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During the past several years various de novo simulation methodsextensively studied both theoretically and experimenfalfy!
based on molecular dynamics (MD) or Monte Carlo (MC) schemes Zagrovic et al!a have performed MD simulation at 300 K for
have been proposed in an attempt to predict native structures ofseveral micro-seconds, using the OPLS potential parari¢terd
proteins!-2 Usually most protein molecules are in aqueous environ- a GB solvation model using a distributed computing technigue.
ments. Thus, the simulations need to take into account the solvationOn the basis of their simulation studies, it is concluded that the
effect accordingly. Unfortunately, using explicit water models in folding pathway involves the existence of a hydrophobically stable
any simulation requires a considerable amount of computational intermediate, suggesting a possible three-state folding mechanism.
time and thus prohibits sufficiently long time simulations for The computational study of Lee et %lalso demonstrated the
protein-folding studies. Recently, a fast numerical approximation importance of hydrophobic interactions and the hydrogen bonding
scheme to incorporate the solvation energy of an arbitrarily shaped contributions during the folding/unfolding. We have also performed
solute has been developed for various empirical all-atom force fields six MD simulations for 15 ns at 360 K with time step 0.15Tsvo
using the generalized born (GB) model conceiphas been shown  trajectories lead tos-hairpin like” conformations which are close
that the GB model may recover most of the important solvation to the nativelike structure at the initial stage of the simulations,
effects on small peptide/sn this communication, we demonstrate  but we also observed the subsequent formation of setmlical
that one can successfully predict native structures of peptides with structures, which constituted a prevailing conformation during the

various structural motifgi-hairpin, 8-sheet, angfa-moiety), using MD runs. To sample more diverse conformations, the same MD
the all-atom based force field (CHARMMI®in conjunction with simulation was performed at 380 K. The MD simulation located
the GB solvation modét3f Our MD simulations employed a total  the semie-helical conformer at 3.7 ns and also found the stable
of four different peptides: 17-residug-hairpin (PDB code: “nativelike” p-hairpin structure at 14 ns. (Figure 1). Similar

1E0Q)/ 16-residue segment of 56-residue peptide (PDB code: semihelical intermediates were observed in previous stdtfies.
1GB1y2P(we denote this segment as gbl here), 20-residue three-Syrprisingly, our local energy minimization studies showed that
strand antiparallgf-sheet (we denote it as b3s hete)yd 28-residue  the semie-helical structure is more stable than the “nativelike”
peptide with afpa-motif (PDB code: 1FSD)? The N and C  one by 11 kcal/mol. It can be argued that the discrepancy is mainly
termini of all the peptides were patched with the standarg CO  dye to the nature of the potential energy function employed in the
and NH;* groups, respectively. All the MD simulations were started present study.
from the fully extended conformations of the peptides. The SHAKE ~ pe Alba et aP have designed a synthetic peptide that forms a
algorithm is used to fix the bond distances consisting of heavy and three strand antiparallgd-sheet in aqueous solution. There have
hydrogen atoms, and the Berendsen thermostat is used for thepeen some folding simulatiolson this peptide (TWIQNGSTK-
temperature control. In this study, no nonbond energy cutoffs were WYQNGSTKLYT) using rather simple solvation models, such as
employed to calculate the full GB solvation energy. Performing sojvent-referenced potenfiaind solvent-accessible surface mddel,
simulations at elevated temperatures can keep the system from beingyith all the charged residues artificially neutralized. Our eight
trapped in local minima, leading to a faster folding pathway. We jngependent simulations at 400 K with time step 0.2 fs for 30 ns
showed that at moderately elevated temperatures complete foldingg|| found a stable antiparall@sheet conformation. Furthermore,
events of all the peptides were observed within several tens of o performed two more independent MD simulations at 420 K for
nanoseconds. 30 ns and observed a reversible folding event. One of the trajectories
In aqueous solution, the peptide 1E0Q (MQIFVKTLDKT 4t 420 K is displayed in Figure 2.
ITLEV) is known to exist as qﬁ-hairpin? In the present study, a The peptide of theﬁﬁa-motif 1FSD (QQYTAKIKGRTFRNE
t_otal of six independent trajectories were obtai_ned a}t 360_K wiFh a KELRDFIEKFKGR) has also been investigated for the folding
time step of 0.15 fs for 15.0 ns. Out of the six trajectories, five g ations using a coarse-grained force figliVe obtained six
were shown to form thg-hairpin conformation within time scales independent trajectories at 440 K with time step 0.1 fs. Each MD
if‘ the range of_0.1_47.0 ns. The predicted Iowest-energy gonforma- run was performed for 15 ns, and two trajectories resulted in
tion of éEOQ IS r'1n e);]cellent agreement W't(:] the_solu;msl;MRf successful location of the¢ffoa-like native structure. Another
tsr:;uctruer dic[t’\ekc)jtesttru?:iutreeiéoft:_sgeAar\]/\_/iﬂuraerse estv 't?)t't?]l (NMR o)ng simulation at 430 K for 19 ns also located the native structure, and
P S ) P . '.] the snapshots of this trajectory are shown in Figure 2. The folding
Snapshots of one of the hairpin-forming trajectories are shown in event of this peptide is always initiated by the formation of the

quruhrg :.G-residue segment GEWTYDDATKTFTVTE taken from a-helix propagating from the middle of the backbone toward the
N terminus and then followed by the formation of the small loop

th tide 1GB1 also f hairpin in solution and has been . . -
@ peptide 1GB1 also forms/ahairp and thef-hairpin in the other region toward the C terminus. It is

£ Soresponding Sﬁﬁcgﬁzi;ma": sshin@snu.ac kr or ypak@pusan.ac.kr.  poted that thes-hairpin region is not fully stabilized at both of the
#Pusan National University. temperature$? We believe that the simulation temperatures may
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Figure 1. Snapshots of representative folding trajectories for 1E0Q (top)

gbl 5.00

and gbl (bottom). The backbones of the peptides and the side chains are

shown with the C terminus on the left-hand side.The numbers representS
simulation times in ns.
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Figure 2. Snapshots of representative folding trajectories for the b3s (top)
and 1FSD (bottom).

10.89

be too high to stabilize thg-hairpin moiety, although the-helix
part seems quite stable. The RMSD for one of the lowest-energy
structures (the nativelike one) was 2.56 A relative to the NMR
result’® In addition, our simulations indicate that thfehairpin
moiety can undergo a slow conformational transition to another
strand ofa-helix for the whole peptide to form a purety-helix
bundle. Energetically the minimized energy of this conformer is
even lower than that of the nativelike structure by 0.3 kcal/mol.
In conclusion, we have demonstrated that MD simulations using
a GB implicit solvent model with an all-atom based force field

can describe the spontaneous folding of small peptides in aqueous

solution. It is generally viewed that the prediction @hairpins

and f3-sheets is computationally more challenging than that of
a-helices. In the present MD study, the native structures of
[-hairpin, antiparalle|s-sheet, ang3fo-motif were successfully
predicted within reasonable time scales at moderately elevated
temperatures. The folding time scales observed in our simulations
with the implicit solvation model may be different from the real
folding times. One cannot expect the energy landscape at a
moderately high temperature to be identical with that at physi-
ological temperature. Nonetheless, the GB solvent model combined
with high-temperature MD makes it possible to reduce the
computational requirement tremendously, which can be crucial in
studying the folding process of medium or large proteins. To
accelerate conformational searches during folding, we have per-
formed MD simulations at high temperatures, which may not be
the most effective method for that purpose. Recentlyjumping

MD” via a simple transformation of the potential energy function
was shown to provide a reasonable tool for accelerating confor-
mational searches in the study afhelical folding® In another
approach, the SGMD methdd,combined with the efficient
numerical solution of the PoisseiBoltzmann (PB) equation for
the implicit solvent model, has been applied to the fast folding of

several peptides by Luo and Kollm&hDespite their usefulness
in predicting the native structures of peptides, the fictitious nature
of dynamics resulting from either therjumping MD” or SGMD
imposes a fundamental limitation in describing real folding
pathways. The present simulations are expected to provide further
insight into the folding mechanism, as well as the efficient ab initio
prediction of the native structures of the peptides. The detailed
analysis of the folding trajectories will be reported elsewhere.
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