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ABSTRACT

KEYWORDS
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Free energies of transfer (AG) of Lysozyme (LZ) from water to aqueous
solutions of urea (4M, 6M and 8M), aprotein denaturing solvent have been
dissected into cavity term [AG(cav)] and interaction term [AG (int)]. The
interaction free energy includes al typesinteractionslike hard-soft, hydro-
gen bonding, electrostatic etc. The cavity forming free energies have been
calculated using standard version of scaled particle theory (SPT) with well
reported SPT parameters. It has been found that transfer free energies of
cavity formation AG(cav) for Lysozyme from water to urea-water are
unfovourable whereas the transfer free energies of interaction AG(int) are
favourable. Theseresults are in conformity with the reported valuesfor the
transfer of RibonucleaseA fromwater to urea-water. A new approachfor the

Cavity forming free energy;
Scaled particle theory;
Degree of exposure;
Lysozyme.

calculation of degree of unfolding has been proposed.
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INTRODUCTION

Itiswell known that ureadenatures aqueous sol u-
tion of protein most effectively. But the mechanism of
denaturing action of ureaisnot yet clearly established.
Different mechanismshavebeen suggested fromtimeto
time. Thesearespecificinteraction of ureawith the pep-
tidelinkage, water structure bresking ability of ured?,
reduction of hydrophobicinteraction®4etc. Thermody-
namical approachesusing transfer thermodynamic pa:
rametersof amino acidsand proteinsarealsowell re-
ported“8. We haved so reported freeenergy of interac-
tions of amino acidg®!® and proteins™ from water to
aqueous ureaapplying scaled particletheory.

Inthisstudy, weintend to report transfer thermody-
namic parametersof lysozymefrom water to aqueous
urea. Itiswell known that when alarge solutelike pro-
teinistransferred from water to other solvent, the sol -
vent moleculesareto beexcluded for theaccommoda:
tionof protein. Thus, freeenergy of solvent exclusion*?
that isa sotermed as cavity forming freeenergy isto be
cd culated for better interpretation of transfer freeenergy
data. Again, when aprotein istransferred to aqueous
urea, it undergoesdenaturation, asaresult its physica
sateslikesize and shapeare abruptly changed. Hence
interpretation of thermodynamic dataassuming samestan-
dard sateof solutebecomesdifficult. Therefore, wehave
proposed®1+1319 to dissect the experimental freeen-
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TABLE 1: Transfer freeenergies(K J/mol) of lysozymefromwater to aqueousurea at 298K

Dy (A) Dy (A) Urea AGi(cav)N ) nwwy  AG(CaV)inw-wys pw-uy  AGi(cav)Pathlll  AG(expt)* AG(int)
2456 4M 18.51 -9.92 8.59 -18.65 -27.24
24.74 24.46 6M 28.27 -15.60 12.67 -27.72 -40.39
24.37 8M 38.84 -20.89 17.95 -36.28 -54.23

“Ref: (9]
ergy termsinto cavity termand interactionterm
AG, =AG, (cav) +AG, (int) )

The AG(int) containsal type of soft interactions
like H-bonding, e ectrogtaticinteraction, dipole-dipole
interaction, hard-soft interaction etc whereas AG (cav)
isthereversiblework required to createacavity for the
accommodation of the soluteinto asolvent consisting
hard solvent molecules.

We have cd culated AG (cav) of Lysozyme(no. of
congtituent amino acidsis 129) from water to aqueous
urea(4M, 6M and 8M) with well-standardized and | ogi-
ca SPT parameters. Findly, we have obtained interac-
tionfreeenergy term G (int) for lysozymefor transfer
from water to agueousurea. Thecavity energy and in-
teraction energy of lysozyme have been compared with
our earlier™ result of ribonucleaseA (no.of constituent
amino acidsis124).

Again, itiswdl knownthat whenanativeproteinis
transferred from water to denaturant the side chain of
amino acidsare partially exposed asaresult denatur-
ationisoccurred. Thusin order to account the stability
of nativeand denatured state of protein in denaturant
mediait isnecessary to know the degree of exposure
(or) of congtituent amino acids of protein. But thecal-
culation of degreeof exposure of eachtypeof constitu-
ent amino acidsof aproteinisadifficult task. Gener-
ally, average degree of exposureismeasured usingthe
equation (2) 7161,

AG (expt) = aZn, [Ag,(expt], %)

where AG (expt) and [Ag,(expt], aretransfer experimental free
energies of protein and amino acid side chain of type ‘i’, re-
spectively, n.isthe number of ‘i” type amino acids presentina
protein molecule. Here, a new approach has been made to

calculate the degree of exposure using the transfer free ener-
gies of interaction AG(int) of protein and transfer interaction

free energies [Ag (int], of congtituent amino acidsi.e.
AG (int) =a Z n,[Ag (int], 3

Thisisbecause protein undergoesunfolding dueto
interaction with the sol vent molecule.

CALCULATION

Trangfer of protein from water to agueous ureahas
been considered into two ways € sewhere™. Among
the two ways one way is sum of the two path-pathl:
transfer of nativeprotein (N) from water (W) to aque-
ousurea(U-W) andthenPathll: nativeproteinischanged
to denatured state (D) in aqueousureaasfigurel.

Thetransfer cavity forming freeenergies AG (cav)
aong pathlll arethe sum of cavity contribution dueto
both pathl and pathll i.e.

AG, (cav) = AGt(CaV)N[N(W)—)N(U-W) + 4
AG t (Cav)[N(U-W)-)D(W-U)]

Scaled particle theory (SPT)[®11% has been ap-
pliedincomputation of cavity formingfreeenergy. SPT
equations and sol vent parameters have been reported
elsewherd®, The equivalent hard spherediameter of
native(D, ) lysozyme has been calculated from there-
ported™” partial specific volume datausing Farrdll’s
treatmentd. Itiswell reported*® that volumechange
in denaturation isanegative quantity. It hasbeen as-
sumed that volume changes due to thermal denatur-
ation of lysozyme and ribonucleaseA*? are almost
same. Again as before™ thisvolume change datais
equated with that dueto denaturationin 8M urea. The
volumechangedueto denaturation by 4M and 6M urea
are obtained by method of intrapolation.

Trandfer freeenergiesof interaction AG (int)of pro-
tein from water to agueous ureaare obtained by equa-
tion (1) andresult areshownin TABLE 1.

Accordingly, transfer freeenergies of interaction
AG(int) of protein from water to ureaalong Pathll|
would be sum of transfer free energies of interaction
dueto both non-exposure part and exposure part. Thus
thetotd transfer free energies of interaction would be,

AG (int)=(1-a) AG (int)N +a:Zn [Ag,(int)] (5)

where o isthedegree of exposureof nativeprotein
inagueousurea, Zn [Ag (int)]. term represent thesum
of interaction freeenergiesof transfer of dl aminoacids
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TABLE 2 : Constituent amino acids of lysozyme and
ribonucleaseA and transfer freeenergiesof interaction (KJ/
mol) fromwater to8M ureaat 298K

Amino acids
Name no.present no.presentin [Ag(int)]®
in Lsozyme RibonucleaseA
Glycine 12 3 131
Alanine 12 12 115
Threonine 7 10 0.22
Valine 6 9 -0.22
Proline 2 4 -0.12
Glutamine 3 7 -0.55
Histdine 1 4 -0.72
Luecine 8 2 -0.98
Methionine 2 4 -1.45
Cystein 8 8 -1.01
Aspagine 13 10 -1.15
Phenylalanine 3 3 -2.42
Tyrocine 3 0 -3.07
Tryptophan 6 6 -4.08
Isoluecine 6 3 -0.98"
Serine 10 15 -1.01°
Asparatic acid 8 5 -1.15
Glutamic acid 2 5 -0.55
Lysine 6 10 -0.72
Arginine 11 4 -0.72
SRefl)

*|t is assumed that the interaction free energies of isolucine
and luecine; serine and cystein; asparatic acids and asparagines,
glutamic acids and glutamine; lysine and histidine; arginine
and histidine are same as these amino acids of each pair possess
similar type of side chain.

TABLE 3: Degreeof exposureof proteinsin 8M urea

, zn;
- AG(int)N !
Protein (K\t](/lmg") [Agi(int)]; Ol(calcul ated) a(literature)$
(KJ/mal)
Lysozyme -39.11 -85.79 0.32 0.21
RibonucleaseA  -41.15 -78.64 0.33 0.34
$ Ref:(67
Q - O
Ninw Nin U-W
Pathil]

Jh
(o

DinU-W
Figurel: Schematicrepresentation of transfer of protein
fromwater toaqueousurea

present inthe protein moleculeand AG (int)N issimply

thetransfer free energies of interaction of that native
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protein. Therefore, the first and second termsin the
right hand side of the equation (5) represent theinter-
actionfreeenergiesof transfer of the non-exposureand
exposure portion of the protein molecul e respectively.

Thevaluesof transfer free energiesof interaction
Agy(int) of eachamino acidsfromwater to8M ureaare
taken formwell reported literature data(TABLE 2)
andthevaluesof Zn [Ag(int)]. have beenshownin
TABLE3.

The AG(int)N we has been calculated from
AG (expt) using usual procedure®”. Usingthevalues
of AG(int), AG(int)N and Zn[Ag,(int)], in equation
(5) wehavedetermined thevaueof o andresultshave
showninTABLE 3.

RESULT AND DISCUSSION

Inpathl, proteinistransferred from water to aque-
ousureaasnativestate. During such transfer the cavity
diameter of soluteisunaltered but diameter of solvent
ischanged. Along pathll, Sncenative proteinischanged
to denatured state in agqueous ureathe cavity diameter
dtersdueto denaturation. Thuscavity forming freeen-
ergies aong these paths may helpsto understand the
role of cavity energiestowards denaturation by urea.

For thetransfer of nativelysozymefrom water to
agueous urea along pathl the cavity forming free
energies(Figure 2) areunfoavourable. These unfavou
rabletransfer cavity forming freeenergiesindicateitis
harder to createacavity for theaccommodation of na
tive proteinin aqueousureathan in water. But, along

50

AGt (cav) [KJ/mol]
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0 2 " 6 6 10
Molarity of urea
——LZ: Pathl —A—LZ: Pathll —B—LZ: Pathlll
Figure 2 : Transfer cavity forming free energies of
lysozyme (L Z) from water to agueousurea at 298K
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Figure 3 : Transfer free energies of interaction of
lysozyme(L Z) from water to aqueousur eaat 298K

pathll thefovourabletransfer cavity formingfreeen-
ergiesaredueto decrease of solute(protein) diameter.
Findly, theeffective cavity contribution towardthetrans-
fer of lysozyme from water to agqueous urea along
pathlll, whichisgiven asequation (4), isunfavourable.
Itisinterestingto notethat the similar resultshave been
reported*¥ for thetransfer of ribonucleaseA fromwar
ter to aqueous urea.

Theanadysisof cavity equationindicatethat cavity
forming freeenergiesvaluesaremoresensitiveto the
hard sphere diameter and number density of solvent
than the hard sphere diameter of solute. However, we
have followed astandard procedure®*+131518l tg cal -
culatetheequivaent hard spherediameter of nativeand
denatured lysozyme and used the well reported®l
valuesof hard sphere diameter and density of urea.

Thetransfer interaction freeenergiesAG(int) (Fig-
ure 3), which are obtai ned after subtracting the cavity
freeenergiesfrom experimental transfer freeenergies,
actually operate during denaturation process. Likethe
transfer freeenergiesof interaction of ribonucl easeAY
the AG(int) vauesof lysozymefor pathlll indicateinter-
action between protein and sol vent in urea-water favours
the denaturation. It may benoted that the denaturing ac-
tion of ureahas been studiesusing contact interaction
model™. The study of contact interaction model by
Schellmani*?, showsthat thevauesof total interaction
asindicated fromviria coefficient of lysozymeisnega
tiveinureaasdenauring media

Thusthe observed favourableinteraction freeen-
ergiesand unfavaourablecavity energiesof lysozymein
urea-water arein cons stency with theresultsobtained
from contact interaction modd . Thus, bothintermsof
concept and predi ction the useful ness of cal cul ation of
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AG(cav) for transfer of protein to asolvent where pro-
tein structureis perturbed is established from present
study.

Aswe have mentioned the experimental transfer
freeenergies AG (expt) of denaturation arerational-
ized after subtracting the cavity part. Thus, it seemsthat
theuseof interaction freeenergies AG (int) may logical
to calcul atethe degree of exposure. Thetransfer free
energiesof interactionsAgy(int) (TABLE 2), whichare
alsofreefrom cavity part and e ectrostatic interaction
part have been used to cal cul ate the degree of expo-
aure. Thesefreeenergiesof interactionaremainly guided
by hydrophobicity of sidechain. TABLE 3 showsthe
valuesof degree of exposure(a) of proteinsin aqueous
urea. The agreement between the calculated and re-
ported valuesof o additionally support the dissection
study of experimentd freeenergiesinto cavity part and
interaction part and al so the proposed approach for
the cd culation of degree of exposure of proteininde-
naturingmedia

In conclusion, it may be stated that experimental
freeenergy of transfer of protein fromwater to aque-
ous ureaneed to be dissected into cavity part andin-
teraction part to gain an ideaabout the effectiveinter-
action experienced by the proteinin ureaasadenatur-
ant media Admittedly, thedissection of favourablein-
teraction freeenergy intermsof itsvarious component
such as hydrophobic interaction, H-bonding, €l ectro-
staticinteraction, hard-soft interactionisto be consid-
eredfor further ingght.
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