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ABSTRACT: The human gene for catecholO-methyltransferase (COMT) contains a common polymorphism
that results in substitution of methionine (M) for valine (V) at residue 108 of the soluble form of the
protein. While the two proteins have similar kinetic properties, 108M COMT loses activity more rapidly
than 108V COMT at 37°C. The cosubstrateS-adenosylmethionine (SAM) stabilizes the activity of 108M
COMT at 40°C. The 108M allele has been associated with increased risk for breast cancer, obsessive-
compulsive disorder, and aggressive and highly antisocial manifestations of schizophrenia. In the current
work, we have constructed homology models for both human COMT polymorphs and performed molecular
dynamics simulations of these models at 25, 37, and 50°C to explore the structural consequences of the
108V/M polymorphism. The simulations indicated that replacing valine with the larger methionine residue
led to greater solvent exposure of residue 108 and heightened packing interactions between M108 and
helicesR2, R4 (especially with R78), andR5. These altered packing interactions propagated subtle changes
between the polymorphic site and the active site 16 Å away, leading to a loosening of the active site. At
physiological temperature, 108M COMT sampled a larger distribution of conformations than 108V. 108M
COMT was more prone to active-site distortion and had greater overall, and SAM binding site, solvent
accessibility than 108V COMT at 37°C. Similar structural perturbations were observed in the 108V
protein only at 50°C. Addition of SAM tightened up the cosubstrate pocket in both proteins and prevented
the altered packing at the polymorphic site in 108M COMT.

Catechol O-methyltransferase (COMT,1 E.C. 2.1.1.6)
catalyzes the transfer of a methyl group fromS-adenosyl-
methionine (SAM) to the phenolic hydroxyl group of
catechol substrates and is involved in the catabolism of
catechol estrogens and the catecholamine neurotransmitters
dopamine, epinephrine, and norepinephrine (1-3). The gene
encoding COMT has been localized to chromosome 22 band
q11.2 (4, 5). Separate promoters enable the expression of
two COMT isozymes from this locus: a 221-residue soluble
form (COMT in this paper) and a 271-residue membrane-
bound form (MB-COMT) containing an additional 50
residues at the N-terminus (6, 7). COMT and MB-COMT
have similar mechanisms, requirements for Mg2+, pH optima,
andKMs for SAM (2). However, they have different substrate
preferences, with MB-COMT exhibiting a much higher

affinity for neurotransmitters such as dopamine and nore-
pinephrine than COMT (3, 8). COMT is cytosolic and is
expressed abundantly in the liver and kidneys, while MB-
COMT is microsomal and is the predominant form in the
brain and adrenal medulla (9, 10).

COMT is a member of the SAM-dependent methyltrans-
ferase fold family. Despite divergent sequences, the structural
homology of this ∼135-member family is remarkably
conserved (11, 12). All enzymes of this family share a central
seven-stranded mixedâ-sheet sandwiched between two
layers ofR-helices (Figure 1). Crystal structures of rat COMT
with bound substrate analogues reveal a single-domainR/â
protein consisting of the conserved fold, with an elongated
loop betweenâ6 andâ7 (the catalytic loop) forming part of
the catechol binding site, and three additional helices (R1,
R2, and R6) (Figure 1) (13-15). SAM, Mg2+, and the
catechol substrate bind to shallow clefts on the protein
surface. Human and rat COMT share 81% sequence identity,
and the residues involved in SAM and Mg2+ binding are
strongly conserved. No high-resolution structures have been
described for human COMT.

The humanCOMTgene has a common single nucleotide
polymorphism (SNP) that results in the substitution of
methionine for valine at residue 108 (16-18). Approximately
25% of the United States Caucasian population is homozy-
gous for the 108M allele (19, 20). Although the purified
forms of 108V and 108M human COMT have similar kinetic
properties (8, 21), individuals homozygous for the 108M
allele have 2-4-fold lower enzyme activity in erythrocytes,
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lymphocytes, liver biopsy extracts, and post-mortem dorso-
lateral prefrontal cortex tissues than those homozygous for
the 108V allele (22-28). This difference has been ascribed
primarily to a lower thermal stability of the 108M protein
(8, 22-30). Shield et al. reportedT50 (temperatures resulting
in 50% inactivation) values of 53.7( 0.1 and 49.7( 0.3
°C for the 108V and 108M proteins, respectively (28). SAM
has been found to stabilize the activity of 108M COMT at
40 °C (8). Recent studies have indicated that 108M COMT
is more susceptible to inactivation through oxidation than
the 108V protein (31, 32). These kinetic and thermal stability
data imply that position 108 is important for COMT activity
and that 108V and 108M COMT may differ structurally. In
addition, a haplotype involving polymorphisms at position
108 and several noncoding sites has been reported to affect
COMT mRNA levels (33, 34); however, one recent study
found no such effects (22).

Residue 108 is located approximately 16 Å from the active
site in a loop betweenR5 andâ3, both of which have SAM
binding residues at their distal ends (Figure 1). Phylogenic
analyses demonstrate conservation of a leucine residue at
position 108 in most species, while primates have a valine
at this position. Chen et al. recently created L108V mutants
of mouse COMT to examine the effects of residue 108 on

enzyme activity (22). Interestingly, replacing leucine 108 by
valine resulted in a drastic reduction of COMT activity
compared with the L108 wild-type protein at 37°C,
suggesting a possible evolutionary trend toward decreased
activity.

The 108M allele has been associated with increased risk
for breast cancer (21, 35-37), obsessive-compulsive disorder
(38), rapid-cycling bipolar disorder (39-41), adult-onset
alcoholism (42-44), and aggressive and highly antisocial
manifestations of schizophrenia (45-49). However, in the
general population, a particular haplotype involving the 108V
allele and two additional noncodingCOMT SNPs was
recently shown to be strongly associated with bipolar disorder
and schizophrenia (33, 50-52). 108M COMT appears to be
strongly linked to neuropsychiatric dysfunction in velocar-
diofacial syndrome (VCFS), a chromosomal disorder result-
ing from a deletion of multiple contiguous genes, including
COMT, from the long arm of chromosome 22 (53-55).
Individuals with VCFS who are hemizygous for the 108M
allele may suffer from elevated levels of dopamine in the
brain due to decreased clearance of the neurotransmitter (53,
54). Interestingly, the 108M allele has also been linked to
increased sensitivity to pain (56, 57) and improvement in

FIGURE 1: The human COMT homology model. (A) The alignment of human and rat COMT sequences was made using LALIGN (74).
R-Helices andâ-strands are denoted by bars and arrows, respectively, and are colored to match the ribbon representation of rat COMT.
Conserved residues and conservative substitutions are denoted by (:) and (.). (B) Ribbon diagrams of rat COMT (1VID,13) and the human
homology model. Rat COMT is colored from blue (N-terminus) to red (C-terminus). Residues replaced to create the human COMT model
are colored in orange (conservative) and blue (nonconservative). The polymorphic residue 108 is colored in red. SAM and 3,5-dinitrocatechol
(DNC) are shown in space-filling representation and colored by atom.
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prefrontal cognitive function, especially working memory
(58, 59).

Previous computational studies of rat COMT have dealt
mainly with the mechanisms of catechol binding and methyl
transfer (60-66). Quantum mechanical and semiempirical
calculations in vacuo by Bruice and co-workers have focused
on the geometries of ground and putative transition states in
COMT catalysis (60-63). The activation free energy of
catalysis has been described using molecular dynamics (MD)
simulations and quantum mechanical free energy calculations
(64, 65). While these studies have contributed to the
understanding of methyltransferase catalysis, the issue of how
structural perturbations caused by the introduction of me-
thionine at position 108 results in the observed decrease in
thermal stability has not been addressed. Accordingly, we
have built homology models of human 108V and 108M
COMT and performed multiple MD simulations of these
models at 25, 37, and 50°C in the presence and absence of
SAM. The simulations showed that 108M COMT was more
prone to exist in deformed conformations at physiological
temperature. Altered hydrophobic packing around the poly-
morphic M108 residue enhanced susceptibility to increases
in the solvent accessibility of the overall protein and the SAM
binding site∼16 Å away. Similar structural perturbations
also occurred in 108V COMT, but only at 50°C. The
addition of SAM decreased the solvent accessibility of the
overall protein and the SAM binding site and minimized
secondary structure reorientations throughout both COMT
proteins at physiological temperatures. The stabilizing effect
of SAM was less evident for 108M COMT at 50°C.

METHODS

Homology Model.An initial homology model of human
108V COMT was generated from a 2 Åcrystal structure of
rat COMT (1VID, residues 4-216), which shares 81%
sequence identity with the human protein (Figure 1) (13).
The side chains of the nonidentical rat residues were replaced
sequentially using a Monte Carlo procedure that minimized
the torsional, electrostatic, and van der Waals energies of
each residue (67). Two passes through the sequence were
completed so that residues altered early in the sequence could
rearrange in response to later modifications. Altogether, 40
residues were changed, including 30 conservative replace-
ments (Figure 1). The model of 108M COMT was generated
from the 108V homology model by replacing Val 108 with
Met and minimizing the torsional, electrostatic, and van der
Waals energies of the resultant structure in vacuo. A model
of human 108L COMT was also created to study the effects
of residue identity and size at position 108 on overall COMT
structure and dynamics. Leucine was chosen because it is
intermediate in size between valine and methionine and
because single mutations of leucine to valine and methionine
in mouse COMT affect activity (22).

S-Adenosylmethionine Model.TheS-adenosylmethionine
model was constructed using the atomic coordinates of SAM
from the rat crystal structure (1VID,13). Atomic partial
charges and potential function parameters were taken from
the ENCAD parameter library [Supporting Information,
Table S1 (68)].

Molecular Dynamics Simulations.Molecular dynamics
(MD) simulations of the 108V and 108M COMT homology

models were performed with and without SAM; simulations
of the 108L COMT homology model were performed
without SAM. Additionally, multiple MD simulations of the
rat apoprotein (1VID,13) were run to serve as a control of
model stability. SAM was treated as part of the protein for
minimization and dynamics purposes but was not covalently
bound to the protein. Simulations of the apo- and SAM-
bound proteins were performed with theilmm (69) and
ENCAD (70) simulation packages using protocols described
elsewhere (68-72). ilmm utilizes the same potential function
and integration algorithms as ENCAD and is a scalable
parallel molecular mechanics kernel currently used for all
simulations in the Daggett laboratory. Briefly, the simulations
included all hydrogens and explicit flexible three-center
waters (71). The proteins were solvated in a rectangular box
with walls extending at least 10 Å from any protein atom.
The solvent density was set to 0.997, 0.993, and 0.988 g/mL
for simulations performed at 25, 37, and 50°C, respectively
(73). A 10 Å cutoff range was used for nonbonded interac-
tions, and the nonbonded interaction pair list was updated
every three (ilmm) to five (ENCAD) steps. The potential
energy functions as implemented inilmm and ENCAD were
used to propagate MD trajectories in the microcanonical
ensemble (NVE) (68-72). A time step of 2 fs was used in
all calculations, and structures were saved every 0.2 (ENCAD)
to 1.0 (ilmm) ps for analysis. Multiple 20-30 ns simulations
of each apoprotein system were performed at 25 (n ) 2), 37
(n ) 2), and 50°C (n ) 3), yielding approximately 150000
structures per trajectory.

Analysis.Average CR-RMSDs, CR-RMSFs, contact dis-
tances, and solvent-accessible surface areas (SASA) were
calculated using structures from the last 5 ns of each
simulation. A contact was defined as a C-C atom distance
within 5.4 Å or a heavy atom (O, N, S) distance within 4.6
Å in two nonneighboring residues. Solvent-accessible surface
areas were determined using in-house software implementing
the NACCESS algorithm (75). SAM was removed from
structures that included it prior to calculating average solvent
accessibilities. The errors and distributions described in
Tables 1, 2, and S2 and Figure 6 are based on sets of two
simulations at both 25 and 37°C and three simulations at
50 °C for the COMT apoproteins. The errors are based on
the standard deviations in the average values of the ensembles
at each temperature. In Figure 2, CR-RMSF values for the
rat holoprotein (1VID,13) were calculated from the crystal-
lographicB-factors using CR-RMSF) [3(B-factor)/(8π2)]1/2

(76). Figure images were generated using Chimera (77).

RESULTS AND DISCUSSION

Simulations of the COMT Apoprotein.As the MD simula-
tions of human COMT described here are based on homology
models, we monitored the root-mean-square deviations of
the CR atoms (CR-RMSD) from their positions in the starting
structures as a general measure of stability. Although 20%
of the amino acid side chains (40 residues) were altered to
build the homology models, the CR-RMSD between the
model of human 108V COMT and the rat crystal structure
(1VID, 13) was less than 0.5 Å after initial minimization.
The CR-RMSD between the 108V and 108M COMT starting
structures was 0.1 Å after minimization. At 25°C, all of the
apoprotein homology models reached average CR-RMSDs
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of 2.2 Å (Table 1). These deviations were due mainly to the
large number of loops in the protein (Figure 1B) rather than
to instability of the homology models: the rat protein
behaved similarly during simulations at 25°C (data not
shown) and the CR-RMSDs in regions of the protein with
R-helix andâ-strand secondary structure were only 0.5 Å.

Figure 2 shows the CR root-mean-square fluctuations (CR-
RMSF) about the mean structure for all the simulations, along
with crystallographicB-factors of rat COMT with bound
SAM and 3,5-dinitrocatechol (DNC) (1VID,13). At 25 and
37°C, the fluctuations per residue for the rat apoprotein were
essentially superposable and followed the same general
pattern as theB-factors of 1VID, but were∼1.5 times greater
in magnitude (Figure 2A). The larger CR-RMSFs are due
to the increased dynamics of rat COMT in solution compared
to the crystallized protein, while the similarities in fluctua-
tions indicate that the rat apoprotein simulations are stable
and suitably depict COMT dynamics. At 25°C, the fluctua-
tions per residue for all homology models followed the same
pattern and were of the same magnitude as those of the rat
apoprotein (Figure 2A-D). The largest CR-RMSFs were
observed in the helices and loops of the protein, especially
R1, R2, R5-R8, and the catalytic loop (residues 198-205)
between â6 and â7. Strands within theâ-sheet core
demonstrated the smallest fluctuations (Figure 2A-D).
Simulations of 108V COMT showed a trend of increasing
CR-RMSDs with temperature (Table 1). The CR-RMSD of
108M COMT increased more abruptly at 37°C, reaching
3.0 ( 0.8 Å. HelicesR6-R8 of 108M COMT showed a
significant increase in the overall fluctuations per residue
between 25 and 37°C and little additional increase at 50°C
(Figure 2D). This abrupt disordering was not observed in
108V or 108L COMT, where the average CR-RMSFs at 37
°C were intermediate between those at 25 and 50°C (Figure
2B,C).

Residue 108 is located in a short, stable loop betweenR5
andâ3, ∼16 Å from the SAM binding site (Figures 1 and

3). In the initial structures of both 108M and 108V COMT,
residue 108 forms contacts with residues inR2 (A22), R4
(V74, A77, R78),R5 (V103, A106), andâ3 (D110, K111,
V112) (Figure 3). While the overall solvent-accessible
surface area (SASA) of the polymorphic site was similar in
all simulations, residue 108 was more exposed to solvent in
the 108M protein (Table 2). In addition, the larger methionine
formed closer side-chain contacts with residues A22, A77,
and R78 (Table 2, Figure 3). V108 appeared to pack well
with V74 (R4) at all temperatures, while the average M108-
(Cγ)-V74(Cγ1) distance increased with temperature (Table
2). The L108 contact distances were intermediate between
those of V108 and M108 (Table 2). While most contact
distances for V108, L108, and M108 within the polymorphic
site averaged∼4.5 Å, M108 showed greater variability in
its interactions and appeared to be more sensitive to structural
changes in nearby helicesR2 andR4.

Snapshots of 108L, 108V, and 108M COMT structures
from the final nanosecond of the 37 and 50°C trajectories
are shown in Figure 4. All proteins retained the overall SAM-
dependent methyltransferase fold topology throughout the
simulations. In general, both the 108V and 108L proteins
remained more compact than 108M COMT. While both
108V and 108M COMT demonstrated deviations greater than
2 Å in the orientation ofR6 from its starting position, this
appeared to have a greater impact on the SAM binding site
(E90, Q120, W143) of 108M COMT. At 37°C, reorientation
of R8 and the catalytic loop (residues 198-205) was more
pronounced in the 108M protein. The catechol binding site
is defined by catalytic residue E199 and the “gate-keeping”
residues W38 and P174, which form a channel that probably
aids in directing substrate orientation and binding (13). The
W38 (Cγ)-P174 (Cγ) distance was∼22 Å in 108M COMT
simulations at 37 and 50°C; in 108V COMT this distance
increased from 20 Å at 37°C to 25 Å at 50°C (Table 1).
While disruption of the catechol binding site was evident in
all proteins at 50°C, the greater expansion of 108M COMT

Table 1: General Properties of the Simulations

solvent-accessible surface area (Å2)

protein temp (°C) CR-RMSD (Å)
W38 (Cγ)-P174 (Cγ)

distance (Å) total SAM sitea catechol siteb

108V apoprotein initial 0.0 11.8 9038 747 623
25 2.2( 0.3 14.1( 0.8 10356( 114 1121( 160 676(79
37 2.7( 0.4 19.6( 1.4 10855( 143 1316( 203 848( 107
50 3.2( 1.1 25.3(1.3 11166( 149 1368( 222 1128( 120

108M apoprotein initial 0.0 11.5 9018 746 620
25 2.2( 0.4 19.2( 1.1 10605( 116 1275( 208 893( 109
37 3.0( 0.8 21.3( 0.9 11000( 134 1493( 243 909( 168
50 3.3( 1.3 23.4( 1.5 11082( 167 1373( 177 1029( 133

108L apoprotein initial 0.0 11.6 9415 781 640
25 2.2(0.4 16.8(0.8 10794( 128 1138( 156 773( 95
37 2.3( 0.2 20.1( 1.2 10690( 125 1325( 48 1022( 124
50 3.3( 1.3 19.3( 1.1 11359( 173 1448( 236 1034( 166

108V + SAM initial 0.0 11.6 9092 783 604
25 1.8( 0.1 17.8( 0.5 10421( 126 1029( 119 850(95
37 1.9( 0.1 17.1( 0.6 10482( 152 1136( 156 690( 88
50 1.8( 0.1 13.4( 0.7 10393( 169 1042( 167 713( 125

108M + SAM initial 0.0 11.7 9042 787 597
25 2.1( 0.1 14.2( 0.6 10385( 100 1085( 124 809( 76
37 1.8( 0.1 15.2( 0.8 10593( 159 1213( 225 832( 208
50 3.8( 0.1 19.1( 1.0 11146( 152 1276( 154 1099( 127

a The SAM binding site (Å2) was defined using the following residues: A39, M40, N41, V42, E64, L65, G66, A67, Y68, G70, Y71, S72, I89,
E90, I91, N92, C95, G117, A118, S119, Q120, F139, D141, H142, W143, K144, R146, and D150. Calculations used structures from the last 5 ns
of each simulation.b The average SASA for the catechol binding site (Å2) was calculated as described above using the following residues: W38,
M40, K46, D141, K144, D169, N170, C173, P174, L198, E199, Y200, R201, and D205.
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appeared to increase this distortion. Overall, 108M COMT
showed a larger distribution of disrupted structures at 37°C,
while active-site disorder was evident in the 108V and 108L
proteins only at elevated temperatures.

The solvent-accessible surface area of the models was
examined to investigate the effects of V108M-induced
packing and structural changes on binding pocket conforma-
tions (Table 1, Figure 5). At 25°C the average solvent
accessibilities of the entire protein and the SAM and catechol
binding sites were greater in 108M COMT than 108V COMT
(Table 1). The solvent accessibility of the overall 108M
protein was comparable at 37 and 50°C, showing an increase
of about 400 Å2 at both temperatures relative to the 25°C
trajectories; a similar pattern was seen in the SAM binding
site SASA (Table 1, Figure 5). The SASA of the catechol
binding site remained constant at∼900 Å2. The active site
expansion of 108V COMT appeared to lag behind that of
the 108M protein. The SAM and catechol binding site solvent

accessibilities of 108V COMT at 37 and 50°C were
comparable to those of 108M COMT at 25 and 37°C,
respectively (Table 1, Figure 5).

It has been suggested that the observed differences in
COMT activity may reflect decreased protein levels in vivo.
If this is the case, the recent finding of similar mRNA
transcript levels for the two polymorphs in the dorsolateral
prefrontal cortex suggests that the differences in COMT
abundance result from altered protein degradation rates rather
than differences in protein synthesis (22). The MD simula-
tions suggest that all of the apoproteins sample a relatively
small, distinct collection of conformations at 25°C (Figure
6). A broader distribution of structures with increased CR-
RMSDs from the starting structure is present at 50°C,
although the overall topologies remain similar to those of
the native protein (Figures 4 and 6). The MD simulations
suggest that 108V COMT samples a smaller and more
distinct collection of conformations at 37°C (Figure 6). In

FIGURE 2: CR-RMS fluctuations (in Å) per residue during the rat (1VID), 108L, 108V, and 108M MD simulations. CR-RMSFs were
calculated relative to the average structure over the last 10 ns of each simulation. Simulations at 25, 37, and 50°C are colored in blue,
green, and red, respectively. CrystallographicB-factors of holo rat COMT (1VID,13) are colored in black. Secondary structural elements
are colored to match the representations of COMT in Figure 1. Key: cylinder,R-helix; arrow,â-strand; asterisk, residue 108.

2182 Biochemistry, Vol. 45, No. 7, 2006 Rutherford et al.



contrast, at 37°C 108M COMT exists in a large ensemble
of structures that overlap extensively with distorted confor-
mations found at 50°C (Figure 6).

Both 108V and 108M COMT appear to sample a larger
distribution of structures of increased CR-RMSD than 108L
COMT at 37°C, hinting that a leucine at position 108 may
be stabilizing and that alterations in enzymatic activity may
not be due solely to the size of residue 108. These differences
suggest that 108M COMT’s decreased activity may result

from the presence of a larger proportion of inactive protein
at physiological temperature. Furthermore, the overall expan-
sion and increase in solvent accessibility of 108M COMT
seen in the molecular dynamics simulations at physiological
temperature could make 108M COMT more prone to
enzymatic degradation.

Simulations of COMT with SAM.SAM has been found to
protect the enzymatic activity of 108M COMT at both
physiological and elevated temperatures (8). To examine the

FIGURE 3: Snapshots of polymorphic packing taken from the initial structures and the 30th ns of the 25, 37, and 50°C 108V and 108M
apoprotein MD simulations. Residue 108 forms side-chain contacts with residues fromR2 (A22), R4 (V74, A77, R78),R5 (V103, A106),
andâ3 (K109, D110, K111, V112). The larger M108 forms closer contacts at the polymorphic site. Residue 108 and residues lining the
polymorphic site are shown in space-filling and licorice representations, respectively, and colored by atom.R-Helices andâ-strands are
colored to match the representations of COMT in Figure 1.
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interactions between COMT and SAM that contribute to this
stabilizing effect, we performed simulations of both 108V
and 108M COMT with SAM bound to the active site. SAM
remained bound to COMT throughout all of the simulations.

The presence of SAM had no significant effect on the overall
solvent accessibility of the polymorphic site or residue 108
(Table 2). Variability in contact distances within the poly-
morphic site decreased within individual simulations. Inter-

Table 2: Polymorphic Site

solvent-accessible surface area residue 108 contact distance (Å)

protein temp (°C) polymorphic site (Å2)a residue 108 (%)b A22 (R2)c V74 (R4)d R78 (R4)e

108V apoprotein initial 347 13.8 5.3 3.8 7.4
25 452( 54 8.7( 3.6 4.2( 0.4 4.5( 0.4 6.5( 0.6
37 420( 51 7.5( 3.3 4.2( 0.4 4.6( 0.5 6.7(0.5
50 429( 58 6.8( 3.1 5.0( 0.5 4.4( 0.5 6.7(0.6

108M apoprotein initial 359 11.4 4.3 6.6 5.4
25 420( 69 19.7( 4.3 4.0( 0.4 4.5( 0.3 4.2( 0.4
37 432( 65 18.0( 5.1 4.1( 0.5 4.9(0.6 4.5( 0.4
50 430( 79 10.0( 5.6 4.9( 1.0 6.7( 0.7 6.2( 1.4

108L apoprotein initial 372 10.3 4.2 4.3 4.6
25 545( 68 28.0( 7.5 4.3( 0.5 4.8( 0.5 7.1( 0.5
37 401( 53 10.5( 3.9 4.4( 0.4 5.0( 0.7 5.2(0.4
50 417( 55 8.6( 3.9 4.2( 0.4 4.7( 0.6 5.3( 0.4

108V + SAM initial 350 13.2 5.3 3.9 7.1
25 440( 50 6.5( 2.7 4.5( 0.4 4.5( 0.4 6.4( 0.4
37 422( 54 8.7( 3.6 4.4( 0.3 4.2( 0.3 6.0( 0.4
50 432( 54 6.8( 3.0 4.4( 0.4 4.5( 0.4 5.8( 0.4

108M + SAM initial 361 11.3 4.5 6.9 5.5
25 465( 46 20.4( 4.2 3.8( 0.3 4.6( 0.3 5.0( 0.4
37 463( 53 2.7( 1.6 5.0( 1.4 6.5( 0.4 6.8( 1.3
50 478( 63 23.7( 6.2 4.1( 0.4 4.9( 0.7 5.2( 0.7

a The polymorphic site was defined using the following residues: A22, V74, A77, R78, V103, A106, 108, K109, D110, K111, and V112.
Calculations used structures from the last 5 ns of each simulation.b The percent solvent exposure of residue 108 was calculated by dividing the
side-chain exposure, averaged over the last 5 ns of each simulation, by the solvent accessibility of the side-chain free in solution.c Contact distances
between the following atoms were averaged over the last 5 ns of each simulation: A22 (Câ)-V108 (Cγ1), A22 (Câ)-M108 (Cε), and A22
(Câ)-L108 (Cδ1). d V74 (Cγ2)-V108 (Cγ2), V74 (Cγ1)-M108 (Cγ), and V74 (Cγ2)-L108 (Cδ1). e Contact distances between the following
atoms were averaged over the last 5 ns of each simulation: R78 (Câ)-V108 (Cγ1), R78 (Câ)-M108 (Cε), and R78 (Câ)-L108 (Cδ2).

FIGURE 4: The 108M COMT active site is disposed to disruption at 37°C. Snapshots from the 30th ns each of the 37 and 50°C apoprotein
MD simulations (i.e., two simulations at each temperature) are shown as ribbon representations. SAM binding residues E90, Q120, and
W143 are colored in green, and catechol binding residues W38, P174, and E199 are colored in red. Residue 108 is colored in orange.
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estingly, the M108 (Cε)-R78 (Câ) contact distance increase-
din the SAM simulations, becoming comparable to that of
the 108V protein (Table 2).

The addition of SAM to 108V COMT decreased the total
CR-RMSD of the trajectories to∼1.8 Å at all temperatures
(Table 1). A similar decrease in CR-RMSD was seen in
108M COMT at 37°C. The CR-RMSFs of residues 65-
140 were lower in both proteins with SAM bound than those
of the apoprotein (Figure 2E,F). This was expected as helices
R3-R6 contain many SAM binding residues (Figure 1). The
addition of SAM also resulted in decreased CR-RMSFs for
R1-R3 and the catalytic loop of 108M COMT at 37°C
(Figure 2D,F). However, SAM did not have a stabilizing
effect on 108M COMT in the 50°C trajectory, which reached
a final CR-RMSD of 3.8( 0.1 Å and displayed increased
fluctuations in both the amino (R1-R2) and carboxy termini
[R7-R8, catalytic loop (residues 198-205)] (Table 1, Figure
2F).

The addition of SAM to both 108V and 108M COMT
significantly decreased the solvent accessibilities of the
overall protein and the SAM binding site at 25 and 37°C
(Table 1, Figure 5). However, in the 50°C simulation of

108M COMT with SAM, the total and catechol binding site
SASAs increased (Table 1, Figure 5). This was consistent
with the increase in CR-RMSF for the amino- and carboxy-
terminal regions of 108M COMT (Figure 2F). While both
proteins maintained most of the key SAM contact distances
at 37°C, some residues lining the SAM binding pocket of
108M COMT, particularly M40, S72, and S119, did not
interact as well with SAM at 50°C (Supporting Information,
Table S2). In the crystal structures of the rat protein, as well
as the simulations described here, M40, V42, and S72 interact
with the methionine moiety of SAM near the catechol
binding pocket (13-15). M40 orients the sulfur of SAM
toward the hydroxyl groups of the catechol substrate.

In addition, while D141 maintains hydrogen bond with
SAM during the simulation of 108M COMT at 50°C, an
important contact between D141 and K144 is lost. D141 is
involved in coordinating the Mg2+ cofactor. Mg2+ helps to
orient the catechol substrate hydroxyl groups for methyl
transfer, while K141 probably aids in proton abstraction from
the catechol hydroxyl group (13, 60, 62). SAM binding also
decreased the W38-P174 contact distance in both proteins
at physiological temperature (Table 1). However, stabilization

FIGURE 5: Space-filling representations of COMT showing increasing solvent exposure of the SAM binding site with temperature. The
108M COMT active site is more exposed to solvent. Residues forming the SAM and catechol binding sites are colored in green and red,
respectively. SAM is colored in blue.
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of the W38-P174 interaction was not observed in 108M
COMT at 50°C. The simulations indicate that although SAM
binding may protect COMT’s overall structure at 50°C,
partial rearrangements of the SAM and catechol binding sites
occur in 108M COMT at elevated temperature independent
of the presence of SAM.

CONCLUSIONS

Several of the differences in the behavior of 108V and
108M COMT in our MD trajectories could be important for
enzymatic activity. Replacing valine 108 with methionine
increased the solvent exposure of residue 108 and had
significant effects on tertiary contacts between secondary
structural elementsR2, R4, andR5 in the immediate vicinity
of this residue. While both proteins retained the overall
methyltransferase fold topology at all temperatures studied,
the simulations suggest that 108M COMT exists in a broader
ensemble of conformational states at 37°C than 108V
COMT. Perhaps most importantly, 108M COMT was more
prone to deformation at physiological temperatures, with
large increases in total and SAM binding site solvent
accessibility. Similar structural perturbations were observed
in both proteins at 50°C, a temperature close to their
respectiveT50 values. These results indicate that a larger
proportion of 108M COMT may exist in deformed, and thus
possibly inactive, conformations at 37°C. The addition of
SAM resulted in decreases in both the overall and SAM
binding site solvent accessibilities and reduced the CR-RMS
fluctuations of both proteins at physiological temperatures.
This stabilizing effect of SAM may explain the protective
effects of SAM on 108M COMT activity.
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