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Abstract: Biomolecular simulations enabled by massively parallel supercomputers such as BlueGene/L
promise to bridge the gap between the currently accessible simulation time scale and the experimental
time scale for many important protein folding processes. In this study, molecular dynamics simulations
were carried out for both the wild-type and the mutant hen lysozyme (TRP62GLY) to study the single
mutation effect on lysozyme stability and misfolding. Our thermal denaturing simulations at 400—500 K
with both the OPLSAA and the CHARMM force fields show that the mutant structure is indeed much less
stable than the wild-type, which is consistent with the recent urea denaturing experiment (Dobson et al.
Science 2002, 295, 1719—1722; Nature 2003, 424, 783—788). Detailed results also reveal that the single
mutation TRP62GLY first induces the loss of native contacts in the S-domain region of the lysozyme protein
at high temperatures, and then the unfolding process spreads into the a-domain region through Helix C.
Even though the OPLSAA force field in general shows a more stable protein structure than does the
CHARMM force field at high temperatures, the two force fields examined here display qualitatively similar
results for the misfolding process, indicating that the thermal denaturing of the single mutation is robust
and reproducible with various modern force fields.

1. Introduction within the nucleation region during the folding process and then

Understanding the mechanism behind fatal diseases such a@UShed to the surface for functional reasons. However, not many
Alzheimer's disease related to protein misfolding and amyloid d€tails were offered on how the key long-range hydrophobic
formation is one of the most challenging and urgent problems 'Nteractions are lost and how the TRP62 residue is pushed from

remaining in molecular biology, as the world population ages 1€ hucleation region to the surface regfon. _ _
at an unprecedented patd.Recent experiments pioneered by _TO understar_ld the njechanlsm_ behind amyloid formation
Dobson and co-workers have shown that amyloids and fibrils triggered by a single residue mutation, we performed molecular

can be formed not only from the traditioniamyloid peptides ~ dynamics (MD) simulations for both the wild-type and the
but also from almost any protein, such as lysozyme, given the mutant lysozyme. Computer simulations performed at various

appropriate conditions:4 This opened a new and exciting levels of complgxity, ranging from simple lattice models to all-
window of research into the mechanism behind Alzheimer’s atom _models W't_h (_apr|C|t solvent, can _be used to supplement
disease and other amyloiddsilated to protein misfolding. experiment and fill in some of the gaps in our knowledge about

There is strong evidence showing that the aggregation andProtein folding pathways and intermediates, which are often
amyloid formation is related to the instability of these proteins naccessible even from the current most sophisticated experi-
such as lysozyme when some key mutations obé@ne recent ~ Mental approachés’> We believe that the combination of
experimerit shows an interesting new finding about the protein s_oph|st|cated experiments and the stat_e-of-art molecul_ar smula-
lysozyme (hen lysozyme) inwhich a single mutation, TRP62GLY, tions may Ie_ad toa bett_er understanding of the protein folding
causes the protein to misfold due to the loss of key “long-range 2Nd Misfolding mechanisfh.

hydrophobic interactions”. More mysteriously, the single muta- (5) Fersht, A. R.; Daggett, VCell 2002 108 573-582.

tion site TRP62 is on the surface, not inside the hydrophobic © §§{f@5.’?‘ ,\Ffesv\t,r%lrﬂ?fgnggvecr]an'sm In Protein Sciené H. Freeman

re. Th hor | hat this TRP62 resi miah (7) Brooks, C. L.; Onuchic, J. N.; Wales, D.Science2001, 293 612-613.
core e authors speculated that this 62 residue might be (8) Dobson, C. M.; Sali, A.; Karplus, MAngew. Chem., Int. EAL998 37,

868—-893.

TIBM Watson Research Center. (9) Brooks, C. L.; Gruebele, M.; Onuchic, J. N.; Wolynes, P.R&oc. Natl.
* Columbia University. Acad. Sci. U.S.A1998 95, 11037.
(1) Kagan, B. L.; Dobson, C. MScience2005 307, 42—43. (10) Duan, Y.; Kollman, P. ASciencel998 282 740.

(2) Klein-Seetharaman, J.; Oikawa, M.; Grimshaw, S. B.; Wirmer, J.; Duchardt, (11) Zhou, R.; Huang, X.; Margulius, C. J.; Berne, B.Stience2004 305,
E.; Ueda, T.; Imoto, T.; Smith, L. J.; Dobson, C. M.; SchwalbeSkience 1605-1609.
2002 295 1719-1722. (12) Liu, P.; Huang, X.; Zhou, R.; Berne, B. Nature 2005 437, 159-162.
(3) Dumoulin, M.; Last, A.; Desmyter, A.; Decanniere, K.; Canet, D.; Spencer, (13) Snow, C. D.; Nguyen, H.; Pande, V. S.; Gruebele Nture 2002 420,
)
)

A.; Archer, D.; Muyldermans, S.; Wyns, L.; Matagne, A.; Redfield, C.; 102.
Robinson, C.; Dobson, C. M\ature 2003 424, 783—788. (14) Garcia, A. E.; Onuchic, J. NProc. Natl. Acad. Sci. U.S.A2003 100,
(4) Chiti, F.; Stefani, M.; Taddei, N.; Ramponi, G.; Dobson, C. Nature 13898-13903.

2003 424, 805—-808. (15) Kokubo, H.; Okamoto, YChem. Phys. Let2004 392, 168-175.
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Figure 1. A ribbon view of the native lysozyme protein, with residue Trp62 Time (ps)
represented in sticks and bath and 3-domains marked in the figure. Figure 2. Comparison of all backbone RMSDs from the starting crystal

structures for both the wild-type and the mutant trajectories, with three trajec-

. . . . tories each for the wild-type and mutant lysozyme. The results are obtained
The experimental time scale of protein folding even for mod- from the 500 K NVT simulations with the OPLSAA force field. Overall,

est sized proteins is often on the order of microseconds to milli- these trajectories show RMSDs comparable to those of the initial structures.
seconds, which implies that brute force molecular dynamics
simulations of protein folding, although starting to become ac- tein systems have about 21 000 atoms. Both the OPLSAA forcéfield
cessible, will still take many months or even years on modern together with a SPC water modé€land the CHARMM (charmm22)
Supercomputersl The current simulations were done on a proto_force fielcP* with a modified TIP3P water modé};?% are used for the
type BlueGene/L machine with 512 nodes. Thus, we utilized simulation._ For the_long-ran_ge electrostatic interactions, we m_ake use
the thermal denaturation metH6ct8 at very high temperatures,  ©f the Particle-Particle Particle-Mesh Ewald (P3ME) metfoathile
such as 408500 K, to promote unfolding in molecular dynam- for the van der Waals interactions, a typical 10 A cutoff is used.
ics. It should be noted that this technique might introduce a dis- A standard eqUilibTation procedure is ad.omed fo.r both the V‘.'"d'type.
torted (un)folding free energy landscape due to the larger entro-an.d the mutant protein systems. It starts with aconjugate_gradl_ent mini-
. e - mization for each solvated system. Next, a two-stage equilibration, each
pic Contrlbuthns a_t hlghgr temperatures. _Nevertheless, the ther'consisting of 100 ps MD, is followed: in the first stage, the protein is
mal denaturation simulations do offer a quick and straightforward frozen in space and only the solvent molecules are equilibrated; in the
way to address the mechanism behind the protein stability andsecond stage, all atoms are equilibrated. The configurations from the
misfolding, as we are going to see in the following sections. Now above two-stage equilibration are then used as the starting points for
that more hardware resources have become available, we arenother 1000 ps NPT simulation at 300 K and 1 atm. Three configura-
currently running simulations of lysozyme 8 M urea solutions tions are picked from the last 300 ps trajectory, each 100 ps apart, as the
to mimic the chemical denaturation experimeht&he results final starting configurations. Thus, for both the wild-type and the mutant
from the urea solution simulations will be presented elsewhere. lysozyme, three trajectories starting from different initial configurations
This paper is organized as follows. The lysozyme wild-type 2'€ Performed. _ ,
and mutant systems and computational methods are describeqh For each cgnflg_uratlon (total six, three for the wild-type and three for
in section 2. Section 3 gives detailed simulation results from e mutant), five different temperatures, 300, 350, 400, 450, and S00K,

. are used for simulation with up to 15 ns MD each. For most of the re-
both the OPLSAA and the CHARMM force fields. The last sults reported in the following, the higher temperature thermal denatur-

section provides the conclusion and remarks for future direc- ing simulations are used due to the fact that the lower temperature simula-

tions. The current work demonstrates that much can be learnedions, such as those at 300 and 350 K, had little structural change during

from these high temperature thermal denaturation simulations.the simulation. These simulations are done with the NVT ensemble

2. Systems and Methods with the temperature controlled by the Anderson thermastattime

step of 1.0 fs is used with bond lengths constrained for all simulations.
We used the BlueMatter application framew&tor the simulation

of these systems. BlueMatter is a molecular dynamics application

framework developed in conjunction with the BlueGene/L hardware.

The major goal of this application is to achieve strong scalability on

The starting structure of the wild-type protein, the hen lysozyme, in
our simulations is taken from the crystal structure deposited in the PDB
(193L), as shown in Figure 1. The wild-type lysozyme protein contains
two structural domains, the-domain, involving residues-135 and
85—129, and thegs-domain, which comprises residues-3#. It has

four o-helices (Helix A (5-14), Helix B (25-36), Helix C (96-100) massively parallel machines such as the BlueGene/L supercomputer
and Helix D (116-115)) twoﬁ,—strands (Strand’ 1 (4346), Strand 5 to support research on protein folding and related areas, which require
(51-54)), and a loop (6078) region, as well as a@helix (81-85). The long biomolecular simulations on a modest size range of systems

mutation site TRP62 is in the loop region, and the starting structure for (10 006-100 000 particles). All of the simulations presented in this

the mutant was generated by a single residue replacement, TRP62GLY PaPer were carried out with the IBM BlueGene/L prototype machine
from the wild-type structure. The resulting protein configurations are with 512 nodes running in parallel.

. . 3 H _ . .
then solvated in a water box of size 6060 x 60 A3, Eight CI coun 3 Results and Discussion

terions are added to neutralize both solvated systems. The solvated pro-
We first simulated both the wild-type and the TRP62GLY

8% Daggett. V.Curr Lo"\;fi(r)ml' Stict Bi012090 30, 160 mutant lysozyme at 300 K to see if the protein structure stays
(18) Brooks, C. L.Curr. Opin. Struct. Biol 1998 8, 222. folded during our simulation length. Indeed, at 300 K, we
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15 : . . . lation (see Figure 2), indicating the force field is reasonable in
terms of the protein stability (CHARMM force field shows
similar results, see below). This stability also agrees with the
previous simulations on lysozyme at 300 K by Goodfellow et
al.?® For the OPLSAA force field, the lysozyme protein, both

E 1.0 § 4 the wild-type and the mutant, stays fairly stable up to 400 K
E with an RMSD less than-45 A during the entire 15 ns MD

E simulation. Only when the temperature increases to—88D

g K does the protein start to unfold (see Supporting Information).
[ On the other hand, with the CHARMM force field, the protein
% 05 | starts to unfold around 400 K within the 15 ns MD simulation

(see Supporting Information). Thus, the OPLSAA force field
seems to show more stable structures at high temperatures than
Y : AT e - does the CHARMM force field. This is probably due to larger
P Ky A energy barriers, such as from backbone torsions, in the OPLSAA
00 I . . force field than in the CHARMM (charmm22) force field. This
0.0 30.0 60.0 90.0 1200 relatively higher stability of the OPLSAA force field than the
Residue Number CHARMM (charmm22) force field has been found previously

Figure 3. Comparison of the RMS fluctuation for the wild-type and mutant . . . . S
lysozyme. The results are obtained from the 500 K NVT simulations with @S Well in- dipeptide conformational distributiéisand at

the OPLSAA force field. Even though the two RMSDs do not show much  3-hairpin folding melting temperaturé®3! Thus, in the fol-
difference, the RMS fluctuations show that the mutant lysozyme has much |owing, we present thermal denaturing results from 500 K for

larger fluctuations near residues in thialomain. the OPLSAA force field and 400 K for the CHARMM force
observe that the RMSD based on the backbone atoms plateau$ield, each with three 15 ns trajectories starting from different
around 2-3 A from the crystal structure during the 15 ns simu- initial configurations described in the above methods section.
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Figure 4. Time-evolution of the secondary structure at 300 K (with OPLSAA force field). (a) Wild-type and (b) Trp62Gly mutant. The secondary structure is
assigned by the program STRIDEwith a-helix colored blue, g colored light blue-strand colored red, and coils colored black. The secondary structure
of the starting crystal structure is displayed at 0 ns (Helix A (5-14), Helix B (25-36), Helix C (90-100), Helix D (116-115), Strand 1 (4346), Strand
2 (51-54), and a g-helix (81—85)).
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Figure 5. Time-evolution of the secondary structure at 500 K (with OPLSAA force field). (a) Wild-type and (b) Trp62Gly mutant. See the legend to Figure
4 for further details.

3.1. Thermal Denaturation with the OPLSAA Force Field. value, for example, 8 A. Comparable RMSD values might show
Global Behavior. Figure 2 shows the comparison of backbone very different local or nonlocal contacts. Nevertheless, the large
RMSDs from the crystal structures for both the wild-type and RMSD values £10 A) do indicate that the protein structures
the mutant lysozyme. These trajectories (total six, three from are largely denatured after 15 ns at these high temperatures. It
the wild-type and three from the mutant) are from simulations is interesting to note that our results are consistent with those
with the OPLSAA field at 500 K (the RMSDs from the control of Goodfellow and co-worker® These authors also found
runs at 300 K are also shown in Figure 2; these control runs comparable RMSDs in their 5 ns thermal denaturing simulations
show that both the wild-type and the mutant are very stable at at 500 K for the wild-type and mutant of human lysozytfe.
room temperature). Overall, these trajectories show a steady The root-mean-square fluctuations (RMSF) of the atoms
increase in RMSD during the 15 ns simulation. The results also across all of the simulations of the wild-type and mutant
show a comparable RMSD for both the wild-type and the lysozyme are thus further calculated for the @toms to
mutant, with the mutant having slightly higher RMSDs (see characterize the local fluctuations. Figure 3 shows the com-
more below for the CHARMM force field). As was pointed  parison of the RMSF for the wild-type and mutant lysozyme
out before3 overall RMSD might not be a good measure of using the same trajectory data from the OPLSAA force field at
the local structures when the RMSD values go beyond a certain500 K (again the 300 K control data are also shown). Even
though the RMSDs do not show much difference, the RMS

(19) Jorgensen, W. L.; Maxwell, D.; Tirado-Rives JJAm. Chem. S0d.996

118 11225-11236.
(20) Berendsen, H. J. C.; Postma, J. P. M.; van Gunsteren, W. F.; Hermans, J.(26) Fitch, B. G.; Germain, R. S.; Mendell, M.; Pitera, J.; Pitman, M.;

In Intermolecular ForcesPullman, B., Ed.; Reidel: Dordrecht, 1981; pp Rayshubskiy, A.; Sham, Y.; Suits, F.; Swope, W.; Ward, T. J.; Zhestkov,
331-342. Y.; Zhou, R.J. Parallel Distri. Comput2003 63, 759-773.

(21) Brooks, B. R.; Bruccoeri, R. E.; Olafson, B. D.; States, D. J.; Swaminathan, (27) Allen, F.; et al.IBM Syst. J.2001, 40, 310-327.
S.; Karplus, M.J. Comput. Cheni983 4, 187. (28) Moraitakis, G.; Goodfellow, Biophys. J2003 84, 2149-2158.

(22) Neria, E.; Fischer, S.; Karplus, M. Chem. Phys1996 105 1902-1921. (29) Hu, H.; Elstner, M.; Hermans, Proteins2003 50, 451—-463.

L. J. Chem. Phys1983 79, 926-935. 1999 96, 9068-9073.

(24) Essman, U.; Perera, L.; Berkowitz, M. L.; Darden, T.; Lee, H.; Pedersen, ( Zhou, R.; Berne, B. J.; Germain, Rroc. Natl. Acad. Sci. U.S.£2001,

1

3
L. G. J. Chem. Physl995 103 8577. 98, 14931-14936.
(25) Swope, W. C.; Anderson, H. C.; Berens, P. H.; Wilson, KJRChem. (32) Venclovas, C.; Zenla, A.; Fidelis, K.; Moult, Broteins1999 S3 231—

Phys.1982 76, 637. 237.

)

(23) Jorgensen, W. L.; Chandrasekhar, J.; Madura, J.; Impey, R. W.; Klein, M. (30) Dinner, A. R.; Lazaridis, T.; Karplus, MProc. Natl. Acad. Sci. U.S.A.
)
)
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Figure 6. Representative structures from the clustering analysis for both the wild-type (a) and the mutant (b) lysozyme (residue 62 represented by sticks).
The results are again obtained from the 500 K NVT simulations with the OPLSAA force field. The mutant lysozyme shows a more gistaptaith
region, indicating more loss of the native contacts in the mutant than in the wild-type. This is particularly truggiddhmain region.

L)

8ns 10ns 12ns

Figure 7. Snapshots of the mutant lysozyme at 0, 2, 4, 6, 8, 10, 12, and 14 ns during one of the 500 K trajectories with the OPLSAA force field. These
snapshots clearly indicate the gradual loss of the native contacts, with most of the losgiddimin first.

fluctuations, on the other hand, do show much of the difference; stable trajectory of all secondary structure components, with
the mutant lysozyme has much larger fluctuations than doesthe mutant showing slight disruptions in thestrands. Another
the wild-type. We observe that during unfolding the mutant tends interesting point to notice is that Helix D in the wild-type trans-
to have higher fluctuations in some of the regions. This jently unfolds around 58 ns, and then refolds back ¢ehelix,
difference is most notable in th&domain and, in particular,  indicating that Helix D might be flexible. It is also possible
in the loop region where the mutation site TRP62 resides. This that this is an artifact of the force field. The 500 K simulations,
loop region also displays a larger fluctuation even at lower naicylarly the mutant, show a large disruption in the secondary
temperatures such as 35000 K for the mutant. Such behavior g\ oy res. Overall, the disruptions in the mutant are largely from
might not be too surprising as the hydrogen-bonding network the 8-domain region as well as Helix C (residue-9000) in

conr_1ect|ng this loop region with the W stran(_js, S”af‘d L the a-domain region. Some non-native shetrands also appear
(residues 4346) and Strand 2 (residues-5%4), in the wild- . - . . .
in the original Helix C and Helix D region once unfolded (more

type is disrupted due to the mutation, thus leading to a more . . : .
unrestrained motion of the loop. Figures 4 and 5 show the time- secondary structure trajectories are shown in the Supporting

evolution of the secondary structétdor both the wild-type Information; even though each individual trajectory does show
and the mutant lysozyme at 300 K (control run) and 500 K slightly different behavior, overall they still show a reasonably
respectively. The secondary structures are obtained from the900d consensus in terms of secondary structure deformation and

program STRIDE Overall, the 300 K simulations show a fairly ~ reformation). These disruptions of secondary structures, as well
as the higher fluctuations and thus lower stability in the mutant,

(33) ggg"ig‘ﬁﬂf;ga Hunenberger, P. H.; McCammon, J. AMol. Biol. 1999 seem to agree well with the experiment in general, where the
(34) Frishman, D.; Argos, FProteins1995 23, 566-579. authorg found that the single mutation TRP62GLY caused the
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nativelike contacts, some long-range, in the wild-type to (a) 12 T ' ' ' '
disappear in highly denatugn8 M urea solution. However,
the authors did not identify the origin and/or the order of the
disruptions in this case, probably due to the experimental
resolution limit. More experiments on this misfolding process
might prove to be extremely useful here.

Representative Structures.lt is of great interest to take a
closer look at the representative structures during the wild-type
and mutant lysozyme unfolding, because they might reveal
important information about the cause of the different behavior.
The representative structures for both the wild-type and the
mutant are obtained by the clustering analysis with thd%
ns trajectory data (the first 5 ns was omitted in clustering
analysis due to the fact that they resemble the nativelike starting
structures$1-3° In the current clustering method, a distance
matrix based on the backbone RMSD was first calculated. Next,
by counting the number of neighbors within a cutoff of 2.0 A,
we eliminated the structure with the largest number of neighbors

. . . 0.80
(representative structure) and all its neighbors as a cluster from(b)
the pool. We repeated this for the remaining structures in the
pool until no structures were Ief:3> Figure 6 shows the
representative structures for both the wild-type and the mutant.
As expected, the mutant shows more disrugitesirands in the
representative structure than does the wild-type, indicating a
much more significant loss of the native contacts in the mutant
than in the wild-type. This is particularly true in tifedomain
region and Helix C of thet-domain.

Unfolding Trajectory. To see how the mutant loses its
nativelike contacts during the thermal denaturing process, it is
useful to look at some detailed snapshots in the unfolding trajec-
tory. Figure 7 shows snapshots of the mutant at 0, 2, 4, 6, 8, 10,
12, and 14 ns from one of the three 500 K trajectories with the
OPLSAA force field. The first major unfolding event happens
ground 4ns, wh_en Strand 1 (residues-48) _stgrts to d|§appe§1r Residue Number
Ir‘ the m,Utam (it should be noted that thl§ 1S ,MD Slm_matl,on Figure 8. (a) Comparison of the backbone RMSD for the wild-type and
time at high temperature, not the real unfolding time at biological mutant lysozyme from one representative trajectory. (b) Comparison of the
temperature). Interestingly, Helix C (residues-d®O) is also RMS fluctuation for the wild-type and mutant lysozyme. The results are
parially destroed during this tme perod. When time moves 02Ee0 e e 00 T tons e CLARUM e e
on, Strand 2 (residues 554) begins to show large fluctuations that the mutant lysozyme has much larger deviations from the initial crystal
and then disappears aroune-20 ns. At this point, basically  structure.
the nativelike local contacts (secondary structures) in the i

peratures than do the results of the OPLSAA force field. Thus,

p-domain are largely destroyed. Meanwhile, Helix B (residues ! : g ] )
25-36) in thea-domain is intact, while Helix C (residues 90 in the following, we use data from 400 K for illustration, which

100) and Helix D (residues 1#115), on the other hand, are  Show roughly the same RMSD ranges as the 500 K in the
turned into some kind of non-native sh@estrands, indicating ~ OPLSAA force field. Figure 8a shows the comparison of the
a large disruption in its local contacts. At the end of the 15 ns Packbone RMSDs for the wild-type and mutant lysozyme from
simulation, thex-domain structures start to be largely destroyed the CHARMM simulations at 400 K (with RMSDs at 300 K
as well. The protein is essentially in a molten-globule structure €ONtrol runs also shown), and Figure 8b shows the comparison

1.0

o o
» [

Backbone RMSD (nm)
o
o

6000.0 9000.0 120000 15000.0

Time (ps)

CHARMM

0.60

0.40

RMS Fluctuation (nm)

0.20

0.00 !

0.0 60.0 90.0 120.0

with a significantly larger radius of gyration; the radius of gyra-
tion increased from 14.3 A at 0 ns t017.0 A at 15 ns. These
results indicate that the unfolding process starts gftdemain

of the RMS fluctuations for the wild-type and mutant lysozyme
(again with control run data at 300 K also shown). Figure
9shows the time-evolution of the secondary structure for both

region, with the twop-strands being destroyed first, then the wild-type and the mutant lysozyme at 400 K. Similarly, the

adjacent Helix C and Helix D, and then thedomain. Other mutant displays a larger fluctuation and a more disrupted

trajectories show similar results even though the exact time for S€condary structure than does the wild-type. In this case, the
each unfolding event is slightly different (see Supporting mutant also displays a faster increase in RMSD than does the

Information on various time-evolutions of secondary structures). Native structure, as shown in Figure 8a. These results show that
3.2. Thermal Denaturation with the CHARMM Force indeed the mutant lysozyme is much less stable than the wild-
Field. As mentioned earlier, the CHARMM force field results, type (more results on the time-evolution of secondary structures

in general, show less stable protein structures at higher tem-2'€ Shown in the Supporting Information). Figure 10 shows the
representative structures from the same clustering analysis for

both the wild-type and the mutant lysozyme. The results again

(35) Zhou, R.Proc. Natl. Acad. Sci. U.S./2003 100, 13280-13285.
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Figure 9. Time-evolution of the secondary structure at 400 K with the CHARMM force field. (a) Wild-type and (b) Trp62Gly mutant. See the legend to
Figure 4 for further details.
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Figure 10. Representative structures from the clustering analysis for both the wild-type (a) and the mutant (b) lysozyme (residue 62 represented by sticks).
The results are again obtained from the 400 K NVT simulations with the CHARMM force field. The mutant lysozyme shows a more d¢isiopted
region, indicating more loss of the native contacts in the mutant than in the wild-type. This is particularly truggidahein region.

reveal a more disruptgetdomain region as well as a destroyed original f-domain and thet-domain’s Helix C region after being
Helix C of theo-domain in the mutant, indicating a much more unfolded, while the CHARMM force field prefers more of a ran-
significant loss of the native contacts in thelomain region in dom coil in the origina3-domain after being unfolded. However,
the mutant than in the wild-type. The native-contact loss spreadshboth force fields show that the misfolding/unfolding starts at the
from the-domain region into Helix C of the-domain region p-domain, and then spreads into Helix C of thelomain region.
and then to other helices, as the unfolding proceeds. It is also in-
teresting to note the slight differences in the results from the
OPLSAA and CHARMM force fields. Basically, the OPLSAA In this paper, we have studied the single mutation effect on
force field prefers some non-native sh@rstrands in both the  the stability and misfolding of the protein lysozyme using

4. Conclusion
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molecular dynamics simulations. Both the wild-type and the modern force fields, although the absolute energy scales, such
mutant lysozyme (TRP62GLY) were simulated on a 512- as energy barriers, may differ. These results might offer some
processor BlueGene/L prototype machine with two different indication in understanding the mechanism behind the protein
force fields, OPLSAA and CHARMM. Our results from the misfolding and amyloid formation.

thermal denaturing simulations at 40800 K show that the

mutant structure is indeed much less stable than the wild-type Acknowledgment. We would like to acknowledge the
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atures. The thermal denaturing results at various temperatures
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