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Tepmoounamuueckue u uzuko-xumuueckue ceoicmea MHOZOKOMHOHEHMHBIX 600HbIX
pacmeopos, cooeprcauux duoaI0ZuecKu AKMUGHbvle COeOUHEHUs, UMEIOm Doibuioe 3HaAYeHUe 8
PAa3IUUHBIX 0071ACMAX RPUKTIAOHO XUMUU U 0COOEHHO 8aHCHBL 071 ROHUMAHUA XUMUYECKUX NPO-
Ueccos, NPOUCXO0AWUX 6 DUOI0ZUYeCKUX cuchemax. /JlemanbHoe uzyuenue 0BUICYWUX CUTL NPO-
yeccos accouyuauuu U <SMONEKYIAPHOZ0 YZHAGAHUA» MeNHCOY PA3IUUHbIMU AKMUGHBIMU UEeH-
mpamu 0e1K08 u 1eKapCmeeHHbIX CPeOCH e 3ampPYyOHEeHO 6CTIe0CMEUE CLONCHOCHU U PA3HO0ODa-
3UA CYWECMBYIOWUX 63AUMOOCHCHEUIL 8 HCUOKUX MHO20KOMNOHEHMHbBIX cpedax. Memooamu
ouchchepenyuanvhoii ckanupyrowell Kaiopumempuu U OeHCUMEempuu UCC1e008anbl 63aumooe-
CHBUSA MENHCOY MOOETIbHBIMU COCOUHEHUAMU — (PeHUNATIAHUHOM U HUKOMUHOGO0U KUCT0M Ol 8 800~
HoMm pochamuom dygheprom pacmeope. Hamepenus mennoemKocmu u n1OMHOCHU 8 CUCHEMAX
HUKOMUH08asa Kucioma — oyghep, penunananun — oyghep u HuUKOmMuH08aAsn Kucioma— henunana-
HuH — Oychep evinonnenvt npu pazusix memnepamypax 1T = (288,15, 298,15, 308,15318,15) K,
ucnonvzya JJCK «<SCAL-1» (Pushchino, Russia) DSA 5000 M (Anton Paar)Quenenst 3nauenus
Kasicymuxcs MoibHblX napamempos menaoemkocmu (%Cp) u oovema (Vyna) HUKOMUHOGOU Kuc-
Jaomul 6 Oygheprom pacmeope u ¢ dygheprom pacmeope, cooeprcauiem 0,0120uon/k2 amunoxuc-
aomel. Konyenmpayua nuxomunoeoii xuciomol usmensnace ¢ uumepsaie (0,0079 - 0,036)
monvlkz. Onpedenenst npedenvusie 3nauenusn (Cy0) u (Vonal) u ux npousgoousie no memnepa-
mype. Ilokazano, umo eé3aumooeiicmeue NA ¢ Phe conpososcoaemces komnnexcooopazosanuem.
Monexynwvt NA 6 600noMm dygheprom pacmeope nposaensaiom CmpyKmypopaspyuiumensbHale ceol-
cmea, mozoa Kaxk ymom ghghexm ymenvuiaemcs ¢ dygheprom pacmeope ¢ AMUHOKUCTIOMOIL 6C1e0-
cmeue g3aumoodeiicmeusn NA ¢ monekynamu Phe e npouecce oopazosanus MoneKyniapHozo Kom-
naekca mexicoy numu. Ionyuennvie pezynomamst 006Cy)cOeHbl HA OCHOBE PACCMOMPEHUA PA3IUY-
HBIX 63AUMOOCUCMGUIL, OCHCMEYIOUUX 6 UCCTIEOYEMBIX CUCHIEMAX.

KiroueBble cj10Ba: TUIOTHOCTD, TEINIOEMKOCTH, KQKYIITUECS MOJIbHBIE 00BEMBI M TETUIOEMKOCTH, L-(be-
HWIAJaHWH, HUKOTUHOBAsI KMCIIOTa, 00pa30BaHUE KOMILICKCA
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Thermodynamic and physicochemical properties of ticdmponent aqueous solutions
containing biologically active solutes are importam various areas of applied chemistry and are
essential for understanding the chemistry of biologl systems. Interactions between nicotinic
acid (NA) and L-phenylalanine (Phe) were studied @queous phosphate buffer solutions
(pH=7.35) by differential scanning calorimetry aneblume methods. Heat capacities and densi-
ties of nicotinic acid-buffer, L-phenylalanine-buffr, and nicotinic acid-L-phenylalanine-buffer
mixtures were determined at T=(288.15, 298.15, 368&nd 318.15) K using the microdifferential
scanning calorimeter SCAL-1 (Pushchino, Russia) atlie density meter DSA 5000 M (Anton
Paar). The apparent molar heat capacitie®) and apparent molar volumes {(\) of nicotinic
acid in buffer solution and in buffer 0.0120 mé#g™ amino acid solutions were evaluated. The
concentration of NA was varied from (0.0079 to 08)3nol&g ™. The first and second differentials
values were determined for NA in an aqueous buffaiution and for NA in an agueous amino
acid buffer solution. The interaction of NA with Réis accompanied by complex formation. NA
molecules in an aqueous buffer solution are waténgture breakers, then the structure breaking
effects of NA decrease as a result of interactiongh Phe molecules during the complex for-
mation in an aqueous amino acid buffer solution. €results were discussed in terms of various
interactions taking place in this system.

Key words: density, heat capacity, apparent molar volume, taadcity, L-phenylalanine, nicotinic
acid, complex formation
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Recent advanced in genetic engineering arnsl difficult because of the complexity of interacts in
other biotechnologies have spurred an increased intsuch a large molecule. It is well known, that and@oinls
est in biochemical processes, with insights ineortto- are building blocks of proteins. Nicotinic acids@l
lecular-level interactions of protein and biologiea- known as pyridine-3-carboxylic acid, is a membehef
tive compounds [1-6]. Fundamental thermodynamiB-vitamin family. Nicotinic acid has found importan
data are critical in describing enzymatic activiessi pharmacological applications, particularly, as atihg-
and various forms of molecular recognition. Howeveperlipidemic agent in the reduction the cholestknatl
the study of driving forces for the associationgass [7]. Drugs are mostly transported in complexesofis
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albumin [1, 8]. It is a protein consisting of ardiva The densities and specific heat capacities of the- s
amino acids residues [8, 9]. The complex formatbn tions were determined at T = (288.15, 298.15, 38.1
the aromatic amino acid, L-phenylalanine (Phe)hwitand 318.15) K.

the nicotinic acid (NA) in aqueous solutigoH(= 7.35)

was earlier described [10-12] by calorimetry and-il/ RESULTS AND DISCUSSION

spectroscopy. No data are available in literatur¢he The densities obtained decrease with increas-
heat capacity and volume properties of nicotinid ac  ing temperature and increase with NA concentration.
aqueous buffer and aqueous amino acid buffer sakiti Values of the specific heat capacities obtainededese
The aim of this work was to study the interactian b with increasing NA concentration and increase with
tween the nicotinic acid and L-phenylalanine ineaps  fise in temperature. The apparent molar heat cégsci
buffer solutions fH = 7.35) through the determination(“Cy) and volumes\{y na) Of the NA were calculated
of heat capacity and volume properties. using respectively eq. 1 and eq. 2:

EXPERIMENTAL SECTION "Co= MnaCyt1000€0-Co°)/Mua, (1)
Vi.na = Mna/ 0-1000(0- 00)/mMa 00, 2
L-phenylalanine (Phe) (Sigmz 0.99) and in which Mya is the molecular mass of nicotinic acid
nicotinic acid (NA) (Sigma-Aldriche 0.98) were used (glol™), mya is the NA molality (mdkg™?), ¢, andc,?
without further purification after drying for 24 &t are the specific heat capacities of the solutich the
356.15 K in a vacuum until constant Welght All mea solvent (M'J-@'l), pandﬂ) are the densities of the so-
urements were performed in aqueous phosphate bufig§on and the solvent @), respectively.
with pH = 7.35. Stock phosphate buffer solutions were In agueous solutions @H = 7.35, the amino
prepared using doubly distilled water and sodiurgcid and NA exist as zwitterion and anion, respec-
phosphate monobasic (Sigma, 0.99) and sodium tjvely, as described in the literature [7, 10, THe in-
phosphate dibasic (Sigma,0.99) and used within a teraction of NA with Phe is accompanied by complex
few days, after checking the actpéd value with a dig- formation. This fact has experimental confirmations
ital pH-meter Mettler Toledo, model Five-Easy. Therhe interactions of Phe with NA in buffer solution
buffers were used as solvents for the preparafitineo  have been studied by calorimetric method and UV-
measurement solutions by mass (with an accuracy gfectroscopy at 298.15 K [10-12] which reveals that
1x10° g) using a Sartorius-ME215S balance. the aromatic amino acid form 1:2 complex with NA
The density §) of solution was measured us-characterized by an binding constant of middlengiite
ing a digital precision vibrating densimeter DMAGD (IgK. = 3.68:0.03 [10]). The Phe/NA complex for-
M (Anton Paar, Austria). The uncertainty in densitynation is an endothermal process [10, 11]. The t&mnp
measurements was within *P03 kg3, The temper- formation between Phe and NA was characterized by
ature inside the densimeter cell was controlled tmsitive values of enthalpy and entropy changesrérh
+1x10° K by built-in Peltier device. The densimeteifore, the complex is mainly entropically stabiliaedh
was calibrated once a day with twice-distilled flgs a little contribution from the enthalpy factor [11]
degassed water and dry air. The densities of paterw The dependences of apparent molar volumes
at different temperatures were taken from [13]. and heat capacities of NA on the NA concentratien a
The specific heat capacitZ{) measurements represented at different temperatures (Figs. 1A8).
of NA-buffer, Phe-buffer and NA-Phe-buffer mixturesshown in Figs. 2 and 4, the shape of these cuhmss
were performed in a differential scanning microealdhat Phe undergoes the binding with NA. The fumrctio
rimeter SCAL-1 (SCAL Co. Ltd., Pushchino, Russid&/yna = f(mya) has a maximum corresponding to the
[14, 15]) in glass cells of 0.337 émapacity relative to stoichiometry of complex [16, 17]. The maximal val-
buffer solvent at the scanning rate of 1.0 K/miheT ues ofVyna Were observed neama = 0.0249 mol- kg
temperature was maintained with accura€yOl K. at298.15 K and neama = 0.0219 mol-kg at 288.15,
The standard uncertainty of the heat capacity w&88.15 and 318.15 K (Fig. 2), which correspond t
within £0.03%. ~1:2 and 1:1.7 Phe / NA molar ratios, respectivehe
The concentration of amino acid was fixed atnaximal values of"C, were observed nearna =
(0.0120+0.0002) mdtg™. The concentration of the s0-0.0199 mol-kg, which correspond to the ~1:1.7
lutions of nicotinic acid was varied within the gen Phe/NA molar ratios at the temperatures studiedsTh
(0.0079-0.0364) métg™. The uncertainty in the molal- the stoichiometry of the complex obtained was found
ity of the solutions was estimated withir#2 molkg®. to weakly depend on temperature.
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Fig. 1. Apparent molar volumes of nicotinic acig,ga) in aque-
ous buffer solutions as a functions of nicotinidanolality
(mna) at various temperatures, K: 1 — 288.15, 2 — Z298.1
3-1308.15, 4 - 318.15
Puc. 1. KoHIeHTpaiioHHbIE 3aBUCUMOCTH KKYILIIXCSI MOJIBHBIX
00beMOB (V¢,NA) HHKOTHHOBOH KHCJIOTHI B BOJIHBIX Oy(hepHBIX

pacTBopax mpu pasHbeix Temneparypax, K: 1 — 288,15, 2 — 298,15,

3 -308,15, 4 - 318,15
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Fig. 2. Apparent molar volumes of nicotinic acig, @) in ague-
ous buffer of L-phenylalaninerne=0.0120 makg?) solutions as
a functions of nicotinic acid molality (m) at various tempera-
tures, K: 1 — 288.15, 2 — 298.15, 3 — 308.15, 48- B
Puc. 2. KOHL[eHTpaHI/IOHHbIe 3aBUCUMOCTH Ka)KyHHUXCSI MOJIBHBIX
00beMOB (V¢,NA) HHKOTHHOBOW KHCJIOTHI B BOAHBIX Oy(hepHBIX
pactBopax, coaepxkaiux L-pernnananus (Mua=0,0120moms/kr),
npu pas3Heix Temreparypax, K: 1 — 288,15, 2 — 298,15,
3-308,15, 4 — 318,15
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Fig. 3. Apparent molar heat capacity of nicotimaa®Cp) in
aqueous buffer solutions as a function of nicotatgid molality
(mna) at various temperatures, K: 1 — 288.15, 2 — 298.1

3-308.15,4 -318.15

Puc. 3. KOHHeHTpaL[I/IOHHLIe 3aBUCUMOCTH KaXKYIUXCSA MOJIbHBIX
teroemMkocteii (PCp) HUKOTHHOBOM KHCIIOTHI B BOAHBIX Oy(hep-

HBIX pacTBOpax IpH pa3HBIX Temmeparypax, K: 1 — 288,15,

2 -298,15, 3-308,15, 4 — 318,15
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Fig. 4. Apparent molar heat capacity of nicotind@da®Cp) in an
aqueous buffer of L-phenylalaninerte=0.0120 mdkg?) solu-
tions as a function of nicotinic acid molalityna) at various tem-
peratures, K: 1 — 288.15, 2 — 298.15, 3 — 308.15348.15

Puc. 4. KOHL[eHTpaHI/IOHHbIe 3aBUCHMOCTU KaXYyIIHUXCA MOJIbHBIX
terioeMkocTei (YCp) HHKOTHHOBOM KHUCIIOTHI B BOAHBIX Oy(epHbIX
pactBopax, cogepxarux L-dermnananuns (mMua=0,0120momb/kr),

IIpu pa3HBIX Temreparypax, K: 1 — 288,15, 2 — 298,15,
3-308,15, 4 — 318,15

characterizing the solutsolute interactions. The data

aqueous buffer solutions (Fig. 1) were modeledry | on the apparent molar volume of NA in buffer Phe so

ear equations of the form:

Vo.na = Vo NatSiMNA, 3

whereV° na corresponds to the apparent molar volume

36

lution (Fig. 2) was fitted to an equation of thenfo
Vona = Vo natAMNa+BMNA® 4)
Here, V% na is the limiting value of apparent
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molar volume, which is equal to the partial molal-v their associated uncertainties are reported inerabl
ume at infinite dilution, and A and B are the fitlico- The values ofC,° for the NA in the binary (NA-
efficients. The values 0% na together with standard buffer) and the ternary (NA Phe- buffer) systems are
errors derived by least squares fitting of Ygua val-  positive and increase with increase in the tempegat
ues to Egs. 3-4 are reported in Table 1. The vadfiesfrom 288.15 to 318.15 K. This behavior is indicatof
V% na Of NA in the buffer amino acid solutions are poshydrophilic character of the solutes molecules @s d
itive and increases with increase in the tempegatuscribed in the literature [20]. The increasei@f® with
whereas a some decrease has been observed irf caggcease in temperature indicates that interactimis

the buffer solutions of NA. Since the formatiorcom- tween solutes molecules are stronger than inteouole
plex between Phe and NA involves changes in the higr hydrogen bonding between water molecules. The
dration water of both amino acid and NA molecuies, higher positive”C,° values for NA in 0.0120 mdg?

must be reflected in the volume property. The iasee Phe compared to the aqueous buffer solution at each
in the values 0%° na With increase of temperature cartemperature generally suggest that the interactions
be explained in terms of the desolvation and tlezlap between Phe zwitterions and NA molecules are pre-
of hydration co-spheres of the solutes during thdibg dominant.

[18, 19]. The water molecules from the solvatioalksh
of Phe zwitterions and NA molecules are releastd in
the bulk aqueous solution, resulting in the expamsf
the volume of solution at higher temperature.

Table 2
Limiting apparent molar heat capacities,?Cy°, of nico-
tinic acid and (9%C,°/0T)p values in aqueous buffer solu-
tions and in an aqueous buffer of L-phenylalanine &a
different temperatures
Ta6nuya 2. 3na4eHns: NpeaeabHBIX KasKyIIHXCSI MOJIb-
HBIX TemnoeMKocTeii (YCp°) HHKOTHHOBOI KHCJIOTHI H
uX mpou3BoaHbIX (09Cp°/0T)p B BoAHBIX Oy(epHBIX pac-
TBOPAX H B BOJHBIX O0y()epHBIX PaCTBOPAX, COAEPKa-
mux L-dennnasanns, npu pasHbIX TeMIepaTypax

Table 1
Limiting apparent molar volumes, V°na, of nicotinic
acid and @V°4/0T)p values in aqueous buffer solutions
and in aqueous buffer solutions of L-phenylalaninet
different temperatures
Tabnuya 1.3Ha4eHNs MpeEIbHBIX KaKyIINXCH MOJIb-

HBIX 00beMOB (V°p,NA) HHKOTHHOBOM KHCJIOTHI H HX T K |90, IKHmol! | (9C,° /aT), P JK2imol?
npousBoaubIX (8V°9/0T)p B BOAHBIX Gy(pePHBIX PacTBo- NA - buffer solution
Pax U B BOTHBIX 0y(epHBIX pacTBOpax, coaep:Kanux 288.15 29245 4.85+0.10
L- dpennnananuH, Npu pa3HbIX TeMIepaTypax 298.15 33145 3.75+0.11
T, K | Vona cnflmolt | (9V/dT),", cn- mott- K2 308.15 363+4 2.65+0.15
NA-buffer solution 318.15 3864 1.1540.21
288.15 94.8+0.2 -0.4740.10 NA - Phé - buffer solution
298.15 91.040.3 -0.58+0.11 288.15 330+£3 5.21+0.03
308.15 82.7+0.3 -0.67+0.15 298.15 37444 4.26+0.06
318.15 76.9+0.4 -0.7940.21 308.15 414+4 3.3140.15
NA- Phé& - buffer solution 318.15 439+4 2.36+0.18
288.15 95.5+0.2 0.11+0.10 Notes:mphe= 0.0120 mol- kg, ®(09Cp° /0T)p was calculated by
298.15 96.9+0.2 0.22+0.12 equation: §°Cp° /0T)p=p+2Ty, wherep andy are constants
308.15 99.6£0.3 0.32+0.14 EZ?MEEE;H(S;)(' 3mphe = 0,0120momb k12, B(@9Cp° /0T)p BBIUHC
. e= U, : ) p p -
318.15 102.9+0.3 0.430.18 JeHa 1o ypasHeHuo: (09Cp° /0T)p=p+2Ty, rae B u Yy - xo03d-

Notes:mpne= 0.0120 mol- kg, ®(@V°»/0T)p was calculated by equa-
tion: (OV°/dT)p= =B+2Ty, wheref andy are constants from Eq. (6)
[pumedanus: dMphe= 0,0120momb k12, ((OV°/0T)p BeIUMCICH
no ypasaeruto: (OV°y/0T)p=p+2Ty, rae B u Y - ko3 duImeHTs!
yp. (6)

¢burmenTs yp. (6)

The Y% na values for the NA studied in the
aqueous buffer solutions and in the aqueous Ptierbuf
solutions at different temperatures were fittedthoy
The concentration dependences of the reportggbthod of least squares using the equation:

apparent molar heat capacities (Figs. 3, 4) weré-mo Yoy =a+BT+HyT? (6)

eled using equations of the generalzform: where Y=\, or 4C,°% a, b andy are constants arilis
— (0] -

Cp = Cp+Amna+Bmya™. (5)  the temperature. Th@°/dT), and 02Y°,/0T?), pa-

Here,“Cy is the limiting value of apparent mo- 5 meters were then determined from the above Eq. 6.
lar heat capacity, which is equal to the partialano The calculated values 0d\%/dT), for NA are given

heat capacity at infinite dilution, and A, B aretfit- ;.\ 1ap1e 1 at different temperatures. The values of

. e ) h
ting coefficients. The estimated values %" and  (3\r,/9T), decrease with increase in temperature in
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case of NA — buffer solutions whereas in case of-NAThe values of 4C,°/0T), at different temperatures are
Phe — buffer solutions the values @¥{,/0T), increase given in Table 2. The values 08*(“C,°%/0T?), are
with increase in temperature. The positive values .11 JK ol for NA in aqueous buffer solution and
(0V°%/0T), indicate the release of electrostricted watep.08 JK 3ol for NA in aqueous amino acid buffer
from the solvation layers of NA and Phe and heaee fsolution. If one identifies NA molecules in aqueous
voring amino acid — nicotinic acid interactions. buffer solution as water structure breakers [23,t28n
The second differentialpv°/0T?), has been the structure breaking effects of NA decreaserasuait
used to classify solutes on the basis of theircefd® of interactions with Phe molecules during the campl
water— water interactions as described in the literatufermation in aqueous amino acid buffer solution.
[21]. According to Hepler [21], the structure-break CONCLUSIONS
solutes possess negati¥é\(°/0T?), values. The posi-
tive values of §2V°/dT?), should be associated with
the structure-making solutes. In our case, theegahi
(02V°4/0T?), are -0.0099 cfamol?- K2 for NA in aque-

The heat capacities and densities measurements
of nicotinic acid in aqueous buffer solutions agdiex
ous 0.0120 mdkg? L-phenylalanine buffer solutions
. have been carried out at various temperatures.rdppa
| 2- _2
ous buffer solution and 0.0107 &mot? K2 for NA molar heat capacitie&Z;) and volumes\{y ns) and par-

in aqueous amino acid buffer solution. Thus, thgare . - o
tive value of §2/°/0T?), suggests that NA in aqueoust ial molar heat capacitied%;) and volumes\(a) at

buffer solution is structure breaker. The positiatiie infinite dilution have been calculated from the exp

of the term can be indicated an obvious structua&-m mental data. The results obtained in this worknalo
ing tendency of NA in aqueous Phe buffer squtions.WIth the data reported earlier [10-12], support tha

hydrophilic-hydrophilic interactions of the zwitterionic
o 2 o

The @¢C" 10T apd 0*Cp/0T)o parameters .o ers (CO@NHg) of Phe with the charged carboxyl
were determined for NA in aqueous buffer solutind a

for NA in aqueous amino acid buffer solution uditg 6. group of NA molecule are predominant.
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