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ABSTRACT: The overexpression of the cysteine protease calpain is associated with many diseases, including
brain trauma, spinal cord injury, Alzheimer’s disease, Parkinson’s disease, muscular dystrophy, arthritis, and
cataract. Calpastatin is the naturally occurring specific regulator of calpain activity. It has previously been
reported that a 20-mer peptide truncated from region B of calpastatin inhibitory domain 1 (named CP1B)
retains both the affinity and selectivity of calpastatin toward calpain, exhibiting a Ki of 26 nM against
μ-calpain, and is 1000-foldmore selective for μ-calpain than cathepsin L. Both thewild-type and β-Alamutant
CP1B peptides exhibit a propensity to adopt a looplike conformation between Glu10 and Lys13. A
computational study of human wild-type CP1B and the β-Ala mutants of this peptide was conducted. The
resulting structural predictions were compared with the crystal structure of the calpain-calpastatin complex
and were correlated with experimental IC50 values. These findings suggest that the conformational preference
of the loop region between Glu10 and Lys13 of CP1B in the absence of calpain may contribute to the
inhibitory activity of this series of peptides against calpain.

Calpain is a cysteine protease that is responsible for cata-
lyzing the hydrolysis of the peptide bonds within a number
of guest substrates. Substrates for calpain protease include
calmodulin-binding proteins, the cytoskeletal proteins, and the
G-proteins (1-6). The active site of calpain contains a highly
conserved catalytic triad, which consists of Cys115, His272, and
Asn296 (μ-calpain numbering). The sulfhydryl group of Cys115
acts as the nucleophile facilitating peptide bond cleavage.

Calpain requires the presence of calcium ions to be acti-
vated (7). The two major isoforms of calpain, μ- and m-calpain
(also named calpain 1 and 2, respectively), are ubiquitous in
nature and differ in their calcium requirements for activation.
μ-Calpain requires a micromolar concentration of calcium ions,
and m-calpain requires a millimolar calcium concentration to
be activated in vitro. Overexpression of calpain is associated
with many diseases, including brain trauma, spinal cord injury,
Alzheimer’s disease, Parkinson’s disease, muscular dystrophy,
arthritis, and cataract (8, 9). In recent years, considerable effort
has gone into developing small molecule inhibitors that are
potent and selective for calpain as the pharmaceutical target (8).

The crystal structure of the inactive calcium-free human
m-calpain has been reported (10). The protein consists of six
domains (Figure 1), and these domains can be grouped into
two subunits. The large subunit contains domains I-IV, and
the small subunit contains domains V and VI. Domain II is
the catalytic domain of calpain and contains the active site resi-
dues. This domain can be further subdivided into two subdo-
mains, domain IIa and domain IIb, and both these subdomains

contribute to the active site. Domain I is embedded in domain VI
of the small subunit, helping hold the two subunits of the calpain
molecule together in the inactive form. Domains IV and VI are
the calcium binding domains. They each contain five EF-hands,
which are typically helix-loop-helix substructures. Four of the
five EF-hands can bind to calcium ions, and the fifth EF-hand in

FIGURE 1: Crystal structure of calcium-free human m-calpain
(Protein Data Bank entry 1KFU) (10).
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each of domains IV and VI interacts with each other to form the
heterodimer interface between the large and small subunits of
calpain.

When calpain is in its inactive form, the two catalytic sub-
domains DIIa and DIIb are positioned apart from each other,
and the distance between the active site cysteine and histidine
is ∼8 Å (Figure 2). Following activation by calcium ions, the
separation between these two subdomains closes to complete the
active site, and the distance between the active site cysteine and
histidine reduces to 3-4 Å (Figure 2). This allows the histidine
side chain to deprotonate the cysteine sulfhydryl group, assisting
its nucleophilic role in the hydrolysis of an encapsulated peptide
bond of the substrate.

Calpastatin coexists with calpain in the cell and is the naturally
occurring calpain regulator, interacting specifically with calpain.
Calpastatin is a unique peptide that has no known homolo-
gue (11). It is rich in polar and charged residues and has few
hydrophobic residues.

Amino acid sequences of mammalian calpastatins have been
determined by cDNAcloning. The deduced amino acid sequences
of human, pig, rabbit, cow, and sheep calpastatins consist of 708,
713, 718, 705, and 723 residues, respectively (12-16). Human
calpastatin has five domains (shown schematically in Figure 3).
The L domain is at the N-terminus. Biological assays of the rec-
ombinant protein composed of domain L show that this domain
does not inhibit either μ- or m-calpain (17-19). Domains 1-4 are
four repetitive inhibitory domains, and each contains three highly
conserved regions, A-C. The calpastatin molecule contains little
secondary structure, with only regions A and C in each inhibitory
domain having a tendency to form R-helical structures (20).

Each of the four repetitive inhibitory domains of calpastatin
contains ∼140 amino acid residues. These four domains have
been individually expressed and assayed against calpain and have
been shown to inhibit calpain independently (21-23). Regions A

and C bind to domains IV and VI of calpain, respectively; region
B binds in the active site to inhibit calpain (24, 25).

A synthetic 27-mer peptide consisting of the central conserved
sequence of region B of domain I of human calpastatin has been
reported to possess potent inhibitory activity against pig μ- and
m-calpain (26). This peptide is specific for calpain and exhibits
no inhibitory activity against proteases papain or trypsin. In
1991, the solution structure of this 27-mer peptide was examined
in DMSO-d6 by two-dimensional 1H NMR spectroscopy (27).
There was no evidence found for any regular R-helix or β-sheet
structure in this peptide, but there was a distinctive turn in the
region from Glu10 to Lys13, which contains a highly conserved
residue, Gly12. This suggests that although the repetitive domain
of calpastatin does not have an extensive tertiary structure, it has
a well-defined local turn structure in the well-conserved region
that is proposed to be essential for the specific interaction with
calpain. A combination of β-alanine scanning mutagenesis
and kinetic measurements of the binding of the 27-mer peptide
with calpain was used to probe the relative contributions of
each amino acid to the overall calpain inhibitory activity (28).
This study identified two important “hot spots”, Leu11-Gly12
and Thr17-Ile18-Pro19, in the peptide that contain residues
critical for inhibitory function. Mutation of any one of the key
residues in either of the two regions resulted in a dramatic loss of
inhibitory activity.

A 20-mer peptide with the amino acid sequence SSTYIEEL-
GKREVTIPPKYR (sequence numbering starts at 4 and finishes
at 23, to allow consistency with sequence numbering in the
27-mer peptide), identified by systematic truncation of the
27-mer peptide of calpastatin region B, has been reported to
be the core sequence required to maintain affinity and selectivity
toward calpain (29). This 20-mer peptide was named CP1B1 to
depict the region of calpastatin from which it was derived. The
importance of the turnlike region between Glu10 and Lys13,
which was identified earlier from the NMR studies of the 27-mer,

FIGURE 2: Catalytic triad in the humanm-calpain active site before (ProteinDataBank entry IKFU) and after (ProteinDataBank entry 1MDW)
activation by calcium (10, 39).

FIGURE 3: Schematic structure of human calpastatin.

1Abbreviations: CP1B, 20-mer peptide resembling the core sequence
of human calpastatin inhibitory domain 1 region B; WT, wild type;
MCSD, stochastic dynamics (SD) combined withMonte Carlo sampling
(MC); MD, molecular dynamics.
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has been investigated by a study of a series of conformationally
constrained macrocyclic variants of CP1B. These macrocyclic
compounds were assayed against calpain, and the results showed
one of these (Figure 4) was as potent as the “linear” CP1B
peptide. Modeling showed that this macrocycle contained a
looplike conformation in the region from amino acid 10 to 13.
The high inhibitory activity of this macrocycle suggests that the
activity of linear peptide CP1B is a consequence of it adopting a
similar looplike conformation in the region between Glu10 and
Lys13. This is further supported by the observation of a looplike
conformation in this region in the crystal structure of the complex
between calpastatin and m-calpain, which suggests the impor-
tance of this local structural feature of the calpastatin inhibitory
domain B (30, 31).

We report here a computational study of 20-mer peptide CP1B
and various mutants in the absence of calpain. This study esta-
blishes the dynamic conformational preferences of these peptides,
and the specific contribution of each residue near the Glu10-
Lys13 region in dictating a looplike conformation. Using molec-
ular dynamics analysis, these studies illuminate the importance of
the prearrangement of this loop region in determining the
inhibitory activity of CP1B.

MATERIALS AND METHODS

MCSD (stochastic dynamics simulation combined with
Monte Carlo sampling).MCSD simulations for the CP1Bwild
type and selected β-Ala mutants were conducted with the
modeling software package MacroModel using the OPLS2005
force field with the GB/SA water model to mimic the solvent
effect (32).

For each mutant and the wild-type (WT) system of CP1B,
three repetitive (50 ns each) simulations were conducted starting
with similar linear conformations. The starting linear conforma-
tion of the WT peptide CP1B was established using the protein
builder in SchrodingerGUIMaestro (33). The analogous starting
conformations for the various mutants of CP1B were generated
by mutating corresponding residues of WT CP1B into β-Ala in
silico, in line with the experimental changes made to the peptide
by Betts et al. (28).

For WT CP1B, two other MCSD simulations (50 ns each)
were conducted starting with half-folded and fully folded
conformations. The half-folded starting conformation of WT
CP1B was the conformation in the last frame of a 1 ns molecular
dynamics simulation for CP1B. The starting fully folded con-
formation used in these calculations was the lowest-energy con-
former obtained from a conformational search for the WT
peptide. This conformational search was conducted with the
MCMM Serial Torsional Sampling method and was run with a
GB/SA water model, using the OPLS2005 force field, with 3000
steps for the conformational search and an energy window of
12.0 kJ/mol for collecting appropriate conformers.

For all MCSD simulations conducted in this study, there
was no cutoff distance applied for electronic and van der Waals
interactions. The starting structure in each case was first mini-
mized for up to 5000 steps with a gradient convergence threshold
of 0.05. Stochastic dynamics was then conducted for 50 ns with
the SHAKE procedure applied to all bonds to hydrogen atoms.
The simulations were run at a constant temperature of 300K and
with a time step of 1.5 fs (34). During the dynamics simulation,
the torsions within the peptide were subject to changes by the
application of theMonte Carlo method. Five hundred structures
were sampled in equal time intervals for later examination and
analysis.
Molecular Dynamics with NAMD. To confirm that the

conformations obtained from MCSD simulations were reason-
able, three 100 ns longmolecular dynamics (MD) simulations for
WTCP1Bwere conductedwithNAMDrunning on the BlueFern
supercomputer at the University of Canterbury (35). The starting
conformations of these three MD simulations were obtained
from the final frames in the three MCSD simulations for WT
CP1B starting from linear, half-folded, and folded conformations
as described above. The peptides were solvated with explicit
water molecules in a water box. The water box in each system
contains approximately 1500-1600 water molecules. The simu-
lations were conducted with CHARMM force field parameter
specifications at a constant temperature of 300 K and a constant
pressure of 1 atm (36). The cutoff distance for van der Waals
interactions was set to 12 Å. In each simulation, the system
was firstminimized for 5000 steps followed by 100 ns of dynamics
simulation conducted with 2 fs time steps. The trajectory was
written out at the 100 ps time interval, and a total of 1000 frames
were obtained from each simulation (100 ns). These full-atom
MD simulations are significantly more computationally expen-
sive than the MCSD method. With NAMD using 32 processors
running on the BlueFern supercomputer, each of the three 100 ns
MD simulations takes 3-5 weeks to complete.

The results of these MD simulations with WT CP1B were
compared with the MCSD simulation to establish the validity of
using the less expensive MCSDmethod. This is discussed below.
Cluster Analysis of Sampled Conformations. Cluster

analyses were conducted on the sampled structures using XClus-
ter (37) to examine the conformations explored during the
MCSD and MD simulations. The clustering was performed in
a hierarchical fashion, based on the pairwise root-mean-square
displacements (rmsd) of selected comparison atoms. In this
study, the comparison atoms were set to be the backbone heavy
atom of the loop region of Glu10-Lys13 for the WT CP1B
system and the region of Glu9-Glu15 for the β-Ala mutant
systems. The clusters with the most members were considered
to comprise the most stable conformations explored during
the dynamics simulations, and the representative structures of
the largest clusters found in these simulations were selected as
follows. For each cluster, the centroid of each of the comparison

FIGURE 4: Structure of the macrocylic compound that is as potent as the linear CP1B peptide (29).
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atoms was determined. Then the structure within the cluster
which had the minimum rms interatomic distance from these
centroids was selected as the most representative structure of this
cluster. These representative structures were then used in further
structural comparisons.

RESULTS AND DISCUSSION

Dynamics of WT CP1B. To examine the conformational
preference of the WT CP1B peptide, particularly the proposed
loop region (from Glu10 to Lys13), in the absence of the calpain
enzyme, stochastic dynamics simulations incorporating Monte
Carlo sampling (MCSD) were conducted for the WT system.

Three MCSD (50 ns) simulations of the WT CP1B pep-
tide were initiated starting from linear, half-folded, and fully
folded conformations. Cluster analyses aimed to examine the
conformations explored during these simulations were conducted
(Table 1). In the cluster analyses, pairwise rms displacements in
backbone atoms of the loop region (Glu10-Lys13) were calcu-
lated, and the sampled structures were clustered on the basis of
these displacements. The largest cluster in each simulation was
considered to comprise the most stable conformations explored,
and the representative structure of all members in the largest
cluster was obtained to be used in further structural comparisons.
The backbone rmsd values for the entire peptide and the loop
region (Glu10-Lys13) between the representative structures
and the starting conformations in these simulations are listed in
Table 2. rmsd measurements for two of the MCSD simulations
[simulations 1 and 2 (Table 2)], starting from the linear and half-
folded conformations, were large, indicating the MCSD method
is sampling significant conformational space. Simulation 3 which
started with the folded conformation shows much smaller back-
bone changes. This is consistent with the folded starting con-
formation for this calculation representing a low-energy con-
former of the WT CP1B peptide. Therefore, this simulation
started from a favorable low-energy conformation and exhibited
limited sampling outside this local minimum during the entire
simulation.

To ensure efficient sampling over large conformational space,
all further MCSD simulations for both WT CP1B and its
mutants were set to begin with the extended linear conforma-
tions. The backbone rmsd values for the loop region (Table 2)
were generally found to be smaller than the overall backbone
rmsd variation but still gave the same trend, with simulations
1 and 2 producing larger rmsd values than simulation 3. Imp-
ortantly, all three simulations resulted in folded conformations
(see Table S1 of the Supporting Information), demonstrating that
the peptide has a strong preference for an overall folded looplike
conformation.

The MCSD method treats solvent implicitly and combines
stochastic dynamics with Monte Carlo sampling. To exclude the
possibility that folding observed in simulations 1 and 2 was an
artifact of this particular simulation method, the conformations
obtained from the last frames in these three MCSD simulations
were used as the starting geometries for three more rigorous
100 ns MD simulations, in which the solvent was treated
explicitly. This was done to establish if the loop region between
Glu10 and Lys13 would start to unfold.

Examination of the simulation ensembles showed that the
loop region (Glu10-Lys13) ofWTCP1B remained folded during
these three 100 ns MD simulations (see Table S2 of the Support-
ing Information). The conformation of the loop region was
generally observed to become stable more than 35 ns into the
MD simulation (see Figure S3 of the Supporting Information).
The same cluster analyses as described above were conducted to
examine the sampled structures from these threeMD simulations
(Table 1), and the representative structures of the largest clusters
were obtained for structural comparison (see Table S2 of the
Supporting Information for superposition of the representative
structures and the starting conformations). The rmsd values of
the loop region backbone were reasonably small (within 0.8 Å
for simulations 4 and 6 and slightly larger in simulation 5, with
a rmsd value of 1.84 Å) considering the system under study was
a small flexible peptide (Table 3). This suggests that both the
full-atom MD and the MCSD simulations are sampling in
the same family of related loop conformations for the Glu10-
Lys13 region. This validates the use of the less computationally
expensive MCSD method for the following study and further-
more confirms that the peptide indeed has an inherent propensity
to fold.

The modeling results obtained forWTCP1B can be compared
with two crystal structures of the calpain-calpastatin complex
recently reported byMoldoveanu et al. (31) andHanna et al. (30),
which illustrate the interactions between region B of calpastatin
and the active site of calpain at the atomic level. In these two
crystal structures, the section of region B of calpastatin that
corresponds to 20-mer peptide CP1B was found to bind within
the active site cleft of calpain (Figure 5).

The binding conformation of the loop region of CP1B in
the crystal structure (Protein Data Bank entry 3DF0) was used
as the reference structure, and the backbone rmsd values for
the loop region (Glu10-Lys13) were measured for all represen-
tative structures in the three MCSD simulations for WT CP1B
(Table 4) (see Table S1 of the Supporting Information for
superposition of the representative structures and the binding
conformation). All three simulations showed reasonably small
backbone rmsd values for the loop region, with simulation 1
displaying the smallest rmsd value (0.75 Å). The comparison
between the crystal structure conformation and our modeling
results suggests that even in the absence of the calpain enzyme,

Table 1: Cluster Analyses of Sampled Structures from theMCSD andMD

Simulations for WT CP1B

simulation

simulation

duration (ns)

simulation

type

no. of

clusters

cluster

size

1 50 MCSD 2 270, 230

2 50 MCSD 3 152, 1, 347

3 50 MCSD 2 499, 1

4 100 MD 3 35, 64, 1

5 100 MD 4 9, 8, 8, 75

6 100 MD 4 90, 1, 8, 1

Table 2: Overall and Loop Region Backbone rmsd Values in the Three

50 ns MCSD Simulations for the WT CP1B Peptidea

simulation

simulation

duration (ns)

starting

conformation

backbone

rmsd (Å)

loop region

(Glu10-Lys13)

backbone rmsd (Å)

1 50 linear 16.8 2.22

2 50 half-folded 10.7 1.97

3 50 folded 2.23 0.30

aThe rmsd values are measured between the starting conformation and
the representative structure of the largest cluster in each simulation.
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the region ofGlu10-Lys13 ofWTCP1B has a propensity to fold

into looplike conformations that are very similar to the con-

formation known to bind.
Dynamics of Selected β-Ala Mutants of CP1B and

Conformational Analysis. Following the studies of WT
CP1B, studies were undertaken to establish the effect of muta-
tions along the peptide on the conformational preference of this
loop region in the absence of calpain. A prior study reported
experimental IC50 values of various β-Ala mutants of the CP1B
peptide (28). Therefore, we elected to carry out β-Ala mutations
in silico along the CP1B peptide to provide direct comparison
with the reported experimental IC50 values.

A series of β-Ala mutants of CP1B were obtained by selective
mutation of residues Glu9, Glu10, Gly12, Lys13, Arg14, and
Glu15, near the proposed loop region in silico. Residue Leu11
was omitted from this study because it has been shown that the

importance of this residue in calpain inhibition lies in its
side chain functionality (38). The side chain of Leu11 acts to fit
in one hydrophobic pocket in the calpain active site, and losing
this interaction (by β-Ala mutation) dramatically decreases the
level of inhibition of calpain by the CP1B peptide. Therefore, the
effect of the Leu11βAla mutation on the measured IC50 value
is mainly contributed by the loss of its side chain functionality,
rather than its possible effect on the conformation of this
loop region. Unlike Leu11, the other residues (Glu9, Glu10,
and Gly12-Glu15) are likely to play a role in facilitating the
formation of the looplike conformation (29). The oppositely
charged residues on either side of the loop region (Glu9, Glu10,
Lys13, andArg14) can form salt bridges that would bring the two
ends of the loop region into the proximity of each other, and the
highly flexible Gly12 can act to promote the formation of the
loop.

For each β-Ala mutant, three repetitive MCSD simulations
(50 ns) were initiated from similar linear conformations to
enhance the likelihood that the conformational space is appro-
priately traversed. All MCSD simulations for all six β-Ala
mutants produced folded looplike conformations. A cluster
analysis was conducted for each simulation to examine the con-
formations explored (Table 5). In these cluster analyses, the
pairwise backbone displacements in the region from Glu9 to
Glu15 were calculated between all sampled structures in each
simulation. The largest cluster was identified for each simulation,
and the representative structure was obtained to be used in the
following structural comparisons. An rmsd analysis was then

Table 3: Backbone rmsd Values of the Loop Region in the Three 100 ns MD Simulationsa

simulation

simulation

duration (ns) starting conformation

loop region (Glu10-Lys13)

backbone rmsd (Å)

4 100 last frame structure of simulation 1 0.73

5 100 last frame structure of simulation 2 1.84

6 100 last frame structure of simulation 3 0.74

aThe rmsd values are measured between the starting conformation and the representative structure of the largest cluster in each simulation.

FIGURE 5: Active site of calpain boundwith a calpastatin molecule in the crystal structure of Protein Data Bank entry 3DF0, where calpastatin is
colored red. The key residues Leu11 and Ile18 in region B of calpastatin are displayed as tubes. The proposed looplike region is highlighted in the
yellow circle.

Table 4: Backbone rmsd Values of the Loop Region (Glu10-Lys13)

between the Binding Conformation of CP1B in Crystal Structure 3DF0

and the Representative Structures in the Largest Clusters of Each MCSD

Simulation for WT CP1B

simulation

starting

conformation

loop region (Glu10-Lys13)

backbone rmsd compared to the

binding conformation (Å)

1 linear 0.75

2 half-folded 1.17

3 folded 0.79
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used to examine the effect of these β-Ala mutations on the
conformational preference of the loop region of CP1B. To ensure
that the effect of any particular mutation was not over-repre-
sented, rmsd values are measured for the region from Glu9 to
Glu15; i.e., all the mutated residues are included in rmsd
calculations. Backbone heavy atom rmsd values for the region
of Glu9-Glu15 were measured between the binding conforma-
tion of CP1B in the crystal structure (Protein Data Bank entry
3DF0) and the representative structures obtained from cluster
analysis for the simulation ensembles of β-Ala mutants of CP1B
(Table 6) (see Table S4 of the Supporting Information for
superposition of representative structures and the binding con-
formation). The rmsd values provide measures of deviation from
the binding conformation in the loop region for each of the six
β-Ala mutants. These in turn can give an indication of the effect
of different β-Ala mutations on the conformations and possible
prearrangement of the loop region.

The variations in rmsd values (Table 6) for the different
mutant systems demonstrated that the mutations have indeed
altered the conformations of the loop region. The largest rmsd
deviations were found for the Gly12βAla mutant system, in-
dicating that the Gly12βAla mutation has the greatest effect on
the conformation of the loop region. This in turn suggests that
Gly12 is important for adoption of a looplike conformation in
the region of Glu10-Ly13 prior to interaction with calpain. In
contrast, Glu9βAla, Glu15βAla, and Lys13βAla systems exhi-
bited relatively smaller deviations from the bound conformation,
suggesting that these residues have a smaller influence on the loop
conformation.

To establish if there is a trend in the effect of the mutations on
the conformational preference of the loop region, the average
rmsd values for each mutant system were compared (Table 6).
The deviations from the binding conformation in the mutant
systems are thereby ranked in the following order: Glu15 <
Arg14<Lys13<Glu9<Glu10<Gly12. The larger deviation
of the loop region from the binding conformation indicates the
stronger influence of the corresponding mutation on the con-
formation of the loop region and, in turn, indicates the greater
contribution that the mutated residue makes to the conforma-
tional preference of the loop region. The rank of individual
residue contribution to the conformational preference of the loop

region or loop prearrangement in the absence of calpain (termed
the “conformational rank”) will be in the same order as above.

Previously, Betts et al. have reported a rank of individual
residue contribution to inhibitory activity based on the experi-
mentally measured IC50 values for a series β-Ala mutants (28).
In this “functional rank”, the contributions of the mutated
residues near the loop region to the inhibition activity were placed
in the following order: Glu15 < Lys13 < Glu9 < Glu10 <
Arg14 < Gly12.

The conformational rank was based on only the conforma-
tional preferences of the CP1Bmutants in the absence of calpain,
while the functional rank takes into account not only the
conformational factors but also other contributing factors such
as the interactions between the peptide variants and calpain
active site. However, comparison between the conformational
rank from our modeling study and the functional rank from
experimental measurements shows that the two ranks are re-
markably closely correlated, with the only exception being
Arg14. This difference in ranking for Arg14 may suggest that
the effect of Arg14 on calpain inhibition is mainly contributed by
the side chain functionality and the interactions with the calpain
active site, rather than its effect on the preference of the loop
region conformation. However, the striking similarity of the
general trend in the ranking obtained from both experimental
and computational methods suggests that the differences in the
conformational preferences of the loop region in CP1B mutants
may be a significant contributing factor to their ability to inhibit
calpain.

In summary, MD calculations have been used to demonstrate
that a series of calpain inhibitors derived from natural regulator
calpastatin have a preference for a adopting the looplike con-
formation that is associated with binding in the absence of
calpain. The inhibitory activity of these peptides canbe correlated
to the propensity of these peptides to prearrange in a looplike

Table 5: Cluster Analyses of Sampled Structures fromMCSD Simulations

for Various β-Ala Mutants of CP1B

species simulation no. of clusters cluster sizes

Glu9bβAla Glu9βAla_1 2 1, 499

Glu9βAla_2 2 499, 1

Glu9βAla_3 3 1, 3, 496

Glu10βAla Glu10βAla_1 5 2, 1, 72, 1, 424

Glu10βAla_2 2 499, 1

Glu10βAla_3 2 8, 492

Gly12βAla Gly12βAla_1 2 1, 499

Gly12βAla_2 2 498, 2

Gly12βAla_3 4 496, 2, 1, 1

Lys13βAla Lys13βAla_1 3 14, 485, 1

Lys13βAla_2 4 495, 2, 2, 1

Lys13βAla_3 3 496, 2, 2

Arg14βAla Arg14βAla_1 2 499, 1

Arg14βAla_2 4 1, 1, 9, 489

Arg14βAla_3 2 1, 499

Glu15βAla Glu15βAla_1 3 2, 22, 476

Glu15βAla_2 4 34, 464, 1, 1

Glu15βAla_3 2 499, 1

Table 6: Backbone rmsd Values for the Region of Glu9-Glu15 between

the Binding Conformation of CP1B in the Crystal Structure (3DF0) and the

Representative Structure Obtained from EachMCSD Simulation for the β-
Ala Mutants of CP1Ba

species simulation

backbone rmsd

between the representative

structure and the binding

conformation (Å)

average

rmsd (Å)

Glu9βAla Glu9βAla_1 2.80 3.58

Glu9βAla_2 3.82

Glu9βAla_3 4.12

Glu10βAla Glu10βAla_1 4.76 4.88

Glu10βAla_2 5.26

Glu10βAla_3 4.63

Gly12βAla Gly12βAla_1 5.68 5.43

Gly12βAla_2 5.83

Gly12βAla_3 4.78

Lys13βAla Lys13βAla_1 3.09 3.36

Lys13βAla_2 3.43

Lys13βAla_3 3.57

Arg14βAla Arg14βAla_1 4.08 3.13

Arg14βAla_2 3.42

Arg14βAla_3 1.89

Glu15βAla Glu15βAla_1 3.29 3.10

Glu15βAla_2 2.17

Glu15βAla_3 3.85

aThe average rmsd is the average rmsd value in the three repetitive
MCSD simulations for each mutant system.
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conformation. Therefore, the ability to preadopt looplike con-
formations is an important factor for the design of effective
inhibitors of calpain.

SUPPORTING INFORMATION AVAILABLE

Tables of simulation ensembles of the MCSD and MD
simulations for WT CP1B and mutants and rmsd plots of the
three 100 ns MD simulations. This material is available free of
charge via the Internet at http://pubs.acs.org.
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