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Histamine N-methyltransferase (HNMT) catalyzes
the N-methylation of histamine in mammals. The ex-
perimentally determined HNMT three-dimensional
(3D) structure is not available. However, there is a
common genetic polymorphism for human HNMT
(Thr105lle) that reduces enzymatic activity and is a
risk factor for asthma. To obtain insights into mecha-
nisms responsible for the effects of that polymorphism
on enzymatic activity and thermal stability, we pre-
dicted the 3D structure of HNMT using the threading
method and molecular dynamics simulations in water.
Herein, we report a theoretical 3D model of human
HNMT which reveals that polymorphic residue
Thr105lle is located in the turn between a beta strand
and an alpha helix on the protein surface away from
the active site of HNMT. 11e105 energetically destabi-
lizes folded HNMT because of its low Chou-Fasman
score for forming a turn conformation and the expo-
sure of its hydrophobic side chain to aqueous solution.
It thus promotes the formation of misfolded proteins
that are prone to the clearance by proteasomes. This
information explains, for the first time, how genetic
polymorphisms can cause enhanced protein degrada-
tion and why the thermal stability of allozyme Ile105 is
lower than that of Thr105. It also supports the hypoth-
esis that the experimental observation of a signifi-
cantly lower level of HNMT enzymatic activity for allo-
zyme llel05 than that with Thrl05 is due to a
decreased concentration of allozyme Ile105, but not an
alternation of the active-site topology of HNMT caused
by the difference at residue 105. © 2001 Academic Press
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Pharmacogenomics is the study of the genetic basis
for individual variation in response to drugs and other
xenobiotics. Successful prediction of the effects of ge-
netic variations that change the encoded amino acid
sequence on protein function and their consequent bio-
medical implications may be assisted by three-
dimensional (3D) structures of the encoded amino acid
sequences. Methyltransferases that catalyze the addi-
tion of a methyl group to biological molecules are a
class of enzymes with functionally significant genetic
variations (1). Unfortunately, only two small-molecule
S-adenosyl-L-methionine (AdoMet)-dependent methyl-
transferase 3D structures have been determined ex-
perimentally (2, 3). The 3D structures of most small-
molecule methyltransferase 3D structures have not
been determined experimentally, nor are they readily
available from homology modeling since their se-
guences share less than 30% sequence identity with
known protein 3D structures. To facilitate pharmaco-
genomic studies of a large number of methyltrans-
ferases identified by the Human Genome Project (4),
we have been determining computationally 3D struc-
tures of small-molecule AdoMet-dependent methyl-
transferases that are genetically remote from all meth-
yltransferases whose 3D structures have already been
determined experimentally.

One such methyltransferase is histamine N-methyl-
transferase (HNMT). Using a cosubstrate, AdoMet, as
a methyl donor, this enzyme catalyzes the N-methyl-
ation of histamine, one of the two major pathways for
the biotransformation of histamine in mammals, and
the only process responsible for inactivation of the neu-
rotransmitter actions of histamine in the mammalian
central nervous system (5-9). The experimentally de-
termined 3D structure of this enzyme is currently un-
available. However, there is a common genetic poly-
morphism for HNMT in humans (Thrl105lle) that
results in decreased enzyme activity, decreased immu-
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noreactive protein and decreased thermal stability
(10). Functional genomic association studies have led
to evidence that this genetic polymorphism might con-
tribute to the role of inheritance in risk for asthma
(11). Computational prediction of the 3D structure of
HNMT which may shed light on mechanisms respon-
sible for the effects of genetic polymorphisms on
HNMT function would be desirable.

Herein, we report a theoretical 3D model of human
HNMT predicted by a heuristic approach using the
threading method and molecular dynamics simula-
tions. This model provides insights into a structural
mechanism for the effects of a common single nucleo-
tide polymorphism in HNMT on enzymatic activity and
thermal stability.

METHODS

The all-atom 3D model of truncated human HNMT (Met1-Asn249)
was generated by the MaxSprout program (12) using the correspond-
ing alpha-carbon 3D model which was first generated according to
the folding patterns of catechol O-methyltransferase (COMT) (2) and
NAD* synthetase (13) using the 3D-PSSM program (14). Gaps in the
all-atom 3D model were closed manually by inserting the residue(s)
that were not determined in the a-carbon 3D model by the 3D-PSSM
program because of the low similarity between HNMT and the fold-
ing templates. The backbone and side chain conformations of each
inserted residue were manually adjusted according to the secondary
structure of Metl-Asn249 predicted by the Psi-Pred program (15).
All inserted residues were energy minimized with a positional con-
straint applied to the entire system except for the inserted residues
using the Sander module of the AMBER 5.0 program (16). Manual
adjustments were also made to enforce that all the residues from
Metl to Asn249 except for Gly were in the L-form and that all peptide
bonds were in the trans configuration. The protein was then im-
mersed in a box of water molecules (TIP3P) (17). The resulting
system was energy minimized for 500 steps, gradually heated to 298
K over 30 ps, and then refined by a molecular dynamics (MD) sim-
ulation using the Sander module of the AMBER 5.0 program. All MD
simulations were carried out by employing the Cornell et al. force
field (18), and used (i) a dielectric constant of 1.0; (ii) the Berendsen
coupling algorithm (19); (iii) a periodic boundary condition in the
NPT ensemble at constant temperature of 298K and constant pres-
sure of 1 atm with isotropic molecule-based scaling; (iv) the Particle
Mesh Ewald (PME) method to calculate the long-range electrostatic
interactions (20); and (iv) default values of all other inputs of the
SANDER module.

RESULTS AND DISCUSSION

The Heuristic approach. As a result of the geneti-
cally remote relationship of HNMT to COMT (2) and
glycine N-methyltransferase (GNMT) (3), two small-
molecule methyltransferases whose crystal structures
have already been reported, the homology approach,
which was applicable to the prediction of the 3D struc-
tures of thiopurine S-methyltransferase and indoleth-
ylamine N-methyltransferases (21, 22), failed to yield a
3D structure of HNMT that could sustain a 1.0 ns (1.0
fs time step) MD simulation, a process which served as
a self-consistency test. The 3D structure of HNMT,
generated from homology modeling using the crystal
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structure of COMT as a template, partially unfolded,
resulting in a collapse of the active site during the 1.0
ns MD simulation.

The threading method (23, 24) was then used to
predict the 3D structure of HNMT. Although low sim-
ilarity was found between the HNMT sequence and
any known 3D protein structure, two threading-based
programs (3D-PSSM and INBGU (14, 25)) predicted
that the folding of the human HNMT amino acid se-
qguence (NCBI Entrez Protein code: NP_008826) was
similar to those of NAD" synthetase (13) and COMT
(2). Use of the crystal structures of NAD" synthetase
and COMT as the folding templates in predicting the
HNMT 3D structure was encouraged by the fact that
all these enzymes have an adenine-containing cosub-
strate in the active site (2, 10, 13), and the fact that the
secondary structure of the all-atom 3D model of the
truncated human HNMT (Met1-Asn249), which was
constructed by the MaxSprout program using the
a-carbon coordinates generated by the 3D-PSSM pro-
gram, was consistent with the secondary structure of
human HNMT predicted by the Psi-Pred program (15)
from the human HNMT amino acid sequence. Since the
similarities of HNMT to COMT and NAD" synthetase
were 9 and 19%, respectively, suggesting that HNMT
had regions in its 3D structure markedly different from
those of NAD* synthetase and COMT, the @8 strand and
coils in the C-terminus of HNMT were manually ad-
justed to adopt the seven-strand g sheet which is com-
monly seen in the 3D structures of methyltransferases
(26-28). The resulting structure was refined by a 1.0
ns (1.0 fs time step) MD simulation in water.

3D model of HNMT. The MD simulation-refined 3D
structure of the truncated human HNMT (Metl-
Asn249) had a typical o/ fold with nine helices and six
B strands (Fig. 1). Helices a4-a5 and the parallel beta-
strands betal-beta3 were similar to the Rossmann
folds found in the crystal structures of GNMT and
COMT. This structure was considered as a putative 3D
model of human HNMT for a series of reasons. First,
one pocket as a potential active site of HNMT was
found in the 3D model, although it was not built inten-
tionally during the 3D model building process. Second,
the conserved methyltransferase region | (11e56-Gly64)
in HNMT, which was reportedly part of the AdoMet
binding pocket in the enzyme (2, 3, 29), was located in
the pocket of the HNMT 3D model. Third, the con-
served methyltransferase region 11l (Leul55-Thr164)
in HNMT (29) was located away from the pocket, con-
sistent with the X-ray structures of GNMT and COMT
in which region 111 was also away from the active site
(2, 3). Fourth, the 3D structure sustained a 1.0 ns MD
simulation and no unfolding or pocket collapse were
observed during the MD simulation.

Biological implications. On the basis of Western
blot immunoreactivity experiments, we previously pro-
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FIG. 1. Schematic topology diagram of the 3D structure of the truncated human HNMT (Met1-Asn249) refined by a 1.0 ns (1.0 fs time
step) MD simulation and its folding process mediated by residue 105 (triangle, B8 strand; circle, « helix; and square, g strand-like).

posed that a significantly lower level of HNMT activity
for allozyme 11e105 than allozyme Thr105 was due to a
reduction of the concentration of allozyme 11105, but
not an alternation of the active-site topology of HNMT
caused by the difference at residue 105 (10). This hy-
pothesis was supported by the reports that common
polymorphisms for another methyltransferase, thiopu-
rine S-methyltransferases (TPMT), resulted in en-
hanced protein degradation, through an ATP-
dependent proteasomal pathway, leading to low or
undetectable levels of immunoreactive TPMT protein
and enzymatic activity (30, 31). However, the mecha-
nism(s) by which genetic polymorphisms that alter en-
coded amino acids lead to enhanced protein degrada-
tion was unclear.

The present work supports, at the structural level,
our hypothesis with regard to HNMT, and explains, for
the first time, how genetic polymorphisms might lead
to enhanced protein degradation. The theoretical 3D
structure of human HNMT shows that polymorphic
residue Thrl105lle is located on the protein surface
away from the active site of HNMT (Fig. 2). This struc-
tural information suggests that the enzymatic activity
for allozyme 11e105 be not likely decreased by residue
105 residing in the active site of HNMT. In contrast, it
might be altered by the folding of HNMT which is, in

part, governed by residue 105 because this residue is
critically located in the turn between B3 and «6 (Figs.
1 and 2). Mutations involving residue 105 can thus
affect the structural stability of folded HNMT. When a
mutation destabilizes a folded protein, it promotes the
formation of misfolded proteins that are prone to the
clearance by proteasomes that have evolved, in part,
for folding-quality control (32-35). Therefore, residue
105 plays an important role in controlling the amount
of folded HNMT and its enzymatic activity. According
to the theoretic model of HNMT, I1e105 energetically
destabilizes the folded enzyme because of its low
Chou—Fasman score (0.47) for forming a turn confor-
mation in comparison to that of Thr (0.96) and because
of the exposure of its hydrophobic side chain to agueous
solution, which results in decreased thermal stability
and misfolding which in turn leads to decreased immu-
noreactive protein and decreased enzymatic activity.
The present work also suggests that the involvement
of a polymorphic residue in the control of the folding of
HNMT, which controls the amount of folded HNMT
and the enzymatic activity, may be applicable to other
small-molecule methyltransferases such as TPMT. In a
reported theoretical model of TPMT, polymorphic res-
idue Alal54Thr (TPMT*2) is situated in the loop be-
tween a B strand and an « helix on the surface of the
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FIG. 2. Overview of the truncated human HNMT (Met1-Asn249) showing the spatial relationship of Thr105 located in a turn to the

conserved methyltransferase region | (11e56-Gly64) in the active site.

protein away from the TPMT active site (21). This
structural arrangement is very similar to that of
11e105Thr in the 3D model of HNMT. Therefore,
Alal54Thr might be responsible for the folding of
TPMT and subsequently for the decreased concentra-
tion of TPMT protein which has been reported for this
allozyme, although TPMT residue 154 was reportedly
predicted to be indirectly involved in the binding of
AdoMet (21).

On the basis of this chain of logic, it would be pre-
dicted that the degradation half-life for HNMT with
11e105 might be significantly shorter than that for
Thr105 allozyme. That hypothesis should be tested
experimentally using a pules-chase experiment which
was employed in the studies of degradation half-lives of
TPMT allozymes (30, 31). If that hypothesis were con-
firmed experimentally, it would be logical to propose
the use of thermal stability (Ts,) as a potential measure
of the degradation half-lives of this class of methyl-
transferases with functionally significant genetic vari-
ations and this thermal stability parameter might be
useful in determining risk factors in clinical practice.

Conclusion. We have predicted the 3D model of a
truncated human HNMT (Met1-Asn249) using a heu-
ristic approach. The theoretical 3D structure of human
HNMT reveals that polymorphic residue Thr105lle is
located in the turn between B3 and a6 on the protein
surface away from the active site of HNMT, and plays
a role in the folding of HNMT. This information ex-

plains, for the first time, how genetic polymorphisms
that alter encoded amino acids might result in en-
hanced protein degradation and why the thermal sta-
bility of allozyme 11105 is lower than that of Thr105. It
also supports the hypothesis that the experimental
observation of a significantly lower level of enzyme
activity for allozyme 1le105 than the one encoded with
Thrl05 is due to a reduction of the concentration of
allozyme 11e105, but not an alternation of the active-
site topology of HNMT caused by the difference at
residue 105.

Coordinates deposition. The coordinates of the 3D
model of the truncated human HNMT (Met1-Asn249)
was deposited to the Protein Data Bank on April 2,
2001 (PDB code: 11CZ2).
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