considered amino acids un-
dergoes the greatest changes as it is most dependent
on the electronic effects in the complexes. The mani-
festation of a monotonic dependence of IgK:, A/G,
AH, and TAS on pKj is an argument in favor of hy-
drogen bonding of uracil with the carboxylate group
of amino acids of the NH---OOC type. On the contra-
ry, no monotonic dependence on dissociation con-
stants of NHs;* group of amino acids is observed:;
therefore, the formation of H-bonds of uracil with
amino group is not obvious.

The IgK: values of Ura complexes increase in
the order His — Phe — Trp. The similar favorable
(more negative) trends were also observed for the A/G
and AH values obtained, while the entropy of com-
plexation became more favorable (more positive) for
the series of Trp — Phe — Trp. The stacking effect
can influence the thermodynamic parameters of com-
plex formation. As it is known [9], the stacking inter-
actions between the natural nucleobases and the aro-
matic amino acids increase in the following order Phe
< His = Tyr < Trp. It was found that the increase in
pK: values in the series of amino acids from 9.09 for
Phe, 9.16 for His to 9.38 for Trp is consistent with
their ability to stacking effect. In case of Ura, the
more stability of Trp:2Ura complex and larger enthal-
py change accompanying binding of Ura to Trp as
compared with Phe and His results apparently from
the additional process of the stacking interaction be-
tween the indole ring of Trp molecule and the pyrim-
idin ring of Ura molecule.

The process of formation of molecular com-
plexes affects the thermodynamic and physicochemi-
cal properties of aqueous solutions of uracil with the
addition of amino acids. There are a number of works
that present data on the change in the apparent isobar-
ic molar heat capacity of uracil in a buffer solution
under the influence of additions of histidine [15],
phenylalanine [14], and tryptophan [13]. The ob-
tained results of extrapolation of concentration de-
pendences of the apparent isobaric molar heat capac-
ities of uracil at infinite dilution in a buffer solution
of various amino acids are given in Table 3 as the
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standard (at infinite dilution) apparent isobaric molar
heat capacities of Ura (®C®) in the studied solutions
for each amino acid.

Table 3

Standard apparent molar heat capacities (*C° / J K™ mol™)
of uracil in an agueous buffer solution and an aqueous
buffer solution of amino acids at different temperatures
Tabnuya 3. CTanaapTHbIE KaKyLIHecs MOJIAPHbIE Ter-
aoemkoctu (*C% / Ix K monb?) ypauuaa B Boanom

OydepHOM pacTBOpe U BOAHOM Oy(epHOM pacTBope
AMHMHOKMCJIOTHI P Pa3HbIX TeMIepaTypax

T, K Ura Ura+His | Ura+Phe | Ura+Trp
288.15 | 449.42 452.34 - -
293.15 | 449.55 453.04 446.62 -
298.15 | 449.73 453.71 447.10 449.41
303.15 | 450.10 454,22 447.64 -
308.15 | 450.52 454,76 - -
313.15 | 450.92 455.29 448.65 -
323.15 - - 450.16 -

Data from refs. [13-15]

As can be seen, the ®C% values of uracil in
the buffer solution increase in case of the addition of
His, and those fall when Phe or Trp are added. At the
same time, the trend of temperature dependences of
®C% remains; the values of 6®C%/0T change slightly
for the systems studied. Therefore, the difference be-
tween the values of ®C° for uracil in the buffer solu-
tion of amino acids and in the buffer without the addi-
tives, Au(®C%), also increases with temperature, as
shown in Fig. 2.
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Fig. 2. Changes in the standard apparent isobaric heat capacity of
uracil in a buffer solution with the addition of histidine (1) and
phenylalanine (2) at different temperatures
Puc. 2. M3MeHeHus Kaxyencs n300apHOi TEIIIOEMKOCTH ypa-
una B 0ydepHoM pacTBope npu nodaBkax ructuauna (1) u de-
HUJIaJaHuHa (2) IpU pa3IMYHbIX TeMIIepaTypax

It should be noted, that positive Au(®C®) val-
ues suggest that the Ura solution in (amino acid +
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buffer) are more structured than in the buffer solvent.
As it is known [20, 21], the complex formation be-
tween Ura and amino acid leads to a loss of some de-
gree of freedom, which gives a negative contribution
to A«(®C®), and to dehydration of the solutes which
gives a positive contribution to Ay(®C°). The appar-
ent isobaric heat capacity is a comprehensive property
that is very sensitive to changes in both the stability
of the resulting complexes and changes in the hydra-
tion shells of the interacting particles. The penetration
of the amino acid zwitterion into the hydration shell
of uracil induces a change in structure of its hydration
shell and the mobility of water molecules in the envi-
ronment of uracil. In addition to the changes caused
by the H-bonding of the COO amino acid group, at-
tention should be paid to the influence of their side
groups: a hydrophilic fragment of imidazole in His
and more hydrophobic fragments of indole and phe-
nyl in Trp and Phe, respectively. These groups are not
directly involved in the formation of the complex with
uracil. However, the influence of side groups can lead
to additional effects of destructuring (in the case of
hydrophilic fragments) or making structure of the
uracil hydration shell (in the case of hydrophobic
fragments). In this regard, one can expect a depend-
ence of the apparent heat capacity of uracil in amino
acid solutions on the hydrophobicity of amino acids.
As shown in Fig. 3, there is indeed a correlation be-
tween changes in the standard apparent molar heat
capacity of uracil in a buffer solution and the hydro-
phobicity of the added amino acids. Here we have
applied the Kyte and Doolittle hydrophobicity scale
[18], which is widely used in protein chemistry.
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Fig. 3. Change in the standard apparent isobaric heat capacity of
uracil in a buffer solution with the addition of amino acids as a
function of amino acid hydrophobicity according to the scale [18],
pH=7.4, T=298.15 K: 1 — His; 2 — Trp; 3 — Phe
Puc. 3. I3MeHeHne cTaHIapTHON Kaxylelcst n300apHOH Terio-
€MKOCTH ypaiuia B 0y(pepHOM pacTBope Impu 100aBKax aMHHO-
KHUCIIOT KaK QyHKIMsS THAPO(GOOHOCTH aMUHOKHCIIOT TI0 IIIKaJie
[18]; pH=7,4, T=298.15 K: 1 — His; 2 — Trp; 3 — Phe
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The addition of phenylalanine, as the most
hydrophobic of the considered amino acids, causes
the greatest decrease in the apparent molar heat ca-
pacity of uracil, although the formation of the com-
plex in this case is characterized by less favorable A/G
value compared to the tryptophan complex (Table 1).
The addition of histidine containing a hydrophilic im-
idazole fragment in the side chain leads to an increase
in ®C°, which is typical for processes accompanied
by greater disorder than in systems containing Phe
and Trp. The most favorable entropy factor in case of
His, TA:S=20.0 kJ mol?, confirms this conclusion.

Analysis of the volumetric parameters from
works [13-15] summarized in Table 4 allow to con-
clude that there are marked changes in the standard
apparent molar volume of uracil in buffer solution
when various amino acids are added.

Table 4
Standard apparent molar volumes (®V°2 x 10° / m* mol™)
of uracil in an aqueous buffer solution and their chang-
es (Awr(®V°2) x 106/ m3 mol?) with amino acid additions
at different temperatures
Tabnuya 4. CrangapTHble KaxKyluecss MOJIsIpHbIe 00b-
embl (*V°2x10° / M®moanb ™) ypanuaa B Boanom Oydep-
HOM pacTBope H ux m3Menenne (A«(*V°2)x10° / M*moun™)
npH 106aBKAX AMHHOKHCJIOT IPH Pa3sHbIX TeMIEpPaTypax

Tk Vl0f Ay (PV°)-10°
’ ur Ur+His | Ur+Phe | Ur+Trp
288.15 | 55.8+0.3 1.7 -
293.15 | 57.2+0.1 0.9 -
298.15 | 58.1+0.2 1.9 0.5 1.6
303.15 | 60.0+0.2 24 0.9 -
308.15 | 61.5+0.2 4.1 -
313.15 | 62.8+0.2 6.2 2.0 -
323.15 | 65.140.1 2.5 -
* From Refs. [14, 15]
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Fig. 4. Changes in the standard apparent molar volume (Aw(®*V°2)
of uracil in a buffer solution with the addition of histidine (1) and
phenylalanine (2) at different temperatures
Puc. 4. Iamenenne CTAaHAAPTHOI'O KAKYHIEroCsa MOJIIPHOT'O o0bema
(Ar(®V°2) ypamuna B 6ydepHOM pacTBope mpu 106aBKax IUCTH-
nuHa (1) 1 GpeHnnanannHa (2) IpH pa3IUYHBIX TEMIIEpaTypax
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The standard apparent volume of uracil in a
buffer solution increases almost linearly with temper-
ature; this trend is usually associated with thermal
destruction of the water structure. The plots of the
apparent molar volumes of transfer of Ura, Ax(®V®),
from buffer to buffer solutions of amino acid (His,
Phe, Trp) versus temperature are given in Fig. 4. Fig. 4
clearly demonstrates, that the changes of values of
Au(®V®2) increase non-monotonically with tempera-
ture as amino acids are added. These values are influ-
enced not only by the thermal destruction of water,
but also by hydrophilic and hydrophobic fragments of
amino acids that are introduced into the hydration
shell of uracil. It follows from the results that the ap-
parent molar volume of uracil in the composition of
amino acid complexes changes more sharply with
temperature than the volume of free uracil. The vol-
ume parameters of uracil also show a dependence on
the hydrophobicity of the added amino acids.
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Fig. 5. Changes in the standard apparent molar volume (Aw(®V°2)
of uracil in buffer solution with the addition of amino acids as a
function of the hydrophobicity of amino acids according to the

scale [18], pH=7.4, T=298.15 K: 1 — His; 2 — Trp; 3 Phe

Puc. 5. U3menenue CTAaHAapPTHOI'O KAXYIIETOCsA MOJIIPHOT'O 005-

ema (Aw(®V°2) ypauuna B 6ydepHOM pacTBope Mpu 100aBKax
AMHHOKHCIIOT KaK (GYHKIUS THAPOPOOHOCTH aMHHOKHCIIOT I10
uikase [ 18], pH=7,4, T=298.15 K: 1 — His; 2 — Trp; 3 —Phe

As shown in Fig. 5, the addition of the most
hydrophobic amino acid, phenylalanine, induces the
smallest change in the standard apparent molar vol-
ume of uracil. Conversely, the addition of histidine,
which has a side hydrophilic fragment in the structure
and is characterized by the lowest hydrophobicity in-
dex [18] produces the maximum increase in the
standard apparent molar volume of uracil.

As the solutes studied consists of both hydro-
philic and hydrophobic groups, so there is a competi-
tion among various interactions occurring among so-
lute and co-solute molecules in buffer solutions. The
following types of interactions are possible in the
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studied systems: (1) hydrophilic-ionic interactions
among polar groups of nucleic acid base and charged
end groups of zwitterions of the co-solute (amino ac-
ids); (I1) hydrophilic-hydrophilic interactions between
polar groups of Ura and amino acids; (I11) hydropho-
bic-ionic interactions of the non-polar parts of Ura
with the zwitterions of amino acids, and (V) hydro-
phobic-hydrophobic interactions between the non-
polar parts of the studied solutes. The first and second
types of interactions will contribute positively,
whereas the third an four type will contribute nega-
tively to Aw(®*V°,) values according to co-sphere over-
lap model [R.W. Gurney, lonic Processes in Solution,
McGraw Hill, New York, 195]. The positively ob-
served Aq(®V°,) values for the studied systems indi-
cate that (ionic + hydrophilic) and hydrophilic-
hydrophilic (types (1) and (I1)) interactions dominate
over other (types (I11) and (IV)) interactions. Thus, it
can be suggest that overall structural order is en-
hanced in Ura buffer solutions under the addition of
amino acid (His, Phe, Trp).

CONCLUSIONS

This study was undertaken in order to clarify
the issue of the influence of the acid-base properties
and hydrophobicity of amino acid molecules on the
thermodynamic parameters and physicochemical
characteristics of the process of complex formation
between aromatic amino acids (His, Phe, Trp) and
uracil under condition of physiological pH 7.4 value
of media. A regular relationship has been established
between the thermodynamic parameters of complex
formation and the dissociation constants of COOH
groups of amino acids, pKi. Thus, quantities of IgK,,
AG, AH, and TA,S are most dependent on the elec-
tronic effects in the complexes. It can be approved
that an increase in the electron density on the oxygen
atoms of the COO" group of amino acids promotes the
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formation of hydrogen bonds between uracil and the
carboxylate group of amino acids according to the
NH:-OOC type. In ternary systems of (Ura + amino
acid + buffer) the stability constants (IgK,) values of
Ura complexes increase in the order His — Phe —
Trp. The more stability of Trp:2Ura complex and
larger enthalpy change accompanying binding of Ura
to Trp as compared with Phe and His results from the
additional process of the stacking interaction between
the indole ring of Trp molecule and the pyrimidin ring
of Ura molecule.

The influence of side groups nature in amino
acid molecules on values of Ay®C% and Au(®V®,) re-
veals in the additional effects of destructuring (in the
case of hydrophilic fragments) or making structure of
the uracil hydration shell (in the case of hydrophobic
fragments) in buffer solutions. The correlation be-
tween changes in the standard apparent molar heat
capacity of uracil in a buffer solution containing ami-
no acid and the hydrophobicity of the added amino
acids (His, Phe, Trp) was obtained. The decreases in
the standard apparent molar heat capacity and in the
standard apparent molar volume of uracil in buffer
systems with amino acids have been detectable, when
the hydrophobicity of the added amino acids increases
in the order: His < Trp < Phe.
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