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The metallo-B-lactamases (MfLs) are clinically significant enzymes which readily hydrolyze most f-lactam antibiotics.
Discovering potential inhibitors for the MpLs is an expensive, time consuming endeavor. Virtual screening can sieve
out inhibitor candidates with incompatible features prior to synthesis, decreasing these costs. Using Autodock 4.0, the
binding locations and energies of four previously-studied potential inhibitors and four additional compounds obtained
from the National Cancer Institute (NCI) database were computationally calculated. Based on the docking models of
these eight compounds, we then designed several hypothetical inhibitor structures, compounds A through F, and per-
formed their respective docking experiments. The docking results for compound F showed that it binds to the zinc con-
taining active sites with a lowest predicted binding energy of —6.70 kcal/mol, suggesting F is the most likely potential
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MBL inhibitor.
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Introduction

B-Lactam compounds have successfully carried out their
role as antibiotics by inducing bacteriolysis."” However in re-
cent decades, bacteria have evolutionarily developed abilities
to counteract -lactam containing antibiotics by producing -
lactamases,’ which catalyze the cleavage of the C-N bond in the
B-lactam ring, thereby allowing bacteria to resist the remedial
effects of this family of antibiotics.”’ The p-lactamases have
been classified into four different groups, A through D, based on
their structures and catalytic mechanisms.’ In group A, C,and D
B-lactamases, an active site serine nucleophilicily attacks the
carbonyl group of the B-lactam ring, while group B enzymes,
commonly referred to as metallo--lactamases (MfLs), utilize
zinc ions for catalytic activity.7'9

The MpSLs have been noted as clinically significant zinc
hydrolases because they readily hydrolyze the majority of -
lactam antibiotics.'’ A zinc ion in the active site acts as an elec-
tron pair acceptor, catalyzing the hydrolysis of the -lactam ring
in various classes of antibiotics, such as penicillins and cep-
halosporins, and even in a group of serine-based B-lactamase-
resistant antibiotics, carbapenems.''* Several studies have sug-
gested potential inhibitors that either emulate the structure of
the B-lactam antibiotics or interact with the zinc binding site. "
Inhibitors containing penicillin scaffolds are particularly attrac-
tive because they can compete with B-lactam antibiotics for
the MfLs active site. However, though many potential MBLs
inhibitors have been proposed, none have yet shown clinical
usefulness. Therefore, research efforts should still be focused
on discovering more effective inhibitors.

Designing enzyme inhibitors requires significant amounts
of time and laboratory resources. Because only five out of every
40,000 synthesized inhibitors that undergo animal testing
actually make it to clinical trials and typically only one of those
five are approved,14 applications of computational techniques

are becoming indispensible in the process of drug discovery and
development. Virtual screening, or in silico modeling, auto-
matically sieves out compounds with incompatible features.
Consequently, the portion of time and financial resources spent
on fruitless experimental synthesis can be significantly decreas-
e d.l4_16

AutoDock is a molecular modeling program which has
been previously used for designing inhibitors."* It predicts the
docking of flexible small molecules, or drug candidates, to re-
ceptors of enzymes and macromolecules. This program also pro-
vides a free-energy force field to evaluate docking conforma-
tions and binding energies during the docking simulations.
Free-energy scoring is based on a linear regression analysis
which calculates electrostatic energy, desolvation energy, the
energy in hydrogen bonding interactions, and entropy.21

In this report, we describe the application of structure-based
virtual screening for the evaluation and optimization of several
penicillin-derived inhibitor candidates of Bacillus cereus MBL
using AutoDock 4.0. Based upon the docking data of the opti-
mized compounds, we then suggest a novel potential MPBL in-
hibitor for future investigation. Since these computational ex-
periments are conducted using freely available software, the in
silico research strategy demonstrated here can be utilized for
inhibitor discovery.

Methods

Preparation of target protein structure. The 3D structure of
MBL from Bacillus cereus was obtained via the protein data
bank (PDB entry 1BC2) (http://www.pdb.org/pdb/explore/-
explore.do?structureld=1BC2). The enzyme has been deter-
mined at 1.9A resolution in crystal form to have two identical
chains in the asymmetric unit. Each chain contains two zinc ions
in the active sites. Zn1 is tightly coordinated by His86, His88,
and His149, while Zn2 is loosely coordinated by Asp90, Cys-
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Figure 1. The structure of the zinc-dependent B-lactamase II from Bacillus cereus. (a) A ribbon structure of the Bacillus cereus, with the two zinc
ions. (b) A molecular surface map of the Bacillus cereus, with the Zn1 and Zn2 active site binding pocket. (c) Zincs active site geometry with distance

between zinc ion and coordinated residues.

SH SH
K"/s %"’S
T, “u,
VY _N\>//////’ Y _N\>/////’
d B o B
TO,H CO,H
5a 5b

Figure 2. Previously suggested -lactamases inhibitors.

168, and His210.” All atom parameters were automatically
created by AutoDockTools (ADT). Coordinates for the 1BC2
were processed in ADT by adding hydrogen atoms, assigning
charges with the Gasteiger method, and merging the non-polar
hydrogens. We modified 1BC2 by removing one of the chains
using ADT because AutoDock 4.0 only allows one target mole-
cule. The 3D structure, the topology of the zinc active sites, and
the bonding distances between the zinc ions and active site re-
sidues were confirmed by PyMol (Figure 1).

Docking with predefined compounds. To increase the validity
of potential inhibitor and docking studies, previously-studied
(predefined) inhibitor candidates taken from literature were
chosen as control dockings.” All the structures of the com-
pounds and their inhibitory activities are shown in Figure 2
and Table 1. Next, we utilized the Dundee PRODRG([2] server
to generate a topological description of the inhibitor candidates
(http://davapc1.bioch.dundee.ac.uk/programs/prodrg/prodrg.
h‘rml).24 This server converted 2D compounds drawn by the JME
editor to 3D coordinates in PDB format, adding hydrogen atoms.
The 3D structures of the compounds, in PDB format, were then
docked with the 1BC2 monomer using AutoDock4.0 (http://
autodock.scripps.edu). In order to allow for the flexibility of the
active site, His 86 of the protein was selected and given one
active torsion. A grid map of 62 A x 62 A x 62 A points with
0.375 A grid spacing was centered on the zinc active sites and
was calculated around the docking area by running AutoGrid.
The Lamarckian genetic algorithm was used as the search me-
thod, and the docking parameters were set to 100 automated
docking runs for a 150 population size with a 2,500,000 maxi-
mum number of energy evaluations for each docking experi-
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Table 1. B-Lactamase inhibitory activity (ICso, tM) against represen-
tative class A (TEM-1), class C (P99), and class B (metallo) enzymes

TEM-1 P99 L1 BCII
Compound (Class A) (Class C) (Class B) (Class B) Ref#
Serine Serine Metallo Metallo
5a 601 0.10 32.1 2.9 B
5b 648 3.75 10.9 1.7 =
6a >1000 423 414 17.8 =
6b 988 7.9 36.9 17.2 B

ment. The results showed the binding energies and hydrogen
bond interactions between the ligands and the 1BC2 monomer,
and the cluster analysis was performed based on root mean
square deviation (RMSD).

NCI compounds screening. The Enhanced NCI (National
Cancer Institute) Database Browser (http://129.43.27.140/
ncidb2/) screened for potential MBL inhibitor structural motifs
via PASS (Prediction of Activity Spectra for Substance) pre-
dicting activities, applying the queries “antibiotics penicillin-
like” and “B-lactamases inhibitor.” The browser carried out a
similarity search of at least 95% Tanimoto coefficient similarity
based on the penicillin scaffold. The Dundee PRODRG[2] serv-
er generated the selected compounds’ 3D structures in PDB
format and Autodock4.0 docked the compounds to modified
1BC2. The Lamarckian genetic algorithm search methods and
docking parameters from the predefined compounds docking
experiments were used for docking screened compounds into
the protein.

Potential new compound design and its docking. Maintaining
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a penicillin scaffold, we hypothetically designed new com-
pounds based on the best binding results from the four pre-
defined compounds and the compounds obtained from the NCI
database. The hypothetical compounds were sketched with the
JME editor and their coordinates were generated by Dundee
PRODRG(2] server in PDB format. A docking experiment was
conducted using the same search methods, the same docking
parameters, and the same 1BC2 monomer as the target enzyme.

Results and Discussion

Overall procedure. To further a previous in vitro MBLs in-
hibitor study via in silico methods, we generated 3D structures
of the predefined MBLs inhibitors and obtained a 3D structure
of the target protein MBL from Bacillus cereus through the pro-
tein data bank (PDB). Four compounds were added to our study
through screening of penicillin-like antibiotics (Figure 2) and
B-lactamases inhibitors by PASS prediction with a similarity
search performed in the Open NCI database (Table 3a and 3b).
Computational experiments were performed to predict the
docking conformations of the four predefined compounds and
the four NCI compounds with the MBL. Their predicted binding
energies, which permit us to understand the overall binding en-
ergy between a ligand and the target protein, and the enzyme-
ligand hydrogen bonding interactions were analyzed by Auto-
Dock 4.0. Based on the results from our docking experiments
with the eight compounds, we then designed several hypothe-
tical MPBLs inhibitor compounds. Lastly, we conducted docking
experiments on these novel structures with the target protein
and identified the most promising potential inhibitor.

Docking results with predefined compounds. A previous in
vitro study suggested four penicillin-derived inhibitor com-
pounds on which the hydroxyl groups were substituted for thiol
groups. These compounds inhibit both representative metallo-
and serine-p-lactamases™ (Figure 2). Particularly, compounds
5a and 5b had the ability to selectively and actively inhibit the
MBL from Bacillus cereus (Bcll), whose mechanistic and struc-
tural information has been elucidated in previous ML studies.”
Compound 5b had the best Bcll inhibitory activity among the
four suggested compounds, with an ICsy value of 1.7 uM23
(Table 1).

To confirm the results of the in vitro study via in silico model-
ing, the first docking experiments were carried out using the
predefined compounds as ligands and the PDB entry 1BC2 as
the target protein. The results of the AutoDock docking experi-
ments are shown in Table 2. AutoDock4.0 designated similar
binding positions for all four compounds. Their docking posi-
tions were located in the vicinity of the Zn1 active site (His86,
His88, and His149 residues). For compound 5a, the lowest pre-
dicted binding energy was —6.37 kcal/mol. Three hydrogen
bond interactions occurred between the carbonyl oxygen of 5a’s
thiazolidine ring and the amine hydrogen of Lys 117 (1.885 A),
the carbonyl oxygen of 5a’s B-lactam ring and the amine hydro-
gen of Asn118 (1.808 A), and 5a’s thiol group and the side chain
of Asp152 (2.213 A). For compound 5b, the lowest predicted
binding energy was —6.56 kcal/mol. Three hydrogen bond inter-
actions occurred between the carbonyl oxygen of 5b’s -lactam
ring and the imidazole side chain of His88 (2.015 A), the car-
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bonyl oxygen of 5b’s thiazolidine ring and the amine hydrogen
of Lys 117 (1.762 A), and 5b’s thiol group and the side chain of
Asp152 (1.778 A). For compound 6a, the lowest predicted bind-
ing energy was —5.34 kcal/mol. Two hydrogen bond interactions
occurred between the carbonyl oxygen of 6a’s B-lactam ring and
the hydroxyl of Thr108 (1.799 A) and the carbonyl oxygen of
6a’s thiazolidine ring with the amine hydrogen of Ala 109 (1.840
A). For compound 6b, the lowest predicted binding energy was
-6.35 kcal/mol. Two hydrogen bonds occurred between the
carbonyl oxygen of 6b’s thiazolidine ring and the € amino group
hydrogen of Lys117 (2.019 A), and the carbonyl oxygen of 6b’s
B-lactam ring and the amide hydrogen in the carboxamide side
chain of Asn 118 (1.866 A),

The docking experiments show similar binding positions for
all four compounds near the Zn1 active site. Since there is hy-
drogen bonding with His 88, an active site residue coordinated
to Zn1, we expect Sb is more likely to obstruct substrate binding,
either sterically or electronically, than the other three com-
pounds. Figure 3 shows the best mode of 5b’s docking inter-
action with the MBL from Bacillus cereus. In addition, Sb has
the lowest binding energy of the four compounds. Thus, our
computational data is in accordance with the findings of a
previous study where the ICsy value obtained with 5b was the
lowest of the four tested compounds.

NCI database screening and docking results. As mentioned
above, a previous in vitro study synthesized four penicillin-
derived compounds which were found to inhibit a representative
MBL. However, based upon an earlier study,26 the inhibition
pattern assay of the compound 5b revealed that the inhibition
is reversible, noncompetitive. This observation is in good agree-
ment with our computation analysis, where the binding site
for compound 5b is not in the active site (Fig. 4). This prompted
us to modify the design of compound 5b in an effort to obtain
a robust competitive MBL inhibitor.

The purpose of screening NCI compounds is to identify che-
mical moieties which may improve the design of compound
5b. Given that compound 5b is primarily composed of a peni-
cillin-like scaffold, we conducted a PASS search in the Enhanc-

Table 2. Docking results with predefined compound

. H-bond

Compound Ntor AGaps RMSD  H-bonding distance
(kcal/mol) (A) interaction A)
CO---HN(Lys117) 1.885
S5a 3 -6.37 10.58 CO---HN(Asnl18) 1.808
SH---OC(Aspl52) 2213
CO---HN(His 88)  2.015
5b 3 -6.56  0.688 CO---HN(Lysl117) 1.762
SH---OC(Aspl52)  1.778
B CO---HO(Thr108)  1.799
6a 2 334 2416 06 HN(ALa109)  1.840
B CO---HN(Lys117) 2.019
6b 2 7635 14T 6o HN(Asnl18)  1.866

Ntor, the number of torsional degree of freedom in the compound; AGaps,
the predicted free energy of binding from AutoDock4; RMSD, the root
mean square difference in coordinates between the atoms and docked con-
formation.
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Table 3a. PASS predictions of antibiotic Penicillin-like compounds with physical properties

NSC No. 2D structure No. H-bond acceptors No. H-bond donors ~ No. rotatable bonds
o Nt
Y ’/ i s
o 4, =0
126846 0// 4 1 5
N s
193396 m Oj;r 4 2 4
NH;
H
N
277174 o 6 4 4

HO

Table 3b. PASS prediction of B-lactamases inhibitor compound with physical properties

NSC No. 2D structure No. H-bond acceptors No. H-bond donors ~ No. rotatable bonds
N
)

222409 3 0 2

ed NCI Database Browser for “penicillin-like antibiotics” which
are structurally similar to compound 5b. Since penicillin-like
antibiotics are substrates for MBLs, it is known that their che-
mical structure allows binding to the active site. From this NCI
database screening, it was expected that chemical moieties could
be identified which would allow a Sb-like inhibitor to bind
closer to the active site, thereby improving inhibition. We also
conducted a PASS search for “beta-lactamase inhibitors” be-
cause a previous study suggested that some compounds can
inhibit both serine-based B-lactamases and MBLs.23 The four
compounds shown in Table 3a and 3b were selected out of
250,251 Open NCI Database structures. The PASS prediction
query for “penicillin-like antibiotics” found three compounds

126846, 193396, and 277174 and a query for “beta-lactamase
inhibitors” found compound 222409, where 193396 and 277174
are Penicillin G and Amoxicillin, respectively. AutoDock 4.0
was used to dock these compounds with di-zinc MBL from
Bacillus cereus. For compound 126846, the lowest predicted
binding energy was —7.20kcal/mol with four hydrogen bond
interactions. The interactions were present between the -lactam
carboxylate moiety of 126846 and the amine hydrogen of Ala89
(1.940 A), the side chain oxygen of 126846 and the amine hydro-
gen of Lys 117 (1.866 A), the side chain amine hydrogen of
126846 and the carbonyl oxygen of Asn118 (2.217 A), and the
carbonyl oxygen of 126846’s B-lactam ring and the amine
hydrogen of Asn118 (2.155 A). For compound 193396, the
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Figure 3. Docking interactions of compound 5b; spheres as wireframe
indicate atoms in close contact, compound msms are displayed as sold
cloud, and hydrogen bonding interaction as dash lines are circled with
distance.

Table 4. Docking results with NCI Database

Figure 4. Molecular surface map of the Bacillus cereus with compound
5b.

Compound (NSC No.) Ntor AGaps4 (kcal/mol) RMSD (A) H-bonding interaction H-bond distance (A)

CO---HN(Ala89) 1.940

» CO---HN(Lys117) 1.866

126846 5 7.20 7.406 NH---OC(Asn118) 29217
CO---HN(Asnl118) 2.155

193396 4 -7.17 1.057 CO---HN(ASP90) 1.947
CO---HN(Ala89) 1.738

CO---HN(Lys117) 1.792

N OH---OC(Asn118) 1.904

277174 4 7.96 5.513 CO---HO(Tyr120) 1634
CO---HN(Asn180) 2.061

NH---OC(Asp183) 1.736

222409 2 -6.84 1.175 CN---HN(Lys117) 1.965

Ntor, the number of torsional degree of freedom in the compound; AGapa, the predicted free energy of binding from AutoDock4; RMSD, the root mean square

difference in coordinates between the atoms and docked conformation.

lowest predicted binding energy was —7.17kcal/mol. In this bind-
ing conformation, there was one hydrogen bond interaction
for 193396: the carbonyl oxygen of the f-lactam 6-acylamino
side chain and the amine hydrogen of Asp90 with a distance of
1.947 A. Docking simulations of the binding of 193396 to mono-
zinc B-lactamases from Bacillus cereus have previously been
performed; the results of these studies suggest that Lys171
and Asnl180, residues conserved in all known MPBLs, are in-
volved in hydrogen bond formation with 193396.”*"* In our
docking experiment, secondary docking conformations of
193396 revealed a hydrogen bond between its f-lactam car-
boxylate moiety and the conserved residues, Lys171 and Asn
180 (data not shown), which is in accordance with the findings
of the previous studies. For compound 277174, the lowest pre-
dicted binding energy was —7.96kcal/mol with six hydrogen
bond interactions. The interactions were present between the -
lactam carboxylate moiety of 277174 and the amine hydrogen
of Ala89 (1.738 A), side chain oxygen of 277174 and the amine
hydrogen of Lys 117 (1.792 A), hydroxyl on the aromatic side
chain of 277174 and the amine hydrogen of Asn118 (1.904 A),
B-lactam carboxylate moiety of 277174 and side chain hydroxyl

of Tyr120 (1.634 A), carbonyl oxygen of 277174’s amide and
the amine hydrogen of Asn 180 (2.061 A), and finally, the side
chain amine hydrogen of 277174 and the carbonyl oxygen of
Asp183(1.736 A). In the case of compound 222409, although
the structure does not possess a -lactam ring like the others, the
pass prediction suggested that it possesses strong predicted
activity as a f-lactamase inhibitor. The results of the docking
experiments showed a lowest predicted binding energy of —-6.84
kecal/mol. A hydrogen bond occurred between the nitrogen-con-
taining five-membered ring of 222409 and the amine hydrogen
of Lys 117 (1.965 A). However, there is no evidence that Lys
117 is critical to the MPL mechanism, suggesting that 222409
may not be a suitable candidate for further investigation. The
all docking results are illustrated in Table 4.

The docking results with the NCI compounds showed that
277174 had a lowest predicted binding energy and six hydrogen
bonding interactions, thus 277174 initially appeared to be the
best potential inhibitory compound for the MBL. However, the
residues responsible for the hydrogen bonding interactions do
not participate in the enzyme catalysis. Unlike 277174, the dock-
ing results with 193396 showed a hydrogen bonding interaction
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Figure 5. Proposed mechanism of B-lactam ring hydrolysis (adopted from ref# ).
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Figure 6. Hypothetically designed MBLs inhibitor compounds.

with the active site residue Asp90, whose carboxylate anion
plays a significant role in amide hydrolysis of the lactam ring.2529
(Figure 5). Although the hydrogen bonding with Asp90 occurred
between the -lactam 6-acylamino side chain and the amine
hydrogen of Asp90 instead of its carboxyl side chain, 193396
still binds closer to the active site than the other compounds.
For this reason, compound 193396 was chosen as a basis for
several hypothetical inhibitor designs.
Predicted inhibitor design. Docking results from four pre-
defined compounds and four compounds obtained from the
NCI database suggest that both 5b and 193396 interact with

the active site of the target protein MBL from Bacillus cereus.
Although compound Sb showed significant inhibition, it does
not seem to directly occlude active site access by a substrate, as
shown in the binding topology diagram in Figure 4. Compound
193396, alternatively, binds to Asp90, which is part of the Zn2
active site, but it interacts with the amine hydrogen of Asp90
instead of the carboxyl side chain, allowing the MBLs to hy-
drolyze the B-lactam ring of 193396. By combining certain
aspects of compounds 5b and 193396, there is a possibility that
the inhibitor design can be improved. To acquire more effective
potential inhibitors, we designed hypothetical compounds based
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Table 5. The best docking results of suggested compound
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. H-bonding H-bond distance
Chemical structure Ntor AGap4 (kcal/mol) ~ RMSD (A) interaction A)
E
H SJ/
N %,
o [
y o
)
s” 9 -9.36 7.783 CO---HN(Asn180) 1.708
o .-=
CooH
F
TH
HN//,,,,, S
_ CO---HN(His86) 3.007
);L/J/// 3 6.70 0.138 SH.---OC(Asp90) 2.136

Ntor, the number of torsional degree of freedom in the compound; AGapy, the predicted free energy of binding from AutoDock4; RMSD, the root mean
square difference in coordinates between the atoms and docked conformation.

on the structures of Sb and 193396 (Figure 6) and then docked
these hypothetical compounds with the MBL. The goal of this
investigation was to discover compounds which bind near both
zincl and zinc2 containing active sites. Hydrogen bonding
interactions with the active site residues and binding energy
are both important factors when evaluating the inhibitor can-
didates. By tightly binding near the Znl and Zn2 containing
active sites, an inhibitor could disrupt certain critical hydrogen
bonds, reducing the stability of the Zn1 tetrahedral intermediate
and decreasing the basicity of Asp90.”

The designs of all novel structures in Figure 6 were based
upon compounds Sb and 193396. Because the scaffolds of com-
pounds 5b and 193396 are similar, the functional groups of these
compounds were exchanged with stereochemical variation,
generating compounds A, F, and G. Compound B is a stereo-
chemical variation of 193396 while compound E was generated
by the combination of Sb and 193396, in their entirety, via an
S-O bond. Lastly, compounds C and D were generated by attach-
ing the side chain of 193396 to the thiazolidine ring of 5b in
different stereochemical arrangements. Docking experiments
revealed that two of the seven hypothetical compounds (i.e.,
compounds E and F) bind to the Zn1 and Zn2 containing active
sites with reasonably low binding energies (Table 5).

Compound E, a molecule designed by connecting compounds
5b and 193396 with an S-O bond, had a lowest predicted bind-
ing energy of —9.36 kcal/mol. This binding energy is lower than
penicillin-like antibiotics such as penicillin G and Amoxicillin,
and thus E appears to be a potential MBL inhibitor that may
compete with penicillin-like antibiotics. The compound’s large
size allows for many interactions with the protein, thereby

contributing to its low binding energy. In addition to the low
binding energy, a hydrogen bonding interaction between the p-
lactam carbonyl of compound E and the Asn180 side chain was
observed (Table 5). Since Asn180 is a conserved residue, it is
likely that Asn180 helps to orient potential substrates into the
binding pocket. This interaction may impede substrate binding
with the active sites. Hence, E initially seems to be a promising
MBL inhibitor candidate.

Compound F, a variation of compound 5b in which the thiol
group is connected to the B-lactam ring through a nitrogen instead
of carbon, had a lowest predicted binding energy of —6.70
kcal/mol. As shown in Figure 7a, two hydrogen bonding interac-
tions were found between the carbonyl oxygen of compound
F’s B-lactam ring and the His86 side chain (3.007 A) and bet-
ween the thiol hydrogen of compound F and the Asp90 side
chain (2.136 A). Both His86 and Asp90 are coordinated to Zn1
and Zn2, respectively. These residues are critical to the pro-
posed mechanism of the MBL (Figure 5). His86 provides sta-
bility to the Zn1 tetrahedral arrangement while Asp90 acts as
a general base, catalyzing the hydrolysis of the lactam ring.
Compound F could therefore possibly serve as an obstacle to
the zincl electrophilic attack of the B-lactam carbonyl oxygen
and hinder the breakdown of the C-N bond in the -lactam ring.
Furthermore, by hydrogen bonding to both these residues, com-
pound F may possess enhanced stability and selectivity.

The results indicate that both hypothetical compounds E and
F possess improved topological hindrances and binding energies
compared to the previously suggested compound 5b. Although
compound E possesses a lower binding energy than penicillin-
like antibiotics, E, because it is so large and structurally com-
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(@)

(b)

Figure 7. Docking interactions of suggested compound F. (a) Docking
interactions of compound F; spheres as wireframe indicate atoms in
close contact, compound MSMS are displayed as solid cloud, and hy-
drogen bonding interaction as dash lines are circled. (b) A surface dia-
gram of docked suggested compound F to the active site binding pocket
ofthe Bacillus cereus and (c) Docking interaction between zinc coor-
dinated residues and suggested compound F.

plex, appears to be unstable. In addition, the CAS (Chemical
Abstracts Service) registry does not possess an example of the
S-0O bond contained in this compound. Therefore, a practical
laboratory synthesis of this compound is questionable. On the
other hand, because compound F is more structurally stable,
smaller, and has more hydrogen bonding interactions with the
active site than E, the data show that F is more likely to fit into
the binding pocket (Figure 7b and 7c¢). Also, the CAS registry
contains several compounds (CAS registry numbers: 667884-
51-7 and 733710-18-4) with similar mercaptoamine bonds (SH-
NH) which will provide practical information for the synthesis
of compound F. Thus, the results from docking experiments
suggest that compound F is a more promising MBL inhibitor
design.

Bull. Korean Chem. Soc. 2010, Vol. 31, No. 12 3651

Conclusion

The main goal of this study was to build upon a previous in
vitro study of MBLs inhibitor compounds and, through com-
putational screening, generate a more effective potential in-
hibitor design which maintains a penicillin-like scaffold. We
applied virtual screening, using AutoDock4.0, to a total of eight
predefined and NCI database compounds in order to identify
specific structural characteristics which encourage inhibition.
We then sought to exploit these characteristics and combine
them into a single, hypothetical inhibitor design. By using Auto-
Dock4.0, we were able to expand on the results of previous in
vitro studies and use these findings to propose a novel potential
MBL inhibitor, compound F. Further investigations into our sug-
gested compound may provide practical information and potent
motivation for organic chemists seeking to synthesize a new
MBL inhibitor compound.
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