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ABSTRACT

Protein and surfactant often occur together in various formulations of the chemica industry and are capable of
modifying surfaces, altering colloid stability and controlling bulk viscosity. Protein — surfactant interactions are ex-
pected to have significant structural consequences of solvent medium. In solution, proteins induce formation of
surfactant micelleswhich then bind to the polymer segments, |eading to the formation of complexes. These complexes
associate to form an insol uble phase which becomes soluble in the presence of excess of amphiphiles producing free
micelles. Thesmultaneous presence of surfactantsand proteinsisrequired to achieveideal dispersion effectsinwhich
surfactants provide emulsification capacity, interfacial tension control, whereaspolymersimpart colloidal stability and
special rheological features. Thus, the practical importance of surfactant-(protein)polymer systems has motivated to
carry studies of such systems, in which techniques such as viscosity and conductivity measurement, dialysis, fluores-
cence spectroscopy, NMR and neutron scattering have been used in order to explore the nature and kind of interac-
tions present in these systems. These interactions are, of course characteristics of the protein and surfactant chosen.
In the present studies, therefore, density and sound velocity of Triton X-100 (TX-100) in aqueous solutions of
Lysozyme, which are sensitive to structural changes, have been measured over awide temperature range (20-40°C).
Molar volume (¢,) has been calculated from density measurements and various acoustical parameters such as appar-
ent adiabatic compressibility () and apparent molar compressibility (¢,) have been cal culated from the sound vel ocity
datain order to account for the consequences of protein- surfactant interactions. Further information to this effect has
been obtained by extending the work to include the viscosity measurements aswell. The activation energy parameter
has also been calculated using viscosity values. © 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

Protein surfactant interaction, particularly at amo-
lecular level, isan important research ared that at-
tractstheinterests of researchers and has been exten-
sively studied in agueous solutiong?4. Studiesinclude
both oppositely>" and similarly!®® charged protein -
surfactant and protein - nonionic surfactantssystems??,
However, theunderstanding of theinteractionsat mo-
lecular level iscomplicated, Since proteinsare complex
bi omacromol eculeswith unique primary structure ex-
pressed interms of their amino acid sequences. These

molecular constituents contributeto awidevariety of
interactionswith surfactant molecules. Proteinsand lip-
ids havelong been recognized to interact at interfaces
aswell asinthebulk solution and can thus affect the
sol ution propertiesto aconsiderabl e extent!*-23, Sur-
factants can bind to the protein not only in the mono-
mer form but also in an aggregated state, dependingon
the surfactant concentration?®. Theinteractionsmay
result in stabilization or destabilization of theprotein
structure, depending upon the surfactant concentration
andthenatural environment of the proteini*419,
Itisknownin genera that anionic surfactantsinter-
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act strongly with proteinsand form protein—surfactant
compl exes, whichwouldinduce the unfolding of pro-
teing®, whereas, cationic surfactants show aweaker
primary interaction with proteing®9, However, in con-
trast tothese surfactants, non-ionic surfactantsbind very
weakly to proteing?. It isattributed to thelow critical
micelle concentration (CMC) of some non-ionic sur-
factantsand the absence of the e ectrogtaticinteraction
between protein and non-ionic surfactant that make
micelleformationinthebulk solutionamorefavourable
processthan binding to proteing®*". Surfactants, par-
ticularly non-ionic types, are often added to prevent
and/or minimize protein aggregation during fermenta-
tion, purification, freeze-drying®d.

TX-100(C,H,,0O(C,H,0O), ) isanonionic surfac-
tant which hasahydrophilic polyethylene oxide group
and ahydrocarbon lipophilic or hydrophobic group.
The hydrocarbon group is a 4-(1, 1, 3, 3-
tetramethyl butyl)-phenyl group. TX-100iswidey used
inbiologica works, such as separation of proteinsfrom
cell membrane,™ and mixed with phospholipidsit pro-
duceseffectivesubstratesfor sudying enzymesof phos-
pholipid metabolism.

Inthepresent study, we haveinvestigated the prop-
ertiesof atwo component system comprising lysozyme,
awater solubleprotein and thenon-ionic surfactant, TX-
100, both of which arefound in many products. The
principal aim has been to devel op an understanding, at
themolecular levd, of the relationship between proper-
tiesof protein/surfactant mixturesinthebulk phase.

EXPERIMENTAL

Ordinary tap water of conductivity range 3-5x10-
6 Scm™ at 25 °C was distilled with the help of Harco
doubledistillation unit. Thewater so obtained hascon-
ductancevalue~1-4x107"Scm*at 25 °C and pH in
therange 6.5-7.0. Water of these specifications was
usedfor al experiments.

Lysozymeand TX-100 used in thisstudy was ob-
tained from Merck Chemicas. Both thechemicdswere
kept intherefrigerator and were used as supplied.

Densitiesand sound vel ocitieswere measured us-
ing calibrated pyknometer and Ultrasonic
Interferrometer (Modd -8, singlefrequency). Viscosity
measurementswere carried out with acalibrated Jack-
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eted Ubelholdeviscometer. Theprecisonachievedin
viscosity measurementswas+0.02%.

Density (d) and sound velocity (v) for surfactant
TX-100in agueoussolutionsof 0.25, 0.50, 1.0% w/v
lysozymeinthe concentration range (0.00043 - 0.16756
mol kg?) weremeasured over awidetemperaturerange
(20-40°C) at interval of 5°C.

DISCUSSION

Density and sound velocity measur ements

From density and sound vel ocity values, we have
eva uated different parameterslikeApparent molar vol-
ume (¢,), Apparent molar compressibility (¢,) and
Compressibility coefficient (B) using reationg?-22:
$,=1000(d_-d)/(mdd)+M /d
¢,=1000(B-B,)/(md)+¢,p
B=1/(v?d)
where m ismolarity of the solution, M is molecular
weight of surfactant. v ,d , B andv, d, B aretheve-
locities, dengtiesand compressibilities of pure solvent
(aqueous solution of lysozyme) and solution.

¢, vauesthusobtained arenegetive over entiretem-
peraturerange. Although this parameter isexpected to
contain contributionsfrom hydrophobic and hydrophilic
interactions, thenegativevaues of thisparameter seem
toreflect the predominance dueto intermol ecular hy-
drophobicinteractions between protein and surfactant
with thelossof hydrophobic hydration®!. The depen-
denceof ¢, in agueous solutions of lysozymeasafunc-
tion of surfactant concentration and temperature has
been showninFigure 1. A perusa of thisfigureshows
that at low surfactant concentration, ¢, valuesincrease
sharply upto 0.00089 - 0.00109 mol kg™ of the sur-
factant concentration. Thisincrease may indicate some
interaction taking place between TX-100 and lysozyme
which may bedueto negative charge present on poly-
ethylenemoiety of surfactant with somepositivesited®!
of protein. However, another interesting feature ob-
servedisthehumpin ¢, valuesinthe concentration re-
gion~0.00109-0.01458 mol kg* whichismore pre-
dominant at higher lysozyme concentration (0.50% and
1.00% wi/v gdlatin) showing definitely the presence of
hydrophobic manifestations. Hencewe expect weak
electrostatic aswell ashydrophobic interactionsupto
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thisconcentration of TX-100. A similar behaviour has

al so been reported from studies such asfoaming and
solution propertiesof protein—non ionic surfactant sys-
teme.g. fluorescencestudies® haveshowntha inBSA
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Figurel: Apparent molar volumeasafunction of [Triton X-
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stant (K) changeswith varying concentration of TX -
100. Below CMC of TX -100 both n and K were
found to be higher than above CM C values showing
binding constant decreased with increased bulk con-
stant of TX -100 concentration inthe bulk.

With further increasein TX -100 concentrationin
aqueouslysozyme solution, ¢, valuesbecomesstrik-
ingly independent of the surfactant concentration, indi-
cating that surfactant molecules now prefer to undergo
micellization rather than interacting with the protein
molecules. It was suggested that micelleformation and
association? with protein represent competitive phe-
nomena. Similar observation hasaso beenreportedin
BSA- TX -100 systemwith thehelp of ITCand DSC
studies?®.

Figure 2 representsthe dependence of ¢, asafunc-
tion of concentration and temperature. Theresults of
¢, are aso supported by the trends obtained from ¢,
values. Thesefiguresreved that thereexistsareason-
ably good consistency asregardsto the concentration
and temperature dependence of ¢ and ¢, values.

Adiabatic compressbility coefficient (B) valuesare
reported intheTABLE 1. B valuesshow aregular de-
creasewithincreasein surfactant concentration, are-
sult similar to asreported earlier®l. However, itispro-
posed that the observed changes can be attributed to
theintrinscionic compressbility and tothe structura
(hydrophobic hydration) factors. A relatively sharper
decrease observed in 3 values beyond 0.01458 mol
kg! of TX-100 further provides an insight for
micdlizationwithinthesurfactant moleculecausngmore
compactness.

Viscometeric studies

Viscosity studieshave also been found to bevery
effectivein order to understand the conformational as
wdl asstructurd changesof proteinsinthe presence of
surfactants Therefore, viscometric behaviour of TX-100
inagueoussolutionsof lysozymehasbeen studied at dif-
ferent temperatures. The concentrati on dependence of
viscosity, n of TX-100 has been presented in Figure 3.
Then values increases non-linearly at low surfactant con-
centrationfollowed by alinear behaviour at higher sur-
factant concentration at al studied temperatures. Thisis
thegenerd behaviour of protein-surfactant systemandis
attributed to non-cooperativebinding andincreased in-

termolecular contactsat |ower concentration followed
by cooperative binding at higher concentration®. Also
increaseinm values with addition of lysozymeisin pro-
portion to the protein concentration.

Theviscosity datahasfurther been andyzedinthe
light of theactivation parameter of theviscousflow pro-
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Figure 3: Viscosity coefficient asa function of [Triton X-
100] in 0.25 % wi/v, 0.50 % w/v and 1.0 % w/v lysozyme at
different temperatures.
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cessof theprotein— surfactant system. The activation
energy, E, hasbeen estimated fromtheslope=E,/R
of theequation

n=Aexp (E,/RT)

by plottinglogmn against 1/T. In all cases, the plots were
found to belinear over the entire temperature range
studied. A dependenceof E_ on surfactant concentra-
tionindifferent aqueous solutionsof lysozyme hasbeen
presented in Figure4. Theactivation energy isfoundto
belinear, except at low surfactant concentration. These
observations, no doubt, corroborate the conclusion
drawn earlier.
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