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Helix versus sheet formation in a small peptide
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Segments with the amino acid sequence EKAYLRjlutamine-lysine-alanine-tyrosine-leucine-arginine-
threoning appear in naturally occurring proteins bothdrhelices ang3-sheets. For this reason, we have used
this peptide to study how secondary structure formation in proteins depends on the local environment. Our data
rely on multicanonical Monte Carlo simulations where the interactions among all atoms are taken into account.
Results in gas phase are compared with that in an implicit solvent. We find that both the solvated molecule and
EKAYLRT in gas phase form am-helix when not interacting with other molecules. However, in the vicinity
of a B-strand, the peptide forms @ strand. Because of this change in secondary structure our peptide may
provide a simple model for the— B transition that is supposedly related to the outbreak of prion diseases and
similar illnesses.
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[. INTRODUCTION lix or sheet, or the transition between these two secondary
structures, as a function of external factors.

Despite considerable progress over the last decade, the Our work differs from similar approachd®,10] in that
problem of predicting the biological active structure of awe study not minimal models but simulate detailed represen-
protein solely from the sequence of amino acids has retations of our peptides where the interactions between all
mained a formidable problem. More successful have beeatoms are taken into account. EKAYLRT is simulated both in
attempts to predict only the secondary structure. Given thgas phase and with an implicit solvent. Quantities such as
protein sequence it is today possible to determine the distrienergy, specific heat, sheetness, and helicity are calculated as
bution and location ofw-helices andB-sheets with up to functions of temperature. We find that both the solvated mol-
90% probability. This high success rate indicates a close reecule and EKAYLRT in gas phase form anhelix when not
lation between sequence information and secondary strudateracting with other molecules. However, in the vicinity of
ture. However, two observations indicate that this relation isa 8-sheet the peptide prefers also to form strand. Because of
not a simple one. First, certain sequences can form eithghe resulting “autocatalytic” property our peptide may there-
a-helices org-sheetq 1]. The most prominent example is fore provide a simple model for the— g transition and the
the 11-residue Chameleon pepti§ig] that folds as an resulting aggregation process in some proteins that is sup-
a-helix when replacing residues 22-32 of the primary se{osedly related to the outbreak of neurological diseases such
quence of the IG-binding domain of proteirG (57 amino  as Alzheimer’s and the prion diseases.
acidg, but as agB-strand when inserted instead of residues
42-52. Second, it has become clear over the past years that
misfolding of proteins, often involving formation oB-
sheets instead of-helices, and subsequent aggregation is Our aim here is to research how secondary structure for-
the cause of various illnesses including Alzheimer’s diseasenation and its role in the folding process depend on either
bovine spongiform encephalopathy, and other prion diseasethe intrinsic properties of a protein or its interaction with the
Hence, it is important to understand in detail how secondargurrounding environment. For this purpose, we have consid-
structure formation and its role in the folding process de-ered detailed, all-atom representations of peptides that are
pends on the intrinsic properties of the protein and the interbased on the sequence of amino acids EKAYLRT. To be
action with the surrounding environment. more specific, the peptide NFHEKAYLRT-COOH is studied

In order to study these questions, we have simulated both as an isolated molecule and when interacting with an-
peptide whose sequence of amino acids EKAYLRjJlu-  other EKAYLRT peptide that is held in g-strand confor-
tamine-lysine -alanine-tyrosine-leucine - arginine -threonine mation. Since our program packagemp [12] in its current
appears in naturally occurring proteins with significant fre-version allows only the simulation of single peptides we
quency at positions of botlx-helices andB-sheets. Our have modeled the latter case by considering the peptide
present work differs therefore from previous investigationsNH,-EKAYLRT-GGGG-EKAYLRT-COOH, with  the
where we have focused on helix formation and folding inC-terminal EKAYLRT residues kept as@-strand. The four
homopolymers and artificial peptidd8—8]. Unlike these glycine residues form a flexible chain that holds the two
molecules that have a strong intrinsic tendency to form ongeptides together but allows their relative positions to vary.
specific kind of secondary structure elementshglice3,  The underlying assumption is that the interaction between
EKAYLRT allows one to research the selection of either he-the two EKAYLRT chains is the dominant term and their

interaction with the glycine residues can be neglected.
The intramolecular interactions are described by a stan-
*Corresponding author. Email address: hansmann@mtu.edu  dard force field,Ecepp/3[11] (as implemented in the pro-

Il. METHODS

1063-651X/2003/6@}/0419117)/$20.00 68041911-1 ©2003 The American Physical Society



Y. PENG AND U. H. E. HANSMANN PHYSICAL REVIEW E68, 041911 (2003

gram packagemmp [12]) and are given by 5
. % 12 —
3
Eecepris Ect Evawt Engt Etor 1) ol o 10 & ]
d . 8 13m .
m Dw
33249, P O 8Ll 1
Ec=2> —mlq], (2 Faf o 4 o “\K 1
@ erj Y P2y
sl 1 mm 0 L ' L ]
. » 250 500 750
A; B .
_ J 1] 2 o
Eaw=2 | 53— & | ) i lap—— el e,
AT T ASA e L teseiiigia.goimeesoed
200 300 400 500 600 700 800 900 1000
TIK]

EHBZZ (r_lljz_% ’ (4)
ij

) r

FIG. 1. The average numbény) of helical residues as a func-
tion of temperaturd for EKAYLRT in gas phasgGP) and simu-
lated with an implicit solvent ternfASA). The specific hea€(T)
Eior= Z U[1xcognx))]. (5) as a functlo_n of te_mpergtur'éls displayed in the inlet. All results

I rely on multicanonical simulations of 2000 000 sweeps each.

Here,r;; (in A) is the distance between the atoimedj, and . iy

xi is thelth torsion angle. The peptide bond angles are set to J dx A(x)w~HE(x)) e FEX)

their common valuew=180°. We further assume for the (Ayr= , (©)]
electrostatic permittivity in the protein interics=2 (its fdxw‘l(E(x)) e~ BE(X)

common value ireceEPPsimulations.

Simulations of our peptide EKAYLRT in gas phase are ) ) _ )
compared with such where the interaction of the peptide witfVhere x stands for configurations and=1kgT Is the in-
surrounding water is approximated by an implicit solventVerse tem?erature. Estimators for the multicanonical weights
[13]: W(E_)=n* (E):exp:—S(E_)] can be calculated with the it-

erative procedures described in Rg].
In our case we needed between 100000 and 200000
E=Eeceppiat Eso,  With Egop =2, oiA . (6) sweeps for the weight factor calculations. All thermody-
‘ namic quantities are then estimated from one production run
of 2000000 Monte Carlo sweeps that followed 10000
Here,E;qy, is the solvation energy and thought to be propor-sweeps for “thermalization.” Our simulations start from
tional to the solvent accessible surface argaof the ith  completely random initial conformatior{got starj and one
atom. The parameters, are experimentally determined pro- Monte Carlo sweep updates every torsion angle of the pep-
portionality factors. tide once. At the end of every fourth sweep, we store the

Simulations of such detailed protein models are extremelyotal energyE+,,, the ECEPP/3energy Egceppss its partial
difficult. This is because the various competing interactionsermsEc ,E, ;,Eg, andE,,,, the solvation energgs,,, ,
lead to multitude of local energy minima separated by highthe corresponding end-to-end distamige ., and the number
barriers. Hence, in the low-temperature region, canonicah, (ng) of helical (sheet residues. Here, we follow the pre-
Monte Carlo or molecular dynamics simulations will get vious work[3] and consider a residue as helical if its back-

trapped in one of these minima and not thermalize within theyone angles ¢, ) are within the range £ 70°+30°,— 37°
available CPU time. Only with the introduction of new and +30°). Similarly, a residue is assumed to be “sheetlike” if

sophisticated algorithms such generalized-ensembtech- (4 ) are within the range-{ 140°+40°,140% 40°).
niques[14], is it possible to alleviate this problem in protein

simulations[15]. For this reason, our investigations rely on

the use of one of these techniques, multicanonical sampling lll. RESULTS AND DISCUSSION

[16], where conformations with energl are assigned a  we start with presenting our results for a single
weight W, (E)1/n(E) [n(E) is the density of statesA  EKAYLRT molecule that is not interacting with other mol-
simulation with this WE|ght will generate a OnE'dimenSionaleCL"es_ We d|sp|ay for this pep“de in F|g 1 the average
random walk in the energy space and lead to a uniform dishelicity (n,,)(T) as a function of temperature. Data obtained

tribution of energy: in gas phaséGP) and such for simulations that rely on a
solvent accessible surface area tev6A) to approximate
Pmu(E)*n(E)Wp,(E) =const. (7)  protein-water interactions are shown in the figure. We ob-

serve in both cases a steep helix-coil transition that separates
Since a large range of energies is sampled, one can use thehigh-temperature region with little helicity from a low-
reweighting techniqueg17] to calculate thermodynamic temperature region where most of the residues are part of an
guantities over a wide range of temperatufelsy a-helix. The location of this transition can be determined
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FIG. 3. The free energh G at T=300 K as a function ofbot-
tom) helicity ny and(top) sheetnesag for EKAYLRT in gas phase
(O) and simulated with an implicit solvent term\]. The free

FIG. 2. Lowest-energy configuration of EKAYLRT as found in a energy is normalized in such a way that its minimum value is set to
multicanonical simulation of 2000000 sweeps using an implicitzero' All results are calculated from a multicanonical simulation of
solvent to approximate the peptide-water interactions. 2000000 sweeps.

from the corresponding peaks in the specific h€4fl) energy landscape on the sheetnegsn Fig. 3(b) shows the
which are drawn in the inlet. We find the helix-coil transition opposite picture; the free-energy increase with the number of
temperature of EKAYLRT in gas phase aB. =445 residues whose backbone dihedral angles take values that are
+15 K. The more pronounced peak for the solvated molcommon in agB-sheet. Coil structures are at=300 K fa-
ecule indicates a temperatuTﬁCSA= 340+ 10 K that is con- vored over sheet-like structures lG~5 kcal/mol in the
siderably lower than the one in gas phase. Unphysiologicallymplicit solvent and byAG~8 kcal/mol in gas phase.
high helix-coil transition temperatures in gas phase, and their The observed form of the free-energy landscape is caused
shift toward a more sensible temperature range when an insolely by the intramolecular interactions. This can be seen in
plicit solvent is introduced, have also been observed in ouFig. 4 where we plot for solvated EKAYLRT the total energy
earlier work on homopolymeis,7]. E1ot, the internal energ¥eceppis and the solvation energy

We show in Fig. 2, as an example for the helical configu-Es,,, as a function of temperature. Here, we have normal-
rations that dominate beloW, ¢, the lowest-energy configu- ized all energy terms in such a way that their valuengt
ration found in a simulation of the solvated peptider§{; =m0 (ng=0) is zero. BothE+,; andEgcgppzdecrease with
= —69.6 kcal/mol). The lowest-energy configuration in gasgrowing number of residues that are part of ahelix while
phase Eqo=Egcepp;&= —28.0 kcal/mol) is also a helix Esgg, increasegFig. 4a)]. Hence, the protein-water interac-
(structure not shown The energy of these helical structures tion term opposeshelix formation. This result is rea-
is by ~25 kcal/mol lower than the energy of the lowest-
found sheetlike configuration€=+,,=—43.8 kcal/mol for . - . - . - T

the solvated peptide arf = Egcepp/= — 3.1 kcal/mol for 2 201 . . . °
EKAYLRT in gas phase. g 107 . = o

The preference for helical structures can be also seenin & 0 ¢ : .
Fig. 3@ where we display the free energhG at T < ol . . . : N : .
=300 K as a function of helicityn, and “sheetness’ng. 0 1 2 3 4 5 6 7
Note that for convenience we have chosen a normalization Ng
where the minimum in free energy takes a value of zero. = 0T ' ' ' ' T :
Both in gas phase and for the solvated molecule a funnel-like § 0le g o ° ° ‘
free-energy landscape is formed, with the free-energy mini-  § : 2 .
mum atny=>5, i.e., for maximal helicitysince the two ter- w0 > ° X ’
minal ends are flexible and will usually not be part of an < 20l . i

helix, a fully formed helix has a length,=5 instead of
ny=7). The absolute value of the free-energy difference be- MW

tween coil and helix is much larger for the peptide in gas ki, 4. The average total enerdo) (), intramolecular
phase AG~ —5 kcal/mol) than it is for the solvated mol- energy (Egceppy (A), and solvation energyEgo,) (O) of
ecule AG~—2 kcal/mol) indicating that the helix-coil EKAYLRT at T=300 K as a function ofbottom helicity n,; and
transition is stronger for EKAYLRT in gas phase than for thetop) sheetnessg . All energies are normalized in such a way that
molecule in an implicit solvent. This is in agreement with thetheir value an,=0 (ng=0) is zero. All results are calculated from
earlier work where we have found similar results for poly- a multicanonical simulation of 2000000 sweeps using an implicit
alanine chain$7]. The corresponding projection of the free- solvent model to approximate peptide-water interactions.
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FIG. 5. The average partial energi¢Sc), E,qw, Evs, and FIG. 6. The average helicityn,) and sheetneséng) at T
Eror that together make up theeePp/zenergyEecepp/as a function  _ 300 k of theN-terminal EKAYLRT residues as a function of the
of temperaturdl. All terms are normalized in such a way that their g4 15_end distance,., . All results are calculated from a multica-
v_alue fc_;rTz_lOOO K is zero. All results are cal_culateql fro_m_ amul- ool simulation of 2 000 000 sweeps.
ticanonical simulation of 2 000 000 sweeps using an implicit solvent

model to approximate peptide-water interactions. . .
EKAYLRT-GGGG-EKAYLRT-COOH with the C-terminal
sonable as the protein-water hydrogen bonds compete witAKAYLRT residues kept ag-strand. The four glycine resi-
the intramolecular hydrogen bonding in ag-helix and dues form a flexible chain that holds the two EKAYLRT
therefore weaken helix formation in solution. However, theunits together but allows their relative positions to vary. We
loss in solvation energy af ~4 kcal/mol with helix forma- refer to the so constructed peptide as molecule
tion is small when compared with the gain Bgcgppz  “A.”
~ —16 kcal/mol, and on average, a completely formed helix The end-to-end distanak, . is a measure for the separa-
(ny=5) has a total energy that is byAEg,  tion of the two EKAYLRT chains. Our conjecture implies
~ —12 kcal/mol lower than a coil configuratiom(=0). that for large values ofl.. the N-terminal EKAYLRT as-
Not surprisingly, we observe the opposite behavior in Fig.sumes am-helix while for small values ofl.. (i.e., close
4(b) where we plot the same three energies as a function gfroximity to the C-terminal EKAYLRT that forms a strand
sheetnessiz. Sheetlike configurations with large numbers it should assume &-sheet configuration. We have therefore
ng have higher internal energ¥eceppisthan such withng  calculated from the multicanonical simulation of molecAle
=0 while the solvation energk,,, is lower. the helicity and sheetness of tiNterminal EKAYLRT at
Hence, while atT=300 K the protein-water interaction T=300 K. Both quantities are displayed in Fig. 6. Two re-
seems to favorstrands and opposes helix formation, the phygions are observed. Fod,.>~16 A the N-terminal
ics of our molecule is dominated by the intramolecular enerEKAYLRT chain forms a complete helix andstrands are
gies that lead to a strong preference tothelix formation.  rarely observed. Hence, for these distances Nrerminal
Fig. 5 indicates that this behavior is mainly due to the vanchain has a similar behavior as the isolated EKAYLRT
der Waals interaction between the atoms in the peptide. Ipeptide. However, for decreasing end-to-end distance, the
this figure, we display as a function of temperature besidekelicity also decreases and vanishes fiy,<~10 A.
the van der Waals tergE, ) also the other partial energies At the same time, the sheetness increases and the peptide
that together make UBecepp/s the average electrostatic en- forms a 8-sheet ford..~5-6 A. Note that the average
ergy(Ec), the hydrogen-bond energ#,g), and the torsion potential energy of helical configurations i§Etq)
energy(Etq,). = —24.9(1.6) kcal/mol within the error bars equal to that of
Our results so far indicate that the peptide EKAYLRT hassheetlike configurationgE+q) = —23.4(2.9) kcal/ma|.
an intrinsic tendency to formhelices. Strands have higher free In Fig. 7, the projection of the free-energy landscape at
energies, of the order of30 kcal/mol, and are rarely ob- room temperatureT= 300 K) on the helicity and sheetness
served. This result is independent of whether the molecule isf the N-terminal EKAYLRT residues is drawn. For conve-
in gas phase or simulated with an implicit solvent. Howevernience, we have set in this figure the lowest-found value of
EKAYLRT appears within proteins both in helices and the free energy to zero as energies are only defined up to an
B-sheets. It follows that sheet formation has to be due to thadditive constant. The contour lines are spaced by 2 kcal/
interaction of the peptide with its surrounding. We conjecturemol. The free-energy landscape is plotted only for values of
that EKAYLRT forms ag-sheet if it is in the proximity of G=25 kcal/mol as values of the free energy grow rapidly
another strand. Especially, we assume that this process alsaotside of the drawn area. We observe again two minima,
happens if the peptide is close to another EKAYLRT peptidecorresponding to fully formed helix ang strands. Examples
that is already in astrand configuration. Unfortunately,of configurations that correspond to the two minima are
the present version adMmvpP does not allow the simulation shown in Fig. 8. Both minima have comparable free energies
of two interacting proteins. Hence, in order to test ourand are separated by barriers of only 2 kcal/mol allowing an
conjecture, we have studied instead the peptide,-NH easy interchange between the two forms.
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perature T=300 K) as a function of helicit{n,) and sheetness
{ng). The global minimum is set to zero and the contour lines are

FIG. 9. The average “sheetnesghg) of the N-terminal
spaced by 2 kcal/mol.

EKAYLRT residues of molecul® as a function of temperature.

In order to understand in more detail why EKAYLRT forcing also the four connecting glycine residues into a turn.
forms ag-strand when close to a molecule that is already in"Ve refer to the so-defined peptide as molecut ™The
a B-sheet form, we have performed further simulations ofN-terminal EKAYLRT residues are now by construction in
NH,-EKAYLRT-GGGG-EKAYLRT-COOH holding now not ~ ¢lose proximity to theC-terminal EKAYLRT strand. Hence,

only the C-terminal EKAYLRT residues as @#-strand but We €xpect that at room temperature thé-terminal
EKAYLRT chain will also form aB-strand. This conjecture

is supported by Fig. 9 where we plot the average sheetness
ng of the N-terminal EKAYLRT residues as a function of
temperature. Both in gas phase and for simulations with a
solvent accessible surface term, we find that on average more
than five of the seven residues are part of a sheetlike struc-
ture.(ng) decreases smoothly with growing temperature and
the maximum in the specific heat is shallow. The transition is
more pronounced for the peptide in an implicit solvent than
for the one in gas phase, and shifted toward lower tempera-
tures.

Unlike our previous simulations where the glycine resi-
dues could move freely, a large percentage of configurations
are now at room temperature in a sheet form. The increased
statistics of these configurations allows for a better analysis
of the factors that help to overcome the intrinsic propensity
of EKAYLRT to form an a-helix and lead to gB-sheet.
Table | lists the differences of various energies between
structures where thie-terminal EKAYLRT unit is aB-strand
with structures where these residues formoahelix. Values
are listed for the whole molecul& and such restricted to the
N-terminal EKAYLRT chains. Also listed are the differences
of both terms. The latter quantity is a measure for the inter-
actions between these seven residues and the rest of the mol-
ecule(which is kept fixedl.

We see from this table that dt=300 K configurations
with the N-terminal EKAYLRT chain in a sheet are energeti-
cally favored by 7 kcal/mol over such configurations where
these residues form a#-helix. This energy bias is found for
all partial energies with the exception of the solvation energy
term Ego, and the torsion energy tertr,,. While their
values seem to indicate a slight preference for helical over
sheet-like configurations, they are within the error bars com-
patible with zero suggesting that both terms show no prefer-
FIG. 8. Low-energy configurations of molecueas found in a  ence for one of the two forms.

multicanonical simulation of 2 000 000 sweeps. The on@jtis the Because of the bias in the internal enerdid¥'ecule B of
lowest-energy configuration where theterminal EKAYLRT resi-  the whole moleculeB, B-sheet-like conformations of the
dues form anx-helix; the one in(b) where they form a3-sheet. N-terminal EKAYLRT chain dominate at room temperature.
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TABLE |. Energy differences between “sheet” and helix configurations at room temperature for various
energy terms as calculated from a multicanonical simulation of molé&ule

Molecule B N-terminal EKAYLRT residues only Background
AE+q; -7.2(9) 14.51.4) —21.8(1.6)
AEsggy, 0.6(3) -3.1(2) 3.13)
AEg, —4.3(3) 0.61) —4.9(3)
AE,qw —3.2(8) 12.59) —15.7(1.1)
AEyg -0.8(2) 4.@2) —-4.8(3)
AEt,, 0.5(4) 0.5(4) 0.0

However, the behavior of the various energy terms is differfixed rest of molecul® seems to be mainly due to the elec-
ent when one considers only the contributions by these severostatic and van der Waals energies. This is reasonable: a
residues. With the exception of the solvation energyg-sheet conformation allows for an average closer distance
ESen "R, which favorss-strands, all energy terms favor between the atoms of th-terminal EKAYLRT chain and
now a helix. On an average, helical structures havd at the existingg-strand of theC-terminal EKAYLRT residues,
=300 K a 14.5(1.4) kcal/mol lower enerds *"""Tthan  decreasing in this way the van der Waals energy. At the same
strands when only the interaction between atoms in thesgme, the alignment of the twgs-strands leads also to a
seven residues is considered. Hence, their behavior is qualiayorable alignment of the dipole moments associated with
tatively the same as for the isolated EKAYLRT peptide gach residue lowering therefore the electrostatic energy. We
where we also observed a strong bias toward helical conforgpjecture that without the stereometric constraints imposed
mations. Again, we find also that the van der Waals energy, the connecting glycine residues the two strands would

E,qw IS the dominant term. It follows that thé-sheet con- move together and aggregate as the ener ain increases
figurations that dominate when the EKAYLRT residues are isn dec?easing distalgcge bgetween them %4

build into moleculeB are caused by the interaction between Our above presented results for molecaland molecule
this chain and the “background” of the rest of the molecule. ) . -
Since energies are additive, we can calculate this backgrou suggest autocatalyt.lc properties for EKAYLRT' if the pep-
field by ide forms a strand, it becomes energetically favorable for
other nearby EKAYLRT molecules to transform themselves
EBackground_ pMolecule B_ pEKAYLRT (9) into a sheet(instead of the normally preferred heljxand
eventually to aggregate with the first one. This behavior is
The strength of the interaction between the peptide and thgimilar to the mechanism thought to be responsible for the
background field of the rest of molecuiecan be seen from  gythreak of neurodegenerative ilinesses such as Alzheimer’s
the large energy difference  of AEPSFUU™ o ine prion diseases. Outbreak of theses illnesses is associ-
=—21.8(1.6) kcal/mol by which these interactions favor agted with the appearance of a misfolded structure that differs
strand. The main contribution comes from the van der Waalgom the correctly folded one by #-sheet instead of an
term [AEEESngmund: 15.7(1.1) keal/mdl which is almost ,_pelix. The misfolded structure is thought to be autocata-
three times as large as the electrostatic and torsion enerqyic. that is, its presence leads to a structural transition by
terms. Note that Eq(9) tells us also that the background \\nich the correctly foldedhelica) structure changes into the
given by the fixed parts of molecue raises the solvation harmful B-sheet form. Hence, peptides that contain the se-

H EKAYLRT_ _
energy dlfferepceAESObBaCkgr—oung.l(Z) kcal/mol of the guence of amino acids EKAYLRT can serve as simple mod-
EKAYLRT C,\?S‘ILQUEVBAESOM =3.7(3) keal/mol t0 @ g5 tg study theser— B transitions and the mechanism of
value of AEsg,), =0.6(3) kggkm%ITfor the whole sys- rion diseases. For instance, our investigation suggests that

tem. This is because the teliEs,;, ' is due to the com-  the formation ofg-sheets can be minimized by shielding the
petition between hydrogen-bond formation in@helix and g rface area of already existiggsheet forms, minimizing in
hydrogen-bond formation between the peptide and the SUkyig \ay the van der Waals interaction. Another possibility

rounding water. However, in moleculthe peptide is geo- o ho 1o introduce metal ions that alter the electrostatic

metrically constraint in such a way that this COMpetition is;oa ction decreasing in this way the energy bias toygd
replaced by one between hydrogen-bond formation imvan sheets

helix of the N-terminal EKAYLRT on one side, and forma-
tions of hydrogen bonds between the peptide and the
C-terminal EKAYLRT residues on the other sidsee also

the opposite sign of the termsEEKAY RTand AEEackoround ML S

in Table I) As a result, both the solvation energy difference We have performed multicanonical simulations of pep-
AEYSe'®® and  hydrogen-bond energy  difference tides that contain the sequence of amino acids EKAYLRT.
AEMS'®cU® B are marginal. Instead, the preference ®f  We find that the EKAYLRT-peptide itself has both in gas
sheet configurations for EKAYLRT in the background of the phase and in solution an intrinsic tendency to forman
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helix. However, the peptide assumeg3asheet form when outbreak of various illnesses such as Alzheimer’s or the
close to another strand. The transition from @rhelix to- prion diseases.

ward aB-sheet is caused by strong van der Waals and elec-

trostatic energy terms that favor th@-sheet form when ACKNOWLEDGMENTS
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