December 2010

Trade Science Ine.

ISSN : 0974 - 7427 Volume 4 | ssue 2

BIOCHEMISTRY

A Judian Joaraal

— Regular Peper

BCAIJ, 4(2), 2010[71-76]

Transfer entropies of solvation of a series of homologous
o-amino acids in aqueous mixtures of protic ethylene glycol

S.Roy, K.Mahali, B.K.Dolui*

Dept. of Chemistry, Visva-Bhar ati, Santiniketan , Birbhum, W.B. - 731 235, (INDIA)

E-mail : bijoy_dolui @yahoo.co.in

Received: 3 April, 2010 ; Accepted: 13" April, 2010

ABSTRACT

Standard transfer entropies, AS’(i) of a series of homologous a-amino
acids (i) likeglycine(gly), di-alanine (ala), di-a:-amino butyric acid (aba) and
dl-nor-valine (nor-val) from water to aqueous mixture of protic ethylene
glycol (EG) with 0, 20, 40, 60, 80 and 100wt% EG compositions have been

evaluated at 25°C. For this purpose the solubility of the amino acids mea-
sured using ‘formol titrimetry’ at 15°, 20°, 30°, and 35°C and that of 25°C
reported earlier. AS? (i) of the acids as well as their chemical effects,
AS?, (i) obtained after correcting for the cavity effects, AS? (i) and
dipole-dipoleinteraction effect, AS],_, (i) . The chemical contributions of
transfer entropies, TAS?,ch (i) of amino acids are guided by the superim-
posed effects of increased acidity affecting the RCOO" part, decreased ba-
sicity affecting the NH,* part and decreased H H affecting R group of
Zwitterionic amino acids R'CH(NH,")COO, and the complex structural in-
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teractions of EG-H,O mixtures.

INTRODUCTION

Itiswell established that proteinsexert key rolein
nearly dl biologica processes. Thebasc structurd units
of proteinsare amino acids. Different studies on struc-
turing and destructuring ability of co solvent on amino
acidsin somemixed agua-organic solventsarea sore-
ported*®, Inthis context, it isrecognized that polyols
(i.e. glycerol) causefolding of native conformation of
proteins. Although several mechanism of these effects
have been proposed from different viewpoints*. A
successful explanation appearsto bethat the effects of
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polyols on proteins may be mediated through the
changesin solvation properties or aternation of water
structure. From the free energy of transfer studiesob-
tained from solubilities of amino acidsand peptidesat
25°C in aqueous ured? and ethanol?, Nozaki and
Tanford concluded that whileboth non-polar and polar
sidechains are preferentially solvated in UH + H,O
mixtures, the effect was much reduced in EtOH + H,O
mixtures. On the other hand similar experiments by
Gekko®! |ed him to concludethat polyol can stabilize
the protein conformation through hydrophobic interac-
tions. Also in our previous paper® we have reported
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AG?(i) of somehomologousseriesof o-amino acids

(Gly.toVa.) inEG + H,0 solvent sysem at 25°C and
have gathered important reflections of short-range
chemical solvation of the acidsin thisunique solvent
sysem.

Though the free energy of transfer data of these
solventsareseemingly useful inimpartinginformation’s
regarding denaturation processes, amore detailed un-
derstanding may be possible by eval uating entropies,
AS{(i) orenthalpies, AH (i) of transfer deta, Sncethese
quantitiesin general reflect more sensitively the struc-
turd™®2 andinteractiona partsof thesolvents. But il
to daterelatively littleworks have been reported re-
garding these quantities®**1517, Though, previously
Gekko!® has reported As’(i) and AH?(i) of some
amino acidsincluding glycineand also of peptidelike
diglycineinsomelow concentrationsof polyolsinclud-
ing GL. Such studieson AS (i) and AH(i) arestill
lacking for aseries of homologousamino acids. Keep-
ing thisinmind herein, wethereforeinthe present pa-
per report thetransfer entropies, As?(i) and other re-
lated quantities of ahomol ogous series of a-amino ac-
idsinagueous mixturesof structuremaking protic EG
by measuring solubilitiesusingformal titrimetry at five
equi-distant temperatures at 0, 20, 40, 60, 80, and
100wt% EG compositions.

EXPERIMENTAL

o-aminoacidslikeglycine(gly) (E Merck) and di-
alanine(ala), amino butyric acid (aba) and nor-valine
(n-val) were used after drying as described earlier®.
Purification of ethylene-glycol (EG) wasperformed as
usua method®. Aqueous mixtures of co-solvent that
have been used were 20, 40, 60, 80 and 100 wt%.
The solubility of thesefour amino acidsweremeasured
by the same method as described in our previous
paper®. These measurementsweretaken at 15, 20, 30
and 35°C temperatures and that at 25°C werereported
earlier™®. Thelow-cum-high temperature thermostat
used for all measurementswas capabl e of registering
temperatures having an accuracy of +0.1°C. Thesesets
of measurementsweremadefor al thesol utesby equili-
brating the sol utions from both above and bel ow the
required temperatures and at least two sets of mea-
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surementsweremadefor al the sol vents and the sol u-
bilitieswerefoundto agreetowithin+1 to 1.5%.

RESULTS

The measured solubilities (m) of theamino acids
(onmold scale) areligtedinTABLE 1. Asintheprevi-
ous studies by Batesand coworkerson Trig* and by
Kundu and coworkers**? on non—electrolytes like
PNA, HBz and amino acids’®: glycineAG(i),
diglycing(DG), andtriglycing(TG), the Gibbsenergies
of solutions(AG?) of theseamino acidsonmold scale
were cal culated for each solvent using eq (1):

AG! =-RTInCy =-RTInC =-RTInm ()

Wherey isthemolar activity coefficient of thesol-
utes but taken tentatively to be unity in each sol vent.
True, sincetheseamino acidsarelikely tobemostly in
zwitter ionicformsasinwater®9, theinvolved activ-
ity coefficient factor -RTInyin AG? arisingfrominter-
actions of dipolar soluteswith large dipole moments
may not bethat small. But asthereisneither there-
quired experimenta datanor any appropriate theoreti-
cdl correationsfor computing thesame, thesehavebeen
tacitly takentobenegligibly smdl, asisusudly donefor
non- electrolyted2141% Thisisbecausethe effective
contribution of activity coefficient factor -RTlny /y, in
thetransfer freeenergetics AG(t) = AG°(i)— AG? (i) In
particular whichisour main concernlikely to behardly
ggnificant.

Thefreeenergies, AG? at different temperatures
arefitted by themethod of |east squaresto an equation
of theform;

AG?=a+bT+cTInT 2
WhereT isthetemperaturein Kelvin scale. The

vauesof thecoefficientsab,carepresentedin TABLE

2. Thesearefound to reproducethe experimenta data

within=+0.04 kJmol™. Transfer Gibbsenergies Ac° and

entropies AS? of theamino acidsfrom water to ethyl-

ene-glycol werecal culated at 25°C on molefraction

scaeby usingthefollowing equations.

AG!(i)=, AG;(i)~,, AG(i)

e

AG{()) = (8- a,)+(b;—b,)T +(c,—c,)TIn T-RT I"ms) &)
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TABLE 1: Solubilities(m) of glycine, dl-alanine, dl-amino butyric acid and dI-nor-valinein aqueousmixturesof protic

ethyleneglycol at different temperature(°C)

Glycine dl-alanine
W1t% solvent Temp. (°C) Temp. (°C)
15° 20° 250191 30° 35° 15° 20° 2501 30° 35°
Water 2720 3060 3340 3720  4.060 1.634 1.720 1.800 2.300  2.400
(2.690)1¥ (3.315)1@ (4.04)®  (1.650)@ (1.800)1@ (2.390)1
20%EG 1.735 1905 2.070 2250  2.400 1.304 1450 1.610 1.700  1.860
A0%EG 1.010 1100 1.230 1380 1.570 1.060 1.140 1.301 1450 1.530
60%EG 0550 0.670 0.810 0.884 0.960 0510 0640 0773 0.850  0.905
80%EG 0299 0340 0360 0415 0.456 0360 0450 0540 0.600 0.630
100%EG 0143 0149 0170 0178 0.186 0126 0133 0140 0154 0.160
dl-amino butyric acid di-nor-Valine
W1t% solvent Temp. (°C) Temp. (°C)
15° 20° 250l 30° 35° 15° 20° 250 30° 35°
Water 1.850 2020 2190 2540 2915 0.618 0650 0677 0702 0.718
(1.850)1 (2.199)1 (2.919)®  (0.590) (0.683)1 (0.715)
20%EG 1.280 1506 1.790 1.850 1.928 0520 0538 0560 0620 0.654
A0%EG 1.010 1260 1.390 1500 1.670 0450 0470 0500 0544  0.602
60%EG 0680 0.812 0980 1150 1.330 0360 0400 0430 0500 0.536
80%EG 0.480 0.604 0790 0.804 0.880 0320 0350 0360 0422 0.464
100%EG 0190 0210 0220 0238 0.255 0122 0126 0130 0134 0.138
‘a’ for ref. 16

and ASP(') = (bw - b5)+(CW - CS)(1+|n T)+R |n(,\,\//||\zJ (4)

here the subscripts s, w refer to the solvent and
water respectively and M isthe molar massof thepure
andmixed solvent. AG?(i) and TAS?(i) vauesof amino
acids thus obtained and presented in the TABLE 2.
Theestimated valuesshows an uncertaintiesin AG°(i)
and AS’(i) areabout +£0.05kJ mol*and 2 Jk* mol ™,
respectively.

Now AP’(i) (WhereP =G or S) may be ascribed
asthe sum of thefollowing terms (assuming dipolein-
duced dipoletermto benegligibly small).
AP(i)= AP, (i) + AP’ (i) + AP’ (i)

©®)
here, AP?.,, (i) meansfor thetransfer energy contribu-
tion of the cavity effect whichisinvolved dueto cre-
ation of cavitiesfor the speciesinwater and aquo-or-
ganicsolventand AP, (i) Standsfor thedipole-dipole
interaction effect involving interaction between dipol ar-
Zwitter-ionic amino acids and the solventsmol ecules,
on the other hand, AP? (i) includesthat for all other

effects such asthose arising from acid-base or short-

rangedispersioninteraction, hydrophilic (H,H) or hy-
drophobic hydration and structural effects. Here
AP’ (i) valueswere computed by using Scaled par-
ticletheory (SPT)[, assuming the solutesand solvent
moleculesasequivaent hard-spheremode sasdictated
by their respectivediameter (Vide TABLE 3).

AG! (i) = (:AG (i)~ AGgy(i))

and AS} (i) =(.AS}, (i)-,AS (i)) werecalculated by
means of the Keesom-orientation expression® for
AGS, (i) inasolvent S, asgiven below

. 8n - 1 - A
SAG gd (I) = —(?)Nzu:l‘icsi (kT) 1vsl =

TV, (6)

8
where A = —(%}Nzuiuici} ()™ and Vs=“§—j andthat
of As?,(i) asfollows:

AS (i) ={8,AG 44 (i) / 8T}, @)
I.e. TS (i)=,AGY(i)[1+Ta], Where N stands for
Avogadro’s number, p, p arethedipole moment of

solvent and amino acid moleculesrespectively (TABLE
3). o_ isthedistance a which theattractiveand repul -

e, BIOCHEMISTRY
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Figurel: Variation of TAS?(i) of glycine, dl-alanine, dl-
alpha-aminobutyricacid and dl-nor -valinein aqueousethyl-
eneglycol mixture
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siveinteractions between the sol vent and solute mol-
eculesare equa and isgenerally equal to /a(c_+c )
wherecsand osarethe hard sphere diameter of sol-
vent and solute moleculesrespectively (TABLE 3) and
a.is the isothermal expansibility of the solvent and given
by (8InV,/8T), =—(8Ind,/8T) (TABLE 3). Follow-
ing Kim et a.?! and Marcus?” in order to get these

AP, (i) term on molefraction scalethe quantity was
aganmultiplied by theterm X _ .

Xa=X,(n/02)/(p, /0y) (7)
Whichisthereal molefraction contribution dueto
dipole-dipoleinteraction®!. Subtraction of AS?_,, (i)
and AS?, (i) fromthetotal we can get As, (i) of
amino acids. The values of As (i), AS!,_ (i) and

t,cav

AS!, (i) arepresentedin TABLE 3.

DISCUSSION

Figure 1 and 2 reflect thevariation of TAS(i) and

TAS? (i) of homologousamino acidswith mole% of
co solvent in EG-water mixtures. TAS?(i) -COMpOSi -
tion profilesof figure 1 showsthat thevariation follow
thesamepatternfor al amino acids. A clear maximais
obtainedfor al acidsin amost 40 mole% EG Similar
maximum appearsin various other structurerelated
properties?2], Somewhat downward but Smilar varia-
tionsareaso shownfor Glycine, Alanineand Amino
butyric acid at about 10 mole% EG

0 oy 1
TaS ¥ kdmol

T T T T
0 20 40 &0 a0 100

Mole % EG
Figure?2: Variation of TAvach(i) of glycine, dl-alanine,
dl-alpha-aminobutyricacid and dI-nor -valinein aqueous
ethyleneglycol mixture

Thismay reflect the effects of thewell known 3D-
structure making propensity of ethyleneglycol besides

reducing effectsof H H. Smilar natureof TAS?(j)-com-

position profiles have a so been obtained previoudy
withaminoacidsglycine, diglycineandtriglycneinague-
ous glycerol™ as co solventswhich arerelated with
opposing structurd interactionsof the co solvents.
Thepresent results (TABLE 3 & Figure 2) show
that theentropy of transfer of amino acidsfrom water
to aqueous EG sensitively dependson the pol arity of
the solutes and on the solvent composition. Also, the
thermodynamicfunction of transfer (here TAS?) should
reflect thedifference of sol ute-solvent and solvent-sol -
vent interaction in thetwo solvent systems (e.g. water
& water-EG mixtures). Thisdifference may be gener-
ated mainly fromfour stepsin transfer processi.e, cav-
ity formation to accommaodate the solute moleculein
themixed solvent TAs® , and theinteraction of mixed
solvent with non polar groups T A= , polar groups
TASP™ | and charged groups of the solute molecules

tra !

TAS?

tra "

Thusthe observed transfer entropy of asolute be-
tweentwo solvents, TAS,, may beexpressed as-

TAS,, =TAST + TASIY P + TAS)Y + TAS;,

tra tra tra tra tra

For suchtransfer processof asolute (here, a-amino
acids) between agueous mediadiffering primarily by
the degree of structuredness, such asour solvent sys-
tems, the changesin solvent structuretaking placein
the complex of the solute may be moresensitively re-

BIOCHEMISTRY (mm—
A Indéan ﬂo«/md



BCAIJ, 4(2) December 2010

B.K.Dolui et al. 75

TABLE 2: Coefficientsa, b and cof glycine, dl-alanine, dl-
amino butyricacid and dI-nor-valineand Gibbsener giesAG®
and entropiesTAS of transfer of theacids(on molefraction
scale) in kamol fromwater to aqueousmixtur esof ethylene-
glycol at 25°C

—=== Regular Paper

TABLE 3: Theenthalpy of transfer, AH ,cav(i) and entropies
of transfer TAS™(i), TA%,cav(i), TASY,dd(i) and TAS’ ch(i)
of glycine, dl-alanine, dl-amino-butyricacid and dl-nor valine
from water toaqueousethylene-glycol at 25°C (on molefrac-
tion scalein kJmaol*

solvents rre:ol’l) (kJm(l;)I’lK’l) m ;_1K_1) (kJAn?;f-l) (kTJﬁq j‘}l) Solvents TAS(i) AH ca(i) TA.SOtm\,(i) TASL ¢4(i) TASL,en(i)
Glycine Glycine
Water 4155  -06639 009029 O 0 Water 0 0 0 0 0
20%EG 5976  -11189 016015 0844 -3463  ONEG 3463 1309 2059 114 -6662
AO%EG -130.91 32534  -049425 1675 -3348  (ONEG 3348 2540 4176 486 -12.385
GO%EG 30768 -85423 126552 2219 3516 ~ O0nEC 3516 342 6238 1210 13779
80%EG -3650 11250  -017446 3401 2605 ~ CONEG 2606 4620 880 2230 -28.555
100%EG -14506 -30343 044978 4388 -10461 COXEG 10461 535 11788 3410  -56.298
dl-Alanine di-Alanine
Water -23873 56586  -0.85356 O 0 Water 0 0 0 0 0
J0%EG 9152  -18154 026408 0073 -3048  2ONEG 3048 1519 2292 0932 -6.272
AO%EG 6627 12165 017412 0121 1524  O0EC -1S24 2940 4624 409 91
G0%EG 51123 -11.0827 16446 0887 424  O00EC 42460 3951 - 680 1010 13372
80%EG 51682 -11.2121 166453 1048 3733  CONEG 373 837 9610 1880 -24.737
100%EG -2326 07155 010004 3363 -0871  _COWEG 9871 6'166_ 12'576 _ 2890  -SLA47
dl-a-amino butyric acid o-amino butyric acid
Water 23544 56075  -0.84675 0 0 Water 0 0 0 0 0
20%EG 46651 -10.1989 151460 0207 -2203 ~ 2ONEG 2293 16%9 - 24%2 0811 -55%
AO%EG 29246 62420 09229 0317 -0038  A0%EG 0037 338 - 5001 356  -8.608
60%EG 9286 -16101 022795 0.638  7.239 60%EG 7.239 4404  7.378 880  -8.939
BO%EG 64459 -140604 208875 0614  4.197 80%EG 4197 5915 10366 1640  -22.569
100%EG 2576  -0.3657 005111 2455 -8950  1OO%EG -8950 6838 13484 2520 -47.634
dl-nor-valine dl-nor-vline
Water 7452  -15669  0.23170 0 0 Water 0 0 0 0 0
20%EG -134.30 31925  -048045 0057  3.450 20%EG 3450  1.853 2.664 0721 0.065
40%EG -185.23 4.3739  -0.65763 -0.067 5.470 40%EG 5470  3.577 5.374 3160  -3.030
B60%EG -2353  0.8235 -0.12948 -0.278 9.912 60%EG 9912  4.788 7.827 7.830 -5.745
B0%EG -191.39 45718  -0.6883 -0.574 8962  80%EG 8962 6423 10959  14.600 -16.597
100%EG 3.020 003593 -0.00511 1039 -1.934  100%EG -1.934 7407 14169 22400 -38.503
flectedby TAS,, . from Glycineto nor-Valinereflectsthat the co-solvent

Infigure2, TAS?,, (i) -composition profilesof a-
amino acidsin EG-H,O mixturesshow that TAS, , (i)
vauesareincreasingly negativeand their relativeorder
isGly.>Ala>Aba>Vd. Elimination of largely positive
dipole-dipoleinteraction effects ( TABLE 3) but non-
elimination of the expected morelargely negativedi-
pole-induced dipol e and dispersion effectd? may be
to someextent responsiblefor such observations. The
relativeorder of TAS (i) valuesof homologous a-
amino acids with gradua increase of (-CH,-) group

EG isahydrophobic hydration (H,H) reducer whichis
expected from its 3D-structure making capability due
toitshydrogen bond forming ability.

Theresults(TABLE 3) indicatetheincreasngly pos-
tivevauesof TAS!, (i) of theconcerned amino acids
(from Gly. to Val.) in aqueous mixtures of structure
making and moreacidic EG Therefore, it supportsthat
theinvolvedincreasingly reduced H, H-effect of EGwill
overcomesthe opposing increased acidity and disper-
sion effectsof co-solvent, ethyleneglycol.

e, BIOCHEMISTRY
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In conclusion, from the observationsof cavity form-
ing effect, dipole-dipoleinteractions, dispersion inter-
actions, hydrogen bond forming capacity, acidity-ba-
scity interactions, hydrophilic hydration, hydrophobic
hydration etc in between sol ute-solvent and sol vent-
solvent it may be considered that ethyleneglycol will be
agood stabilizer of amino acidsaswell asproteins.
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