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Effects of Confinementon the Thermodynamics
of a Model Protein

Mustafa Bilsel', Buket Taglizen!, Handan Arkin 2, and Wolfhard Janke?

! Departmenbf PhysicsEngineeringFaculty of Engineering AnkaraUniversity
Tanddjan,Ankara, Turkey
2 Institut fur Theoretischéhysik, Universitt Leipzig, Postich100920,04009Leipzig, Germary
E-mail: Handan.Arkin@itp.uni-leipzigle

Wereportthereaults of computeisimulationsof amodelproteinconfinedn acagelike asphere
to invedigate the dynamicsof the folding mechanim. The problemof whetherproteinsare
misfoldedor aggr@atedor onthecontraryarefoldedproperlymorepromptlyin these confining
mediais of greatinteres in our study. Thereforeour aim s to analyzethe thermodynamicef
the folding mechanim and also to invedgigate whetherthe folding mechanim is controlled
or notin the confiningmedia. To do so we have emplo/ed exhausive multicanonicalMonte
Carlo simulationsby usng a minimaligic AB modelapproach.A detailedundersandingof
this subjectplaysakey role for finding treatmentso diseagscaugd by misfolding of proteins

1 Intr oduction

Protein foldingis one of the mostintensvely studiedandstill unsoled problemsin biol-
ogy. Theprocessy which aproteinfolds into its biologically active statecannotbetraced
in all detailssolely by experiments.Thereforemary theoreticalandexperimentalstudies
focuson determinationof the three-dimensionastructureof thesemolecules. Recently
moleculamodellinghasattractecdconsiderablattentionfor applicationsn designingand
fabricationof nanostructurekeadingto thedevelopmenbf advancedmaterials.In anewly
growing field of researchsyntheticpeptidesareinvestigatedfor their usein nano-deices,
by exploiting their self-assemblpropertie$ 2. Theself-assemblypf biomoleculabuilding
blocksplaysanincreasinglyimportantrole in thediscovery of new materialswith awide
rangeof applicationsin nanotechnologynd medicaltechnologiesuchasdrug delivery
system3. In thesestudies severaltypesof biomaterialsaredeveloped rangingfrom mod-
els for studyingproteinfolding to molecularmaterialsfor producingpeptidenancofibers,
peptidesurfactantsby designingvariousclasse®f self-assemblingeptide$. Theseex-
perimentsreveal mary differentinterestingandimportantproblems which arerelatedto
generalaspect®f the questionwhy andhow proteinsfold. In this context, modernsimu-
lation techniqueiave openedanothemwindow to give anew insightto the proteinfolding
problen?.

In this study we focus on the folding of the model protein BAsBAyBA;BA3;B,
underthe influenceof a confining potentialwhich simulatesa cagebeing composedf
rigid walls.

2 Model

Thepolymerchainsaredescribedy acoarse-grainetydrophobic-polamodelwhichalso
helpedto understangbroteinfolding channeldrom amesoscopiperspectie®. A manifest
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off-lattice variantof the HP modef is the AB modef, wherethe hydrophobicmonomers
arelabeledby A andthe polar or hydrophilic onesby B. As on the lattice, the adjacent
monomersare connectedy rigid covalentbonds. Thus, the distanceis fixed and setto
unity. The contactinteractionis replacedby a distance-dependehennard-Jonegype of
potentialaccountindor short-rangexcludedvolumerepulsionandlong-rangenteraction.
An additionalinteractionaccountdor the bendingenegy of ary pair of successie bonds.
This modelwasfirst appliedin two dimension8 andgeneralizedo three-dimensionaAB
protein$, partially with modificationstaking implicitly into accountadditionaltorsional
enegy contritutionsof eachbond.
The AB modelasproposedn Ref. 9 hasanenepgy function

N-—-2 N-3 N-2 N 1 1
CE SUT NN RTINS S pRerivs] e Jyet
k=1 k=1 =1 j=141 3 1J
whereb,, is the bond \ectorbetweenthe monomerst andk + 1 with lengthunity. The
secondtermin Eq. (1) takestorsionalinteractionsinto accountwithout beingan enegy
associateavith the puretorsionalbarriersin theusualsenseThethird termcontainsnow a
pureLennard-Jonepotential wherethe1 /r,‘?j long-rangenteractionis attractve whatever
typesof monomersnteract. The monomerspecificprefactorC(o;, o) only controlsthe
depthof the Lennard-Jonewalley:

. ) — +17 Ui70'j = A’
Cloi,05) = {_’_1/2, 0i,0;,=DB or o;#0;. (2)

Simulationsof this modelwereperformedwith the multicanonicaklgorithm© andthe
updatemechanisms a sphericaupdatewhichis describedn Ref. 11in detail.

3 Confining Potentials

Thefocusof this studyis to comprehendhefolding mechanisnof proteinsin theircellular
environments.To emulatethis effect, thefollowing potentialsareused:

Vi(r) = 2 [eTRf (r—1) - 7’;] ©)

SR -] @

whereR, is the sphereadiuswhich is ameasuref the cagesize,r = (22 + y? + 22)/2

is the distanceof a monomerto the origin andx, y, z arethe coordinateof monomers,
o = 1.0 ande. = ¢ = 1.0. For our simulationswe set R large enoughto enclosethe
proteininsidethe sphere.
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Figurel. Specific-heaplotsundertheinfluenceof potentiala) V1, b) V2, andc) Vs.

4 Resultsand Discussion

Theeffectof confinemenbonthethermodynamigropertieof themodelproteinwasinves-
tigatedby multicanonicakimulations.We have choserappropriateadii suchthatproteins
arenot allowed to move outsidethe sphere. The resultsare comparedo a bulk protein
whichfoldsatT = Ty. After calculatingmulticanonicalweights,5 x 107 iterationswere
performedn theproductionrun. We computedhetransitiontemperaturdor thebulk pro-
tein andproteinin cageswith differentradii. The resultsareplottedin Fig. 1. Whenthe
radiusincreaseshe effect of the confining potentialdecresessothat R. = 100 behaes
like abulk ervironment.

The specificheatsof potentialV;, V, and V3 asafunction of temperaturere plotted
in Fig. 1a),b) andc), respectiely. Genericallyincreasen the radiusof the sphere causes
adecreasef the transitiontemperature On the otherhand,the situationfor V; is differ-
ent. The V3 potentialcontainsan attractive part so the model proteinfeelsthe effect of
attractvenessof the potentialat smallradius(R,. = 25), andis adsorbedy the surface
of the spherein afirst stageandin a secondstageit arrangests structure.By increasing
the radiusupto R. = 45 theinfluenceof the potentialstartsto decreas@andsoadsorption
disappears.

As aresult, for all casesspecific-heaplots were broadenedvhenthe radiusof the
spheredecreasesNarraver graphmeansstatescloseto native onesappearmore often
thanin thebulk situation.We canconcludethatthe proteinbecomesnorestablewhenthe
radiusof the spheredecreasesTheseresultsarecompatiblewith the previousoned?4
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