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Abstract

Apparent molar adiabatic compressibilities and viscosities of glyeiney-alanine,bL-a-amino-n-butyric acidy-valine, L-leucine and
diglycine have been determined in agueous and mixed aqueous solutiags-6f1.0, 2.0, 3.0, 4.0 and 5.0 aqueawupropanol solutions
at 298.15 K. From these data the partial molar adiabatic compressibilities and vidggasigfficients have been evaluated to calculate the
corresponding transfer functions. The partial molar adiabatic compressibilities of transfer at infinite dil&gn for all the studied model
compounds are positive and increase with the concentratiorpodpanol. Positive and negatiecoefficients of transfen B have been
observed for the studied amino acids in lower and in higher concentratigpropanol, respectively. The activation free energy for viscous flow
in aqueous and mixed aqueaupropanol solutions has been calculated figmoefficient and partial molar volume data. Hydration numbers
and interaction coefficients have also been calculated from these data. These parameters have been discussed in terms of solute—cosolvel
interactions. Thermal denaturation of lysozyme has also been studied using UV-visible spectrophotometer in aqueous and in mixed aqueous
solutions ofn-propanol, 1,2-propandiol and glycerol. The thermodynamic parameters accompanying the thermal denaturation have been
evaluated. The results have been explained on the basis of competing patterns of interactions of the cosolvents with«theesaiveed
reaction. The preferential interaction parameters have been calculated from these thermodynamic data and by correlating the surface tensior
data ofn-propanol and 1,2-propandiol to the surface area of the protein. Some parallelism in the patterns of interactions has been observed
for the studied model compounds and protein in the agueous solutions of these solvents.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction surface properties etc., of proteins and model compounds
which mimic some aspects of protein and thus provide in-
Proteins play a vital role in nearly all-chemical and bio- sight into protein hydratiofc-14].
logical processes. The detailed three-dimensional structure Simple low molecular weight compounds are extensively
of proteins and nucleic acids provides critical information used as models for studies of such systgs®j, which have
about the molecules but they provide no information about at least two main advantag@dc]. The first is the relative
the stability of a molecule or the energetics of its interactions ease of the microscopic interpretation of experimental data
[1]. The interactions of water with the various functional derived from the studies on low molecular weight model
groups of proteins are important factors in determining the compounds, secondly one can systemically alter the struc-
conformational stability of protein—4]. The study of na-  ture, so that the contribution of a chosen atomic group can
tive and denatured states is necessary to understand thée addressed e.g. the side chain groups of the amino acid
role of hydration in protein folding/unfolding procesggs residues which constitute a protein represent a wide range
Thus in the recent years there has been considerable interesif properties and are therefore capable of being involved in
in the determination of various thermodynamic, transport, a range of interactiong 4].
Different views have been reported about the factors re-
sponsible for the protein stability. It has generally been ac-
* Corresponding author. cepted[15a] that proteins are being stabilized because of
E-mail address: tsbanipal@yahoo.com (T.S. Banipal). hydrophobic effect, which arises from the peculiar features
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of the water structure. However, Murphy has repoftesh] (glycine,pL-a-alanine pL-a-amino-n-butyric acidy -valine,
that this simple view of protein stability is inadequate to ac- r-leucine and diglycine) in water and img = 1.0, 2.0, 3.0,
count for experimental data. Makhatadze and Privalov have 4.0 and 5.0 aqueous solutions mfpropanol at 298.15K.
reported[16] that the simple binding model describes well Partial molar adiabatic compressibilities &), viscosity
all experimentally observed thermodynamic properties of B-coefficients, their corresponding transfer functions, hy-
proteins in the presence of urea and guanidine hydrochlo-dration numbers, side chain contributions of amino acids
ride. Recently Franks has reportgll’] about the protein  and interaction coefficients have been calculated. The ac-
stability in the article “Protein Stability: The value of old tivation free energy of viscous flow has also been calcu-
literature”. He has strongly emphasized about the involve- lated. Further we have investigated thermal denaturation of
ment of the hydrophobic rather than binding phenomenon lysozyme in various mixed aqueous solutionsgdfropanol,
for protein stability, which has been discussed in terms of 1,2-propandiol and glycerol using UV-visible spectropho-
alteration of water structure. He has also arg{&dq that tometer. From this denaturation temperatilifg enthalpy
structure-breaking effect of urea results in weakening of hy- AHpy,, free energyAG° and entropyAS,, have been evalu-
drophobic interactions rather than binding which is respon- ated. Preferential interaction parameters have also been cal-
sible for solublizing and denaturing effects. culated from these thermodynamic data and by correlating
The effect of alcohols on proteins and model compounds the surface tension data of aqueous solutions-pfopanol
is useful for considering how protein specific structures and 1,2-propandiol at 298.15K to the surface area of the
are stabilized in an aqueous environment. It is well known lysozyme. These parameters have been discussed in terms
that typical monohydric alcohols such as methanol, ethanol, of various interactions.
n-propanol generally destabiliZ&8,19]the native structure
and stabiliz§20—-23]the a-helical conformation in unfolded
proteins and peptides, however at lower concentration some2. Experimental
alcohols have been found to slightly stabilize the native state
of protein. In spite of large number of studies the mecha- All the model compounds glycine (G-7126),-a-alanine
nism through which alcohols affect the stability and solu- (A-7502), pL-a-amino-n-butyric acid (A-1754).L-valine
bility of protein remains unresolved. Further various studies (V-0500),L-leucine (L-8000) and diglycine (G-7278) were
have been reported about the peculiar behavior of alcoholsprocured from Sigma Chemical Co. and used after drying
and attempts have been made to rationalize their behaviorfor 24 h in vacuum oven. The glycerol (AR 072929), from
in aqueous solutions. Koga and coworkers have reportedSRL and 1,2-propandiol (AR, 133378), from Thomas Baker
[24] different mixing schemes for alcohols in aqueous so- were used as such anepropanol (AR 1629104) from SRL
lutions. They have reported that 1- and 2-propanol in aque-was purified[25c] before use. Doubly distilled degassed
ous solutions behave as typical “hydrophobic” or “structure water with specific conductance less tham@@—1cm?
making” in most water rich region (mixing scheme 1) i.e. was used for preparation of the solutions. All the solutions
solute molecule enhance the hydrogen bonding net work of were prepared by mass on Mettler Balance within accuracy
water in their immediate vicinity with a concomitant reduc- of +0.01 mg. Hen egg white Lysozyme (L-6876) was also
tion in the hydrogen bond probability in the bulk away from procured from Sigma Chemical Co. and the stock solution
the solute molecule. As the solute composition increases,was prepared by extensive dialysis of the protein &t 4n
the hydrogen bond probability in the bulk water is reduced double distilled deionized water at pH 2.0 with at least four
to the bond percolation threshold and thus the mixture now changes. The pH of the solutions was measured using pH
consists of two kinds of clusters, each rich in each com- meter (Elico LI 127) at room temperature.
ponent (mixing scheme I1). Mixing scheme Il is operative The Multifrequency Ultrasonic Interferometer (Model
in the most solute rich region where solute molecules form M-82, Mittal Enterprises) was employed for measurement
clusters of their own kind like in pure state. Similarly in of sound velocitied9,11c], with maximum uncertainty in
case of glycerol, they have reportg##] that in water rich velocity of 0.5ms?. The interferometer was calibrated
region the characteristics of water are reduced gradually asagainst the speeds of sound of aqueous sodium chloride at
glycerol concentration increases but the essential features 0£298.15 K. The sound velocities were precise to be within
liquid water are retained in region |. However the detailed 0.1 mst. The average of 10 readings was treated as a final
picture is not yet emerged. value of sound velocity. The temperature was maintained
Thus in light of above picture of the aqueous solutions within 0.01K by circulating water from constant temper-
of alcohols it will be worthwhile to study systematically ature circulator bath (Model: MV F 25 Julabo/Germany).
the amino acids, peptides and proteins in alcohols having The values of adiabatic compressibilitidés are accurate
different number of hydroxyl groups. These studies may to 0.06%.
shed some light on the mechanism that how the alcohols Viscosity measurements were carried out using Ubel-
effect the stability of proteins. Therefore in continuation of lohde type capillary viscometer, which was calibrated with
our studies[9,10,25]on amino acids and peptides we re- doubly distilled deionized water at four temperatuf&g].
port sound velocities and viscosities of model compounds The efflux time was measured with electronic watch with
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the resolution of 0.01s. The average of at least five read- At infinite dilution the apparent molar adiabatic compress-
ings reproducible within 0.1 s was used as final efflux time. ibility becomes equal to partial molar adiabatic compress-
The temperature around viscometer was maintained within ibility K%,s- The K35 5 values were calculated fromz s,
+0.01 K. The measured viscosities were accurate to within data using the following equation:

4+0.001 mPas. o
Surface tension measurements were carried out by dropK2’5¢ = Kas+ Skma )

weight metho_d. The rate of flow thrOl_Jgh the capillary was whereSy is the slope. In most of the cases thig g were
controlled to five to seven drops per_mmute. The temperaturedetermined by taking average of all the data points. The
around the stalagmometer was maintained at 298A3K ks _values are given iffable 2, along with literature values

by circulating the water through the glass jacket and was [9,26,27]. TheKj ¢ values increase with the increase in
stopped during the collection of drops to avoid the vibra- concentration oh-propanol.

tions [13]. In each experiment the weight of 30 drops was  The viscosities (1) of the solutions were determined from

measured on balance immediately after the collection. the following equation:
The thermal denaturation experiments on lysozyme in wa- b
ter and in various mixed aqueous solutionsngiropanol, T_a-2 (4)

1,2-propandiol and glycerol at pH 2.0 were carried out t

using a Shimadzu 160-A UV-visible double beam spec- wheret is the efflux timea andb the constants for viscome-
trophotometer to which TCC-240-A temperature controller ter. The relative viscositiesy; (5 = n/no, wheren and
was attached. The temperature stability of the solutions in ng are viscosities of the solution and solvent, respectively)
cuvettes wast0.1 K. The concentration of lysozyme in all  of the studied compounds in water and in various mixed
the experiments was’0.4 mg/ml. The reference was dou- agueoum-propanol solutions are summarizedTable 3.

ble distilled water or cosolvent solution when the measure- The B-coefficients were calculated by using the following
ments were made in water or in the presence of cosolvent,Jones—Dole equation by least squares method:
respectively. Thermal unfolding of protein was examined n

by observing the absorbance at arow280nm as a func- Ir = % =1+Bc (5)
tion of temperature. Heating of the solutions in the cuvettes

was started at a temperature below the thermal transition.wherec is the molarity (calculated from molality) of the
The heating rate in these measurements was 0.4 Kmin solution. The values oB-coefficients in water are given in
To check the reversibility of thermal denaturation, the sam- Table 4which agree well with literature values except in
ple in first run was heated a little over complete denatu- case oft-leucine, where the present value is higher which
ration temperature, cooled immediately and then reheated.may be due to different form of leuciri28]. Positive values
The thermal transitions were reversible in all the cases andof B-coefficients for the studied amino acids increase with
hence amenable to equi"brium thermodynamic ana|y5is_ increase in size of the side chain of amino acids both in
water and in aqueouspropanol solutions.

The K3 5 and viscosityB-coefficient data in aqueous and
in mixed aqueous solutions have been used to calculate cor-
responding transfer functions at infinite dilutiont(K%S
and A B, respectively) as follows:

3. Results and discussion

3.1. Compressibilities and viscosities of amino acids

and diglycine AwK3 s/ Aw B = K3 o/ B-coefficient
The apparent molar adiabatic compressibilitiéss,, for (in aqueousg-propanol solution
amino acids and diglycine in aqueous and mixed aqueous — K3 5/ B-coefficient(in waten (6)
solutions at 298.15K (Table 1) were determined using the ' .
following equation: The Ay K5 g and AyB values are summarized ifables 5

and 6and illustrated inFigs. 1 and 2, respectivel§ig. 1
shows thatAy K35 g values are positive for the amino acids
and diglycine which increase with the increase in con-
. centration ofn-propanol. In case of glycinéy K35 g val-
whereM is the molecular mass of the soluteandd®, Ks ues increase almost linearly in lower concentration range
andI_(g the densitie$24] and a_dlabatlc compres_S|b|I|t|es of while tend to level off at higher concentratiomy K5 ¢
solution and solvent, respectively; angy molality of the values increase non-linearly in case of-a-alanine,
solution. The adiabatic compressibilities of solvent/solutions pL-a-amino-n-butyric acid,L-valine and diglycine with
were calc'ullated from the corresponding sound velocities (U) the increase in concentration ofpropanol and have little
and densities as tendency (more in case of diglycine) to level off at higher
1 concentration.A¢ K5 ¢ values show linear behavior with
Ks= U2d ) concentration ofi-propanol in case af-leucine. In the lower

KM Kgd — Ksd®
d m add°

K2 sp = 1)
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Table 1

Apparent molar adiabatic compressibiliti& s, of some amino acids and diglycine in water and in aqueous solutionspadpanol at 298.15K

my (molkg™t) U (ms?) 10'° x K 5 m, (molkg™t) U (ms?) 10'° x K 5

(m®mol~1 Pa?l) (m®mol—1 Pa?l)

Glycine in water
0.09803 1504.30 —26.19 0.13721 1506.33 —25.60
0.17739 1508.45 —25.38 0.20348 1509.78 —25.14
0.22549 1510.87 —24.90

Glycine in aqueous-propanol solutions
mp = 1.0 (Ug = 154487)
0.22232 1555.07 —20.43 0.30167 1559.07 —20.91
0.30776 1559.27 —20.74 0.41683 1564.67 —20.90
0.46627 1566.67 —20.39 0.54250 1570.67 —20.66
mp = 2.0 (Up = 1579.35)
0.17819 1585.55 —13.65 0.29105 1589.35 -13.18
0.32389 1590.75 —13.54 0.38009 1592.55 —13.17
0.43760 1595.75 —14.45
mp = 3.0 (Up = 1593.75)
0.24211 1600.07 —8.67 0.27910 1601.07 —-8.72
0.31904 1602.07 —8.65 0.36518 1604.03 —-9.71
0.46762 1606.83 —9.64
mp = 4.0 (Up = 158055)
0.17443 1583.27 —2.67 0.20895 1583.85 —2.74
0.26900 1584.99 -3.07 0.40040 1587.13 —2.94
0.49979 1588.95 -3.07
mp =5.0 (Up = 1557.23)
0.19641 1559.03 0.82 0.25007 1559.63 0.66
0.32461 1560.33 0.80 0.33680 1560.53 0.67
0.39298 1561.03 0.82

pL-a-Alanine in water
0.08231 1504.15 —25.30 0.13261 1507.45 —24.96
0.18631 1510.93 —24.76 0.25324 1515.23 —24.13
0.32264 1519.70 —23.95

DL-a-Alanine in aqueous-propanol solutions
mp = 1.0
0.10071 1551.07 —21.07 0.16033 1554.87 —21.48
0.23525 1559.67 -21.67 0.26319 1561.27 -21.29
0.28808 1563.07 -21.72
mpg =20
0.14394 1587.75 —17.95 0.21204 1591.53 —-17.61
0.25749 1594.33 -17.97 0.33249 1598.35 —17.34
0.36407 1600.33 —17.53
mp = 3.0
0.12576 1599.15 —10.16 0.16215 1600.75 -10.21
0.18952 1602.15 -10.77 0.22240 1603.55 —10.59
0.31322 1607.35 -10.17
mp =4.0
0.14509 1585.37 —5.33 0.18627 1586.67 -5.15
0.21495 1587.57 —4.94 0.25635 1588.97 —4.98
0.26739 1589.33 —4.96
mp = 5.0
0.09950 1559.44 1.00 0.16722 1560.84 1.18
0.20236 1561.64 1.08 0.23415 1562.24 1.34
0.29415 1563.44 1.62

DL-a-Amino-n-butyric acid in water
0.11688 1507.84 —25.16 0.19445 1514.04 —25.30
0.20062 1514.64 —25.62 0.22534 1516.64 —25.67
0.25542 1519.04 —25.64 0.30306 1522.83 —25.58
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Table 1 (Continued)

m, (molkg™) U (ms? 10'° x K2 54 m, (molkg™) U (ms? 10'° x K2 54
(m¥mol~1pPal) (m¥mol~1pPal)
DpL-a-Amino-n-butyric acid in agueous-propanol solutions
mp=1.0
0.06724 1550.03 —23.50 0.11236 1553.47 —23.28
0.13807 1555.44 —23.19 0.16156 1557.27 —23.28
0.19634 1560.07 —23.57
mp = 2.0
0.07735 1584.75 —18.94 0.11377 1587.35 —19.10
0.12785 1588.35 —19.10 0.16141 1590.75 —19.12
0.17993 1592.03 —18.98
mp = 3.0
0.09807 1598.55 —7.76 0.14240 1600.55 —7.05
0.16825 1601.95 —7.50 0.20291 1603.55 -7.20
0.22812 1604.75 —7.10
mp =4.0
0.08887 1584.23 —4.01 0.12344 1585.73 —-4.21
0.15890 1587.23 —4.15 0.17721 1588.03 —4.19
0.23244 1590.35 —4.00
mp=25.0
0.11542 1560.72 2.13 0.13310 1561.32 191
0.14095 1561.52 2.10 0.15017 1561.84 1.97
0.16597 1562.32 2.03
L-Valine in water
0.03271 1502.94 —30.05 0.04359 1503.04 —30.39
0.04824 1503.44 —29.61 0.05547 1504.24 -30.57
0.06271 1504.84 —29.42 0.08321 1506.82 —29.95
L-Valine in aqueous-propanol solutions
nmp = 10
0.04038 1548.67 —26.57 0.04567 1549.07 —26.36
0.06573 1551.07 —26.60 0.07585 1551.93 —25.88
0.09093 1553.33 —25.82
mp = 2.0
0.05851 1584.18 —19.62 0.07248 1585.33 —19.54
0.07738 1585.73 —19.49 0.09492 1587.23 —19.70
0.10361 1587.93 —19.55
mp = 3.0
0.04274 1596.75 —-13.37 0.05512 1597.63 —13.35
0.08083 1599.43 —13.06 0.09951 1600.75 —12.94
0.12198 1602.43 —13.18
mp =4.0
0.03407 1582.00 0.74 0.05974 1583.20 0.47
0.08127 1584.23 0.29 0.09709 1584.95 0.45
0.10853 1585.45 0.66
mp = 5.0
0.03933 1558.53 6.31 0.04970 1558.88 6.50
0.07846 1559.93 6.20 0.09026 1560.38 6.02
0.11886 1561.38 6.20
L-Leucine in water
0.04238 1503.34 —31.38 0.04658 1503.84 —31.50
0.06236 1505.64 -31.22 0.08782 1508.64 —31.30
0.10527 1510.64 —31.09
L-Leucine in aqueous-propanol solutions
mp = 1.0
0.01801 1546.67 —-22.97 0.02501 1547.43 —22.45
0.04354 1549.27 —22.72 0.06152 1551.07 —22.40
0.07066 1552.07 —22.96
mp = 2.0

0.01421 1580.57 —13.83 0.02872 1581.83 —14.09
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Table 1 (Continued

m, (molkg™t) U (ms?) 10'° x K254 m, (molkg™t) U (ms?) 10'° x K254
(m¥mol—1pal) (m¥mol—1pPal)

0.04022 1582.83 -14.12 0.05876 1584.43 —13.95

0.09223 1587.33 -13.73

mp = 3.0

0.01617 1594.83 -3.77 0.02345 1595.33 —3.93

0.03125 1595.83 —3.38 0.04660 1596.88 —3.48

0.05494 1597.48 -3.75

mp =4.0

0.00720 1580.93 4.05 0.01608 1581.40 4.00

0.02101 1581.66 4.06 0.03122 1582.20 4.18

0.04581 1582.60 4.72

mp=25.0

0.00980 1557.58 14.65 0.01723 1557.83 15.23

0.02627 1558.17 14.76 0.03132 1558.33 15.18

0.04275 1558.73 15.30
Diglycine in water

0.07242 1504.44 —40.10 0.09379 1506.24 -39.71

0.12138 1508.64 —39.77 0.16838 1512.64 —39.76

0.20998 1516.24 —39.52 0.21813 1516.84 —39.24
Diglycine in aqueous-propanol solutions

mp=1.0

0.09405 1552.27 —35.27 0.11533 1554.07 -35.72

0.15656 1557.43 -35.71 0.19121 1560.27 —35.67

0.21125 1561.87 —35.51

mp = 20

0.10805 1587.23 —30.65 0.12706 1588.53 -30.11

0.15149 1590.37 -30.17 0.17793 1592.63 —30.96

0.21158 1595.23 —30.96

mp = 3.0

0.09324 1598.35 —17.98 0.10668 1598.95 -17.61

0.12931 1600.15 —17.90 0.15748 1601.75 —18.44

0.17913 1602.75 —18.05

mp = 4.0

0.08207 1583.33 -9.91 0.11090 1584.43 -10.42

0.14772 1585.75 -10.39 0.16053 1586.33 -10.77

0.17848 1586.95 —10.61

mp =5.0

0.08277 1559.23 -5.20 0.10697 1559.93 —5.54

0.12148 1560.23 -5.10 0.14015 1560.83 —5.53

0.16694 1561.43 —5.07
Table 2
Partial molar adiabatic compressibilitiés; 5 of some amino acids and diglycine in water and in aqueous solutionspodpanol at 298.15K
Compound 18 x K3 g (m* mol~1 Pa?)

Water mp=1.0 mp =20 mp=3.0 mp =4.0 mp=25.0

Glycine —27.04+ 0.09 (9.49),—27.0°, —27.0¢ —20.67+ 0.22 —13.60=+ 0.47 —9.08+0.49 —290+ 0.17  0.75+ 0.09
pL-a-Alanine —25.69+ 0.13 (5.75),—25.09,—26.26 —21.45+ 0.24 -17.68+ 0.24 —10.38+ 0.25 —5.074+ 0.15 1.24+ 0.22
DL-a-Amino-n-  —25.56+ 0.20 —23.36+ 0.14 -19.05+ 0.07 -7.32+0.28 —-4.11+0.09 2.03+ 0.08

butyric acid
L-Valine —30.0+ 0.48,-30.62, —29.82 —26.05+ 0.39 —19.58+ 0.07 —13.18+ 0.16 0.52+ 0.16  6.25+ 0.16
L-Leucine —31.30+ 0.16,—-31.78, —31.5¢' —22.70+ 0.24 —-13.94+0.15 —-3.66+ 0.20 4.20+ 0.26  15.02+ 0.26
Diglycine —39.68+ 0.26, 39.92 —35.58+ 0.17 —-30.57+ 0.37 -—18.00+ 0.27 -10.41+ 0.29 -5.29+ 0.21

& Slopes are in parenthesis.

b Ref. [26].

¢ Ref. [9].

d Ref. [27].
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Table 3
Relative viscosities;; of some amino acids and diglycine in water and in aqueous solutiongpodpanol at 298.15K

¢ (mol dm3) nr ¢ (mol dm3) 0 ¢ (moldm3) 0

Glycine in water
0.03811 1.0019 0.06468 1.0089 0.13163 1.0193
0.20500 1.0309 0.26758 1.0380 0.36481 1.0521

Glycine in agueous-propanol solutions
mp = 1.0 (50 = 1.1408)

0.21758 1.0360 0.30010 1.0459 0.40455 1.0613
0.45158 1.0688 0.52369 1.0810
mp = 2.0 (no = 1.4059)
0.17349 1.0195 0.28201 1.0359 0.31338 1.0393
0.36686 1.0483 0.42132 1.0556
mp = 3.0 (jo = 1.6514)
0.23352 1.0243 0.26877 1.0333 0.30671 1.0388
0.35039 1.0444 0.44675 1.0542
mp = 4.0 (no = 1.8568)
0.16754 1.0225 0.20039 1.0256 0.25730 1.0319
0.38078 1.0407 0.47325 1.0500
mp =5.0 (no = 2.0197)
0.18706 1.0194 0.23760 1.0242 0.30741 1.0349
0.31879 1.0364 0.37104 1.0404
pL-a-Alanine in water
0.06650 1.0151 0.12286 1.0311 0.34544 1.0736
0.39707 1.1041 0.49568 1.1214 0.55811 1.1479
0.72002 1.2057
pL-a-Alanine in aqueousi-propanol solutions
mp =1.0
0.09891 1.0260 0.15692 1.0435 0.22923 1.0627
0.25603 1.0702 0.27983 1.0807
mp =20
0.14002 1.0388 0.20544 1.0530 0.24882 1.0631
0.31988 1.0825 0.34 962 1.0904
mp = 3.0
0.12166 1.0275 0.15653 1.0366 0.18266 1.0432
0.21394 1.0514 0.29971 1.0727
mp = 4.0
0.13923 1.0297 0.17832 1.0370 0.20543 1.0450
0.24439 1.0612 0.25475 1.0636
nmp = 50
0.09502 1.0209 0.15906 1.0328 0.19208 1.0401
0.22184 1.0482 0.27770 1.0625
pL-a-Amino-n-butyric acid in water
0.03852 1.0087 0.07040 1.0193 0.10580 1.0332
0.12496 1.0392 0.16286 1.0521 0.17981 1.0583
0.22655 1.0778
DpL-a-Amino-n-butyric acid in agueous-propanol solutions
mp=1.0
0.06611 1.0244 0.11011 1.0346 0.13505 1.0471
0.15775 1.0560 0.19123 1.0669
mp =20
0.07546 1.0253 0.11070 1.0372 0.12427 1.0422
0.15651 1.0519 0.17424 1.0600
mp = 3.0
0.09490 1.0324 0.13736 1.0433 0.16199 1.0554
0.19487 1.0605 0.21868 1.0707
mp = 4.0
0.08546 1.0244 0.11841 1.0365 0.15203 1.0475

0.16932 1.0542 0.22120 1.0705
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Table 3 (Continued
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¢ (moldm3) 0 ¢ (mol dm3) 0 ¢ (moldn3) 0
mpg =5.0
0.10995 1.0314 0.12663 1.0362 0.13402 1.0396
0.14269 1.0450 0.15752 1.0469
L-Valine in water
0.03378 1.0109 0.04678 1.0181 0.05430 1.0218
0.05846 1.0235 0.07333 1.0296 0.08770 1.0360
0.08816 1.0370
L-Valine in aqueous-propanol solutions
mp = 10
0.03976 1.0173 0.04494 1.0193 0.06457 1.0260
0.07445 1.0337 0.08913 1.0404
mpg =20
0.05711 1.0239 0.07066 1.0298 0.07541 1.0328
0.09236 1.0383 0.10074 1.0445
mp = 3.0
0.04150 1.0188 0.05347 1.0238 0.07823 1.0330
0.09615 1.0397 0.11763 1.0478
mp = 4.0
0.03288 1.0108 0.05752 1.0205 0.07810 1.0294
0.09318 1.0353 0.10405 1.0430
mp=25.0
0.03766 1.0109 0.04754 1.0162 0.07486 1.0267
0.08603 1.0316 0.11301 1.0418
L-Leucine in water
0.01966 1.0098 0.02849 1.0165 0.03675 1.0211
0.04485 1.0260 0.05692 1.0343 0.06748 1.0392
0.08143 1.0469
L-Leucine in aqueous-propanol solutions
mp = 1.0
0.01776 1.0155 0.02465 1.0167 0.04283 1.0280
0.06040 1.0368 0.06930 1.0418
mp = 20
0.01392 1.0126 0.02809 1.0201 0.03930 1.0262
0.05730 1.0338 0.08963 1.0488
mp = 3.0
0.01573 1.0104 0.02280 1.0134 0.03036 1.0156
0.04520 1.0238 0.05324 1.0274
mp = 4.0
0.00696 1.0042 0.01554 1.0077 0.02029 1.0107
0.03012 1.0139 0.03797 1.0181
mp = 5.0
0.00472 1.0019 0.00941 1.0042 0.01652 1.0083
0.02517 1.0108 0.02999 1.0120
Diglycine in water
0.07182 1.0268 0.09286 1.0338 0.11992 1.0419
0.16574 1.0585 0.20603 1.0717 0.21390 1.0751
Diglycine in aqueous-propanol solutions
mp = 10
0.09227 1.0314 0.11297 1.0376 0.15288 1.0439
0.18622 1.0615 0.20544 1.0679
mpg =20
0.10516 1.0287 0.12348 1.0372 0.14695 1.0419
0.17226 1.0525 0.20432 1.0644
mp = 3.0
0.09024 1.0262 0.10315 1.0318 0.12482 1.0380
0.15169 1.0460 0.17226 1.0503
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Table 3 (Continued)

¢ (mol dm3) r ¢ (mol dm3) 0 ¢ (mol dm3) 0
mp =4.0
0.07894 1.0227 0.10644 1.0305 0.14140 1.0435
0.15350 1.0462 0.17043 1.0521
mp = 5.0
0.07902 1.0207 0.10194 1.0313 0.11564 1.0349
0.13322 1.0392 0.15836 1.0483
Table 4
Viscosity B-coefficients of some amino acids in water and in aqueous solutionspafpanol at 298.15 K
Compound B-coefficient (dnimol-1)
Water mB:1.0 mB:2.0 mB:3.0 mB:4.O mB:5.0
Glycine 0.1434+ 0.004, 0.148, 0.14¢ 0.154 + 0.005 0.129+ 0.008 0.122+ 0.008 0.112+ 0.006 0.110+ 0.005
pL-a-Alanine 0.251+ 0.004, 0.249, 0.258 0.279+ 0.009 0.258+ 0.009 0.239+ 0.006 0.235+ 0.006 0.218+ 0.007
DL-a-Amino-n- 0.3254+ 0.005, 0.352 0.347+ 0.007 0.338+ 0.004 0.323+ 0.008 0.315+ 0.005 0.298+ 0.008
butyric acid
L-Valine 0.4234+ 0.005, 0.44%°, 0.404 0.440+ 0.008 0.428+ 0.007 0.417+ 0.007 0.386+ 0.021 0.361+ 0.008
L-Leucine 0.5764+ 0.008, 0.487¢ 0.625+ 0.019 0.584+ 0.039 0.529+ 0.023 0.483+ 0.027 0.427+ 0.019
Diglycine 0.352+ 0.006, 0.315 0.323+ 0.006 0.302+ 0.016 0.299+ 0.007 0.301+ 0.009 0.298+ 0.006

a Ref. [28(a)].

b Ref. [28(b)].

¢ Value for pL-valine.
d Ref. [28(c)].

€ Value for pL-leucine.

Table 5

Partial molar adiabatic compressibilities of transfef K5 g of some amino acids and diglycine from water to aquempsopanol solutions at 298.15K

Compound 10" x AgK3 g (m®mol~t Pa?)
mp =1.0 mp =20 mp = 3.0 mp =4.0 mp =5.0

Glycine 6.37 + 0.24 13.444+ 0.48 17.96+ 0.50 24.14+ 0.19 27.79+ 0.13
pL-a-Alanine 4.24 + 0.27 8.01+ 0.27 15.31+ 0.27 20.62+ 0.20 26.93+ 0.25
pL-a-Amino-n-butyric acid 2.20+ 0.24 6.51+ 0.21 18.244+ 0.34 21.45+ 0.22 27.59+ 0.21
L-Valine 3.95+ 0.62 10.42+ 0.49 16.82+ 0.50 30.52+ 0.50 36.25+ 0.50
L-Leucine 8.60 + 0.29 17.36+ 0.22 27.64+ 0.26 35.50+ 0.30 46.32+ 0.30
Diglycine 4,10+ 0.31 9.11+ 0.45 21.68+ 0.37 29.27+ 0.40 34.39+ 0.33

concentration range of-propanolA K3 5 values decrease
from glycine to pL-a-alanine to pL-a-amino-n-butyric
acid and starts increasing fromvaline (although less
than in glycine) tor-leucine. Ay K3 g for pL-a-alanine,
DL-a-amino-n-butyric acidp-valine and diglycine show a

slight dip in the plots ofAtrKg’S vs mp. Dip has also been
observed?25c] earlier in case of partial molar volume data
in the lower concentration range. At higher concentration
AyxK3 g values are almost same for glycine,-a-alanine
and pL-a-amino-n-butyric acid whereas values are more

Table 6
Viscosity B-coefficients of transfenB of some amino acids and diglycine from water to aqueegsopanol solutions at 298.15K
Compound AyB (dm® mol—1)

m3=10 mB:ZO mB=3O m3:40 mB:SO
Glycine 0.011+ 0.006 —0.014+ 0.009 —0.021+ 0.009 —0.031+ 0.007 —0.033+ 0.006
pL-a-Alanine 0.028+ 0.010 0.007+ 0.010 —0.012+ 0.007 —0.016 £ 0.007 —0.033+ 0.008
DL-a-Amino-n-butyric acid 0.025+ 0.009 0.013+ 0.006 —0.002 + 0.009 —0.010+ 0.007 —0.027 + 0.009
L-Valine 0.017+ 0.009 0.005+ 0.008 —0.006+ 0.008 —0.037+ 0.021 —0.062+ 0.008
L-Leucine 0.049+ 0.020 0.008+ 0.039 —0.047+ 0.024 —0.093+ 0.028 —0.149+ 0.020
Diglycine —0.029+ 0.008 —0.050+ 0.017 —0.053+ 0.009 —0.051+ 0.010 —0.054+ 0.008
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Fig. 1. Partial molar adiabatic compressibilities of transfer of some amino
acids and diglycine vs concentration ofpropanol: ) glycine; (J)
pL-a-alanine; (A)pL-a-amino-n-butyric acid; (x )L.-valine; <) L-leucine;

(O) diglycine.

in case ofL-valine andL-leucine. Both positive and nega-
tive AyB values have been observed for the amino acids
studied (at lower and higher concentration, respectively).
Ay B values are negative for diglycine and decrease almost
linearly up tomp ~ 2.0 and then get leveled off at higher
concentration ofn-propanol (Fig. 2). FurthenyB values
show maxima aroundéi g ~ 1.0 n-propanol for the amino
acids. After passing through maxima tiaeB values de-
crease with increase in concentratiomebropanol and the
decrease is sharp forvaline and very sharp far-leucine.
Similarly sharp changes in partial molar volumes of trans-
fer (AyV3) and partial molar adiabatic compressibilities
of transfer (ArK3 o) for L-leucine have been observed at
higher concentration afi-propanol.

The AyV5 values [25c] are positive for glycine,
pL-a-alanine and diglycine throughout the studied range
of n-propanol. However fobL-a-amino-n-butyric acid and
L-leucine both positive and negativi, V5 values have
been observed, where as; V5 is negative forL-valine
throughout the concentration rangerspropanol. The min-
ima in Ay V5 have been observed for latter three amino
acids, which lie aroundng 2.5 n-propanol and the
magnitude ofAy V5 at minima increased with increase in

~
~
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AyB/ dmPmol”
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Fig. 2. Viscosity B-coefficients of transfer of some amino acids and
diglycine vs concentration af-propanol: &) glycine; (J) pbrL-a-alanine;
(A) pL-a-amino-n-butyric acid; ¢) vr-valine; (+) L-leucine; Q)
diglycine.
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side chain of amino acids. In case of glycime;a-alanine
and diglycine, ion/hydrophilic—hydrophilic interactions are
dominating throughout the concentration ofpropanol.
For other amino acids the hydrophobic—hydrophobic or
hydrophilic—hydrophobic interactions are dominating at
lower concentration, and at higher concentration, there is a
tendency of cooperative aggregation of side chains of amino
acids and that of hydrophobic part ofpropanol. The sur-
face properties of aqueounspropanol solutions have shown
[29] thatn-propanol forms clathrate like structures in water.
Presently the increase in viscosity with the increase in con-
centration ofn-propanol in aqueous solutions also indicates
the increase in structure.

Positive AwK; s values for glycine indicate the dom-
inance of ion/hydrophilic—hydrophilic interactions, where
the overlap of cospheres afpropanol and glycine results
in release of water to the bulk, which is more compress-
ible than the water in electrostricted region. At the lower
concentration range, a small dip mtrKas values in case
of pL-a-alanine andpL-a-amino-n-butyric acid (Fig. 1),
suggests that increase in hydrophobic/non-polar side chain
results in disruption of hydration sphere of charged cen-
ters of amino acids and thus the positive contribution to
AtrK%S gets reduced. Further increase in side-chain, as in
case oft-valine, Ay K3 g starts increasing which suggests
that hydrophobic—hydrophobic interactions also start show-
ing their effect due to decrease in number of contacts of
non-polar groups with water, in addition to the tendency to
disrupt the hydration sphere of charged end centers which
results in increase imt,K;,S. Thus there is a balance be-
tween the various competing forces, exhibiting almost lin-
ear behavior ofAtrKgqs in case oft-leucine. In the higher
concentration range the more positi¥e K3 g values fur-
ther strengthens our earlier view that there is tendency of
cooperative aggregation of side chain of amino acids with
non-polar part oh-propanol.

In the lower concentration range ofpropanol the pos-
itive AyB values may be attributed to the more structured
medium in the presence ofpropanol in this region. As de-
scribed earlier the( B values decrease after passing through
maximum and become negative which may be due to the co-
operative aggregation between the side chains of the amino
acids andn-propanol as discussed in case of volume and
compressibility results.

The values ofB-coefficients for the amino acids reflect
the net structural effects of the charged end and hydrophobic
groups on the amino acid$la,b,30]. These two effects can
be separated by noting thBtcoefficients are linear imc
i.e..

B = B("NH3, COO") + ncB(CH>) (7)

where nc is number of carbon atoms and the regression
parameters B(*NH3, COO ™) the zwitterionic group and
B(CHy) the methylene group, are the contributions to the
B-coefficients. The contributions of the other alkyl side
chains of the amino acids were calculated from BGEH,)
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Contribution to the viscosity-coefficient from zwitterionic groups, GHand other alkyl side chains of amino acids in water and in aqueous solutions

of n-propanol at 298.15K
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Group B-coefficient (dni mol—1)
Water mp = 1.0 mp =20 mp = 3.0 mp =4.0 mpg =5.0

NH3*, COO™ 0.032+ 0.012 0.038+ 0.021 0.023+ 0.020 0.028+ 0.010 0.038+ 0.016 0.050+ 0.017
CHy— 0.104+ 0.004 0.110+ 0.008 0.108+ 0.007 0.099+ 0.003 0.089+ 0.005 0.078+ 0.005
CH3CH- 0.208 £ 0.006 0.220+ 0.011 0.2164+ 0.010 0.198+ 0.004 0.178+ 0.006 0.1564+ 0.007
CH3CH,CH- 0.311+ 0.007 0.330+ 0.014 0.324+ 0.012 0.297+ 0.005 0.267+ 0.007 0.234+ 0.009
(CH3)2CHCH- 0.415+ 0.008 0.440+ 0.016 0.432+ 0.014 0.3964+ 0.006 0.3564+ 0.008 0.312+ 0.010
(CH3)2CHCH,CH- 0.519+ 0.009 0.550+ 0.018 0.540+ 0.016 0.495+ 0.007 0.445+ 0.009 0.340+ 0.011
Table 8

Contribution to the viscositB-coefficient of transfeAB from zwitterionic groups, Chland other alkyl side chains of amino acids in aqueous solutions

of n-propanol at 298.15K

Compound AyB (dm® mol—1)
mp=1.0 mpg =20 mpg = 3.0 mp =4.0 mp =5.0

NH3*, COO™ 0.006+ 0.024 —0.009+ 0.023 —0.004 £ 0.016 0.006+ 0.020 0.018+ 0.021
CHo— 0.006 + 0.009 0.004 + 0.008 —0.005+ 0.005 —0.015+ 0.006 —0.026 + 0.006
CH3CH- 0.012+ 0.012 0.008+ 0.012 —0.010+ 0.007 —0.030+ 0.008 —0.052+ 0.009
CH3CH,CH- 0.018+ 0.016 0.012+ 0.014 —0.015+ 0.009 —0.045+ 0.010 —0.078+ 0.011
(CHg3)2CHCH- 0.024+ 0.018 0.016+ 0.016 —0.020+ 0.010 —0.060+ 0.011 —0.104+ 0.013
(CH3)2CHCH,CH- 0.030+ 0.020 0.020+ 0.018 —0.025+ 0.011 —0.075+ 0.013 —0.130+ 0.014

value, whereB(CHy) value characterizes the mean value
of CHz and CH groupg30]. These results are given in
Table 7. The contribution of alkyl side chaB{R) of amino
acid to B-coefficient increases with increase in alkyl side
chain. The transfeB-coefficients of zwitterionic end group
B(TNH3, COO") and alkyl side chain grouB(R) of amino

The contribution of A4B(R) to AyB values are positive
in lower concentration range af-propanol and becomes

zero atmp ~ 2.5 for all amino acids irrespective to the
size of side chain, and then becomes negative at a higher
concentration. Both the positive as well as negative mag-

nitude of A¢B(R) increases with the alkyl side chain of

acids from water to cosolvent solution have been calculatedthe amino acids. Similar trends of;B(R) for these amino

as follows:

Ay B("NH3, COO ) /Ay B(R)
= B(*NHj3, COO")/B(R) (in aqueoug-propanc)
— B("NH3s, COO™)/B(R) (in waten

Ay B(R)(tNH3, COO™) or Ay(B) values are given in
Table 8and illustrated inFig. 3. The Ay B(TNH3, COO™)
values do not show any regular behavior and have little
contribution (very small negative and positive values) up to
mp ~ 4.0 and have small positive contributionrag = 5.0.

0.05

AB("NH,, COO)
or(R)/dm®mol

-0.15

Fig. 3. AyB(tNH3, COO™) or AyB(R) vs concentration oh-propanol:
() TNH3, COO™; () —CHp; (A) —CHCHg; (x) —CHCH,CHg; (X )

mB/molkg'1

—CHCH(CH)2; (O) ~CHCH,CH(CHa)a.

acids in aqueous 1,2-propandiol (viscosities repoffi]
earlier) have also been observed, where cross over occurs
atmp =~ 3.5 (Fig. 4). Shift of cross over fromug =~ 2.5 (in
n-propanol) tam g ~ 3.5 (in 1,2-propandiol) may be due to
the additional —OH group. Another significant feature which
can be observed froriigs. 3 and 4that the contribution

of AyB(TNH3, COO") is positive over the concentration
studied in case of 1,2-propandiol and the magnitude is more
than in case oh-propanol. Apparently it can also be seen
that the magnitude of side chain contributiog B(R) are
more in case ofi-propanol than in case of 1,2-propandiol.
These features may be attributed to the difference in number
of —OH groups.

0.05 -

AxB("NH3,COO )or
(RYdm®mol™

mB/moIkg'1

Fig. 4. AyB(t*NH3, COO™) or AyB(R) vs concentration of 1,2-propan-
diol: (<) TNH3, COO™; ([0) —CHy; (A) —CHCHg; (x) —CHCH,CHj;
(% ) -CHCH,CH(CHg)s.
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Table 9
Activation free energyAul, and average molar volumé&,; of agueous
n-propanol solution at 298.15K

mg (molkg™1) Apsy (kImof™) Vv (e mol1)

0 9.16 18.07
1.0 9.90 18.97
2.0 10.53 19.84
3.0 11.03 20.68
4.0 11.42 21.52
5.0 11.72 22.36

According to Eyring’s simple model31], the average
activation free energy of a single solute in a pure solvent
can be calculated from the following equation:

= hNA ex AL;#
no = p RT

Vi
whereh, N4, T, R are Plank’s constant, Avogadro’s num-
ber, temperature and gas constant, respectively;Vgnithe
average molar volume of aqueouspropanol solution at
298.15K, calculated from the density d§@bc]. The Awf,
andVj values are given iffable 9.

The activation free energy (A‘;,,L) for viscous flow of
amino acids and diglycine both in aqueous and mixed
aqueous solutions is related Bacoefficient as reported by
Feakins et al[32] and used by Wadi et aJ11b] and Yan
et al.[30] as follows:

(9)

VS —Vs  VI(Auo: — Auly)
p— 1 2 2 1 10
1000 100RT (10)
which can be rearranged as
] o RT o o
1

The Apg, values are given ifable 10. TheApus, values
contain the change in the free energy of activation of sol-
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(AG2°(1 — 1)) and the free energy of solute through
its own viscous transition stateAG,°(2 — 2)). The
(AG2°(1 — 1)) values (given inTable 11) have been ob-
tained from theA .5, values andAG2°(2 — 2)), which is
equal tOA Ly, by the methods reported elsewh{g6,32b].

The positive Aus, and (AG2°(1 — 1)) values, much
larger in comparison ta.{, suggest that the formation of
transition state is less favored in the presence of amino acids
and diglycine. This may be because of the breaking and
distortion of intermolecular bonds. THAG»2°(1 — 1))
values increase from glycine to-leucine indicating that
the more energy is required for the amino acids with longer
alkyl side chains for the transfer from ground state solvent
to transition state solvent. Accordingly more solute—solvent
bonds must be broken to form transition state.

Further the(AG2°(1 — 1)) values decrease with in-
crease in concentration ofpropanol and this decrease be-
comes more prominent in case of amino acids with longer
alkyl side chains e.g. the effect is more in case-¢éucine
atmp = 5.0. Thus the effect of concentration fpropanol
and size of alkyl side chain are reinforcing each other in
transferring the solute from ground state solvent to transi-
tion state solvent. Hence th&m‘;# values should also in-
crease gradually from glycine teleucine and decrease with
increase in concentration ofpropanol. Further the inter-
actions of charged end groups of different amino acids in
n-propanol are same and similar is the case for different
amino acids with water. The increaseAmZ# values with
increase in the side chain of amino acids can be attributed to
the difference in interactions of different alkyl side chains of
amino acids with water and in those witkpropanol in the
solvent mixture. Similar effects have been observed in case
of volume and compressibility studies. Frank and Wen have
reported[33] the similar increase in interactions of amino
acid and water with the increase in size of non-polar part of
amino acids. Palecz has reporf@d] the endothermic en-

vent molecules in the presence of solute and have also thethalpic pair interaction coefficients betweeramino acids

contribution from the movement of solutes.
According to transition state theofg2b], every solvent
molecule in 1 mol of solution must pass through the transi-

and electrolyte in water and magnitude increase in the order
glycine < alanine < amino butyrate< valine < leucine.
Similarly in the present case, it may be inferred that the in-

tion state and also interact more or less strongly with solute teractions of amino acids with water oipropanol increase

molecules. Thusaug# includes the free energy of trans-

with increase in non-polar part of alkyl side chainag?,

fer of solute from ground state to transition state solvents values increase gradually from glycineitdeucine.

Table 10

Activation free energyA o, for viscous flow of amino acids in water and in aqueodgropanol solutions at 298.15K

Compound A, (KImol)
Water mp=1.0 mp =20 mp =3.0 mp =4.0 mp=5.0

Glycine 32.22+ 0.55 33.22+ 0.65 29.61+ 1.00 28.49+ 0.96 27.11+ 0.70 26.51+ 0.55
pL-a-Alanine 49.80+ 0.55 51.77+ 1.17 47.87+ 1.12 44.48+ 0.72 43.04+ 0.70 40.31+ 0.78
DL-a-Amino-n-butyric acid 64.714+ 0.68 62.53+ 0.91 59.55+ 0.50 56.20+ 0.96 53.88+ 0.58 50.71+ 0.89
L-Valine 79.36+ 0.68 76.61+ 1.04 72.58+ 0.87 69.13+ 0.84 63.66+ 2.44 59.23+ 0.89
L-Leucine 107.21+ 1.10 102.94+ 2.48 94.13+ 2.87 84.61+ 2.76 76.89+ 2.87 68.66+ 2.11
Diglycine 65.44+ 0.88 59.58+ 0.78 55.20+ 2.00 53.58+ 0.84 52.58+ 1.05 51.02+ 0.67
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Table 11
Thermodynamic activation parameter of transfer for the amino acids and diglycine from ground state to transition state inngoopam®!| solutions
at 298.15KR
Compound AGS(1— 1) (kJmolt)

Water mp=1.0 mpg =20 mp = 3.0 mp =4.0 mp =5.0
Glycine 23.06 23.32 19.08 17.46 15.69 14.79
pL-a-Alanine 40.24 41.87 37.34 33.45 31.62 28.59
DL-a-Amino-n-butyric acid 55.55 52.63 49.02 45.17 42.46 38.99
L-Valine 70.20 66.71 62.05 58.10 52.24 47.51
L-Leucine 98.05 93.04 83.60 73.58 65.47 56.94
Diglycine 56.28 49.69 44.67 42.55 41.16 39.30

a As the major contribution to uncertainty iNG5(1 — 1) values comes from&ug#, thus the uncertainties in this case are almost same as;ig;.

Table 12

Contribution of zwitterionic group (NHz, COO~) and CH group to the activation free energies of the amino acids at 298.15K

Group Apgy (KImol?)
Water mp=1.0 mp =20 mp = 3.0 mp =4.0 mp=2>5.0
(*NHs, COO") 12.80+ 4.54 16.13+ 2.89 14.62+ 2.74 15.52+ 1.26 16.86+ 1.64 18.12+ 1.91
CH; 17.95+ 1.37 16.43+ 1.06 15.39+ 0.99 13.69+ 0.38 12.02+ 0.46 10.32+ 0.58
Further Appgy (Aypgy = Aug#(n—propano] — values inn-propanol are overall larger than in water. The

A,u;#(in waten) is negative for the amino acids studied at
different concentrations ofi-propanol except for glycine
and prL-a-alanine atmp 1.0 only. Further the magni-
tude of Ay us, increases with increase in concentration of
n-propanol and alkyl side chain of amino acids e.g. the
magnitude is maximum for-leucine atmp = 5.0. Similar
distinct behavior for-leucine has been observed from vol-
ume, compressibility and viscosi§-coefficients in aque-

Apsy(CHy) values are less than in water and decrease
continuously with increase in concentrationrepropanol.
Further theAtrug#(JrNHg, CO0O) (AMZ#(JFNHS, CO0O)
inn-propanol— Aus,(*NHs, COO") in water) at lower
concentration is larger thamyp2,(CHz) (Awg,(CHy)

in n-propanol— Auz,(CHy) in water). This again strength-
ens the view that for glycine anoki-a-alanine the ground
state is more structured at lower concentration-pfopanol.

ousn-propanol solutions. This shows that the ground state \Where as at higher concentration m@ﬂ;#(CHZ) is larger

in aqueousn-propanol is more structured for glycine and
pL-a-alanine atnp = 1.0, while the reverse is true (ground

than Atrug#(+NH3, COOQO") indicating that the ground state
in water is more structured at higher concentration and for

state in water is more structured) at higher concentration gming acids with longer alkyl side chains.

and for rest of studied amino acids with longer alkyl side
chains. In case of glycine amd.-a-alanine atng = 1.0 the
interactions between charged end groups asfopanol

Further, it is observed th&-coefficients for amino acids
in aqueousr-propanol also show linear correlation wit
values. The regression coefficieig and Ay are given in

increase the solvent structure where as at higher concentraTgple 13:

tion and for amino acids with longer alkyl side chains, the
interactions of charged end groups witkpropanol does
not increase the solvent structure in agueoysropanol
to the extent done by hydrophobic or non-polar alkyl side

chains in water. Thus, the ground state in water becomes

more structured than in-propanol.

Further theAM;# varies linearly withnc, as observed in
case ofV;; andB-coefficients of amino acids. The regression
of Aus, data usingeq. (12)givesAp,(*NH3, COO™) and
Az (CHy) as the respective contribution of\H3, COO™
and ChH groups:

Apsy = Apgy("NH3, COO™) + ncApug, (CHp) (12)

The Apg,(*NHz, COO™) and A3, (CHy) values are given
Table 12. LikeB(*NH3, COO"), the A3, (*NH3, COO")

does not show any regular trend at different concen- 49

tration of n-propanol. However, AM;#(JFNHg, CO0O)

B= A1+ AV5 (13)

As reported by Yan et a[30], the A; values reflect the size
and shape of solute and lies between zero and 2.5 for un-
solvated spherical specieRable 13shows the?; values are

Table 13
Parameter#y andA; of Eq. (13)for amino acids in water and in aqueous
n-propanol solutions at 298.15K

mg (molkg™})  A; (dm*mol™l) A, R Standard
deviation
0 0.149+ 0.034 6.5+ 0.4 0.993 0.02
1.0 0.168+ 0.050 7.2+ 0.7 0.988 0.03
2.0 0.187+ 0.027 7.2+ 0.7 0.996 0.02
3.0 0.169+ 0.006 6.6+ 0.1 1.000 0.01
0.142+ 0.025 5.9+ 0.3 0.995 0.02
0.101+ 0.032 5.1+ 0.4 0.991 0.02
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larger than 2.5. Further th&, values at lower concentra- side chains of amino acids witim-propanol at higher
tion of n-propanol are larger thady, values in water and the  concentration.

reverse is true at higher concentration again indicating the The hydration numbers §) have been calculated from
increase in Chn-propanol interactions at higher concen- both compressibility and viscosity data. From the compress-
tration and hence the decrease in solvent structure aroundbility data, theny values were calculated using the method
CHa group. The similar conclusion has been drawn earlier reported by Millero et al[26] i.e.:

from Atrug#(CHz) data. K°
The formalism based on McMillan Mayer theory of solu- ny = —(OL'G‘;) (15)
tions, proposed by Kozak et §85] and further discussed by Ksv

Friedman and KrlShna[SG] and Franks et a[37] has been and further they rep|aceﬂ"(3elec) by K%,S (amino acid)' and

used to include the solute—cosolute interactions in the sol- cgjculatedny values from the following equation:
vation sphere. According to this at infinite dilutiaxy K7 ¢ K5 -(amino acid
can be expressed as _ 2,8

16
Kgve (16)

ny =
AwK3 s = 2Kpsmp + 3Kagem% + Kagsamy + -+ (14) , .
where Ky is the compressibility of pure water or aqueous-
where the K4, Kapp, and Ksppp are, respectively, n-propanol solvent andf® the molar volume of bulk water
the pair, triplet and quartet interaction coefficients. The or bulk solvent. According to viscosity meth§@8,39], the
AtrK%S data have been fitted to above equation to obtain effective volume asn — O is called the limiting value of
the Kap and K4z Which are given inTable 14. Further  effective flow volume (V,), is related toB-coefficient by
the K4p values are positive for the studied amino acids following equation:
and diglycine. TheK4p values decrease from glycine to B—25V° (17)
pL-a-alanine andL-a-amino-n-butyric acid and then starts —“YH
increasing with further increase in side chain i.e. from Kalgud et al. have suggestgD] that the volume of solva-

L-valine to L-leucine. These trends are same as that of tion sheath (Vs) andy can be calculated as follows:
Ay K5 g in the lower concentration range ofpropanol.

The K4p values for diglycine are less than for glycine. Vs=Vh = V3 (18)
The Kspp is negative for glycine and positive for the Vs 19
remaining amino acids and diglycine, and it increases "H = Vo (19)

from glycine to pL-a-alanine to pL-a-amino-n-butyric
acid to r-valine, and decreases sharply farleucine.
These trends folK,p further strengthen our view that
ion/hydrophilic-hydrophilic interactions are dominating in
case of glycine and with increase in side chain, the hy-
dration sphere is disrupted in case mof-a-alanine and
DL-a-amino-n-butyric acid which results in les§sp val-
ues. With further increase in side chain, in case-ogline

and r-leucine the hydrophobic—hydrophobic interactions
starts dominating over the tendency to disrupt the hydra-
tion sphere and thus become more prominent in the latter
cases. These results are again in line with the view that
there is tendency of cooperative aggregation of non-polar

whereV° is the molar volume of bulk water or bulk sol-
vent. Theny calculated from both the methods are given
in Table 15. Theny values in water, calculated from com-
pressibility data agree well with the literature valygs].

The ny values in water increase with increase in side chain
of the amino acids. Further th®y values calculated from
compressibility data are less in aqueaupropanol solu-
tions as compared to water and decrease with the increase
in concentration. While they values calculated from vis-
cosity data are higher in aqueoonspropanol solutions at
mp = 1.0 and then decrease with increase in concentration
of n-propanol. Earlier we have calculatfbc] the ny val-

ues from partial molar volume data, where the behavior of
ny values in case of glycine ame.-a-alanine is closer to

Table 14 that observed from the compressibility method and in case

Interaction coefficient®& 4 andK 4 p5 of some amino acids and diglycine  of L-valine andr-leucine theny behavior is almost similar

in agueousn-propanol solutions at 298.15K to that from viscosity data. It should be noted thatval-

Compound 18 x Kag 10" x Kags R ues are model dependent. The decreasing tremng,; ofal-
(m*mol~2Pa'kg)  (m*mol—3Pa*kg?) ues from the compressibility data, being more sensitive to

Glycine 3.5316 —0.0975 0.998 hydration characteristics confirm that the solute—cosolvent

pL-o-Alanine 1.9396 0.1036 0.997 interactions become stronger as discussed earlier for these

pL-a-Amino-  1.8350 0.1360 0.964 systems.

n-butyric acid

L-Valine 1.9448 0.2439 0.985

L-Leucine 4.2645 0.0456 0.999 3.2. Thermal denaturation of lysozyme

Diglycine 2.5849 0.1364 0.976

a8 Kap and K, pp are the pair and triplet interaction coefficient, re- The Obser\_/ed absorbance as a_ function Of temperature
spectively. has been utilized to calculate fraction of protein denatured
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Table 15
Hydration numbemny of some amino acids in water and in aqueodsropanol solutions at 298.15K
Compound Water mp=1.0 mp =20 mp =3.0 mp =4.0 mp =5.0
Compressibility method
Glycine 3.34 2.57 1.68 1.09 0.32 a_
pL-a-Alanine 3.17 2.67 2.18 1.28 0.57 -
DL-a-Amino-n-butyric acid 3.16 2.97 2.35 0.88 0.46 -
L-Valine 3.71 3.24 2.42 1.63 - -
L-Leucine 3.87 2.82 1.72 0.44 - —
Viscosity method
Glycine 0.78 0.96 0.40 0.21 - —
DL-a-Alanine 2.21 2.70 2.14 1.68 1.53 1.12
DL-a-Amino-n-butyric acid 2.99 3.38 3.08 2.65 241 1.93
L-Valine 4.34 4.56 4.17 3.79 3.04 2.44
L-Leucine 6.79 7.59 6.48 5.13 4.01 2.77
2 Negativeny values have not been included.
AAas deduced from the recovery of the thermal denaturation
An — A profile upon reheating which again confirms the two-state
AA = An — Ap (20) nature of denaturation. The change in denaturation temper-

where Ay is absorbance of pure native statg, the ab-
sorbance of pure denatured state Arislthe absorbance ob-

served at any temperature. The evaluation of thermodynamic

ature in the presence of cosolvenT,, was calculated as

ATm = Tm (in mixed aqueous solution- Ty, (in waten
(21)

parameters is based on equilibrium constant for reversible

two-state transition native> denatured. The absorbance vs

The concentration dependence Afl,, shown inFig. 8,

temperature data were processed using Exam Program oflearly indicates that-propanol slightly stabilize the pro-
Kirchhoff [41] which gives least squares fits of the data to a tein at lower concentration where as it destabilize at higher

two-state model to calculate denaturation temperatusg (T

andAHp. TheTy, andAHp, values are reported ifable 16.
Plot of AA vs temperature inFigs. 5-7 represent

the thermal denaturation profile of lysozyme in aque-

ous and mixed aqueous solutions of various cosolvents,,
(n-propanol, 1,2-propandiol, glycerol), studied by change

in absorbance atv280nm as a function of temperature.
The T, value (325.7K) of lysozyme obtained in water
at pH 2, is in good agreement with the literature val-
ues of 325.8K at pH 2.3 (DSC studj42?]), 326.8K
at pH 2.12 (CD study[43]) and 325.0K at pH 2.12
(UV-visible study [44]). The reversibility of the ther-

mal denaturation of lysozyme under these conditions was

1.2+

360

TK

Fig. 5. Thermal denaturation profile of lysozyme in the presence of
n-propanol: ) mp = 0.1; () mp = 0.3; (A) mp = 0.5; (x) mp = 0.7;
(X ) mp = 1.0; (O) mp = 1.5; (. ) mp = 2.0.

concentration. For 1,2-propandiol, althougfiy, is positive

Table 16
Thermodynamic parameters of lysozyme in aqueous and in aqueous so-
lutions of n-propanol, 1,2 propandiol and glycerol at pH 2

Tm (K) AHm ASn AAG®
(kdmoll)  (kImolFK-1)  (kImol?)
Water  325.7+ 0.1 326+ 5 1.00+ 0.02 0
n-Propanol
0.1 328.3+ 0.2 402+ 8 1.22+ 0.02 3.8
0.3 325.7£ 0.1 370+ 10 1.14+ 0.03 0
0.5 324.2+ 0.2 361+ 7 1.11+ 0.02 -1.7
0.7 322.4+ 0.2 360+ 9 1.11+ 0.03 —-3.8
1.0 319.3+ 0.1 342+ 12 1.07+ 0.04 -7.3
15 316.2+ 0.2 303+ 7 0.96+ 0.02 -10.1
2.0 309.4+ 0.2 270+ 7 0.87+ 0.02 -17.1
1,2-Propandiol
0.1 330.6+ 0.2 429+ 7 1.30+ 0.02 6.1
0.3 330.7£ 0.1 445+ 12 1.35+ 0.04 6.4
0.5 330.7+£ 0.2 422+ 11 1.284+ 0.03 6.1
0.7 330.0+ 0.1 412+ 6 1.25+ 0.02 5.1
1.0 329.7+ 0.2 417+ 9 1.26+ 0.03 5.0
15 329.2+ 0.1 416+ 5 1.26+ 0.02 4.3
2.0 329.1+ 0.2 411+ 8 1.25+ 0.02 4.1
Glycerol
0.1 329.9+ 0.2 466+ 5 1.41+ 0.02 55
0.3 330.2+ 0.1 474+ 6 1.43+ 0.02 5.9
0.5 330.7+£ 0.2 470+ 9 1.42+ 0.03 6.4
07 3303+02 473+7 1.43+ 0.02 6.0
1.0 331.2+ 0.1 479+ 8 1.45+ 0.02 7.2
15 331.4+ 0.3 492+ 6 1.48+ 0.02 7.7
2.0 331.6+ 0.1 496+ 7 1.49+ 0.02 8.0
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12, additional —OH in glycerol stabilize the protein. Similar
trends fora-lactalbumin (having loose structure in compar-
ison to lysozyme) have been reportgth] in n-propanol

and 1,2-propandiol, where the presence of an additional
—OH group on alcohol reduces its effect of lowering the
denaturation temperature. During<® D conversions, new
extensive non-polar hydrophobic and polar peptide groups
get exposed to the solvent and the distance between the
charges increases greatly. The effect of various cosolvents
on protein stability is defined by a balance between their
preferential interactions with the two end states of protein
[46-48]. It has been reported that non-polar parts of alco-
hols interact favorably with the hydrophobic side chains of

<Y

Fig. 6. Thermal denaturation profile of lysozyme in the presence of

1,2-propandiol: ©) mp = 0.1; () mp = 0.3; (A) ms = 0.5; (x) proteins exposed on the denaturation. It has also been shown
mp=07; (x) mp=1.0; O) mp=15; ) mp=2.0. that the organization of water in the presence of alcohols
[49,50] or direct binding of alcohols to non-polar parts of
1.2 - protein enhances the stability of the secondary structure of

proteins[51]. Further the larger fall in denaturation tem-
perature by alcohols with greater number of -SHjroups

has been assigned to the increased hydrophobic interactions
[45,52]. From the present studies the negatigu_, val-

ues and smaller values 86 coefficient inn-propanol than

1

0.8 -

< i
< 06 in water, for amino acids with longer alkyl side chain e.g.
04 L-leucine, again strengthens the view that the,Eddcohol
interactions also increase at higher concentration of alcohol.
0.2 1 Stabilization effect of ethylene glycol for certain proteins
has been explaingjb3,54] on the basis of the preferential
0 - ‘ ‘ hydration of the proteins, which increase with increasing
300 310 320 330 340 350 number of hydroxyl groups of the cosolvent molecules. The
TK preferential hydration favors the compact native state and
Fig. 7. Thermal denaturation profile of lysozyme in the presence of disfavors an increase in surface area of the prctsih
glycerol: ) mp = 0.1; () mp = 0.3; (A) mp = 0.5; (x) mp = 0.7; The change in enthalpy at denaturation temperature in the
(%) mp=10; (©) mp =15 ) mp=20. presence of cosolventyHp, vs concentration plot (Fig. 9)

(AAHm = AHpy (in mixed aqueous solutior) AHy, (in
for the concentration range studied, but shows a slight Water)) shows a complex dependence on the solvent compo-
decreasing trend with the increase in concentration andSition. TheAAH firstincreases with cosolvent concentra-
positive ATn in case of glycerol is almost independent tionincase oh-propanol and 1,2-propandiol and then starts
of the concentration. A comparison @Tny of lysozyme decreasing with further increase in concentration, which is
in n-propanol, 1,2-propandiol and glycerol, all with same Comparatively sharp in case oipropanol. TheAAHm in
number of carbon atoms, shows thapropanol reduces  €as€ of glycerol is almost independent of concentration,

the transition/denaturation temperature most, and with re- Similar to ATm. The maximum value o\ AHp, increases
placement of one-H atom ofi-propanol with —OH its from n-propanol to 1,2-propandiol to glycerol, which may

denaturation capacity decreased sharply and further anPe attributed to the increase in —OH groups. These trends

200 -
150 J

1 2 100 -
N = ‘
= 25 < 50
!:1 £
:% 0 & ‘ : \Ag\; |
.50 ﬁ\ 0.5 1 1. 2 25
-100
mg / mol kg™ mg/mol kg™
Fig. 8. ATy, Vs concentration of various cosolventa)(n-propanol; () Fig. 9. AAHy, vs concentration of various cosolventd)(n-propanol;

1,2-propandiol; {) glycerol. (O) 1,2-propandiol; ©) glycerol.
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AGYKdmol™
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T/K

Fig. 10. Temperature dependence &6G° of lysozyme in water and in the presence repropanol: £ ) water; &) mp = 0.1; ((J) mp = 0.3; (2)
mp =05; (x) mp=0.7; (X) mp =1.0; (O) mp =1.5; (+) mp = 2.0.

AG/KJmol™

-100 -

TIK

Fig. 11. Temperature dependenceo&° of lysozyme in water and in the presence of 1,2-propandio): Water; &) mp = 0.1; (J) mp = 0.3; (A)
mp =05; (x) mp=0.7; (X) mp=1.0; (O) mp =1.5; (+) mp = 2.0.

indicate the preferential stabilization of the unfolded state these plots that destabilization effectrepropanol increase

of lysozyme through the stronger interactionsgiropanol with its concentration, whereas stabilization has been ob-
with the hydrophobic side chains exposed on denaturationserved in case of 1,2-propandiol and glyceFay. 13shows

of protein. Whereas preferential hydration effect results in comparison ofAG° of denaturation of lysozyme in these
increase in denaturation temperature in latter two cases, thusosolvents atz 3 = 2.0 and in water, which represent stabi-
favoring the compact native state. It may further be seen thatlizing/destabilizing capacity of these cosolvents. It is clear
preferential hydration effect is more in case of glycerol than thatn-propanol destabilizes while 1,2-propandiol and glyc-

1,2-propandiol. erol slightly stabilizes the lysozyme.
Further, AHy, varies linearly withTy, (plot not shown),
thusAC,, has been calculated from the slope, which is used 60 -
for the evaluation of other thermodynamic parameters. Gibbs 40 |
free energy of stabilization/destabilization caused by pres- 20
ence of cosolvents can be calculated using the following . 0 .
Gibbs—Helmholtz equatiof#5]: £ 2073 398
S 40 -
° AHm(Tm - D Tm < -60 -
+ACH(T = Tin) (22) gy

TK

FIgS. 10-1Zhow ,a temperature erendence of the Stan,dardFig. 12. Temperature dependence ®G° of lysozyme in water and in
Gibbs free energies of denaturation for lysozyme at various the presence of glycerol ( water; €) mg = 0.1, (J) mz = 0.3: (A)
concentrations of cosolvents studied. It can be seen frommg =0.5; (x) mg = 0.7; (x ) mp = 1.0; O) mp = 1.5; (+) mp = 2.0.
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Fig. 13. Temperature dependence/®° of lysozyme in water and atz = 2.0 of various cosolvents<¥) water; (1) n-propanol; (A) 1,2-propandiol;
(x) glycerol.

At the denaturation temperature of lysozyme in water tapje 17
(325.7K) where equilibrium constant is unity ansiG® Preferential interaction parameteI"45 accompanying the thermal un-
is zero, the standard free energy changes of stabiliza-folding of lysozyme in the presence ofpropanol, 1,2-propandiol and
tion/destabilization, AAG® in the presence of cosolvents 9lycerol at pH 2
have also been calculated which are givematle 16and Mole fraction AT Ap
illustrated inFig. 14. This shows thah AG® is positive at

: . - Glycerol 1,2-Propandiol n-Propanol

lower concentration oh-propanol, where it stabilizes the

native protein, and becomes negative aftey ~ 0.3 and  2-0018 —0.049 0.047 0.437
decrease sharply with increase in concentration. Xhe&5° 0.0054 —0148 0.146 L2271
( AS pPly ntration. A 0.0089 ~0.242 0.229 1.993
is positive for glycerol and 1,2-propandiol with slight neg- 0124 —0.341 0.313 2.794
ative slope in latter case. Further the valuesAokG® at 0.0177 —0.489 0.453 3.861
mp = 2.0 are—17.1, 4.1 and 8.0 kJ mot for n-propanol, 0.0263 —0.745 0.673 5.193
1,2-propandiol and glycerol, respectively, i.e. with the in- 0-0348 —0.993 0.882 6.394

crease in —OH group th& AG°® increases, which is similar

to that found in the case ok AHy, and ATy, Thus with )

the increase in hydrophilic character of the alcohol, the Solvation of lysozyme (A) by these cosolvents (B) af, T
effect on stabilization of native protein also increases. Sim- AHm the enthalpy absorbed upon transition under these

ilarly the AAS,, (at denaturation temperature whexes® ~ conditions, R the gas constantd7m/oxp)pH the rate of
is zero) values (Table 16) also increase fromropanol to ~ Variation inTm on increasingxz (mole fraction) at con-
1,2-propandiol to glycerol. stant pH,ap the activity of the solvents which is assumed

The data from reversible transition betweerkND can nearly equal to concentration (mole fraction) of the solvent
be used for calculation of preferential interactidss] of ~ for the studied range. The ter@Inas/dxp)r,, in the de-
these cosolvents with lysozyme as nominator is the solution non-idealithAI" 45 values are
given in Table 17and illustrated irFig. 15, which give the

Al = ATbs — Al = — [ A Hm(9Tm/0xB)pH ] compgrison of the denaturational change in the preferential

RTZ,(dInap/oxp)T,, solvation of lysozyme by these cosolvents. ThE 45 val-
(23) ues are negative for glycerol and positive for 1,2-propandiol

and n-propanol, where the magnitude is more in case of
whereAT 5z is the preferential interaction parameter which n-propanol.

is the measure of denaturational change of preferential

10 A A A 8 W
-~ 5 ] H(&ﬂﬁﬁ“‘&“ﬂ 6
o O
E 0 ‘ v T T o 1 o 4
¥ 50 \o.és\Ngk 15 2 25 s
© -10 | T 5
= -15 \\\ 0 v ©— o— o
20 g 20 0.01 0.02 003 ° 0.04
ms/ mol kg™’ mole fraction
Fig. 14. AAG® vs concentration of various cosolvent$>X n-propanol; Fig. 15. AI'4p against mole fraction of various cosolventsO)

() 1,2-propandiol; (A) glycerol. n-propanol; (J) 1,2-propandiol; (A) glycerol.
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The positive values oAT" 4p in case ofn-propanol and cosolvent concentration, temperature, pressure and gas
1,2-propandiol indicate the accumulation of these cosolvent constant, respectively. The surface area value of 6844 A
molecules in the immediate vicinity of the protein, while from X-ray crystallography data of Acharya et g9] for
negative value oAI" 4 p parameter is the resultant of pref- lysozyme has been used.nfg/am4)r p ,p values calcu-
erential exclusion of glycerol molecules from the surface of lated atmp = 0.5 are 216.9 and 89.7 for lysozyme in case
protein. Further highen I" 4 g values fom-propanol in com- of n-propanol and 1,2-propandiol, respectively. The values
parison to 1,2-propandiol indicate that former has stronger of (dmg/omy4) 7, p . g for the interactions of-propanol with
preferential interactions as it is concentrated more strongly lysozyme are larger than for 1,2-propandiol hence leads to
in the vicinity of protein than in bulk water. This leads to the stronger interactions of the former with the D state of pro-
shift of N — D equilibrium of protein to the right to greater  tein as compared to N state and, thus shifts the equilibrium
extent and hence is more effective in lowering the transition towards right. The positive values ofrtg/om4)r p, .5 for
temperature of the protein, which further indicate that the both the cosolvents indicate the accumulation of these co-
alcohols stabilize the secondary structure of the prg&sh solvents in the immediate vicinity of the protein which is

The change in surface tension of water in the presence ofmore in case ofi-propanol (surface tension data for glycerol
cosolvents has been suggested to play a significant role in thecould not be collected due to its viscous nature). Similar
stabilization of protein in aqueous solutions and their pref- conclusion has been drawn from the preferential interaction
erential hydratior{57]. It has been generally observed that parameters calculated from the thermal denaturation data.
the compound that increase the surface tension of the waterThese findings are consistent with those repoj&ib4,56]
gets depleted in the interface leading to preferential exclu- earlier, that increase in hydroxyl groups on alcohol favors
sion of cosolvent from the surface of protein. Preferential the preferential hydration of protein, which leads to stabi-
exclusion corresponds to an excess of water over the bulklization effect on some proteins. It should be noted that the
solvent in the vicinity of protein. It has been shown that the (dmg/dma)r p g values represent only a relative picture
effect of sugarg13,58] on the surface tension of water has as they have been calculated from surface tension or the
been the main force responsible for stabilization of protein alteration of the surface free energy of water in the presence
and their preferential hydration. Presently determined sur- of cosolvent.
face tensionr values, of 1,2-propandiol solutions measured It has been reported that at lower concentration, the hy-
by drop weight method are shown kig. 16. Each experi-  drophobic parts of alcohol interact selectively with non-polar
mental point represents an average of five or six measure-groups exposed upon denaturat[8]. This leads to weak-
ments. Surface tension data fiospropanol solutions have  ening of the hydrophobic interactions between non-polar
been taken from literatuf@9]. Surface tension of both these groups of protein. The hydrophobic bond rupture has been
cosolvents vary non-linearly with the increase in concentra- reported as an exothermic procs8]. Thus, the maxima in
tion. Thus, the (360mg)r p was obtained by measuring the A AHy, vs concentration plot (Fig. 9) may be attributed to the
tangent as a function af-propanol or 1,2-propandiol con- reduction in exothermic contribution of hydrophobic bond
centration. rupture to the totalAH, [52]. Further as mentioned ear-

These data have been used to calculate the preferential indier this maxima increase frompropanol to 1,2-propandiol
teraction parametef56] using the following Gibbs adsorp-  to glycerol, which suggest that, the contribution from the
tion isotherm, which defines the excess concentration of aendothermic rupture of polar interactions increase with the

solute at an interfacfp7] i.e.: increase in hydroxyl group. As discussed in the previous
o » \ Stfacetension s section the positive_xtrB vqlues and negativa V5 valu_es
B - =B for the studied amino acids in the lower concentration of
(24)
oma ) 1pus RT(d0/0m )1, P n-propanol which increase with the increase in side chain

of amino acids, are also suggestive of the above view that
n-propanol interact selectively with the non-polar parts of
the side chains of amino acids. When the methylene groups
are present in equimolar quantities the polyhydric alcohol
stabilize the native structure of protein in contrast to mono-
hydric alcohols[52] as polyhydric alcohol-water interac-
tions are stronger than monohydric alcohol-water. With in-
troduction of second or third —OH group on the monohydric
alcohol, their interactions with water increase, whereas hy-
drophobic properties are less pronounced i.e. the increase in
the number of hydroxyl groups shifts the balance of com-
peting influences in favor of aqueous beha\#®]. From

our viscometric studies the highagB(tNH3z, COO™) val-

ues in case of 1,2-propanoldiol as compared to the values in
Fig. 16. Surface tension against the concentration of 1,2-propandiol. ~case ofn-propanol for the studied amino acids also support

wheremy and S represent the molality and surface area
of protein. Theug, ag, T, P and R values are the chem-
ical potential, activity of cosolvent assumed equal to the

—

surface tension/
dynes cm™
58838

<

o
N
L.
[o)]
[o]

my/molkg™
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the view that with the increase in number of —OH group

their interaction with water increase and the reverse is true
for the magnitude ofAB(R) values which are indicative

of less pronounced hydrophaobicity. Since glycerol interacts
favorably with water by entering into the water structure,

its presence in agueous solutions may lead to increase in

hydrophobicity of proteinf54]. The present trends further
strengthen the view that hydrophilic effect of polyhydric
alcohol result in increase in the hydrophobic effect of the
protein, which has been considered the main factor for the
stability of the protein. This gets support from the studies
on the thermal denaturation of ribonucleus and lysozyme in
the presence of polyhydric alcohol where Gerlsma and Sturr
have suggestefl4] that there is no direct molecular inter-
action between proteins and polyhydric alcohols. As dis-
cussed earlier the polyhydric alcohol-water interactions are
stronger than the monohydric alcohol-water interactions, the
former remains (glycerol) excluded from the surface of the
protein, whereas the latter (n-propanol) gets accumulated
and interacts favorably with the hydrophobic side chains ex-
posed on denaturation.

In summary from the studies on amino acids (model com-
pounds) and lysozyme (protein) in the aqueous solutions,
it may be said that some parallelism seems to exist in the

various interactions operating in these systems. The nega-

tive Ay V5 values and positive\yB values for the studied
amino acids in the lower concentration range of aqueous
n-propanol solutions also indicate thapropanol interacts
selectively with non-polar parts of the amino acids. The

mica Acta 412 (2004) 63-83

[4] .M. Sorenson, G. Hura, AK. Soper, A. Pertsemlidis,
Head-Gordon, J. Phys. Chem. B 103 (1999) 5413.

[5] (@) M. Hackel, H.-J. Hinz, G.R. Hedwig, Phys. Chem. Chem. Phys.
2 (2000) 4843;
(b) M. Hackel, H.-J. Hinz, G.R. Hedwig, Phys. Chem. Chem. Phys.
2 (2000) 5463;
(c) M. Hackel, H.-J. Hinz, G.R. Hedwig, Biophys. Chem. 82 (1999)
35;
(d) M. Hackel, H.-J. Hinz, G.R. Hedwig, Thermochem. Acta 308
(1998) 23.

[6] (a) T.V. Chalikian, A.P. Sarvazyan, T. Funck, K.J. Breslauer, Biopoly-
mers 34 (1994) 541;
(b) T.V. Chalikian, A.P. Sarvazyan, T. Funck, K.J. Breslauer, J. Phys.
Chem. 97 (1993) 133017;
(c) T.V. Chalikian, K.J. Breslauer, Current opinion in structural bi-
ology, Biophys. Methods 8 (1998) 657;
(d) T.V. Chalikian, A.P. Sarvazyan, T. Funck, K.J. Breslauer, Proc.
Natl. Acad. Sci. USA 93 (1996) 1012.

[7] (@) A.K. Mishra, J.C. Ahluwalia, J. Chem. Soc., Faraday Trans. 1
77 (1981) 1469;
(b) A.K. Mishra, J.C. Ahluwalia, Int. J. Pept. Protein Res. 21 (1983)
322.

[8] S. Deep, J.C. Ahluwalia, Phys. Chem. Chem. Phys. 3 (2001) 4583.

[9] T.S. Banipal, G. Sehgal, Thermochim. Acta 262 (1995) 175.

[10] T.S. Banipal, D. Kaur, P. Lal, G. Singh, P.K. Banipal, J. Chem. Eng.
Data 48 (2002) 1391.

[11] (a) R.K. Wadi, R.K. Goyal, J. Solution Chem. 21 (1992) 163;

(b) R.K. Wadi, R.K. Goyal, J. Chem. Eng. Data 37 (1992) 371;

(c) R.K. Wadi, P. Ramasami, J. Chem. Soc., Faraday Trans. 93 (1997)

243.

[12] J. Glinski, G. Chavepeyer, J.-K. Platten, Biophys. Chem. 84 (2000)
99.

[13] R. Bhat, J.K. Kaushik, J. Phys. Chem. B 102 (1998) 7058.

[14] A. Sabulal, N. Kishore, J. Chem. Soc., Faraday Trans. 91 (1995)
2101.

T.

changes in thermodynamic parameters with the increase in[i5s] (a) w. Kauzmann, Adv. Protein Chem. 14 (1959) 1;

non-polar side chain of amino acids in aqueaysopanol,
particularly in case ofi-leucine have been attributed to
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gation which are in line with the view that alcohols interact
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