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Effectsof Confinementon the Thermodynamics
of a Model Protein

Mustafa Bilsel1, Buket Taşdizen1, Handan Arkin 1,2, and Wolfhard Janke2

1 Departmentof PhysicsEngineering,Facultyof Engineering,AnkaraUniversity
Tandŏgan,Ankara,Turkey

2 Institut für TheoretischePhysik, Universiẗat Leipzig,Postfach100920,04009Leipzig,Germany
E-mail: Handan.Arkin@itp.uni-leipzig.de

Wereporttheresultsof computersimulationsof amodelproteinconfinedin acagelike asphere
to investigate the dynamicsof the folding mechanism. The problemof whetherproteinsare
misfoldedor aggregatedor onthecontraryarefoldedproperlymorepromptlyin theseconfining
mediais of greatinterest in our study. Thereforeour aim is to analyzethethermodynamicsof
the folding mechanism and also to investigate whetherthe folding mechanism is controlled
or not in the confiningmedia. To do so we have employed exhaustive multicanonicalMonte
Carlo simulationsby using a minimalistic AB modelapproach.A detailedunderstandingof
thissubjectplaysakey role for finding treatmentsto diseasescausedby misfolding of proteins.

1 Intr oduction

Protein foldingis oneof themostintensively studiedandstill unsolvedproblemsin biol-
ogy. Theprocessby whichaproteinfolds into its biologicallyactivestatecannotbetraced
in all detailssolelyby experiments.Therefore,many theoreticalandexperimentalstudies
focuson determinationof the three-dimensionalstructureof thesemolecules. Recently,
molecularmodellinghasattractedconsiderableattentionfor applicationsin designingand
fabricationof nanostructuresleadingto thedevelopmentof advancedmaterials.In anewly
growing field of research,syntheticpeptidesareinvestigatedfor theirusein nano-devices,
by exploiting theirself-assemblyproperties1,2. Theself-assemblyof biomolecularbuilding
blocksplaysanincreasinglyimportantrole in thediscovery of new materials,with a wide
rangeof applicationsin nanotechnologyandmedicaltechnologiessuchasdrug delivery
systems3. In thesestudies,severaltypesof biomaterialsaredeveloped,rangingfrom mod-
els for studyingproteinfolding to molecularmaterialsfor producingpeptidenanofibers,
peptidesurfactantsby designingvariousclassesof self-assemblingpeptides4. Theseex-
perimentsrevealmany differentinterestingandimportantproblems,which arerelatedto
generalaspectsof thequestionwhy andhow proteinsfold. In this context, modernsimu-
lation techniqueshave openedanotherwindow to give anew insightto theproteinfolding
problem5.

In this study, we focus on the folding of the model protein BA6BA4BA2BA2B2

underthe influenceof a confiningpotentialwhich simulatesa cagebeingcomposedof
rigid walls.

2 Model

Thepolymerchainsaredescribedby acoarse-grainedhydrophobic-polarmodelwhichalso
helpedto understandproteinfolding channelsfrom amesoscopicperspective6. A manifest
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off-lattice variantof theHP model7 is theAB model8, wherethehydrophobicmonomers
are labeledby A andthe polar or hydrophilic onesby B. As on the lattice, the adjacent
monomersareconnectedby rigid covalentbonds. Thus, the distanceis fixed andset to
unity. Thecontactinteractionis replacedby a distance-dependentLennard-Jonestypeof
potentialaccountingfor short-rangeexcludedvolumerepulsionandlong-rangeinteraction.
An additionalinteractionaccountsfor thebendingenergy of any pairof successivebonds.
This modelwasfirst appliedin two dimensions8 andgeneralizedto three-dimensionalAB
proteins9, partially with modificationstaking implicitly into accountadditionaltorsional
energy contributionsof eachbond.

TheAB modelasproposedin Ref. 9 hasanenergy function

E = −κ1

N−2∑
k=1

bk.bk+1 − κ2

N−3∑
k=1

bk.bk+2 + 4
N−2∑
i=1

N∑
j=i+1

C(σi, σj)
(

1
r12
ij

− 1
r6
ij

)
(1)

wherebk is the bond vectorbetweenthe monomersk andk + 1 with lengthunity. The
secondterm in Eq. (1) takestorsionalinteractionsinto accountwithout beingan energy
associatedwith thepuretorsionalbarriersin theusualsense.Thethird termcontainsnow a
pureLennard-Jonespotential,wherethe1/r6

ij long-rangeinteractionis attractivewhatever
typesof monomersinteract.Themonomer-specificprefactorC(σi, σj) only controlsthe
depthof theLennard-Jonesvalley:

C(σi, σj) =
{

+1, σi, σj = A,
+1/2, σi, σj = B or σi 6= σj .

(2)

Simulationsof thismodelwereperformedwith themulticanonicalalgorithm10 andthe
updatemechanismis asphericalupdatewhich is describedin Ref. 11 in detail.

3 Confining Potentials

Thefocusof thisstudyis to comprehendthefolding mechanismof proteinsin theircellular
environments.To emulatethiseffect, thefollowing potentialsareused:

V1(r) =
0.01
Rc

[
er−Rc(r − 1)− r2

2

]
, (3)

V2(r) = 4ǫc
πRc

r

(
1
5

[(
σ

r −Rc

)10

−
(

σ

r + Rc

)10])
, (4)

V3(r) = 4ǫc
πRc

r

(
1
5

[(
σ

r −Rc

)10

−
(

σ

r + Rc

)10]
− ǫ

2

[(
σ

r −Rc

)4

−
(

σ

r + Rc

)4])
(5)

whereRc is thesphereradiuswhich is a measureof thecagesize,r = (x2 + y2 + z2)1/2

is the distanceof a monomerto the origin andx, y, z arethe coordinatesof monomers,
σ = 1.0 andǫc = ǫ = 1.0. For our simulations,we setRc large enoughto enclosethe
proteininsidethesphere.
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Figure1. Specific-heatplotsundertheinfluenceof potentiala)V1, b) V2, andc) V3.

4 Resultsand Discussion

Theeffectof confinementonthethermodynamicpropertiesof themodelproteinwasinves-
tigatedby multicanonicalsimulations.Wehavechosenappropriateradii suchthatproteins
arenot allowed to move outsidethe sphere.The resultsarecomparedto a bulk protein
which folds atT = Tf . After calculatingmulticanonicalweights,5× 107 iterationswere
performedin theproductionrun. Wecomputedthetransitiontemperaturefor thebulk pro-
tein andproteinin cageswith differentradii. Theresultsareplottedin Fig. 1. Whenthe
radiusincreasestheeffect of theconfiningpotentialdecreasesso thatRc = 100 behaves
like abulk environment.

Thespecificheatsof potentialV1, V2 andV3 asa functionof temperatureareplotted
in Fig. 1a),b) andc), respectively. Generically, increasein the radiusof thesphere causes
a decreaseof the transitiontemperature.On theotherhand,thesituationfor V3 is differ-
ent. The V3 potentialcontainsan attractive part so the modelprotein feels the effect of
attractivenessof the potentialat small radius(Rc = 25), andis adsorbedby the surface
of thespherein a first stageandin a secondstageit arrangesits structure.By increasing
the radiusup to Rc = 45 theinfluenceof thepotentialstartsto decreaseandsoadsorption
disappears.

As a result, for all casesspecific-heatplots were broadenedwhen the radiusof the
spheredecreases.Narrower graphmeansstatescloseto native onesappearmoreoften
thanin thebulk situation.Wecanconcludethattheproteinbecomesmorestablewhenthe
radiusof thespheredecreases.Theseresultsarecompatiblewith thepreviousones12–14.
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