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With the aid of receptor-oriented pharmacophore-based in 

silico screening, we established three pharmacophore 
maps explaining the binding model of hPNMT and a 
known inhibitor, SK&F 29661 (Martin et al., 2001). The 
compound library was searched using these maps. Nine-
teen selected candidate inhibitors of hPNMT were 
screened using STD-NMR and fluorescence experiments. 
An enzymatic activity assay based on HPLC was addition-
ally performed. Consequently, three potential hPNMT in-
hibitors were identified, specifically, 4-oxo-1,4-dihydro-
quinoline-3,7-dicarboxylic acid, 4-(benzo[d][1,3]dioxol-5-
ylamino)-4-oxobutanoic acid, and 1,4-diaminonaphthalene-
2,6-disulfonic acid. These novel inhibitors were retrieved 
using Map II comprising one hydrogen bond acceptor, one 
hydrogen bond donor, one lipophilic feature, and shape 
constraints, including a hydrogen bond between Lys57 of 
hPNMT and a hydrogen bond donor of the inhibitor, and 
stacked hydrophobic interactions between the side-chain 
of Phe182 and an aromatic region of the inhibitor. Water-
mediated interactions between Asn267 and Asn39 of 
hPNMT and the amide or amine group of three potent in-
hibitors were additional important features for hPNMT ac-
tivity. The binding model presented here may be applied to 
identify inhibitors with higher potency. Moreover, our 
novel compounds are valuable candidates for further lead 
optimization of PNMT inhibitors.  
 
 
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-adeno-

sylhomocysteine (SAH). Adrenaline (or epinephrine) accounts 
for 5-10% of total catecholamines in the central nervous system 
(CNS). Adrenaline is synthesized in vivo from noradrenaline in 
a reaction catalyzed by phenylethanolamine N-methyltrans-
ferase (PNMT), a 30 kDa enzyme that utilizes the cofactor 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 (Martin et al., 2001). 
It has been implicated in the effects of ethanol intoxication and 
neural degeneration observed in Alzheimer’s disease (Kennedy 
et al., 2004; Mefford et al., 1990). There have been efforts to 
develop potent PNMT inhibitors as angina pectoris, myocardial 
infarction and anxiety neuroses agents (Commings, 2001; Kri-
zanova et al., 2007).  

An extended series of investigations has focused on identify-
ing effective substrates and inhibitors of hPNMT. The majority 
of these compounds are based on 1,2,3,4-tetrahydroiso-
quinoline and its analogues (Grunewald et al., 2005a; 2005b; 
2006; 2007; 2008; Romero et al., 2004). Receptor-oriented 
pharmacophore-based in silico screening allows the systematic 
analysis of possible interactions between a large number of 
compounds and proteins, leading to the detection of noncova-
lent interactions in active sites of proteins (Fisher and Güner, 
2002; Hoffrén et al., 2001; Kirchmair et al., 2001; 2007; McIn-
nes, 2007). To identify novel and specific ligands, the active 
sites of proteins are analyzed for establishing pharmacophore 
maps, which depict sets of interactions (chemical features or 
functionalities) aligned in three-dimensional space, and include 
several features, along with excluded volume regions, based 
on the positions of receptor atoms (Elhallaoui et al., 2002; 
Pickett et al., 1996). For each library of compounds, a confor-
mationally flexible database is constructed and searched with 
the set of pharmacophore maps. The resulting hits comprise  
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Various conformers of a subset of compounds that satisfy one 
or more maps, and are thus expected to fit the active site rea-
sonably well. 

In our previous study, we performed a docking study for 
hPNMT and flavonoids, and suggested several interactions 
between hPNMT and its candidate inhibitors (Lee et al., 2009a). 
In this study, receptor-oriented pharmacophore-based in silico 

screening of hPNMT was performed to identify inhibitors of 
hPNMT. Candidate inhibitors were subsequently assessed for 
binding to hPNMT using biophysical screening methods, such 
as STD-NMR and fluorescence experiments. Enzymatic inhibi-
tion was further monitored by HPLC. 
 
MATERIALS AND METHODS 

 

Expression and purification of Hpnmt 
hPNMT cDNA was a kind gift from the 21C Human Gene Bank, 
Genome Research Center, KRIBB, Korea. A hexa histidine-
tagged hPNMT expression vector, pET-28a-hPNMT-His, was 
constructed by cloning into the BamHI/XhoI restriction sites of 
pET-28a (Novagen, USA), and transformed into E. coli strain 
BL21. Cells were cultured at 30°C for 5 h prior to harvest by 
centrifugation, and resuspended in buffer comprising 20 mM 
Tris-HCl and 500 mM NaCl, pH 7.4 (buffer A). After sonication, 
lysed cells were centrifuged at 15,000 rpm for 20 min at 4°C to 
eliminate cellular debris. The supernatant was loaded onto a 
column packed with Ni-NTA resin (Amersham Biosciences, 5 
ml). The resin was washed with 6 column volumes of buffer A 
containing 12.5 mM imidazole to eliminate weakly bound pro-
teins. Elution buffer (buffer A containing 250 mM imidazole) 
was used for collecting hPNMT, which eluted as a sharp peak. 
The hPNMT fraction collected was subjected to gel filtration 
chromatography on a Superdex™ 75 column (Amersham Bio-
sciences) with 10 mM Tris-HCl, 0.5 mM DTT, and 1.0 mM 
EDTA, pH 7.0, and collected hPNMT fraction was exchanged 
to buffer A. Purified hPNMT was identified with 10% SDS-
PAGE, and protein purity assessed using MALDI-TOF mass 
spectrometry. 
 

Building of a 3D compound database 
A 3D compound dataset was built with 200,000 synthetic com-
pounds supported by Specs.net (Netherlands). Compounds 
were converted to 3D multiple conformers by Discovery Studio 
(DS) Catalyst DB Build module of the DS modeling 2.1 (Accel-
rys Inc., USA) (Lee et al., 2009a; 2009b; Taha et al., 2007). 
FAST method was used for multiple conformer generation that 
allowing 250 maximum conformers, and default values of all 
other parameters were applied. 
 
Receptor-oriented pharmacophore-based in silico screen-
ing of hPNMT  
We defined the active site of hPNMT using the center and ra-
dius of the docked inhibitor, which based on the x-ray complex 
structure of hPNMT and a potent and selective PNMT inhibitor, 
SK&F 29661 (1HNN.pdb) and determined multiple pharma-
cophore maps (Martin et al., 2001). A list of features, including 
hydrogen bond donors (HBDs), hydrogen bond acceptors 
(HBAs) and lipophilicity (Lipo), were used to determine the 
pharmacophore map. Maps were generated with the excluded 
volume for heavy atoms, which is the forbidden area in the 
active site that defines its shape. To account for excluded vol-
ume regions occupied by heavy atoms in the receptor, an ex-
clusion model was generated for the active site and surround-
ing receptor regions. Each atom of the receptor selected for 
inclusion in the model was presented as an exclusion point 

(Hoffrén et al., 2001; Kirchhoff et al., 2001). Among these mul-
tiple pharmacophore maps, the most suitable one representing 
the binding model between hPNMT and inhibitor was estab-
lished correctly via in silico screening with SK&F 29661. Phar-
macophore maps that effectively expressed the binding model 
of enzyme with its inhibitors were selected for searching the 
compound library.  

Using the final pharmacophore maps, we searched the 
Specs compound library and selected the candidates of 
hPNMT inhibitors based on visual inspection and estimation of 
the ligand score (LigScore) (Aparna et al., 2005; Venkatacha-
lam et al., 2003). In particular, shape constraints were applied 
in database screening for regulating the number of hit com-
pounds. These compounds were further subjected to medium-
throughput screening. We performed all computational studies 
in a Linux environment using the DS modeling/SBP module 
(Accelrys Inc., USA) (Zou et al., 2008). 
 
HPLC enzymatic inhibition assay 
Noradrenaline and adrenaline were separated using a Waters 
Atlantis™ dC18 4.6 × 250 mm, 5 μm column and Waters 2695 
Alliance Separation Module. The mobile phase employed was 
H2O:acetonitrile:100 mM ammonium acetate, pH 5.0 = 10:2:88. 
The column temperature was maintained at 25°C, and a UV 
detector was monitored at 280 nm. To assess enzymatic inhibi-
tion, 125 μl of 20 μM hPNMT and 62.5 μl of 80 μM SAM were 
mixed thoroughly and incubated for 1 h at 37°C, followed by 
reaction with a DMSO stock (5 μl of 50 mM) of inhibitors for 15 
min at 37°C. Noradrenaline (62.5 μl of 40 μM) was added and 
incubated for 15 min at 37°C. Reactions were terminated with 
20 μl perchloric acid. The supernatant fractions were centri-
fuged at 6,000 rpm for 5 min, and 10 μl of sample solution was 
subsequently injected into the HPLC system maintained at 4°C 
and the chromatogram was monitored for 20 min. Final concen-
trations of hPNMT, SAM, inhibitor and noradrenaline were 10 
μM, 20 μM, 1000 μM and 10 μM, respectively. The inhibition 
(%) was calculated by monitoring enhancement of the adrena-
line peak as follows: 
 
 
 
 

A control sample (with 100% of noradrenaline converted to 
adrenaline) was prepared under similar reaction conditions, but 
in the absence of inhibitor. The results were compared with 
those obtained with the commercially available hPNMT inhibi-
tors, THIQ, 2-aminoindan (Grunewald et al, 1981; 2006). The 
dependence of percentage inhibition on inhibitor concentration 
was assessed by varying the concentrations of YPN010, 
YPN016, YPN017, THIQ and 2-aminoindan to 100, 250, 500, 
750 and 1000 μM. The time dependence of percentage inhibi-
tion was monitored against various reaction times (ranging from 
8 to 180 min) with YPN010 and THIQ at a fixed concentration 
of 500 μM. 
 
NMR screening  
Saturation transfer difference (STD) NMR have been widely 
used for the study of protein-ligand interaction. Information can 
be gained quickly and easily with these techniques. They need 
only small amounts of non-isotope-labeled, and thus readily 
available, target macromolecules (Meyer and Peters, 2003). 
STD-NMR was performed at KBSI (Korea Basic Science Insti-
tute) to identify the inhibitors bound to PNMT. Spectra were 
collected from regions containing only protein resonances at 
298 K, both with and without saturation (Macnaughtan et al.,
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2006; Mayer and Meyer, 2001). In the presence of excess 
ligand, spectral differences primarily constituted resonances 
belonging to ligand protons bound to PNMT. The protein was 
saturated on-resonance at -1.0 ppm and off-resonance at 40 
ppm, with a cascade of 40 selective Gaussian-shaped pulses of 
50 ms duration and a 100 µs delay between each pulse in all 
STD-NMR experiments. The total duration of the saturation 
time was set to 2 s. 

For STD-NMR experiments, 10 µM recombinant hPNMT in 
10 mM Tris-Cl, 0.5 mM DTT, pH 7.0, and 1.0 mM of each can-
didate inhibitor was added (protein:ligand ratio of 1:100). In total, 
1024 scans for each STD-NMR experiment were acquired, and 
a WATERGATE sequence used to suppress the water signal. 
A spin-lock filter (5 kHz strength and 10 ms duration) was ap-
plied to suppress the protein background. 
 
Fluorescence analysis 
The hPNMT protein (10 µM) was added to buffer (20 mM Tris-
HCl, 500 mM NaCl, pH 7.4, and 20 µM SAM). Each inhibitor 
candidate (YPN010, YPN016, YPN017) and THIQ was titrated 
to a final protein:inhibitor ratio of 1:10. The sample was con-
tained in a 2 ml thermostatted cuvette with excitation and emis-
sion path lengths of 10 mm. Fluorescence quantum yields of 
hPNMT and ligand were determined by tryptophan emission. 
Samples were excited at 290 nm, and emission spectra were 
recorded for light scattering effects from 290 to 500 nm. We 
estimated Kd using the following equation (Mishra et al., 2005): 
 
 

 

 

F0 and F represent fluorescence intensity from hPNMT at 
342 nm in the absence and presence of inhibitor, respectively, 
while n is the number of inhibitor binding sites on the protein. 
 
 

RESULTS 

 

In silico screening of Hpnmt 
The 3D structure of hPNMT was obtained from the PDB entry, 
1HNN. The geometric center of the hPNMT inhibitor was used 
to define the active site center. The 10.0 Å radius includes all 
the residues forming the first shell around SK&F 29661 bound 
to the receptor. The three-dimensional structure of hPNMT and 
model of binding to its inhibitor (SK&F 29661) are presented in 
Fig. 1. Chemical features were generated from receptor atoms 
within 10.0 Å from the active site center, and organized into 
three donors, three acceptors, and five lipophilic clusters. 

Several inhibitors of hPNMT accept hydrogen bonds directly 
or often via a water molecule, with Lys57, Glu219 and Asp267 
of hPNMT (Gee et al., 2005; Krovat et al., 2005). Based on this 
information, each receptor-based pharmacophore map is com-
posed of three features and shape constraints to regulate the 
number of hit compounds (Fisher and Güner, 2002; Pickett et 
al., 1996). In total, 165 receptor-based multiple pharmacophore 
maps were generated using all possible combinations of the 
three features.  

Among the 165 maps, only three represented the binding 
model of hPNMT and SK&F 29661 effectively, as shown in Fig. 
1(C). Two hydrogen bond acceptors, HBA1 and HBA2, corre-
spond to the potential hydrogen bonding site of the Lys57 side-
chain. Two hydrogen bond donors, HBD2 and HBD3, corre-
spond to the potential hydrogen bonding site between the 
Glu219 side-chain and a water molecule. Each map is com-
posed of one HBA, one HBD, one Lipo feature and shape con-
straints. The three maps were used to search a database built 
with 200,000 compounds. Consequently, we selected 17 poten-
tial candidate hPNMT inhibitors, based on visual inspection and 
ligand score (LigScore) (Rambabu et al., 2005; Venkata-
chalam et al., 2003). Two-dimensional structures and their 
LigScores are presented in Table 1. We expected the highly 
ranked compounds, such as YPN010, YPN016 and YPN017,  
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Fig. 1. Interaction model and three 

pharmacophore maps of hPNMT. (A) 

2D structure of SK&F 29661. (B) 

Interaction model of hPNMT and 

inhibitor SK&F 29661 from x-ray 

complex structure (1HNN.pdb). Black 

dashed-line indicates hydrogen bond-

ing interaction. (C) Three pharma-

cophore maps which derived from 

hPNMT. Green: hydrogen bond 

acceptor, Magenta: hydrogen bond 

donor, Cyan: lipophilic features. 
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Fig. 2. (A) HPLC separation of noradrenaline and adrenaline. (B) 

Stacked chromatograms of representative HPLC inhibition assays. 

1. Control, 2. YPN005, 3. YPN017, 4. YPN016, 5. YPN010, 6. THIQ, 

7. 2-aminoindan. 
 
 
to account for maximal binding affinity to hPNMT, compared 
with the remaining 14 compounds. The selected compounds 
had similar molecular sizes as a result of shape constraints, 
and the center of each molecule contained a hydrophobic site 
due to the Lipo feature. These compounds were further sub-
jected to medium-throughput screening. 
 
HPLC enzymatic activity assay  
To verify the virtual screening results, we monitored the conver-
sion of noradrenaline to adrenaline in the presence of hPNMT, 
SAM and each inhibitor. hPNMT was purified to a high purity as 
confirmed using SDS-PAGE and MALDI-TOF mass spectro-
metry. Previously, Borchardt et al. (Borchardt et al., 1977) de-
veloped a liquid chromatographic assay for hPNMT using a 
cation-exchange resin and an electrochemical detector. How-
ever, most PNMT assays to date have been performed via 
liquid scintillation with expensive 14C- or 3H isotope-labeled 
SAM (Grunewald et al., 1999; 1981; McInnes, 2007). In this 
study, we employ HPLC separation using a C18 column and 
UV detector, analogous to the Borchardt method, to assess 
enzymatic inhibition. Noradrenaline and adrenaline are polar 
compounds, and thus difficult to retain on a reversed-phase 
HPLC column, and high water ratio in the mobile phase was 
required. Waters Atlantis™, a silica-based line of difunctionally 
bonded reversed-phase C18 columns, was used in the mobile 
phase, as described in Materials and methods. Since the con-
version of noradrenaline to adrenaline is an irreversible process, 
percentage inhibition is dependent on the time taken for the 
assay. Despite our attempts to fix the reaction time to 15 min at 
37°C, small variations in time and reaction temperature, along 
with other parameters, may have influenced the results. These 
possible errors were corrected by comparing the HPLC area 
with a control sample containing only DMSO with no inhibitor. 
We assume that the control sample converts 100% of 
noradrenaline to adrenaline. 

The HPLC assay method was applied to known commer-
cially available inhibitors (THIQ and 2-aminoindan), as well as 
the 17 candidates identified by in silico screening. As shown in 
Figs. 2 and 3, YPN010, YPN016 and YPN017 completely sup-
pressed the conversion of noradrenaline to adrenaline, while 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Comparison of STD-NMR and HPLC assay data. The STD-

NMR peak intensity was compared to the most intensive peak 

(YPN016).  

 
 
YPN002, YPN004, YPN006 and YPN007 displayed moderate 
(20% to 80%) inhibitory activity. This suppression of hPNMT-
induced N-methylation provides evidence that YPN010, 
YPN016 and YPN017 bind to the active site of hPNMT and 
compete with noradrenaline. Results obtained with YPN010, 
YPN016 and YPN017 were in agreement with LigScore data 
(Table 1). THIQ and 2-aminoindan displayed slightly lower in-
hibitory activity (88%) than YPN010, YPN016 and YPN017.  

The dependence of inhibitor activity on concentration and re-
action time are presented in Fig. 4. In both cases, the YPN 
series displayed slightly stronger inhibitory behavior than THIQ.  
 
Biophysical screening using NMR spectroscopy 
STD-NMR spectra contained resonances specific for YPN016 
bound to PNMT, but no peaks representing YPN008 (Figs. 5A 
and 5B). HPLC and NMR results are compared in Fig. 3. STD-
NMR peaks of YPN010, YPN016 and YPN017 bind well with 
hPNMT and have similar intensities, in agreement with the 
HPLC results (100% inhibition). Despite significant differences 
between the two screening methods employed, both yielded 
consistent data, further confirming the accuracy of these tech-
niques. 
 

Fluorescence studies and dissociation constants 
The hPNMT protein contains six tryptophan residues (positions 
56, 113, 123, 140, 221, and 276). Among these, Trp221 is 
close to the binding site. In the presence of inhibitors, protein 
fluorescence was decreased. This quenching of fluorescence 
was used to estimate the binding constant. Binding (or disso-
ciation) constant, Kd, is defined as [free protein] [free inhibi-
tor]/[complex] (Möller and Denicola, 2002; Park et al., 2008). 
The fluorescence intensity was altered with increasing inhibitor 
concentrations. These changes are attributed to the formation 
of a complex of protein and inhibitor. The Kd values for the three 
novel inhibitors, YPN010, YPN016 and YPN017, are 0.86 ± 
0.014 μM, 0.32 ± 0.042 μM and 0.12 ± 0.021 μM, respectively. 
These candidates are at least five thousand fold stronger than 
THIQ which has the Kd value of 7.28 ± 0.26 mM. The binding 
affinity of potential candidate inhibitors are listed in Table 2. 
 
DISCUSSION 

 
SAM-dependent methyl transfer is one of the most extensive 
physiological reactions. Among the methyltransferases, PNMT 
participates in the terminal step of adrenaline synthesis from 
noradrenaline, and is used as a catecholamine biosynthetic 
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Table 1. Structures of candidate inhibitors of hPNMT and LigScores 

Compound Structure LigScor Compound Structure LigScor 
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marker and regulator of the central nervous system. We at-
tempted to screen for effective inhibitors of hPNMT using a 3D 
pharmacophore model with a structure-based focusing ap-
proach. Among the three multiple pharmacophore maps gener-
ated, Map II predicted interactions between inhibitors and 
hPNMT in accordance with experimental results. Our data con-
firm that Lys57 and water molecules represent important fea-

tures for hPNMT activity, and consequently, three novel inhibi-
tors were identified. The Kd values for the three novel inhibitors, 
YPN010, YPN016 and YPN017, are 0.86 ± 0.014 µM, 0.32 ± 
0.042 µM and 0.12 ± 0.021 µM, respectively.  

A combination of in silico analysis using the structure-based 
3D pharmacophore system and medium-throughput biophysi-
cal screening is a useful tool for the identification of selective
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Fig. 4. The dependence of (A) concentration of inhibitors and (B) reaction time. YPN series displayed slightly stronger inhibitory behavior than 

THIQ and 2-aminoindan. 

 

 

Table 2. Binding affinity of candidate inhibitors of hPNMT               A                 B 

Compound Kd  (µM) 

THIQ 7280 ± 260 

YPN010 0.86 ± 0.014 

YPN016 0.32 ± 0.042 

YPN017 0.16 ± 0.021 
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Fig. 6. Stereo views of interaction model of (A) 

YPN010, (B) YPN016 and (C) YPN017 at the 

active site of hPNMT. Hydrogen bonds are 

included in the docking model of inhibitors and 

hPNMT. 

Fig. 5. Representative results of the STD-NMR binding assay. (A)

YPN016 displayed 100% inhibitory activity, while (B) YPN008 pro-

moted 0% inhibition in the HPLC enzymatic inhibition assay. 
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ligands for specific receptors. Here, we employ these tech-
niques to effectively detect specific inhibitors of CNS-activated 
hPNMT. HPLC-based assays of inhibition of N-methylation 
catalysis by hPNMT provide clear evidence that YPN010, 
YPN016 and YPN017 bind to the active site of the protein and 
compete with noradrenaline. STD-NMR technique was an effi-
cient tool to identify the inhibitors of hPNMT and fluorescence 
experiments were useful to measure the binding affinity of the 
compounds without radioisotope labeling. The combination 
approach described here may be generally applicable for the 
identification of inhibitors of protein-ligand interactions, which 
would facilitate an increase in the number of therapeutic targets 
accessible for intervention.  

Three new potent inhibitors, 4-oxo-1,4-dihydroquinoline-3,7-
dicarboxylic acid (YPN010), 4-(benzo[d][1,3]dioxol-5-ylamino)-
4-oxobutanoic acid and 1,4-diaminonaphthalene-2,6-disulfonic 
acid (YPN017), confirmed by enzymatic activity assays and 
biophysical screening, were retrieved using pharmacophore 
Map II. As mentioned earlier, Map II represents interactions with 
Lys57 and a water molecule. A binding model of YPN010 and 
hPNMT is depicted in Fig. 6. Hydroxyl group of the benzoic acid 
moiety in YPN010 participates in hydrogen bonding with a side-
chain of Lys57. A nitrogen atom on the quinoline ring in 
YPN010 also forms a hydrogen bond with a water molecule, 
which simultaneously forms a hydrogen bond with Asn39 and 
Asp267. Gee et al. (2005) reported particularly strong water-
mediated interactions of β-hydroxyl of (R)-p-octopamine with 
Asp267. These interactions are conserved in YPN010, YPN016 
and YPN017 by amide or amine groups, in lieu of β-hydroxyl,  
as shown in Fig. 6. An oxygen atom on the benzodioxole ring of 
YPN016, and sulfonyl oxygen of sulfonic acid and hydrogen 
atom of the amine group in YPN017 participate in hydrogen 
bonding with Asn39 and Asp267 in hPNMT, respectively. Thus, 
it appears that pharmacophore Map II suitably represents inter-
actions between hPNMT and inhibitors. 

A cryptic binding site of hPNMT was identified by the group of 
J.L. Martin (Gee et al., 2007). Their results indicate that the 
conformation of a side-chain of Lys57 is perturbed, and no 
longer participates in direct interactions with inhibitor. Moreover, 
three active site residues were reported as flexible (Lys57, 
Cys60, and Tyr126), which affected the docking model of inhibi-
tors. However, the authors confirmed a crucial role of Lys57 in 
the activity of hPNMT consistent with earlier reports. We have 
successfully identified inhibitors with our model, verified by bio-
physical screening, which provides additional evidence that 
Lys57 plays an important role, at least in the early stage of 
ligand binding to hPNMT. We will further attempt to screen 
inhibitors with a model considering side-chain flexibility in the 
active site. Here, we specifically report a case of screening that 
involves interactions with Lys57. 

Our in silico screening and biological activity findings are sig-
nificantly correlated. If we consider that these compounds are 
only first-round hPNMT hits discovered by virtual screening, the 
binding model presented in this study may be effectively ap-
plied to discover inhibitors of higher potency. Moreover, our 
novel compounds may be valuable candidates for further lead 
optimization of PNMT inhibitors. 
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