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ABSTRACT

This paper represents the effect of Dimethyl sulfoxide on the micellar behavior of SDS in aqueous mixtures of
tryptophan. The critical micellar concentration (CMC) of SDSis represented in terms of mole fraction unit (Xcuc)
and was determined at different temperatures i.e. (293.15, 298.15, 303.15 and 308.15 K) using electrical
conductivity method. The dependence of Xcuc on temperature and concentrations of tryptophan and DMSO reveals
the presence stronger intermolecular interactions between tryptophan and SDS. The negative value of AG%,
represents the spontaneity of the system. The positive values of entropy of micellization AS,; indicate the dominance
of hydrophobic interactions in tryptophan-SDS system.
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INTRODUCTION

Use of soap by humans in order to clean proteinecelrt molecules is a very common example of [mete
surfactant interactions [1]. Due to complex struetof protein molecules [2] it is difficult for theesearchers to
generalize the consequences of protein-surfactdatactions. In order to reduce this complexity wgeed amino
acid (Tryptophan) as model compound as amino amidsnajor constituents of proteins and also reptes@any
important properties of proteins [3-5]. Tryptoph#a a biologically important amino acid [6, 7]. Itah
pharmaceutical importance and also administerenuiraceutical. The major role of this amino aciddsact as a
main constituent in protein synthesis. Tryptophantains indole ring consisting of N-H hydrogen bioigdgroup,
which can interact with solvent in folded protej@% The anionic surfactant (SDS) is selected bseatishows high
binding affinity for many proteins [9, 10]. SDS pfavital role in various biochemical processes sndommonly
used in many industries such as food, cosmeticptr@dmaceuticals [11]. Renewed interest in the faldmino
acid -surfactant interactions is due to the numepplication in industrial and biochemical proessgl2]. Amino
acids surfactant interactions have been extensistlglied using various techniques [13-15]. Use m&alvent
(DMSO) is another interesting feature of this woFke role of co-solvents in such studies showsrtiportance of
structural consequences of intermolecular intevastibetween these two solvent components. DMSOxialized
product of Dimethyl sulfoxide and is widely used @smmercial solvent. It is polar aprotic solventdms low
toxicity. Due to its high penetrating power it ised as a cryoprotectant and a vehicle for transgovarious
chemicals through skin [16, 17]. It is also use@xtract oxidized amino acids from unoxidized paptthains. The
oxidative property of DMSO is responsible for theanges in amino acid structure and amino acid tigidas
frequently observed in protein hydrolysis [18].
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MATERIALSAND METHODS

Ordinary tap water of conductivity in the range53x-10° S cm™ was distilled thrice in the presence of alkaline
KMnO,. The distillation was carried out through a 750-tamg vertical fractionating column. The triple tlied
water of conductivity range is 0-2x10S cm' and pH 6.8-7.0 were used in all the experimentsliudo dodecyl
sulfate (SDS) of AR grade was obtained from LOBAe@ie Pvt. Ltd. SDS was recrystallized twice usititagol
(99.9% pure) as suggested in literature [19]. Tophen 99:9% pure was obtained from TITAN BiotecH.land
was used as such after drying over night in vacouen in the presence of®. Dimethyl Sulfoxide of 99% purity
was supplied by Finar Ltd. and was used withouhtmpurification.

Aqueous solutions of SDS of different molar concatidn in the range 2-16 mM were prepared by thditih of

small aliquots of stock solution of SDS to 50mIG®0005, 0.001, 0.005 and 0.01M tryptophan soluti@isilar

experiments were repeated in presence of 1 %, 2@ 4% w/v DMSO solution at 293.15, 298.15, 38&aad
308.15 K. All the conductivity experiments were foemed by digital conductivity meter supplied byhteonics
Pvt. Ltd. (India). Digital water thermostat [Bombagientific Pvt. Ltd. (India)] was used to mainta@mperature
accuracy of 0.05 K. The conductivity cell was cediiled by 0.01 M KCI solution supplied s. d. fine.Rud. (India)

and cell constant was determined equal to .cm

RESULTSAND DISCUSSION

The specific conductance, were plotted againsirtbkar concentration of the surfactant and CMC vallwere
determined at concentration corresponding to tealbpoint observed in these plots

Temperature dependence of Xcmc

Effect of temperature on thecyc of SDS in the aqueous solution of tryptophan aheancentration (fig.1) shows
that CMC of SDS is directly proportional to tempgera. The dependence ok on Tryptophan concentration
(fig. 2) shows a complex behavior with respectamperature. A plot betweencic vs. Temperature for different
concentrations of tryptophan reveals that thg,Xincreases with the addition of tryptophan, Theadafrther
indicate that above 0.001M concentration of tryptm the Xuc of SDS become relatively insensitive to the
tryptophan concentration. Firstly it increases diry with tryptophan concentration but suddenlypstoesponding
at higher tryptophan concentrations and SDS-Trymopsystem does not hold good above 0.005 M [Tp}&0].
This complex micellar behavior of SDS at higher giophan concentrations can be attributed to hydsbjgh
interactions due to the extra hydrophobicity preddy the aromatic part of amino acid.

Thermodynamics of SDS- Tryptophan System

In order to derive further information about amimaid surfactant interaction from the experimentahg different
thermodynamic parameters of micellization were heiteed and examined. The Xcmc data has been repiortbe
tables (1-4) were used to calculate the standatthkay of micellizatiorAH®,, of SDS in aqueous solution of amino
acid from the equation (1).

AHg, = —RT?(2 — o) 2Eem0) 1)

Where R is gas constant, T is temperature in Kedwith %TCMC) is the slope of straight

line obtained by plotting In ¢yc against T and: is the degree of the counter ion dissociation tviias calculated
from the relation (2).

__ postmicellizationregion (S;) (2)

pre micellization region(Sy)
Where, $ and $ are the slopes of pre and post micellar regiorainbt by plotting conductivity data against
surfactant concentration. The standard free enairgyicellizationAG®,,, and standard entropy of micellizatia®’,,
were calculated by using the following relations §8d (4) respectively.

AGS = RTInXpc (3)
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AS}% = M (4)

T

The derived thermodynamic parameters are repont¢abies (1 - 4). The thermodynamic parameters shatthe
micellization of SDS in Tryptophan is an energyadri process. The negative values\bl’,, andAS’,, shows that
addition of tryptophan enhances the micellizatiér5BDS and shows strong electrostatic interacticetsveéen the
amino acid- surfactant systems. Positive values\8t, show the hydrophobic nature of interaction between
tryptophan and SDS [20]. DecreaseA®’, values with increase in temperature and an additivbecause of the
resistance offered by additive to the freely movsogfactant moleculeaHom show similar behavior with respect
to temperature. Moreover Negative free energy dfeffization suggests spontaneity of tryptophan-3yStem.
The increase in Gom values with increase in tentperashows that the micellization process is nebffad at high
temperatures. The effect of temperature on thermamhjcs of SDS-tryptophan suggests the increaseig » due
to decrease in hydrophobic hydration and decrea3gyjc is due to increase in hydrophobic hydration ofaatant
molecules [21].

Effect of DM SO on micedllization of SDSin presence of L- tryptophan

Use of Co-solvent in amino acid - surfactant inteoams is more informative than studying theseeaystin aqueous
solutions. Use of surfactants in different solvenvironments is common in various industries likagnaceutical,

cosmetic and agrochemicals, so study of co-solgfatt in such systems reveal some useful infolrnat context

of physicochemical as well as application pointvigw. To explore more about SDS-tryptophan systesnused

DMSO as a co-solvent. The dependence gfxon the DMSO concentration is shown in fig. 3.

Xcme Of SDS in presence of DMSO shows similar trenalaserved in aqueous solutions of Tryptophan. Génera
increase in Xyc values on addition of DMSO is observed up to 3% @MSO but at higher concentrations of
DMSO it decreases slowly. This type of micellar &dbr of SDS can be attributed to the formationwatter-
DMSO complexes and due to increased solubility rgptophan in the structured water-DMSO complex. The
alteration in water structure on addition of DMSrésponsible for the changes in surfactant-saféa@nd amino
acid -surfactant interactions and the consequentdbhese changes are shown in terms of changesidallan
behavior of SDS [22].

Dependence oAH’;, and AS’, on tryptophan concentration in aqueous rich med¢uof DMSO at 298.15 K is
presented in Fig. 4. The interesting feature o tidservation is that both Mand $° behave in same way. The
decrease imH°, is due to electrostatic interactions between SB& tayptophan whereas increaseAH’, and
AS’, values show dominance of hydrophobic interactisiti respect to DMSO concentration [23]. BatH®,, and
AS’,, decreases sharply to a minimum at around 1% wASDMo 4% w/v DMSO as a function of DMSO. Sudden
increase iMAH®,, and AS’,, is observed to occur at 3% w/v DMSO. This Non<inbehavior of thermodynamic
parameters shows that the structural consequeridaseanolecular interactions are qualitatively épeendent of
amino acid concentration. Effect of DMSO on thevatibn thermodynamics of SDS-tryptophan systemuis th
hydrogen bonding between water and DMSO. The changel®,, andAS’, values can be seen to compensate the
effect of each other giving rise to relatively shianges in the magnitude 46°, value with respect to DMSO
concentrations.

CONCLUSION
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These observations seem to clearly indicate thiptdphan - surfactant interactions are governethbybehavior of
the tryptophan in solutions. Cooperative bindings@fS molecules to tryptophan is observed in thetdpghan- SDS
system. Micellization of SDS is less favored at éoveoncentration of tryptophan and at higher cotreéion it

ITemperature
—m—293 15K
78] —e—298.15K
4—303.15K
w—308.15K

= 4

7.4

0000 0002 0004 0006 0008 0010
[Tryptophan]

decreases. As hydrophobicity is the major drivimgcé behind the micellization phenomena so theaextr
hydrophobicity provided by tryptophan is resporsilfbr lowering the Xyc of SDS at higher tryptophan
concentrations. Such interdependence between thiéngeof polar head groups and hydrocarbon chaiag have
important implications in the behavior of biologicemembranes. DMSO shows prominent effects on the
thermodynamics of tryptophan -SDS system whichraaénly due to salvation of hydrophobic side chaamsl

changes in water structure.
Figure 1: Plot of Xcumc of SDSwith aqueous Tryptophan at different temperatures
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Figure 2: Plot of Xcuc of SDSvs. temperaturein aqgueous solutions at different [Tryptophan]
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Figure 3: Plot of Xcmc of SDSwith aqueous Tryptophan containing (a) 1%, (b) 2%, (c) 3% and (d) 4% w/v DM SO at different
temperatures.
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Figure 4: Representative plots of AH®, and AS’, vs. tryptophan concentration in aqueousrich mixtures of DM SO at 298.15 K.
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Tablel: Standard Thermodynamic Parameters of micellization of SDSin 0.0005 M Tryptophan containing different concentrations of
DM SO at different Temperatures.

Temp 0 % wiv

(Kelvin) DM SO
Xemc AH AG AS
10 kJ mol* kJ mol™ JK™ mol*

293.15 4.79.41 -16.92 -38.33 73.04
298.15 5.000.49 -16.95 -37.56  69.13
303.15 5.29).51 -16.38 -35.52 63.14
308.15 6.000.54 -17.16 -36.11 61.51
1 % wiv
DM SO
293.15 4.29.51 -17.62  -36.55 64.59
298.15 4.500.53 -17.98  -36.47 62.02
303.15 4.79.57 -18.08  -35.88 58.70
308.15 5.500.55 -18.95 -36.44 56.76
2 % wiv
DM SO
293.15 4.500.61 -26.56 -33.91 25.08
298.15 4.79.56 -28.46  -35.53 23.73
303.15 6.000.63 -27.99  -33.57 18.39
308.15 6.500.59 -29.77 -34.83 16.43
3 % wiv
DM SO
293.15 4.79.56 -12.80 -34.94 75.52
298.1f 5.000.6¢ -12.5( -33.3¢ 70.0¢
303.15 5.29.62 -13.12  -34.28 69.80
308.15 5.79.63 -13.45  -34.27 67.55
4 % w=v
DM SO
293.15 5.500.61 -12.98 -33.23 69.07
298.1f 6.2 0.6 -13.0¢ -32.3¢ 64.9]
303.15 6.500.73 -12.68  -30.86 59.96
308.15 6.79.71 -13.31 -31.74 59.80

Table2: Standard Thermodynamic Parameters of micellization of SDSin 0.001 M Tryptophan containing different concentrations of
DM SO at different Temperatures

Temp 0 % wiv
(Kelvin) DM SO
*eme AH AG AS

10° kJ mot* kJ mol™? JK™ mor*
293.15 5.790.5C -21.15 -35.69 49.63
298.15 6.000.6( -20.41 -33.74 44.68
303.15 7.290.7C -19.60 -31.23 38.38
308.15 7.50.6( -21.81 -34.07 39.79
1 % wh
DM SO
293.15 3.50.4¢ -28.71 -38.01 31.71
298.15 4.500.5¢ -28.33  -35.97 25.63
303.15 5.000.5¢ -29.29 -36.19 22.76
308.1¢ 5.2£ 0.6 -29.2; -35.3f 19.8%
2 % wh
DM SO
293.15 5.290.4¢€ -24.09 -36.51 42.37
298.15 6.2590.5¢ -23.77 -34.79 36.98
303.15 6.500.6: -23.22  -33.29 33.23
308.1¢ 7.5(0.71 -22.5¢ -31.3¢ 28.5¢
3 % wh
DM SO
293.15 6.290.6¢€ -09.11 -31.14 75.16
298.15 6.500.5€ -10.28 -34.41 80.94
303.15 6.790.7C -09.60 -31.47 72.14
308.15 7.290.57 -10.91 -34.92 77.33
4 % wih
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DM SO
293.15 4.290.4¢ -28.48  -37.29 30.07
298.15 4.500.5: -28.49  -36.47 26.78
303.1f 5.2t 0.57 -28.6¢  -35.5Z 22.6¢
308.15 6.290.57 -29.60  -35.46 19.03

Table3: Standard Ther modynamic Par ameter s of micellization of SDSin 0.005 M Tryptophan containing different concentrations of
DM SO at different Temperatures

Temp 0 % w/v

(Kelvin) DM SO
Xcmc AH AG AS
1¢° kJ mo?* kJ mol* JK* mor?

293.15 5.000.5¢ -30.83  -34.27 11.74
298.15 5.5(00.6¢ -29.65 -32.09 8.20
303.15 6.790.6z -32.04  -33.40 4.48
308.15 7.790.6F -32.39  -32.74 1.13
1 % wiv
DM SC
293.15 4.290.52 -30.15 -35.91 19.65
298.15 5.5(00.5¢€ -30.34 -35.35 16.80
303.15 6.790.5¢ -31.80 -35.48 12.12
308.15 7.290.5F -32.64 -35.54 9.42
2 % wiv
DM SC
293.15 4.790.57 -20.66 -35.67 51.19
298.15 5.790.5C -21.81 -36.30 48.63
303.15 6.000.6< -20.44  -33.32 42.49
308.15 6.50.7: -19.72  -31.37 37.80
3 % wiv
DM SO
293.15 5.50.6z -11.53 -32.99 73.21
298.15 5.790.5¢ -1253 -35.09 75.69
303.15 6.290.61 -12.42  -33.91 70.92
308.15 6.50.6€ -12.37 -33.10 67.28
4 % wiv
DM SO
293.15 4.000.51 -28.87 -36.77 26.96
298.15 5.000.6¢ -27.26  -33.39 20.55
303.15 5.790.6( -29.01  -34.45 17.95
308.15 6.000.6¢ -29.12  -33.87 15.42

Tabled: Standard Thermodynamic Parameters of micellization of SDSin 0.01 M Tryptophan containing different concentrations of
DM SO at different Temperatures

Temp 0 % w/v
(Kelvin) DM SO
Xcmce AH AG AS

10° kJ mot* kJ mol™? JK™ mor*
293.1F 5.5(0.5C -19.41  -35.8¢ 56.11
298.1¢F 6.2£ 0.6( -18.7¢  -33.5¢ 49.8:
303.15 6.750.6( -19.37 -33.89 47.88
308.15 7.290.7(C -1859 -31.75 42,71
1 % wiv
DM SO
293.1F 4.5(0.4¢ -19.7¢  -37.0¢ 59.1(
298.1F 5.2F 0.5¢€ -18.9¢ -34.4¢ 51.9¢
303.15 5.500.6€ -18.62 -33.13 47.84
308.15 6.000.6¢ -18.81  -32.63 44.83
2 % wiv
DM SO
293.1F 4.0 0.5€ -20.8:  -35.5¢ 50.1%
298.15 4.250.6( -20.95 -34.93 46.89
303.15 4.500.5¢ -22.59 -36.83 46.98
308.15 5.500.61 -22.22  -34.93 41.24
3 % wiv
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DM SO
293.15 4.790.4¢ -18.73  -36.64 61.08
298.15 5.500.5F -18.60 -35.25 55.84
303.1f 5.7£ 0.6 -18.57 -34.4f 52.3¢
308.15 6.290.67 -18.23  -32.98 47.89

4 % wiv

DM SO
293.15 6.000.57 -17.10  -33.88 57.23
298.15 7.000.6< -16.83 -32.25 51.74
303.1f 7.5(0.71 -16.5( -30.8¢ 47 .44
308.15 7.790.6¢ -17.31  -31.77 46.91
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