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ABSTRACT

Standard transfer Gibbsenergies, AG(i) of aseriesof homologous a-amino
acidg(i) likeglycine(gly), di-alanine(ala), dl - o-amino butyric acid (aba) and
dl -nor- valine (n-val) from water to aqueous mixture of protic ethylene
glycol (EG) with 0, 20, 40, 60, 80 and 100 wt% EG compositions have been
determined by measuring solubility of these amino acids at 25°C using
‘formal titrimetry’. The chemical effectsof thetransfer Gibbsenergiesof the
a-amino acids(i), AG® (i) have been obtained by subtracting the cavity
effects, AG® (i) ,estimated by the scaled particle theory and dipole-dipole
interaction effects, AG® , (i) calculated by means of the Keesom orientar
tion expression. AG® (i) are dictated by decreased hydrophobic
hydration(H,_H) and the superimposed increased acidity and increased dis-
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persion effects of EG-water mixtures as compared to that in water.
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INTRODUCTION

It iswell known that proteins play akey rolein
nearly dl biologicd processes. Thebasc structurd units
of proteinsareamino acids. The side chainsof these
building blocksdiffer in size, shape, charge, hydrogen
bonding capacity, hydrophobicity and chemical reac-
tivity. Much attention has been given'>*! to determine
the various thermodynamic properties such asmolar
volume¥, enthal py and entropy of solutiong®"™9, solu-
bility"1 of variousamino acidsin different aqua-or-
ganic media. Theoretica*® aswell as experimental
(719 gtudies on amino acid solvation in different protein
gtabilizing (i.eglycerol) and denaturing media(i.e urea)
weredso performed. The purposesof such sudieswere
to gainthevariousmechanism of amino acid solvation.
Different mechanisms have been proposed to explain
the protein stabilizing action of glycerol and destabiliz-

ing action of urea. Someof them are: (i) reduction of
hydrophobic hydration”3, (ii) dternation of water struc-
ture™8 (iii) weakening the inter peptide hydrogen
bond™**2 (iv) preferential solvation of protein™>19,
However, in order to gain theideaof amino acid solva
tion in depth we have taken the task in this paper to
study the thermodynamics of solvation of aseries of
homol ogous a-amino acidswith graded increase of (-
CH,-) grouplikeglycine(gly), dl-alanine (ala), dl-o-
amino butyric acid (aba) and dI-nor-vaine(n-va) in
aqueous mixtureof protic aswell asstructure maker
ethyleneglycol containing (-CH,-CH_-) organic moi-
ety and two hydroxylic groups (-OH) with stronger H-
bonding ability. From thisobjective, weare presenting
inthisarticlethe solubilitiesof these o- aminoacidsin
agueous mixturesof ethyleneglycol with 0, 20,40,60,80
and 100 wt% of EG at 25°C and rel ated standard trans-
fer Gibbsenergiesat 298.15K.
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EXPERIMENTAL

o-aminoacidslikeglycine(gly) (EMerck) and dl-
aanine(da), dl-a-amino butyric acid (aba) and dl-nor-
vaine(n-va) wereused after dryinginavacuum desic-
catorswithout further purification. Ethyleneglycol (EG)
was purified by mixing drying agent K.CO, andfinaly
by ditillation. Aqueous mixturesof co-solvent that have
been used are 0, 20, 40, 60, 80 and 100 wt%. Samples,
whose solubilities are to be measured were takenin
stoppered glasstubesand shaken until saturated solu-
tionswere made. Then these solutionswerekeptina
thermostat to adjust the desired temperaturei.e. 25°C
andto equilibratefor 2-3 dayswith occasiond shaking
and addition of solute, if required. After 2-3 daysdiquots
of thesaturated sol utionsweretakenin stoppered coni-
cd flasksand solubilitieswere measured by ‘formal ti-
tration’ method!"® after dilution withwater and adding
appropriate amounts of freshly neutralized formalde-
hyde (GR,E Merck) and then thetitration was made by
standard NaOH (GR,E Merck) solution with Phenol-
phthaleinindicator. These measurementsweretaken at
25°C. A solution was considered to attain saturation
when concentrations measured at 2-days intervals
agreed with the experimental error of 1-1.5%. It may
changethe composition of the solvents, to avoid these,
fresh solvent have been used for different set. Three
setsof measurementswere madefor al the solutesby
equilibrating the sol utionsfrom both aboveand bel ow
therequired temperature and thesol ubilitieswerefound
to agreetowithin+1 to 1.5%.

RESULTS

Solvent parameters of EG-Water solvent systems
arelistedin TABLE 1. The solubilities (S) of amino
acid (onmold scae) arelistedin TABLE 2. Themola
solubilitiesin theagueous ethylene glycol aswell asin
water are used to compute standard free energies of
transfer DG®, (m) using the equation 1159,
AGY(m)=RTIn(Sy, /S;) (1)
Where the subscripts w and s are for water and agueous EG
respectively. It is assumed that the ratio of activity coeffi-

cients of these amino acids in these solvents mixturesis unity.
Standard transfer free energiesin molefraction scale AG** (i)

is calculated by the equation 2.
AGYC(i)= AG2(m)—RTIn(M (/M) )

BIOCHEMISTRY (mm—

Where M_and M refer to the molar mass of cosolvent and
reference solvent, water respectively. AG (i) arelisted in TABLE
2. Now AG/ (i) may be ascribed as the sum of the following

terms (assuming dipol e-induced dipoleterm to be negligible)
AG(1) = AG o, (1) +AGTy 4 (1) +AG g (1) €

Where AG®, _ (i) standsfor thetransfer free en-
ergy contributi on of the cavity effectinvolvingthecre-
ation of cavitiesfor the speciesinwater and aguo-or-
ganic solventsand AG®, (i)standsfor the dipol e-di-
poleinteraction effect i nvol vinginteraction betweendi-
polar zwitter-ionic amino acid and solvent molecul es.
WhileAG® , (i) includesall other effectssuch asthose
arising from acid-base or short rangedispersioninter-
action, hydrophilic (H,H) or hydrophobic (H, H) hy-
dration and structural effects AG® _ (i)valueswere
computed by the use of scaled parti cI etheory>? as-
suming the sol utes and sol vent moleculesasequivaent
hard sphere model sasdictated by their respectivedi-
ameters. (videTABLE 2)

Theequationsd®22 used for cavity calculation are
asfollows:

AGY(cav)=G_+RTIn(RT/V) )
where G, = RT(-In(1-2)+3X.D/(1-Z)+3Y.D?/
(1-2)+9X2.D?/(2(1-2)?))
Z=(TIN, /6V)(Z,a%+Z,b%)
X =(TIN, /6V)(Z,a*+Z,b?)
Y =(IIN, /6V)(Z,a+Z,b);V =M /d

Inthisexpresson N isAvogadro’s number, M and
d are the molar mass and the density of the solvents
respectively, Z, and Z arethe molefraction of water
and co-solvent respectivey. D isthehard spherediam-
eter of amino acids, a, isthat for water taken as2.74A°

and b, isthat for co-solvent. Finally AG® , (i)represents

thedifference.

JAG, (cav)—, AG, (cav) =(;G.—,,G.)+ RTIn(V,, / V).
For the calculation of AG®, __ (i)therequired sol-

vent parametersaretaken from TABLE 1.
Here AG® , (i) wascad culated as per equation 5.

t,d-d
AG? (1) =(sAG g_a(i)-wAGg_a()) ®)
by means of Keesom orientation expression3. And
for AG®, (i) inasolvent, ‘s’, as given herewith,
SAGg (1) =—(8I/YN?pipgol (KT) 'Vt = AT TV
whereA = —(8I1/9)N?uZuo (k) tandVy =M/ d,
Here N stands for Avogadros number, u_and p,
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arethedipolemoment of solvent and amino acid mol-
ecules, respectively, (see TABLE 2), 6 isthedistance
at which the attractive and repul siveinteractions be-
tween the solvent and solute moleculesareequd andis
generally equal to /(o +c ), where, 6_and o, arethe
hard spherediameter of solvent and solute molecules
respectively. And p_and p_for such mixed binary sol-
vent system are computed with the variation of mole
fraction of the co-solvent asdone by Graziand?. Fol-
lowing Kim et al.® and Marcus? in order to get
AG® (i) term on molefraction scalethe quantity was
agal n mult| plied by theterm X, where,

X=X nfe®)(p/c°,) (6)
which isthe real mole fraction contribution due to dipole-di-
poleinteraction®. AG® __ (i)and AG® _ (i) are subtracted from
AG° (i) toget AG® _ (i) of amino aci ds and al thesevaluesare

shown in TABLE 2 The values of AG’ (i) and AG® , (i) are
illustrated infigures 1,4 and 5.

DISCUSSION

Figure 1 showsthevariation of AG® (i) withmol%
of EG, in EG-H,0O mixtures. G° (i) values of amino
acids, indicatethat except nor-vainedl theother amino
acids(glycine, di-danineand dl-a-amino butyric acid)
areadmost destabilized in EG-H,O mixtures. Glycineis
destabilized moreor lessregularly upto 100 mol % EG
with sharpincrease of AG®, (i) values. Incaseof ala-
nine, it isstabilized most in around 10 mol% EG and
then becomedestabilized upto 100 mol % dmost sharply.
Ontheother hand dl-a-amino butyric acid becomede-
stabilized up to 100 mole % of EG with dight decrease
of AG® (i) vauesat around 50 mol% EG. But only dI-
nor-Vaineisstabilized upto 100 mol % EG amost regu-
larly with maximum stability in around 50 mol% EG.
Thegtability order isaboutAG®, (i) (di-n-Vaine) > AG®
(i) (dI-Ala) > AG® (i) (dI-aba) > AG, (i) (Gly.).

Ontheother hand unlike AG® (i), AG®, , (i) for dll
four amino acidsbecome progressively negative (Fig-
ure2), thereforetheir stability isdueto creation of cav-
ity after transforming fromwater to EG isfavorableand
theorder isasfollows, di-n-va. >dl-aba >dl-aa. >gly.
Negativevauesof AG®, _ (i) indicatesthatitiseasy to
createacavity inEG than that of water. Here AG®, _,
(i) valuesareguided by hard spherediameter of solute
and solvent and density of the solvent mixtures. The
hard-sphere diameter and number density of EG is
greater than that of water and during transfer to aquo-

—— Regualr Paper

TABLE 1: Valuesof solvent par ameter s(mean mol. Weight
(M), density(d), dielectric constant(g ), dipole-moment(p,),
diameter (o) of theH,O+EG system at 298.15K

Wt% 10°M,  10%ds
G (kgmol) (kgm9) 5  (Debye) OA)
0 1801 09970 7846 1834 2.740
20 2101 1.0220 7280 1864  2.850
40 2515 1.0480 66.88 1906  3.004
60 3136 10720 5960 1969  3.230
80 4167 10940 4950 2074 3615
100 6207 11099 3767 2280 4.370
4 n//__.- e B

AG°(i)/ kImol™*
e ¥
0 %
kY

MAGIEG
Figurel: Variation of AG°(i) of glycine, dI-Alanine, dl-a-
amino butyricacid and dl-nor-Valinewith mole% EGin
ag- Ethyleneglycol mixtureat 298.15K

AG° (i) inkJmol*

T T T T T T T
1] 20 40 =) B2 02

Mol% of EG

Figure2: Variation of AG®, _ (i) of glycine, dl-Alanine, dI-
a- amino butyricacid and dl-nor-Valinewith mole% EG
in ag-Ethyleneglycol mixturesat 298.15K

EG these parametersleadsto favorableAG’,  (i). The
above stability order isalso in accordanceto thein-
creasein hard sphere diameter of amino acidsfrom
glycinetodl-n-vaine(TABLE2)
Alsofromthevaluesof AG® (i) (Figure3)itis
foundthat AG®,  , (i) valuesare posmvefor al amino
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TABLE 2: Gibbsenergiesof trangfer i.e. AG°(i), AG®, _ (i), G (i), AG® (i) of glycine, dl-alanine, dI-amino butyricacid and

t,cav t,dd
di-nor valinefromwater to ag-Ethyleneglycol in different compositionsat 298.15K (on molefraction scalein kJ mol)

Mole % of co- Solubility(m) AGY(i) AG c(i)? AG’ 44(i)? AG® (i)
Withofsolvent(EG) " ent molkg™ kJmol* kJmol ™ kJmol ™ kJmol™*
Glycine
0 0 3.34(3.330)° 0 0 0 0
20 6.8 2.07 0.805 -0.750 1.22 0.335
40 16.2 1.23 1.648 -1.636 5.09 -1.806
60 30.3 0.81 2.140 -2.813 12.30 -7.35
80 53.7 0.36 3.3443 -4.240 22.20 -14.52
100 100 0.17 4.315 -6.357 33.10 -22.428
dl-Alanine
0 0 1.80(1.850)° 0 0 0 0
20 6.8 1.61 -0.105 -0.773 1.00 -0.332
40 16.2 1.30 -0.021 -1.684 4.29 - 2.627
60 30.3 0.77 0.731 -2.899 10.30 -6.67
80 53.7 0.54 0.906 -4.353 18.70 -13.44
100 100 0.14 3.264 -6.510 28.00 -18.226
dl-Amino butyric acid
0 0 2.19(2.199 ©)° 0 0 0 0
20 6.8 1.79 0.119 -0.793 0.875 0.037
40 16.2 1.39 0.299 -1.726 3.74 -1.715
60 30.3 0.98 0.619 -2.974 9.00 -5.407
80 53.7 0.79 0.448 -4.451 16.30 -11.401
100 100 0.22 2.629 -6.646 24.50 -15.225
dl-Nor-Valine
0 0 0.677(0.6830)" 0 0 0 0
20 6.8 0.56 0.089 -0.811 0.779 0.121
40 16.2 0.50 -0.086 -1.763 3.33 -1.653
60 30.3 0.43 -0.249 -3.039 8.02 -5.230
80 53.7 0.36 -0.534 -4.536 14.50 -10.498
100 100 0.13 1.024 -6.762 21.80 -14.014

aThe required diameter and other solvent parameters of EG and its aqueous mixtures are taken from Ref.”®l.The required diameter
of glycine, alanine, amino butyric acid and nor-valine are 5.64, 6.16, 6.58 and 6.92A°, respectively, as given in Ref.[. Dipole-moment
values of a-amino acids are 15.7D for glycine, 15.9D for alanine and 16D for amino butyric acid and nor-valineg?®!. ‘b’ indicate ref.[".

acids, with theorder, gly. >dl-da. > dl-aba. >dI- n-val.

AG°, (i) valuesincrease with theincrease of di- = o Gy
pole-moment of solute (i. e. amino acids) and co-sol- 30 i
vent (i.e EG) anditdso decreasewiththeincresseof L
hard-spherediameter of soluteand co-solvent. During 5 ] 42 el
transfer from water to water-EG mixturesthesepar 5 ] e
rametersleadto AG® , (i) valuesfor aminoacidsas ¢ 1=+ L
liketheabove order. S ) Y

Asweknow AG® () =AG® _ () +AG, ()+ & 1
AG° (i), ignoring dipole-induced dipoleinteraction, Q7] /
and the chemical contributionsof freeenergy of solva o=
tion, AG®_, (i) can beobtained by subtracting AG®, .

(i) and AG® , , (i)from AG® (i). Here in such solute- g L 24 o - =
' Mol% of EG

solvent system chemical interactions may beinvolved . o _ _ _

areof different types; i.e. acid-basetypeinteraction, Figure3: Variation of AG®_ , (i) of glycine, dl-Alanine, dI-

H-bonding interaction, Hydrophobic hydration (H, H) a-amino butyricacid and dl-nor-Valinewith mole% EGin
) b ) _ H

hydrophilic hydration, hard-soft interaction, dispersion aq-Ethyleneglycol mixturesat 298.15K
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interaction etc.

Figures4 and 5 showsthevariationof AG® (i) of
amino acidswith mole % of co-solvent, EG From this
profileitisobserved that dl the solutes, i.e. aminoacids
aredabilizedintheag-EG solvent sysemwiththeorder:
AGC , (nrva)> AG , (aba)> AG® , (da) >AG°,
(gly) Wlthsllght dlstortlon inwater rlch region.

Similar but reversetypeof destabilization order has
been noticed in aguo-2-PrOH and in agquo-ACN by
Kundu and co-workerd™. Besidesthis, al theamino
acidsare stabilized with the above aswell assimilar
order in GL-water mixtures®. Moreover, solubility stud-
iesof amino acidsand peptidesinwater reflected that
solubility decreaseswith increasing number of hydro-
carbon (-CH.-) groupsin homologous seriesof differ-

AG® (i) in kJmol*
%
i
{
f

Mol% of EG
Figure4: Variation of AG®, , (i) of glycine, dI-Alanine, dI-
a- aminobutyricacid and dI—nor—VaJinewith mole% EG
in ag-Ethyleneglycol mixtureat 298.15K
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Figure5: Variation of AG°(i) (—) and AG®, , (i) (.....) of
glycine, dI-Alanine, dl- a- amino butyric acid and dl-nor -
Valinewith mole% EG in ag-Ethyleneglycol mixtureat
298.15K
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ent organic compounds.

It isalso supported that the solvation number2”-2
of theamino acidsin water being expectedto behigh
(TABLE 2) dueto zwitter-ionic nature of amino acids
(RH*) havingtwo solvation sites.

Here, the observed destabilization order of RH* is
not only theeffect of decrease solvation number of amino
acidsinthebinary mixtureswithincrease EG-content
inwater; but aso duetoimmobilization of the solvent
mol ecul es by solutes dueto dipole-dipole, dipole-in-
duced dipole, dispersionforcesetc. Itisworth noting
that, AG®_, (i) composition profiles of theseamino ac-
idsin aquoEG exhibitsinflections(morefor glycine) of
water rich region (above 4 mol% EG) whichisdueto
predominant structura effect of EG intheaqua-EG mix-
tures (complex formetion between EG and water at maxi-
mal molar fraction of EGi. e. above4 mol% EG).

Infact AG® _ (i) valuesof a-amino carboxylic ac-
ids (RH*) here arealso guided by hydrophilic hydra-
tion (H,H) of thezwitter-ionic head, RC(NH,")COO
group of RH*moleculesandrelativeH, H and acidity-
basi city effect of the co-solvent, EG Ethyleneglycol —
water mixtures become more acidic with increase of
EG content and more acidity affect the RCOO" part.
On the other hand these mixtures becomelessbasic
with increase of EG content and it affect NH,* part.
Moreover, EGisareducer of hydrophobic hydration,
H,H (dueto its structure making propensity), as ex-
pected from the opposing effects of H, H induced by
the hydrocarbon skeleton(-CH,-CH_-) of themolecule
and hydrophilic hydration (H,H) asinduced by 2-OH
groupsof theEG molecule.

AISOEG (4.37A) is larger in size than water (2.74A).
Thereforewith theincreasein EG content inthe solvent
mixturesthedispersioninteractionsaswell as soft-soft
interactionsfor theinvolved amino acidswith thein-
creased sizeof the RH* molecul es, gradudly increased,
and theseinteractions contribute to the observed stabi-
lizetion.

Therefore hydrophobic hydration (H, H) effect of
the hydrocarbon part (-CH,-CH,-) asinduced by struc-
turemaking (SM) propensity of EG aswdll asinvolved
increased dispersion interaction effects of the co-sol-
vent molecules (EG) withtheincreased sizeof the RH*
moleculesarea so theguiding factors.

Findlly, the observed increasing positive values of
AG° , (i) (RH?) (fromgly. ton-val.) and their relative
order in agueous mixturesof SM and moreacidic EG

e, BIOCHEMISTRY
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indicatesthat theinvolvedincreasingly reduced H, H-
effect of EG overcomes, the opposingincreased acid-
ity and dispersion effects of co-solvent, EG

Inconclusion, from our observation it may bestated
that ethyleneglycol will perform asagood stabilizer of
structure of amino acidsaswell asproteins.
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