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Inhibition of human phenylethanolamine N-methyltransferase (hPNMT) has been proposed as a method for the
treatment of several mental processes which related on adrenaline metabolism. We performed in silico screening to
identify flavonoid inhibitors of APNMT using automated docking method and selected 9 inhibitor candidates based
on ligand score (LigScore) and binding free energy (AGuind) estimation. Among 9 flavonoid candidates, 7 flavonoids
belong to flavones while the rest of them belong to flavanone. All candidates have common chemical features; two
hydrogen bond interactions with side chain of Lys75 and backbone carbonyl oxygen of Asn39, and two hydrophobic
interactions. One hydrophobic site is formed by Val53, Leu262, and Met258 and the other is made up of Phel82,
Alal86, Tyr222, and Val269. This study can be helpful to understand the structural features for inhibition of PNMT
and showed flavonoids as promising inhibitor candidates for hPNMT.
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Introduction

N-Methylation is a prominent pathway for the metabolism
of several endogenous hormones and neurotransmitters. This
reaction occurs via transfer of a methyl group from S-adenosyl-
L-methionine (SAM) to nucleophilic amino groups, leading to
the production of N-methylated metabolites and S-adenosyl-
homocysteine (SAH).1 Adrenaline (or epinephrine) accounts
for 5 - 10% of'total catecholamines in the central nervous sys-
tem (CNS).2 Adrenaline is synthesized in vivo from noradre-
naline in a reaction catalyzed by phenylethanolamine N-me-
thyltransferase (PNMT), a 30 kDa enzyme that utilizes the co-
factor SAM to methylate the amine of noradrenaline.” PNMT
is employed as a catecholamine biosynthetic marker, and the
presence of PNMT-containing neurons in the brain suggests
that CNS adrenaline is involved in the central control of blood
pressure, respiration, and pituitary hormone secretion.” It has
been implicated in the effects of ethanol intoxication and neu-
ral degeneration observed in Alzheimer’s disease.”” There have
been efforts to develop potent PNMT inhibitors as angina
pectoris, myocardial infarction and anxiety neuroses agents.”’

Flavonoids have various biological activities such as anti-
oxidant, antibacterial, and anticancer effect.®’ It has been re-
ported that flavonoids play roles in inhibition of catechol-
amine-metabolizing enzymes.lo Therefore flavonoids may act
as inhibitors of PNMT. In this study, we performed high-
throughput in silico screening with automated docking and
proposed a binding model between hPNMT and flavonoid.
Finally, we suggested important features to design of potent
flavonoid inhibitors of hPNMT.

Methods

In silico screening with automated docking. To find potent
flavonoid inhibitors of hPNMT, docking study was performed

using AutoDock (version 4.2)'"'"* based on X-ray complex
structure of hPNMT and inhibitor SK&F 29661 (IHNN.pdb).3
The Lamarckian genetic algorithm (LGA) was used for ligand
conformational searching and the default parameters are used
for docking. Flexibilities of protein and ligand were incorpo-
rated in simulations and the binding free energies (AGpind)
were estimated for the docked flavonoids.'"" The docking
parameters included a trials of 100 dockings, random starting
position and conformation, translation step ranges of 2 A, ro-
tation step ranges of 30°, mutation rate of 0.02, crossover rate
of 0.8, 15 million energy evaluations, and a maximum 20,000
generation. More than 500 flavonoids from Indofine Chemical
Company (Belle Mead, NJ) were included in our database.
We selected potential inhibitor candidates of hPNMT from
the calculation of LigScore and AGyina. "

Results and Discussion

A known inhibitor SK&F 29661 and several inhibitors of
PNMT accept hydrogen bonds directly with Lys57, Glu219,
and Asp267 of hPNMT.'® Among them, a hydrogen bond bet-
ween Lys57 and inhibitor is critical for inhibitory activity
against hPNMT." We defined the active site of hPNMT
around the center of inhibitor. Docking study was performed
with consideration of flexibility of compound and protein.
Since the structural flexibility of side chain of Lys75 has been
studied extensively,'” we assigned Lys57 as flexible residue
in our docking study.

45 flavonoids were fit to the active site of hPNMT and
finally we selected 9 flavonoids as candidates from the esti-
mation of LigScore and Gping. The LigScore is a scoring
function that predicts the affinity of ligand-receptor binding. "
One of the advantages of AutoDock allows a calculation of
AGuing and prediction of binding constants for docked igands. 3
AGying of the protein-ligand complex is simply calculated by
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14 Table 1. LigScore and binding free energy (Guing) of selected flavonoids
Com- ng' AGhind
12
pound Name Score (kcal/mol)
e " ggggf - 692  -133
c
2 s 1 2’-hydroxyflavone 578 -10.6
g_ 6 2 2°,3’-hydroxytlavone 564 -104
g . 3 7,2’-dimethoxy-3-hydroxyflavone 5.11  -11.2
Flavone 4  3-hydroxy-6-methoxyflavone 6.33  -12.2
2 5 5-hydroxy-7-methoxyflavone 6.70  -13.1
6 3-hydroxy-6-methylflavone  6.14  -12.5
0 43 -10 7 -4 -1 2 5 7  2’-hydroxy-B-naphthoflavone 5.55  -11.5
AGping (kcal/mol
wno (keal/mol) . 2’-hydroxyflavanone 516  -104
Figure 1. Population of binding free energy (AGpina) of 45 initial hit avanone 9 3’-hydroxyflavanone 531  -105
flavonoids.
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Figure 2. (A) 2D structures of 9 hit flavonoids and (B) Common pharmacophore of hits. (D is hydrogen bonding donor, A is hydrogen bonding
acceptor, and L is hydrophobic interaction).









