Personal pdf file for

Anna Vuorinen, Julia Seibert, Vassilios P. Papageorgiou,
Judith M. Rollinger, Alex Odermatt, Daniela Schuster,
Andreana N. Assimopoulou

With compliments of Georg Thieme Verlag www.thieme.de

Pistacia lentiscus Oleoresin:
Virtual Screening and
Identification of Masticadienonic
and Isomasticadienonic Acids as
Inhibitors of 11B-Hydroxysteroid
Dehydrogenase 1

DOI 10.1055/s-0035-1545720
Planta Med 2015; 81: 525-532

This electronic reprint is provided for non-
"8 commercial and personal use only: this reprint
may be forwarded to individual colleagues or may
be used on the author’s homepage. This reprint
is not provided for distribution in repositories,
including social and scientific networks and platforms.”

Publisher and Copyright:
©2015 by

Georg Thieme Verlag KG
RiidigerstraRe 14

70469 Stuttgart

ISSN 0032-0943

Reprint with the

permission by I h e e
the publisher only @ 1 m




Original Papers

Pistacia lentiscus Oleoresin: Virtual Screening
and Identification of Masticadienonic
and Isomasticadienonic Acids as Inhibitors of
11B-Hydroxysteroid Dehydrogenase 1

Authors

Affiliations

Key words

© Pistacia lentiscus

© Anacardiaceae

© 11B-hydroxysteroid
dehydrogenase

© virtual screening

© antidiabetic

C diabetes

received
revised
accepted

July 7, 2014
January 15, 2015
January 26, 2015

Bibliography

DOI http://dx.doi.org/
10.1055/s-0035-1545720
Published online March 17,
2015

Planta Med 2015; 81: 525-532
© Georg Thieme Verlag KG
Stuttgart - New York -

ISSN 0032-0943

Correspondence
Andreana Assimopoulou
Department of Chemical
Engineering

Aristotle University of
Thessaloniki

Egnatia Street, AUTH Campus
54124 Thessaloniki
Greece

Phone: +302310994242
adreana@eng.auth.gr

Anna Vuorinen', Julia Seibert?, Vassilios P. Papageorgiou®, Judith M. Rollinger”, Alex Odermatt?, Daniela Schuster’,

Andreana N. Assimopoulou*

The affiliations are listed at the end of the article

Abstract

v

In traditional medicine, the oleoresinous gum of
Pistacia lentiscus var. chia, so-called mastic gum,
has been used to treat multiple conditions such
as coughs, sore throats, eczema, dyslipidemia,
and diabetes. Mastic gum is rich in triterpenes,
which have been postulated to exert antidiabetic
effects and improve lipid metabolism. In fact,
there is evidence of oleanonic acid, a constituent
of mastic gum, acting as a peroxisome prolifera-
tor-activated receptor y agonist, and mastic gum
being antidiabetic in mice in vivo. Despite these
findings, the exact antidiabetic mechanism of
mastic gum remains unknown. Glucocorticoids
play a key role in regulating glucose and fatty acid
metabolism, and inhibition of 11p-hydroxyste-
roid dehydrogenase 1 that converts inactive corti-
sone to active cortisol has been proposed as a
promising approach to combat metabolic distur-
bances including diabetes. In this study, a phar-
macophore-based virtual screening was applied
to filter a natural product database for possible
11B-hydroxysteroid dehydrogenase 1 inhibitors.
The hit list analysis was especially focused on the
triterpenoids present in Pistacia species. Multiple
triterpenoids, such as masticadienonic acid and
isomasticadienonic acid, main constituents of

mastic gum, were identified. Indeed, masticadie-
nonic acid and isomasticadienonic acid selec-
tively inhibited 118-hydroxysteroid dehydrogen-
ase 1 over 11B-hydroxysteroid dehydrogenase 2
at low micromolar concentrations. These findings
suggest that inhibition of 118-hydroxysteroid de-
hydrogenase 1 contributes to the antidiabetic ac-
tivity of mastic gum.

Abbreviations

v

AR: aromatic ring

11B-HSD: 11pB-hydroxysteroid dehydrogenase

GR: glucocorticoid receptor

H: hydrophobic area

HBA: hydrogen bond acceptor

HBD: hydrogen bond donor

H6PDH:  hexose-6-phosphate dehydrogenase

M: metal binding area

MR: mineralocorticoid receptor

NI: negative ionizable group

PDB: Protein Data Bank

PI: positive ionizable group

PPARY: peroxisome proliferator-activated re-
ceptor y

XVOL: exclusion volume

Introduction

v

Pistacia lentiscus var. chia (Anacardiaceae family)
is a tree that grows exclusively on the Greek is-
land Chios. It is mainly exploited for its oleoresin-
uous gum, the so-called mastic gum [1]. This
oleoresin is harvested in a traditional way by lon-
gitudinal incisions from the tree as tears or drop-
lets, although an alternative technique called lig-
uid collection has also been applied. In the latter
method, the stimulating agent ethrel is used for
resin excretion after incision of the tree to in-
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crease the mastic gum productivity. The gum har-
vested by this liquid method is produced in fluid
form and has a characteristic odor [2]. In addition
to controling cholesterol levels and combating
diabetes, the oleoresin has been used for centu-
ries against coughs, sore throats, eczema, stom-
achaches, kidney stones, pain, and rheumatism
[3].

The medicinal effects of P. lentiscus are proposed
to be caused by the secondary metabolite triter-
penes that are found at high concentrations in
both the acidic and neutral fractions of Pistacia
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oleoresins. Generally, the triterpenes are derivatives from 11
skeletons: A12-oleanene, A18-oleanene, 28-nor-A17-oleanene,
A7-tirucallene, 24,25-dehydro-A7-tirucallene, A8-tirucallene,
24,25-dehydro-A8-tirucallene, dammarane, lupane, lupene, and
A12-lupene [2]. The concentrations of different triterpenes vary
with Pistacia species and the resin harvest method. The resin
from P. lentiscus var. chia was found to contain 36 triterpenes
when harvested in a traditional way and in the case of liquid har-
vesting, 26 different triterpenes were found [4]. The main con-
stituents in both harvest methods are isomasticadienonic acid,
masticadienonic acid, and 28-norolean-17-en-3-one (© Fig. 1).
In traditional medicine, mastic gum has been used against diabe-
tes, a complex condition where the organism does not respond
normally to the absorbed glucose. This is caused either by de-
creased insulin production (type 1 diabetes) or by insulin resis-
tance, impaired glucose intake, and gluconeogenesis (type 2 dia-
betes), leading to elevated blood glucose levels [5]. Modern West-
ern medicine combats diabetes by direct insulin injections, insu-
lin sensitizing therapy, or enhancing the insulin secretion. Except
for direct insulin injections, the treatment of diabetes involves
multiple targets that play a role in glucose intake, gluconeogene-
sis, insulin sensitivity, and insulin secretion [5]. Among these tar-
gets is PPARY, which enhances insulin sensitivity and fatty acid
storage upon activation [6]. In fact, oleanonic acid, a constituent
of mastic gum, has been shown to activate PPARY [7]. An in vivo
study in rats indicated that daily consumption of mastic gum re-
sulted in a 40% decrease of blood glucose levels in high-fat diet-
fed rats that also received streptozotoxin injection according to a
protocol that induced diabetes I [8]. In addition, the administra-
tion of mastic gum decreased blood glucose levels and improved
serum fatty acid levels in diabetic mice [9]. Nevertheless, it is
likely that these effects are not only mediated through PPARYy.
Thus, to understand the in vivo effects of mastic gum, the com-
pounds involved and the underlying mechanisms need to be ex-
plored.
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Fig.1 Main constituents of P. lentiscus oleoresin
(mastic gum).

28-norolean-17-en-3-one

Fig.2 Interconversion of cortisone to cortisol and
vice versa by 11B-hydroxysteroid dehydrogenases.
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One possible explanation for the antidiabetic effects of mastic
gum could be an interference with glucocorticoid metabolism.
Glucocorticoids regulate carbohydrate and fat metabolism by de-
creasing glucose uptake and utilization, as well as increasing glu-
coneogenesis in the liver [10]. By affecting lipolysis and fat distri-
bution, glucocorticoids are associated with the development of
dyslipidemia that is often related to type 2 diabetes, metabolic
disorders, and Cushing’s syndrome. Glucocorticoids act via GRs
and MRs, and their intracellular, pre-receptor concentrations are
dependent on 113-HSDs (© Fig. 2) [11]. 118-HSD1 converts corti-
sone to its active hydroxyl derivative cortisol. This enzyme uses
NADPH as a cofactor and the limiting factor of its cortisone-re-
ducing activity is the coexpression with HGPDH that regenerates
NADPH from NADP* [12,13]. Therefore, in vivo, 118-HSD1 acts
predominantly as a reductase. In contrast, 118-HSD2 is an NAD*-
dependent dehydrogenase responsible for the oxidative inactiva-
tion of cortisol to cortisone [14]. 11B-HSD1 is highly expressed in
the liver, adrenals, adipose tissue, and skeletal muscles [15],
whereas 11-HSD2 is found in the kidneys, colon, and placenta
[11,16].

Since circulating cortisol levels (corticosterone in rodents) affect
glucose and lipid metabolism, 118-HSD1 is considered a promis-
ing intervention point to treat type 2 diabetes and metabolic dis-
orders [17,18]. In fact, this hypothesis is supported by biological
data; the overexpression of 118-HSD1 in adipose tissue in mice
has been shown to cause visceral obesity, hyperglycemia, insulin
resistance, and increased serum fatty acid and triglyceride levels
[19]. Additionally, high corticosterone concentrations found only
in the liver do not cause obesity or central adiposity, but instead
cause steatosis, dyslipidemia, hypertension, and mild insulin re-
sistance [20]. 118-HSD1 knockout mice were shown to have an
increased adrenal corticosterone production as a result of the im-
paired hepatic regeneration of active glucocorticoids, and they
resisted obesity- or stress-related hyperglycemia [21]. Moreover,
11B-HSD1 inhibitors have been shown to improve several meta-
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Fig.3 Pharmacophore models for 113-hydroxysteroid dehydrogenase 1 in-
hibition. The original model (A), intermediate refined model (B), and the final
refined model that was used for virtual screening (C). The pharmacophore

bolic parameters as well as atherosclerosis in mice by decreasing
aortic lesions [17,22]. Thus, 118-HSD1 inhibitors constitute a
promising way to treat metabolic syndrome and type 2 diabetes
in rodent models. However, when inhibiting 118-HSD1, selectiv-
ity over 118-HSD2 is important to avoid adverse effects such as
severe hypokalemia, hypertension, edema formation, and renal
enlargement, which are all consequences of cortisol-dependent
MR activation [23].

There is a large number of known 11B-HSD1 inhibitors, mostly
small synthetic chemicals [24-26]. In addition, compounds from
natural origin have been shown to inhibit 118-HSD1. Most of
these natural compounds are triterpenes, such as corosolic acid,
ursolic acid, glycyrrhetinic acid, and its derivatives [27,28]. Be-
cause mastic gum is rich in triterpenes, the inhibition of 11p-
HSD1 could be one explanation for the observed antidiabetic ef-
fects of mastic gum. To test this hypothesis, a virtual screening
campaign to search for 118-HSD1 inhibitors from natural origin
was launched. In virtual screening, a database of compounds is
filtered to match the query requirements, and it has been consid-
ered a suitable tool for setting biological testing priorities also in
the natural products field [29,30]. One common way to perform
virtual screening is the pharmacophore-based method. In this
method, pharmacophore models representing the 3D arrange-
ment of those electrostatic and steric functionalities that make
the small molecule active towards its target protein [31] are used
as a filter. Pharmacophore models consist of features such as hy-
drogen bond acceptor (HBA)/hydrogen bond donor (HBD), hy-
drophobic areas (H), aromatic rings (AR), positively ionizable (PI)
and negatively ionizable (NI) groups, as well as metal binding
areas (M). Exclusion volumes (XVOLs) - forbidden areas - or a
shape can be added to mimic the size and the shape of the bind-
ing pocket or active ligands. The result of a virtual screening is a
so-called hit list that contains those compounds which chemical
functionalities match with the features of the query pharmaco-
phore. These compounds are predicted to be active towards the
target.

To support drug development and to discover new 113-HSD1 in-
hibitors, a pharmacophore model for 118-HSD1 inhibition has
been developed and reported [32]. This pharmacophore model
consisted of six chemical features: four Hs, one HBA, one HBD,
and a shape (© Fig. 3A). The model was theoretically and experi-
mentally successfully validated and used for virtual screening
campaigns. However, during the recent years, new 118-HSD1 in-
hibitors have been rapidly reported, and the pharmacophore
model needed improvement to ensure the best performance.

features are color-coded: hydrophobic - cyan, hydrogen bond donor - ma-
genta, hydrogen bond acceptor - green, shape - gray. (Color figure available
online only.)

Therefore, it was refined according to the newly published 11-
HSD1 inhibitors to better represent the current state of knowl-
edge. First, the HBD function of the original model was ex-
changed with an HBA, and the shape restriction was removed
(©Fig. 3B). However, this model was not very restrictive, and
therefore, as a further refinement step, a new shape restriction
was added (© Fig. 3C) [33]. This refined model, which was named
model 4,y in its original publication [33], was employed for the
virtual screening of a natural compound database to test the
theory of P. lentiscus oleoresin constituents as 118-HSD1 inhib-
itors prior to in vitro testing.

Results

v

In order to search for natural compounds with antidiabetic activ-
ity, especially focusing on the constituents of P. lentiscus, a phar-
macophore-based virtual screening of the DIOS natural product
database was performed. The DIOS database is an in-house data-
base comprising 9676 secondary metabolites from 800 medicinal
plants described by Dioscorides in his De Materia Medica [34].
The refined 118-HSD1 model (© Fig. 3C) returned 305 hits from
the virtual screening. The hit list contained 155 terpenes, includ-
ing 96 triterpenes, among which 27 were from Pistacia species
and 8 were P. lentiscus constituents (© Fig.4). Other frequent
classes were lipids and flavonoids with 30 and 28 compounds, re-
spectively. Mostly, the triterpenes present in Pistacia species
were derivatives of masticadienonic and isomasticadienonic ac-
ids. The focus of the biological evaluation was set on the whole
resin, its acidic fraction containing mainly the above triterpenes,
and on purified compounds. Among the eight virtual hits ob-
tained from the species P. lentiscus, almost all of them belong to
the acidic fraction that was isolated from P. lentiscus var. chia
oleoresin. The two main constituents masticadienonic acid and
isomasticadienonic acid were chosen for biological evaluation.
The other virtual hits, masticadienolic acid and oleanolic acid,
have previously been reported as constituents of P. lentiscus var.
chia [35]; however, they were not detected in the resin batch that
was used for biological evaluation [4] and could therefore not be
tested. The remaining four hits were excluded because these
were not constituents of the P. lentiscus var. chia, although they
were commonly found in P. lentiscus L.

After harvesting and isolating the substances of interest, their in-
hibitory activity against 118-HSD1 and 11B-HSD2 was tested in
lysates of cells expressing the corresponding recombinant human

Vuorinen A et al. Pistacia lentiscus Oleoresin:... Planta Med 2015; 81: 525-532




Gl Original Papers

Masticadienediol

Masticadienonic acid

Masticadienolic acid Oleanolic acid

Fig.4 P. lentiscus constituents found by virtual screening.
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Fig.5 Activities of P. lentiscus var. chia oleoresin,
acidic fraction, masticadienonic, and isomastica-
dienonic acids in lysed cells expressing 11B-hy-
droxysteroid dehydrogenase 1.



enzyme. All four probes, the oleoresin, the acidic fraction of the
gum, masticadienonic acid, and isomasticadienonic acid dose-
dependently inhibited 118-HSD1 (© Fig. 5), but, importantly, not
11B-HSD2 (data not shown). As expected, the oleoresin that con-
tained all the triterpenes turned out to be a potent 118-HSD1 in-
hibitor with an ICsq value of 1.33 pg/mL, whereas the acidic frac-
tion, containing all the acidic triterpenes, had an ICsq of 2.10 ng/
mL. Masticadienonic acid and isomasticadienonic acid had ICsg
values of 2.51 uM and 1.94 nM, respectively. In contrast, the non-
selective reference compound glycyrrhetinic acid inhibited 118-
HSD1 and 11B-HSD2 with ICsq values of 0.68+0.17uM and
0.26 £ 0.07 uM, respectively, in line with previously published da-
ta [28].

To evaluate how masticadienonic acid and isomasticadienonic
acid bind to 11B8-HSD1 and to estimate their mechanism of ac-
tion, they were docked into the respective binding pocket. Both
of them aligned well with each other and with the cocrystallized
ligand carbenoxolone (© Fig. 6A). They did not form hydrogen
bonds with the catalytic residues, but occupied the binding site,
thus preventing the natural ligand from binding. Masticadie-
nonic acid was anchored to the binding site with hydrophobic in-
teractions and with a hydrogen bond with the backbone nitrogen
of Leu217 (© Fig. 6B). Isomasticadienonic acid was proposed to
bind similarly to the binding pocket, but it also formed a hydro-
gen bond with the cofactor NADPH (€ Fig. 6 C).

Discussion

v

In this study, a pharmacophore-based virtual screening of the
natural compound database DIOS was performed. As a virtual
screening filter, a previously published and refined pharmaco-
phore model for 118-HSD1 inhibitors was used. The model suc-
cessfully recognized triterpenes, from which the majority was
from Pistacia species. The biological evaluation of the mastic
gum oleoresin and its constituents supported the hypothesis of
11B-HSD1 being one of the targets involved in the antidiabetic
activity of mastic gum. To support the biological findings, binding
orientations for masticadienonic acid and isomasticadienonic ac-
id were predicted. The predicted binding modes were compared
with corosolic acid (docking studies reported by Rollinger et al.
[27]) and the cocrystallized ligand carbenoxolone. Isomasticadie-
nonic and masticadienonic acids did not have the similar flipped
binding orientation predicted for corosolic acid. However, their
binding orientations and observed hydrogen bonds with Leu217
and the cofactor as well as the hydrophobic interactions are com-
parable with those of carbenoxolone. Therefore, masticadienonic
and isomasticadienonic acids are suggested to act as competitive
11B-HSD1 inhibitors, like carbenoxolone.

The findings of this study show that the oleoresin of P. lentiscus
(mastic gum), and especially masticadienonic and isomasticadie-
nonic acids, target 118-HSD1, which may contribute to a lowered
blood glucose and improved serum fatty acids concentrations
that have been observed in earlier reports on the treatment of di-
abetic mice with mastic gum [9]. Moreover, moronic acid, one of
the triterpenes present in mastic gum [4], has been shown to ex-
ert antihyperglycemic properties in rats and to be a weak 11f-
HSD1 inhibitor in vitro (22 % enzyme inhibition at the concentra-
tion of 10 uM) [36]. Other triterpenes with a A12-oleanene skel-
eton, such as oleanolic acid, which was also found as a virtual hit,
and its derivatives, have been proven to inhibit 118-HSD1 with
high nanomolar ICsq values [37]. However, the activity of olea-
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nonic acid, a mastic gum constituent, is to the best of our knowl-
edge unknown.

There are several studies reporting natural compounds as 118-
HSD1 inhibitors with the potential to be antidiabetic drugs.
Nevertheless, most of them, like glycyrrhetinic acid and curcu-
min, also inhibit 118-HSD2 and may therefore not be suitable for
diabetes treatment [38,39]. Other compounds like flavonone and
its derivatives selectively inhibited 118-HSD1, however, they are
rather weak inhibitors [40].

Several constituents of mastic gum acting on the same or differ-
ent targets could provide an explanation for the antidiabetic ac-
tions of mastic gum, such as masticadienonic, isomasticadie-
nonic, and moronic acids inhibiting 118-HSD1, as well as olea-
nonic acid activating PPARy. However, of these compounds, mas-
ticadienonic and isomasticadienonic acids are the most potent,
experimentally confirmed 118-HSD1 inhibiting constituents
from mastic gum. In addition, at a concentration of 200 1M, olea-
nonic acid caused a 13-fold activation of PPARy, whereas masti-
cadienonic and isomasticadienonic acids inhibited 50% of the
11B-HSD1 activity at concentrations of about 2 uM. Based on the
previously performed quantification study using an GC-MS tech-
nique, these two bioactive compounds (masticadienonic and iso-
masticadienonic acids) account for 3.4 and 8.9% w/w in mastic
gum oleoresin, respectively [4]. Thus, even at low mastic gum
concentrations, the pronounced 118-HSD1 inhibition of these
two main constituents as well as probably further contributing
congeners may be the main reason for the oleoresin’s antidia-
betic effects. However, it is currently not clear whether additional

Vuorinen A et al. Pistacia lentiscus Oleoresin:... Planta Med 2015; 81: 525-532
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targets are also involved which warrant further studies on the
molecular mechanism of the constituents of this traditionally
used herbal remedy.

In addition to the explanation for the antidiabetic effects of mas-
tic gum, the findings of this study form an excellent basis for the
discovery of new 11B-HSD1 inhibitors from a natural origin. The
pharmacophore model has proven it is able to enrich active nat-
ural compounds from a large database by identifying masticadie-
nonic and isomasticadienonic acids as new selective 118-HSD1
inhibitors from natural sources.

Materials and Methods

v

Virtual screening

For the virtual screening, the DIOS database was composed with
the Build 3D database tool of DiscoveryStudio 3.0 (2005-2010
Accelrys Software, Inc.). The database was generated with Best
settings and a maximum of 255 conformations per molecule.
The pharmacophore model for 118-HSD1 inhibition was ob-
tained from our pharmacophore model collection. The detailed
pharmacophore generation and refinement were described by
Schuster et al. [32] and Vuorinen et al. [33]. Briefly, Schuster et
al. developed a ligand-based pharmacophore model for 118-
HSD1 inhibitors. The model was trained to enrich the active sub-
stances from a set of active and inactive compounds, used for vir-
tual screening, and successfully experimentally validated. During
the last years, a vast number of new 118-HSD1 inhibitors have
been developed, and the model needed refinement in order to
maintain a good predictive power. The final pharmacophore
model used in this present study is a refined version of the model
published by Schuster et al. The virtual screening of the DIOS da-
tabase was performed with the Search 3D database tool of Dis-
coveryStudio 3.0 (2005-2010 Accelrys Software, Inc.) with Best
settings.

Preparation of samples

P. lentiscus var. chia oleoresin collected traditionally (crude, large
tears) was kindly provided by the Mastic Gum Growers Associa-
tion (Chios, Greece). The acidic fraction (NaOH) of P. lentiscus var.
chia was isolated as described in [4] after fractionation of the
crude P. lentiscus var. chia oleoresin. Masticadienonic acid and
isomasticadienonic acid were isolated by semipreparative
HPLC-DAD (Dionex summit - preparative HPLC system) from
the acidic fraction of P. lentiscus var. chia (as prepared above) as
described in [41]; their purity was determined by HPLC-DAD also
as described in [41]. Their structures were identified by spectro-
scopic (1D and 2D NMR) and analytical methods (HPLC-MS) (as
shown in [41]), and additionally by comparison with published
data [4]. All solvents used in this study were LC-MS grade and
supplied by Merck.

Biological evaluation

Inhibition of 118-HSD enzyme activity was performed as de-
scribed earlier [28]. HEK-293 cells stably expressing human 118-
HSD1 or 118-HSD2 were harvested by trypsination, followed by
centrifugation. The resulting cell pellets were frozen and stored
at —80°C. For the experiments, cell pellets were suspended in
TS2 buffer (100 mM NaCl, 1 mM EGTA, 1 mM EDTA, 1 mM MgCl,,
250 mM sucrose, 20 mM Tris-HCl, pH 7.4), sonicated, and imme-
diately used for the activity assay. Cell lysates were incubated for
10min at 37°C in a final volume of 22 pL containing either ve-
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hicle (0.2% methanol) or the corresponding inhibitor. Glycyrrhe-
tinic acid (Sigma-Aldrich, article G10105, 97% assay purity) was
used as a reference compound [28]. Inhibitors were diluted in
TS2 buffer from stock solutions (10 mg/mL or 10 mM in metha-
nol). To measure 11B8-HSD1 activity, the reaction mixture con-
tained 200 nM [1,2-H]cortisone and 500 uM NADPH. 11B-HSD2
activity was measured similarly at a final concentration of 50 nM
[1,2,6,7-H] cortisol and 500 uM NAD*. Reactions were stopped
by adding an excess of unlabeled cortisone and cortisol (2 mM
each, in methanol). Steroids were separated by TLC, followed by
scintillation counting and calculation of the substrate conversion
compared to the methanol control. Data were obtained from
three independent experiments.

Docking

Masticadienonic acid and isomasticadienonic acid were drawn
with ChemBioDraw Ultra 12.0 (1986-2010 CambridgeSoft), and
3D structures were obtained using PipelinePilot (2010 Accelrys
Software, Inc.). The X-ray crystal structure of 118-HSD1 was
downloaded from the PDB (www.pdb.org [42]). For 118-HSD1,
the PDB entry 2 BEL [43] was chosen because it is cocrystallized
with carbenoxolone, a ligand that is structurally similar to the tri-
terpenoid mastic gum compounds. The docking was performed
using GOLD [44,45]. This program uses a genetic algorithm for
creating low-energy binding orientations for small molecules in-
to the binding pocket of a protein. The binding site was defined as
an 8 A sphere, centered on the hydroxyl-oxygen of Ser170 (x
3.84; y 22.49; z 13.34). ChemPLP was selected as a scoring func-
tion, and the program was allowed to terminate the docking run
in case the three best-scored binding orientations were located
similarly in the binding site. To ensure acceptable ligand flexibil-
ity, the program was set to flip ring corners when exploring the
binding orientations. Atom types for the protein and for the lig-
and were defined by the program. These docking settings were
validated by redocking the original ligand, carbenoxolone, for a
correct reproduction of the binding mode obtained by crystallog-
raphy.
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