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ABSTRACT

This paper depicts the nature of interaction between bovine serum albumin (BSA) and a model
amphiphile SDS from conductometric measurements, since no information regarding the mode of
surfactant binding to protein from this simple technique is available. The effect of dimethyl sulfoxide
(DMSO) on these interactions shall be of some fundamental importance to eaborate further the solution
behaviour of SDS in Bovine Serum Albumin (BSA) . Other thermodynamic parameters of micellization i.e (4H%,,
4G’ and 4S’,) are also derived in support of the findings.
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INTRODUCTION

Protein surfactrt interactionshave been studied from last centurnson [1] recognizedthat proteins are
denaturedby synthetic surfactants. Arenewed interest in this field durinipe past decade can tetributed
to the availability of new experimental techreéguto studythese mixtures and the application of the Itesu
in formulation of detergents, food emulsiopharmaceuticalcosmetic products etc. Also, an increased
understandingwithin this field is found to be of great importance for atheelated fields such as protein
surfactamb absorption at interface [2] as well as in relafyv complex biological phenomena esplly in
biological membrane.[3] Thaunderstandingf protein -surfactant interactionst molecular level is however
complicated since protein are complex biomacremes withunique primary structureexpressed in terms of
their amino acid sequences due to which it isiaiff to generalise the consequences of protsurfactant
interactions. Thepecific binding at low surfactant concentratidnvolves both electrostatic and hydrophobic
interactions,while the nonspecific binding at higburfactant concentratias dominated by the hydrophobic
forces.[4,5]Also surfactantcan bind to the protein not only in monomer formt kalso in aggregated state,
and the interaction may result in stabilizatiocor a destabilizationof the protein structure,depending on
the surfactant concentratioand the natural environmewf the protein.[6,7] A few studies reported on the
effect of surfactantschain length onprotein surfactantinteraction. [4,8-11] It is found that long tailed
surfactantsinteract strongly with protein andinteractionsare observedat low surfactantsand protein
concentration. To obtain more information on the interplay between the hypthmbic and electrostatic
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interactionsand the phase behaviour of SDS —BSA Bovine SerumuAln systems have been investigated.

is shown that interactions are dominated by thetelstatic and hydrophobic forces. When the
hydrophobicpart of the surfactantis increased the capability of the system to fomd do redissolve the
precipitateincreases, since precipitate waseutral, and the composition reveals the net charges ofptiogein

in solution. It was shown that theead group has a much stronger effect on the bquih adsorption state
than the chaiength. Recently, Chauhan et al.[l¥ave reported the head group effectsaffactant on
surfactant — protein interactions in aqueous solutions oflimethylsulphoxide (DMSO). The structural
consequences are found to play a very significale in governing thénteractionsin addition to the nature of
the headgroup.

EXPERIMENTAL SECTION

Ordinary tap water of conductivity in the range 8 x 10° Scm at 25C was distilled twice in the presence of
alkaline KMnQ. The distillation was carried out through a 750-omg vertical fractionating column. The middle
fraction of the double distilled water of condudtjvl- 4 x 10’ S cm' and pH in the range 6.8 - 7.0 all a*@5wvas
collected for use in all experiments.

Bovine serum albumin (BSA) is a large globular pint(66,000 Da) was supplied sdfine-chem limited. It
was kept at 88°C in the refrigerator and was used without furthgurification. Sodium dodecyl sulfate
(SDS) (Biochemical grade from BDH) wdsirther purified as suggested by Duynstee and Grunwalfl [13
Dimethyl sulfoxide (DMSO) was oAR grade and purity 99.5%. It was supplied by.fine - chem. Ltd.
It was however used without further purificatio@onductivity measurements wecarried out with a digital
conductometer operating at 1 KHz, supplied by Ndibectronics Chandigarh (India). The cell constahthis
conductivity cell was determined at %5 from conductance measurements with aqueous sotutof KCl as
described by Fuoss et al.[14[he conductivity measurements at different temjpees and concentration of SDS
were repeated at least three times. The reproditigibf the present conductivity measurement wa8.@1%. The
CMCs were determined precise to = 1% from the aggadiscontinuity in the plot of specific conduatami verses
concentration of SDS. However, the concentratioBB6 was taken (2.0-30.0 mM).The CMC = 8%1ol dmi® for
SDS in water at Z& was in excellent agreement with 8ol drmi’value reported in literature[17].

RESULTS AND DISCUSSION

3.1 THERMODYNAMICS FOR SDS-BSA SYSTEM:
The standard enthalpy change for micellization determined from the slope of the van't Hoff plo&skd on the
following equations. [12, 17-18]

dinl CAC
2 L:r ) @)

1.

AH .= R
Where R is gas constant, T is temperature in Kelvin

AG .= —RTInCMC @

Similar argument was put forward by Rio et al. [#]ile estimating thé&H°,, valuesof various surfactants in buffer
solutions at different temperatures. However, kefsubjecting the CMC data to Eqn. (2), the tempeeat
dependence of CMC was examined. SDS-BSA a lingation was found to hold good only up td’30 It can also
be depicted from the CMC data reported above, thiEC@f SDS was found to decrease as we approactC35
Similar observation has been reported by Chauhah Et2] in SDS — gelatin system. The van't Hdfe, d (CMC)
/dT of these plots were determined from the leastquares fitting of data. The standard entropy ghafor
micellization AS’,) for SDS determined from Eqn. (3) [12, 17-18].

AG ,,=AH _—TAS 3)(
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WhereAG’,, is known as standard Gibbs free energy changesiasso with the formation of micelle. A perusal of
Table 1 the value of CMC of SDS increases as theSDMoncentration increases which reveals in talblaving all

AHC, values are negative, which is indicative of atik@cforce having both specific and nonspecificding between
SDS-BSA interactions.

Table 1: CMC values of SDS in aqueous rich mixturesof DMSO containing BSA at diff erent temperatures

BSA(% w/v) | 0 mol % DMSO | 1.1 mol % DMSO
25°C | 35°C | 45°C | 25°C | 35°C | 45°C

0.0 7.9 8.1 8.2 9.2 9.4 9.6
0.4 8.8 9.1 9.4 9.8 9.9 10
0.8 9.4 9.7 10 10.1 | 103| 107
1.2 9.8 10.1| 10.2 | 104 | 106| 111

BSA(% w/v) | 2.2 mol % DMSO | 44 mol % DMSO
25°C | 35°C | 45°C | 25°C | 35°C | 45°C

0.0 9.4 9.7 9.8 9.9 10.2 | 10.3

0.4 10.1| 107 115 114 122 126
0.8 105| 109| 113 119 129 134
1.2 109 | 117 12.1] 12.6 13.8 143

(“Estimated uncertainty is # 1 %)

Table 2: AH®;, values of SDS in aqueous rich mixtures of DMSO coaining BSA at different temperatures

BSA(% w/v) | 0 mol % DMSO 1.1 mol % DMSO
25°C | 35°C | 45°C | 25°C | 35°C | 45°C

0.0 -1.85| -1.97 -210 -157 -1.68 -1.19

0.4 -244| -2.60[ -2.74 -0.7% -0.81 -0.85

0.8 -2.28| -244| -260 -213 -2.28 -243

1.2 -1.48| -1.58| -1.6§ -2.4 -2.57  -2.74
BSA(% w/v) | 2.2 mol % DMSO | 4.4 mol % DMSO
25°C | 35°C | 45°C | 25°C | 35°C | 45°C

0.0 -1.54| -1.64| -1.79 -147 -156 -1.67

0.4 -4.79| 512 -545 -37]1 -396 -4.21

0.8 271 -291| -3.09 -439 -4.60 -4.99

1.2 -3.86| -4.12| -439 -467 -499 532

(%Estimated uncertainty is #0.1 kJ mol™)

Table 3: AG®, values of SDS in aqueous rich mixtures of DMSO ctmining BSA at different temperatures

BSA(% w/v) | 0 mol % DMSO | 1.1 mol % DMSO
25°C | 35°C | 45°C | 25°C | 35°C | 45°C

0.0 -5.12| 536/ -554 -55]1 -574 -5.98
0.4 -5.39| -566] -593 -566 -587 -6.08
0.t -5.5¢ | -5.81 | -6.0¢ | -5.7¢ | -5.97 | -6.27
1.2 -5.6€ | -5.9¢ | -6.1¢ | -5.81 | -6.05 | -6.3¢

BSA(% w/v) | 2.2 mol % DMSO | 4.4 mol % DMSO
25°C | 35°C | 45°C | 25°C | 35°C | 45°C

0.0 -555| 582 -6.03 -56 5956 -6.17
0.4 -5.73| -6.03| -6.44 -6.03 -6.41 -6.71
0.8 -5.83| -6.12| -6.41 -6.14 -6.56 -6.85
1.2 -592| 631 -659 -6.2 -6.72  -7.03

(%Estimated uncertainty is #0.1 kJ mol™)

These results are however, presented in plot§dr&DS — BSA interactions the variatiGh®,, indicates the strong
hydrophobic interactions which further supportedpbgts 5-8 the variations afG°, having similar behavior as
mentioned above. TheH®, value of SDS decreases sharply to a minimum atrard.1 mol% DMSO to 4.4 mol%
DMSO as a function of DMSO. Another interestingtfea of these plots is a nonlinear decreasgHf, value with
the increase in DMSO concentration; largest deeresasbserved to occur in 4.4 mol% DMSO.
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Table 4: AS’, values of SDS in aqueous rich mixtures of DMSO ctaining BSA at different temperatures

BSA(% wiv) 0 mol % DMSO 1.1 mol % DMSO
25°C [ 35°C | 45°C [ 25°C | 35°C [ 45°C
0.0 1098 1099 10.87 13.6 13.17 1316
04 9.90 9.91| 9.90 | 16.47| 16.47] 16.47
0.8 10.67 | 10.9¢ | 10.97 | 12.0¢ | 11.9¢ | 12.0¢
1.2 14.01] 14.09 1401 1138 11.27 11,38
BSA(% wiv) | 2.2 mol % DMSO | 44 mol % DMSO
25°C | 35°C | 45°C | 25°C | 35°C | 45°C
0.0 13.47| 1356 1347 1415 14.23 14/15
04 3.14 3.08| 314 | 781 7.96 7.81
0.8 10.4f | 10.4¢ | 1045 | 5.8¢ | 6.04 | 5.8¢
1.2 6.9z | 7.07 | 6.9z | 53¢ | 561 | 53¢

(“Estimated uncertainty is #5 J K*mol™)

A large negative value aiH’, in the case of SDS — BSA system, therefore refltioe contribution of strong
intermolecular interactions between water and DM@tD the concomitant electrostatic binding of caritn, N&
with BSA. However, the structural consequencesitgrmolecular interactions appear to be qualittirelependent

of protein concentration.

0 % DMSO
—m— 25°C
- 35°C
45°C

T T
06 ae

BSA (% w/v.)

T T
10 12

2.2 mol % DMSO.

T T
0.6 o8

BSA (% wW/v.)

1.1 mol % DMSO.
—m— 25°C
—e— 35°C

45°C

o8 1.0 1.2

06

BSA (% w/v.)

0.0 0.4

4.4 mol % DMSO.
—m— 25°C
35°C
45°C

. ”_L4

S -

T T
0.6 o8 1.0 12

BSA (% w/v.)

Figure 1: Variation of A H°, verses BSA (%wi/v) in aqueous rich mixtures of DMSQt different temperatures

On the basis of precipitation and

redissolutiffeats noted above, it may be deduced that bothrdpjtbbic and

electrostatic binding of protein-surfactant stramtgractions. [16]

The AS’, value for SDS — BSA systems have been plotted fametion of BSA concentration in plots 9 to 12
respectively. It is interesting to note that thisra remarkable qualitative similarity between iedavior ofAS’, and
AH®,. This corresponds to favorable thermodynamic patars. This observation is also in agreement with t
thermodynamic data of Chauhan et al. [12,17-18FD$ — gelatin system.

It is concluded from this observation that there aery prominent effects on the thermodynamics rotgin —
surfactant interaction brought about by the additdd DMSO, which can be very probably attributedstouctural
changes in the salvation of hydrophobic side chairespective of any other effects, DMSO mightéawn protein —

surfactant interaction.
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Figure 2: Variation of A G’ verses BSA (%w/v) in aqueous rich mixtures of DMSQ@it different temperatures

However, a large change in bathl®,, andAS’, values can be seen to compensate the effect bfather giving rise
to relatively small changes in the magnitudé&@f,, value with protein concentration.
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Figure 3: Variation of A S°, verses BSA (%w/v) in aqueous rich mixtures of DMSQt different temperatures
CONCLUSION

It is concluded from this observation that there aery prominent effects on the thermodynamics roftgin —
surfactant interaction brought about by the addittb DMSO, which probably attributed to structuchlanges in the
salvation of hydrophobic side chains, irrespectifeany other effects, DMSO might have on proteisusfactant
interaction. it might be considered to support ¢baclusions drawn above. However, a large chandeihAH,
and AS’, values can be seen to compensate the effect of @her giving rise to relatively small changesttie
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magnitude of AG’, value with protein concentration, which is similaut markedly dependent on solvent
compositions. However, an interesting correlatiseaen to exist between the onset of micellar cexagion of SDS
with BSA and the concentration of DMSO in the salvmedium.
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