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ABSTRACT 

刀ie sut・factants bave found widespread applications in biochemical i・eseaiでh. 

[ri the biological sciences, there ai・e several major ai・eas of i・esearch, which make use 

of interactions between sui・factants and biological systems. b】 the pi・esent work, 

Micro-diLet・ential scanning calor面eter is used to detenniiie the nature of interactions 

of various anionic surfactants: sodium dodecyl sulfate(SDS),sodium octyl sutfate 

(SOS) and cationic surfactants: dodecyl trimethyl ammonium bromide (DTAB), 

teti・adecyl trmetlyl ammonium bi・。面de (TTAB) and cetyl trilnethyl ammonium 

bi・omide にTAB) with proteins: Bovine Serum Albumin (BSA), Lysozyme and theβ－ 

lactoglobulin. The thermodynamic parameters of protein folding: denaturation 

temperature (Td), eiithalpy of denaturation (eM-Li) and cooperativity (r)(ratio of 

caloi・加eti・ic enthalpy and van't Ho圧 enthalpy) wer、e determined. investigations were 

also carried out on very dfiute solutions of BSA by specti・opolai・imetei・， fluorescence 

spectrophotometer and 15V spectrophotometer for greatei・ undei・standing of the 

intei・action of sui・factants with proteins. 

At the lowei・molai・1・atio of SDS/BSA (less than 20), thermogi・ams for the 

denaturation of BSA are bipliasic as reflected by two endotherms．刀ie biphasic 

endotherm a，・e associated with the un釦I品g of the ligand-pool・ei・and ligand- 

eiii・iclied pioteili forms respectively. The both endotberms shift to higbei・temperature 

with mnci・ease in SDS concenti・ation. Also, caloi加eti・ic enthalpy of first endotherm 

deci・eases while that of second endotherm increases. With mllci・easifig level of SDS, the 

endothei・nis coalesce to give a single asymmetric peak siくewed to the lowei・ 

tempei・atuiで side. However, at the higher molar i・atio ofSDS/BSA (moi・e than 2の，the 
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1せsuits are 叫）posite to the ones obtained for low molar ratio of SDS/BSA. Thus SDS 

plays two opposite fnctions for the folding and the stability of bovine serum 

albumin. At low concenti・ation. it acts as a structul・e- stabil izin g additive arid in ci・eases 

the stability toward thermal denaturation. This is attributed to the binding of SDS to 

sites with 飴il・ly high a缶liity on BSA. Additionally. weak interactions andloi・indirect 

solvent mediated eLect lead to a continuing but smaller increase in stability at 

intel・medi ate surfactant con centration . At highe i・ coil centi・ation. the strongly 

destabilizing character of sodium dodecyl suLfate predo面nates and it behaves as a 

classical denaturant. This is due to the binding of SDS to denatured protein. With 

increasing sodium octyl su血te ( S O S ) concentrat ion , the denaturation temperature 

increases with concomitant decrease in haLf height width. However, the increase in 

denaturation temperatm・e is sinallei・than for SDS showing sti・ong binding in case of 

SDS emphasizing the 血portance of hydrophobic part of sui・factant in binding with 

BSA. Further, the unfolding ofbovine serum albumin in pl・esence of ui・ea was studied 

using fluoi・escence spectrophotometer and spectropolarirnetei・． CD and fluox・escence 

results ai・e consistent with the calorii羽etric results that SDS stabilizes at low 

concei.flration an d destabilizes at high concentration. 

DSC investigations on the eLect of cationic sui・factants. dodecyl tiimethyl 

ammoniumbromide ( DTA3). teti・adecyl trimethyl ammoniしimbi・omide (TTAB)and 

cetyl trirnethyl ammoniumbi・omide (CTAB)with l'ysozyme and bovine serum albuiuin 

show that the cationic surfactants act as destabilizei・s of 1)i・oteins. With mlici・easing 

surfactant co n centration, the den aturation temp eratulで deciで警es with concomitant 

incl・ease in half height width. The effectiveness of cationic sui・factants in deci・ea sing 

Td increases with its aikyl chain length. The decrease in the denaturation temperature 

and enthalpy of denaturation ai・e observed to he in the following oi・det・： DTAB< 



TTAB< CTAB. OEese resutts cau be e却lamned on the basis of hydi・ation cospliei・e 

ovei・lap model. 'Nitli an milci・ease in alkyl chlain length and cousequently the 

hydrophob i e hydration prop elisity of a面no acid, thlere is enhancement of the 

hydi・ophobic hydi・ation ofthe nonpolar residues ofthe unfolded pi・otein which favours 

the den atm・ed state, resulting in reduced Td of the pi'otein. UV-diffei・ence spectra 

1・esults of the interaction of the BSA＼械fi SDS, SOS and DTAB ai・e consistent 'vith 

the DSC results 

OEe heat capacity measurement is 面portant in spec抑ing the denatured state 

ofproteiis since this parameter is a sensitive index ofthe completeness oftlie protein 

unfolding. OEe heat capacities (ACe) for the teiiperature induced unfolding of 

pl・oteins: pai・aalbumin carp, lysozynie T4, papain, pancreatic trypsin ilihibitol・， tiyp sin, 

1・ibonuclease T!,stap. nuclease. chymotり'psinogen A, chymotrypsin. lysozyme, 

myoglobin, i・ibonuclease A and metmyoglobin were calculated fflom the change 血 

solvent accessible surface area between the native proteins and extended pol卯eptide 

chain. To visualize the effect of disuiffide crossliuiks on molar heat capacity. loops of 

varying number of alanine residue and extended alaliine chains with terminal cystein 

were modeled. The difiたrence iIi △ C1, values betweert the extended state and the loop 

conformation is found to be linearly related to the number of residues in the loop. 

COIl・ections aiで applied foi・proteins with crosslinks based on above obser"・ation. 

Corrected values of\Cp are found to be close to experimental values. 

Atomic solvation pai・ametel・s are widely used to estimate the solvation 

conti・ibution to the tiierniodynamic stability of pi・oteins as weH as the ffi・ee enei・gy of 

association for PI・otein-ligand complexes. In view of disci・epancies in the i・esults of 

ffi・ee enei・gies of solvation of folding for various proteins obtained using diffei・ent 

atomic solvation pal・ameter sets. s\'stematic studies were cai・1・ied out foi・calculation of 
vi 



accessible sui・face ai・ea and the changes 血丘ee energy of solvation of folding of a 

lai・ge numb ei・of proteins: pai・aalbumin carp, lysozyme T4, papain, pancreatic tiypsin 

inhibitor, tiyp sill, ribonuci ease TI, stap. nuclease 	cliyrnotr男玲itiogen A, 

chyrnotiyp sin , lysozyme, myoglobin, ribonuclea se A and rnetmyoglobhi. The 

calculated ffi・ee eiiergy of solvation（ムG) offolding values foi・various ASP sets diffiもr 

in absolute value and sign in such a way that certain ASP sets predict the unfolded 

state to be more stable than the folded whereas other yield precisely the opposite. This 

behaviour has been explained in terms of weightage to hydrophobic and hydrophilic 

atoms. 

A detafied calculation of accessible surface area and fflee energy of solvation 

foi・mutants of lysozyme T4 where tKreon血e157 is i・eplaced by aminoacids alanine, 

cysteine, asp artate, glutamate, pheuylalanine, glycin e, hi stidine, isoleuciii e, leucine 

a sp ai・agine, arginmne, serine and valine, for which tiiei・modynarnic data of ffi・ee energy 

of denatui・ation and ciystal sti・uctul・es are reported 血 litei・atui・e were ca rij ed out using 

various atoi血C solvation parameter sets. The change in fi・ee energy of solvation 

between wild and mutant lysozyme T4 were calculated. The deviation of calculated 

results with experimental results are discussed to highlight the discrepencies in the 

atomic solvation parameter sets and possible reasons for the same. OEe octano! to 

water based ASP sets perform bettei・iii comparison to the vacuumn to watei・based ASP 

sets. This can be attijbuted to more weightage to hydrophulic atoms in the vacuum 

based sets. However the vacuum to water based ASP "Oons" performs well when 

comnbined with chain fflee enei・gy values. The results ai・e also discussed to thi・ow light 

on the eLect ofhydrogen bonding on the stability of mutants. 
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