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Intr oduction
Proteinsarethe molecularworkhorsesin biological systems.They
ful�ll a multitudeof different tasksasdiverseasstoringoxygenin
humanblood,giving stability to hair or transmittingelectricsignals
in thebrain. This biological importanceis directly re�ected in their
medicalrelevance,asproteinsareprimarytargetsfor thedevelopment
of new drugsto curediseaseslike Alzheimer.
To gain a better understandingof how proteins work, scientists
from diverse �elds like biology, computerscience,mathematics,
(bio)chemistry, medicineandphysicshave joined in collaborations
to gainmoreinsightsinto proteins.
On anatomiclevel, a proteinis a linearchain,or sequence,of beads
calledaminoacids.This sequenceof aminoacidsprovidesa protein
with all necessaryinformationto encodeitsuniquethree-dimensional
structure,thenative state.Thenative stateis basicallyhow a protein
looks andalsode�nes how it interactswith its environment,i.e. its
function. Thereforeknowledgeof how a proteinadoptsthis three-
dimensionalstructureoutof alinearchainsequenceof aminoacidsis
crucialin orderto understanda protein's working andfunction. This
processof structuralformationis calledproteinfolding. Most of the
work on proteinfolding hasconcentratedon speci�c exemplarypro-
teins,which arenow well understoodcombininginsight from both
experimentsandtheory.

The Rop-dimer
Rop-dimeris thenameof a speci�c proteinwhich is partof genetic
controlmechanismsinsidecells. It consistsnotonlyof asingleamino
acidchainbut two chainswith identicalsequences,whichform anin-
terfaceagainsteachother. In experiments,this interfacehasbeen
slightly changedby exchangingsomeaminoacids(mutation). These
experimentsalter the speedby which the protein adoptsits three-
dimensionalstructuredrasticallyby morethana factorof 100. Addi-
tionally somemutatedproteinsdo not have their biological function
anymore.
To understandtheseexperimentsbetterwe assumedthatthesemuta-
tions changethe native stateof the Rop-dimerandgive rise to two
competingnative states,from which oneis dysfunctional.The two
statesdiffer only by thealignmentof the two chainsof aminoacids
againsteachother: When oneof the two chainsis rotatedby 180
degrees(seepicture),onegetstheotherstate.Computersimulations
show that this competitionof two native statesexplainsthe experi-

mentalobservationsof changedfoldingspeedanddysfunction.Right
now, new experimentsverify thesetheoreticalconclusionsandinves-
tigatetherelationshipfunction/structurein detail.

Conc lusions
In additionto explaining the folding andmutationalbehavior of the
exemplaryRop-dimer, thegeneralconceptof competingnativestates
is likely to have anenormousimpacton understandingproteinfunc-
tion. Switchingbetweencompetingstructuresandtheaccompanying
functionalchangescannotonly betriggeredby mutationsbut alsoby
otherfactorssuchaschemicalreactions,bindingof othermolecules
or pH/temperaturechanges.Suchcompetingstatesareconsideredthe
molecularreasonfor theAlzheimerdisease(prion aggregation). The
gainedinsightintoproteinfolding,structureandfunctiongainedbyin-
vestigatingtheRop-dimerstipulatethereforedirectlyfurtherresearch
to tacklequestionsof bothhighscienti�c andmedicalimplication.
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Fig. 1. The two possible alignments of the chains constituting the Rop-dimer
are two competing native states. Chain A is colored in green and chain B in yellow.
The blue spheres indicate the position of the middle of the amino acid sequences.
The colored sticks between the two chains are the amino acids constituting the
interface between the chains and are the target of the experimental mutations.
By switching the orientation of one chain, one can get to the competing native
state.
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