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Intr oduction

Proteinsare the molecularworkhorsesn biological systems.They
ful Il a multitude of differenttasksas diverseas storing oxygenin
humanblood, giving stability to hair or transmittingelectricsignals
in the brain. This biologicalimportances directly re ected in their
medicalrelevance asproteinsareprimarytargetsfor thedevelopment
of new drugsto curediseasetike Alzheimer

To gain a better understandingof how proteins work, scientists
from diverse elds like biology, computerscience, mathematics,
(bio)chemistry medicineand physicshave joined in collaborations
to gainmoreinsightsinto proteins.

Onanatomiclevel, a proteinis alinearchain,or sequencegf beads
calledaminoacids. This sequencef aminoacidsprovidesa protein
with all necessarinformationto encodets uniquethree-dimensional
structure the native state. The native stateis basicallyhow a protein
looks andalsode nes how it interactswith its ervironment,i.e. its
function. Thereforeknowledge of how a protein adoptsthis three-
dimensionaktructureoutof alinearchainsequencef aminoacidsis
crucialin orderto understané protein's working andfunction. This
procesof structuralformationis calledproteinfolding. Most of the
work on proteinfolding hasconcentratedn speci ¢ exemplarypro-
teins, which are now well understooccombininginsight from both
experimentsandtheory

The Rop-dimer

Rop-dimeris the nameof a speci ¢ proteinwhich is partof genetic
controlmechanismasidecells. It consistsiotonly of asingleamino
acidchainbut two chainswith identicalsequencesyhichform anin-

terfaceagainsteachother In experiments this interfacehasbeen
slightly changedy exchangingsomeaminoacids(mutatior). These
experimentsalter the speedby which the protein adoptsits three-
dimensionaktructuredrasticallyby morethanafactorof 100. Addi-

tionally somemutatedproteinsdo not have their biological function

arymore.

To understandheseexperimentsetterwe assumedhatthesemuta-
tions changethe native stateof the Rop-dimerandgive rise to two

competingnative statesfrom which oneis dysfunctional. The two

stateddiffer only by the alignmentof the two chainsof aminoacids
againsteachother: When one of the two chainsis rotatedby 180
degreeg(seepicture),onegetsthe otherstate.Computersimulations
shav thatthis competitionof two native statesexplainsthe experi-
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mentalobserationsof changedolding speedanddysfunction.Right
now, new experimentsverify thesetheoreticaconclusionsindinves-
tigatetherelationshipfunction/structuren detail.

Conclusions

In additionto explaining the folding and mutationalbehaior of the
exemplaryRop-dimerthegeneratoncepbf competinghative states
is likely to have anenormousmpacton understandingroteinfunc-
tion. Switchingbetweercompetingstructuresandtheaccompaying
functionalchangesannotonly betriggeredby mutationsbut alsoby
otherfactorssuchaschemicalreactionsbinding of othermolecules
or pH/temperaturehangesSuchcompetingstatesreconsideredhe
moleculareasorfor the Alzheimerdiseaséprion aggregatior). The
gainednsightinto proteinfolding, structureandfunctiongainedyin-
vestigatinghe Rop-dimerstipulatethereforedirectly furtherresearch
to tacklequestionf bothhigh scienti c andmedicalimplication.

This work wasfundedby the National Science~oundation-sponsoredenter
for TheoreticaBiological Physics(GrantsPHY-0216576and 0225630)and
alsoby GrantNSFMCB-0543906.

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.



