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Abstract

Enthalpies of dissociation of four isoleucyl dipeptides having alkyl side-chaisoleucine-glyciner-lle-Gly; L-isoleucine-L-alaning,-lle-
L-Ala; L-isoleucine-L-valinet-lle-L-Val; L-isoleucine-L-isoleucine,-lle-L-1le) in water at 298.15 K have been determined. Enthalpies of dilution
have also been calculated. These results were used to derive the enthalpic coefficients of interactions according to the modified McMillan—Mayer
model.

The results are considered in an effort to establish a possible relation between dissociation, intermolecular interactions and the size of the alk
side-chains.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction interactions between solvated solute molecules. The dipeptides
studied werea -isoleucine-glycine (r-lle-Gly)i-isoleucine-L-

The thermodynamic properties of aqueous solutions of dipepalanine (L-1le-L-Ala)L-isoleucine-L-valine (L-lle-L-Val) and-

tides are particularly useful as simple models for protein chainssoleucine-L-isoleucine (L-lle-L-1le). Their structural formulas

Dipeptides allow the mutual influence of differeramino acids  are given inFig. 1.

to be studied. Calorimetric studies have been carried out in the

past for series of dipeptides having valine, glycine, alanine, .

leucine and methionine as N-terminal amino afig5], and  2- Experimental

over the last 20 yeaf6—15] extensive research on the thermo- ) ] ]

dynamics of dipeptides in water has been done to assess the role e studied compounds (Calbiochem) were weighed and

played by two different non-covalent interactions, namely the'andléd in a nitrogen-filled dry box. The purity of all com-

electrostatic interaction (between CO@nd NH;* groups) the ~ PoUnds is over 99% and was checked by means of DSC with

solvophobic interaction (between the side-chains). The first paft Stanton-Redcroft 625 simultaneous TG/DSC (with dynamic

of the present paper represents a continuation of the researBH"ty Program supplied by P.L. Thermal Sciences Ltd.). A
on calorimetric determination of the enthalpy change for dis-Tronac (Model 458) calorimeter with a 100 €dewar was used

sociation of the freex-amino group and the free-carboxyl to obtain the enthalpies of dissociation. All the steps of the mea-

group for some isoleucy! dipeptides. The second partofthe papéprements (calibration curve, cooling curve, and reaction curve

focuses on the determination of the enthalpic coefficients for th@t equilibrium temperature) were described elsewfsg
Standard chemical test used to check calorimetric sys-

tem was the standard thermochemical reaction between solid
* Corresponding author. Fax: +39 0 6 49766749. tris-(hydroxymethyl)-amino methane (standard reference com-
E-mail address: stefano.vecchio@uniromal.it (S. Vecchio). pound) and 0.1 M HCl at 298.15 K in water. The obtained mean
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CH, ﬁ R L-Ile-Gly: R=H

CH"CHECH\(S)H_/C 00 L-Ile-L-Ala: R= CH;
: "HCOOH
i \?\'H/ g L-lle-L-Val: R = CH(CH,),

NH, L-Ile-L-Ile: R = CH(CH3)CH,CH,

Fig. 1. Structural formulas of lle dipeptides studied.

value of 29.427 0.68kJmol! was in agreement with the CONHCHRCOO at infinite dilution, yielding 1mol of
reported valug17]. HCI solutions used were standardised by CH3CH>CH(CH3)CHNH,CONHCHRCOO  and 1 mol of pro-
titration with a solution of standard N&0s;. NaOH solutions  tons. Since this process occurs in basic solution, only the form
were standardised by titration with a KHB404 solution (ana- CH3CH>CH(CHz) CHNH,CONHCHRCOO is present.
lytical grade). The excess enthalpyf(m), of a solution containing only
The enthalpimetric measurements of dilution were car-one solute species can be expressed in termsrables of the
ried out by means of a batch calorimeter LKB 21[(I8]  solute for 1kg of water as
equipped with two gold vessels of about 7 mL total volume, - 5
a multi-temp cooling circulator (LKB 2209), a control unit H=(m) = hxxm + hyoam (1)
(LKB 2107-350) and a potentiometric recorder (LKB 2210). \yhere i, is the enthalpic coefficient, which measures the
Each vessel consists of a chamber partially divided into tWQynthalpic contribution of interactions between pairs of solvated
compartments of 2.5 and 4.5mL, respectively, by an inteso|yte molecules ankhyy is related to triplet interactions. For

rior wall. To start the experiment, the calorimetric unit is {he djlution of a solution of initial molalitys; to give a solution

rotated, thereby mixing the reactants. All the instrumentationys final molality ms, the molar enthalpy of dilutionA i Hp, is
is housed in a thermostatic room at 2%°C, all the mea- given by the expression

surements are performed at 25:00.01°C. The calorimetric

accuracy was checked by measuring the sucrose dilution heatyii Hm = HE(m¢) — HE(m;) (2)
[19] and our results were in agreement with the literature values L )
within 0.5%. By combining Egs(1) and(2) it follows that

The molar enthalpy of dissociation at infinite dilution for the Adit Hm = hyx(mt — mi) + hyec(ms — mi)? 3)

free carboxyl group in waten Hf, is obtained by measuring: (a)
the molar enthalpy of solution of the crystalline (cr) neutralform A non-linear regression based on a least-square treatment
in water at pH close to the isoelectric value (pH 5490.12). A of Eq. (3) enables the enthalpic coefficiertig andiyyy to be
buffer solution at pH 6.08- 0.02 (Carlo Erba RPE at 298.15K, determined according to the modified McMillian—Mayer model
KH2PO, and NaHPO,) was used. The concentrations of these[21,22]. The results of this second part of the paper have been
salts are in the ratio of 1:10 and about 50 times larger than thoseainly interpreted in terms of the pair associations between sol-
of the dipeptides, and (b) the molar enthalpy of protonation ofvated solute molecules.
the same compound in 0.02 M HCI solution.

Results of at least six determinations of heats of solution fo, Results and discussion
the examined compounds (concentrations from*16 103 M)
have been extrapolated versus the square root of concentra- The discussion on the enthalpy values, which follows, is
tions to infinite dilution (A ). Moreover, results of at least pased on the assumption that the investigated dipeptides are in
six determinations of heats of protonatiary were extrapo-  theB-type conformation in their acid, neutral and basic species.
lated versus the square root of concentrations of the protonated such ap-conformation, both thex hydrogen bonds lie in
dipeptide. By subtractings #Y from A HS the molar enthalpy the same plane of the amine bond. Eer dipeptides the large
at infinite dilution, A H? can be obtained. These values refer toside-chains lie in the different side of the molecules and there-
the proton dissociation of 1 mol of G&H,CH(CHz)CHNHz™" fore may not interact with each other, unlike in the. isomer
CONHCHRCOOH at infinite dilution, yielding 1mol of where they lie on the same side. 1rL conformation, these
CH3CHCH(CH3)CHNHz* CONHCHRCOO and 1mol of  (hydrophobic) forces are not effective and the driving forces are
protons. The molar enthalpy at infinite diluticzang forthesec- the solvation and desolvation processes in amino and carboxyl
ond proton dissociation process of @EH,CH(CHs)CHNHz* groups of zwitterions, ions and neutral molecules.
ONHCHRCOO is obtained by measuring the molar enthalpy = The experimental enthalpy change for squt'mHg, proto-
of dissolution of the crystalline compound in 0.02m NaOH nationAHg and neutralisatioAHSO are reportediable 1. The
solution. This molar enthalpy is calculated by subtract-ionisation enthalpy changes for the free carboxyl groups ) H
ing the enthalpy for dissolution in water (A} and the  and for the free amino groups (A%iof the dipeptides are given
enthalpy of ionisation of water (A%/=55.94kImof!  in Table 2together with the enthalpy changes related to the cor-
[20]): AHS—(AH§+AH\2). These values refer to the pro- responding free&-amino acids previously reported in r§23].
ton dissociation of 1mol of CECH,CH(CH3)CHNH3"  The enthalpy changes obtained from this study are reported with
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Table 1 Table 3

Experimental enthalpy changes (kJ mblof dissolution in water, acid and basic  Enthalpic coefficients of Eq(3) and relative standard deviations in water at
solution at 298.15 K 298.15K

Compounds AH) AH) AH? Compounds hxx (J kg mol2) hxxx (3 ke? mol=3)
L-lle-Gly —6.2 -35 -12.6 L-lle-Gly 1772+ 16 —45+ 15
L-lle-L-Ala —15.7 —15.5 -24.9 L-lle-L-Ala 2088+ 20 —1360+ 80
L-lle-L-Val -15.4 —13.6 -12.0 L-lle-L-Val 3093+ 35 —1307+ 75
L-lle-L-lle —24.2 -31.2 —-33.9 L-lle-L-lle 5018+ 56 —2743+ 150

Standard deviations for our reported values at®:6 kJ mot L.

group inthe dipeptide, a further positive contributioigterm

their total uncertainties (calorimetric, chemical and extrapolacan be due to the pairwise electrostatic interactions between the
tion). L-lle-L-lle, which has a symmetrical structure, is chosenpositively charged amino group of a given dipeptide and the
as reference compound to study the reciprocal influencdlef  negatively charged carboxyl group of another one close to it
and othera-amino acids in this series of dipeptides. The first[24]. This process is accompanied by overlapping of the sol-
“relative” scale gives a measure of the effectelle upon the  vation co-spheres of the solute molecules, resulting in a partial
dissociation of othex-amino acids by assuminglle-L-lle as  rearrangement of the solvation co-spheres in the proximity of
reference compound, while the scale for the second ionisatiotiie apolar side-chains of the dipeptides. When dipeptides have
process shows howramino acids may affeatlle dissociation.  apolar side-chains, thigy coefficient usually increases linearly

By comparing the relative enthalpies of both the dipeptidesis the number of carbon atoms in the side-chains (represented as
and the freex-amino acids, the influence of the N-terminal  the number of equivalent methylene grougs,) increases. To
lle moiety on the proton transfer process of the carboxyl grouggletermine thecn, for each dipeptide it has been assumed that
of each C-terminal amino acid moiety can be established. ThEHz and CH groups are equivalent to 1.5 and 0.5@rbups,
order ofAHf for the dissociation of the carboxyl groups is respectively{25].

L-lle-Gly > L-lle-L-Val > L-lle-L-Ala > L-lle-L-lle (Table 2). A A linear relationship between thigx values and the corre-
decrease in the exothermicity afH? with the increasing size sponding:cy, of the side-chains is obtained for the dipeptides
of the alkyl side-chain was found instead of the increasing trenéxamined,

observed for the free-amino acids.

The proton transfer of the free amino group varies as a func}-lXX = (1130+ 180)+ (529+ 58)nc,
tion of the C-terminal amino acid moiety. The order-eAHS  The enthalpic coefficients,yx, are negative for all the consid-
for dissociation of the free amino groupsistle-L-lle > L-lle-  ered dipeptides and are related to multiple interactions that are
L-Ala>L-lle-Gly >1-lle-L-Val (Table 2). On the contrary, the difficult to interpret[26].
dissociation of the free amino group of the N-termindle moi-
ety is not remarkably affected by the presence of the C-terminaj, Conclusions
amino acids. In fact, simiIaAHg values are found (Table 2)
both in the dipeptide series and when thél? value of each According to the obtained experimental results the follow-
dipeptide is compared with that of its related freamino acid.  ing conclusions may be drawn:lle-L-lle dipeptide shows an

The experimental enthalpies of dilution along with the ini- enthalpy change for the first proton ionisation process less
tial and final molalities of dipeptide solutions are presented ifayourable than thes HY values of the other considered dipep-
Supplementary data. These values are represented (8 tides, while the corresponding fraeamino acids show an oppo-

a second-degree polynomial function obtained by least-squarege A Hf trend. By contrast, the comparablaﬂg values of the
method. The derivedix and hxxx coefficients are given in  considered dipeptides indicate that the ionisation of the termi-
Table 3. Positiveix values were obtained in this table for all nal amino group is not particularly influenced by the presence of
the dipeptides studied. This result agrees quite well with thosghe different C-terminal amino acids. In this study positiyg
reported in literature for other dipeptides with apolar side-chaingoefficients related to pairwise interactions confirm the literature
[24]. As the side-chains are in the vicinity of the chargec,CO  data regarding dipeptides with hydrophobic side-chains and lin-
early increase with the length of the side-chain. These results

Table 2 have been interpreted either in terms of a partial rearrangement
Enthalpy changes (kJ nmot) of proton ionizations for the studied dipeptides Of the solvation co-spheres near the apolar side-chains of the
and for the relative free-amino acids in water at 298.15K dipeptides and of electrostatic interactions between the posi-

Dipeptides AH®  AHY  Freea-aminoacids AH%  apf2  tively charged amino group or the negatively charged carboxyl
group of two adjacent solute molecul@s].

L-lle-Gly 2.7 49.5 Gly 393 4432
L-lle-t-Ala —0.2 468  L-Ala 242  46.16
L-lle-.-val  —1.7 59.0 L-val 0.71 33.73  Acknowledgement
L-lle-L-lle 7.0 462  1-lle —0.08  46.37

Standard deviations for our reported values aked<8 kJ mot-X Authors are grateful to the Italian M.1.U.R. for financial sup-
a Taken from ref[23]. port.
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Appendix A. Supplementary data [12] A.W. Hakin, M.M. Duke, L.L. Groft, J.L. Marty, M.L. Rushfeldt, Can.
J. Chem. 73 (1995) 725.
Supplementary data associated with this article can be found-3! A-W- Hakin, M.M. Duke, J.L. Marty, K.E. Preuss, J. Chem. Soc., Fara-

. . ’ - . ' day Trans. 90 (1994) 2027.
in the online version, a10|.10.1016/J.tca.2005.08.022. [14] M.L. Antonelli, V. Carunchio, E. Cernia, R. Purrello, J. Inorg. Biochem.

37 (1989) 201.
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