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Background: Antibiotics with B-Lactam rings (B-Lactams), since they were discovered, have
enhanced the typical treatment for bacterial infections. Though their resistance can quickly
spread on a universal scale, bacterial resistance is primarily caused by the production of B-
lactamases. Hence, there is a serious demand to design and create new anti-B-lactamases or
inhibitors. Nowadays, the use of B-lactamase inhibitors with B-lactams reduces this resistance.
Aim and Methods: This work aimed to help in silico design and dock two new series of 7-

Received on:

Keywords: aminocephalosporinic acid derivatives (Schiff’s bases and amides) against both the TEM-1 and
B-lactamase, the IMP-1 B-lactamases. Results: The results revolve around the possible enhanced activity of
Docking, eight amides and six Schiff base compounds compared with the standard inhibitors (clavulanic

acid, sulbactam, and avabactam). These compounds show promising docking interactions with
an active pocket site in both enzymes. We can conclude that both the halogenated and the
hydrophobic substituents, alone or when containing oxygen atoms, will potentiate the affinity
and the binding ability of any compounds when they are added to their structures to act as -
lactamase inhibitors.
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difficult to treat, increasing death rates, and increasing the
cost of treating such infections (3). It is now the chief health
hazard challenging the world (2,3). Antibacterial resistance
has now reached alarming levels with major bacterial

1. Introduction

Antibiotics with (-Lactam rings (B-Lactams) (penicillins,
cephalosporins, and carbapenems) are the greatest efficient

accomplishment in the last decade in the record of the
medical and pharmaceutical industries. They are the most
commonly utilized antibiotic class in the world. Their
mechanism includes suppression of peptidoglycan synthesis
(the main component of the bacterial cell wall), thus
resulting in the eternal impairment and fatality of the
bacteria (bactericidal) (1). Continual utilization of these
antibiotics has sparked the spread of bacterial resistance
(2). Microbial resistance is a normal biological pathway that
is initiated by improper use of antibiotics, decreased or
absence of suitable monitoring, self-prescription, or using
fake drugs (3). Resistant microorganisms harm patients and
the public by prolonging disease episodes, making infections
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pathogens (4,5). Hence, there is a crucial necessity to
develop newly B-lactamases inhibitors in order to overcome
this situation (5).

The p-lactamases produced by bacteria which gives
resistance response to [-lactams (6,7). The Ambler
arrangement conceder amino acid composition to classify B-
lactamases into four modules: A, B, C, and D (8). The A, C,
and D styles were serine B-lactamases (SBLs) whereas the
class B enzymes were metallo (-lactamases (MBLs) (9),
which makes use of one or double of the zinc ions to
stimulate majority of solvent as nucleophile (10), while SBLs
utilize the serine in the active site as nucleophile. Both
procedures ended by a ring breaking and abolishing drug
product (11) .

The B-Lactamase inhibitors disturb the bacterial ability to
deactivate P-lactam drugs. Their administration in
combination with antibacterial drugs were the extremely
successful measures to defeat bacterial resistances (12,13).
These inhibitors combine with the B-lactamases allowing the
B-lactams to capture the transpeptidase (responsible of
peptidoglycan synthesis), causing destruction of the cell wall
(13). The primary B-Lactamase inhibitors are clavulanic acid
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and sulbactam and tazobactam (14). Many new (-lactamase
inhibitors correlated to penicillanic and clavulanic acid,
cephems, penems and monobactams, are currently
developed (12,15).

Molecular docking is a design method, which mimics the
interaction of molecules and calculates the combining
quality and attractiveness among both ligands and the
receptors. This is very important in identifying drug binding
sites and explaining drug action mechanisms (15,16). This
approach recently used in drug design examination field
aided by the rapid progress of computer hardware, software,
and algorithms, this considerably decrease the time and cost
of drug enhancement (17,18).

Estimation of potential scuffled for a specific enzyme
utilizing the docking technique is usually applied to find the
hit or the prime structure from the scuffled databanks
depending on the function of their score (18,19). Consuming
the database for such purposes is not only helpful for
investigators, but also considerably declines the research
budget (20).

Hugo Schiff’s registered the initial preparation of imines
(Schiff’s bases) in the previous decade. All imines will have
azomethine group (-N=CH-) (21). Schiff’'s bases promote

many important biologically actions like antibacterial,
antituberculosis, antifungal, antitumor, anticonvulsant,
antiviral, anti-HIV, antimalarial, anti-inflammatory,

antiprotozoal, analgesic, and also anthelmintic activities
(22). Schiff’s bases recognized as powerfully against a wide
spectrum of organisms as; Candida Albicans, the Gram(-)ve
Escherichia coli and Mycobacteria, Gram(+)ve bacteria
Staphylococcus aureus (21,22).

The amide compounds are believed to be important and
effective  functional group in natural products,
pharmaceuticals, polymers, and agrochemicals, since they
offer extreme polarity and stability of their bond (23). The
amide bond synthesis is the most commonly used reaction
in the drug preparation process (16% of synthetic
procedures). The amides preparations found in 25% of drug
candidates (ex: Lisinopril, Diltiazem, Valsartan and
Atorvastatin) (23,24).

The aim of this work is to Insilco docking of new two
series of 7 amino cephalosporinic acid (7ACA) derivatives
(Schiff’'s bases and amides) with two classes of the p-
lactamase enzymes. This is an initial work in order to
choose the best compound to be synthesized in the future
work.

2. Methodology

The Docking Analysis was performed by using the online
platform  Mcule (https://mcule. com/ apps/1l-click-
docking/) (15). The structure of the bacterial class A TEM-1
B- lactamase (1PZO) and the class B IMP-1 p-lactamase
(2DOO) were acquired from Protein Drug Bank (PDB)
(15,18). Both enzymes were selected on the bases of the
more precise resolution. The docking study for the examined
compounds was performed in order to investigate the affinity
toward both enzymes to be contrasted with standard
inhibitors (sulbactam, avabactam and clavulanic acid). The
structure of the tested compound (and also all the chemical
compounds illustrated in this work) are drown by
ChemDraw program (PerkinElmer company), version
16.0.0.82 (15). The docking scores of the binding energies
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due to the interaction between the active ligands (inhibitors)
and the enzymes pockets taken in unit Kcal./mol (18).

The best docking scores of the binding energies made by
the interface between the ligands (the standard inhibitors
and the designated compounds) and the enzymes pockets
were done by two stages. In the first the visual judgment to
choose the superior pose out of 4 poses (acquired by the
docking practice) was made for every molecular structure of
the tested compound within the both enzymes; as it best
fitting in the enzyme pocket comparing with standard
inhibitors, afterward the score for the best visualized one
(analyzed using discovery studio visualizer v20.1.0.19295)
has been taken (25). While steps 2 include choosing the best
compounds that have the best score for both enzymes as
compared with the other designated compounds (18,25).

3. Results and Discussion

3.1 Molecular
inhibitors:

docking study of the standard

1PZO is a type A B-lactamase (TEM-1) with active pocket
interaction site identified by (X: 4.3193, Y: 13.6421, Z:
21.7741). While 2DOO is a type B B-lactamase (IMP-1) with
active pocket interaction site centered by (X: 31.0591, Y:
44.1942, Z: 37.0118).

First the standard inhibitors (clavulanic acid, sulbactam
and avabactam) were tested by docking proses with both
enzymes, and the results presented in Tablel, these results
will be as a control for the tested compound in order to
compare with their results. The interactions of 2D
structures of the standard inhibitors within the pocket
active site of both the TEM-1 (1PZO) and the IMP-1(2DOO)
B-lactamases enzymes were representing in Figure 1 and 2
respectively.

From Figure 1 we can consider four amino acids to be the
key for interaction of inhibitors within the pocket active site
of the TEM-1 enzyme (1PZO) which are (SER 210, GLY 211,
ARG 218 and GLY 219), these amino acid combined with the
three standard inhibitors in addition to three more (ILE 220,
ASN249 and ILE 252) that bound with the clavulanic acid
and two other more (ALA 192 and LEU 195) that interact
with the avabactam.

The picture is different in the IMP-1 B-lactamase (2DOO)
Figure 2, each standard inhibitor bound separately to a
group of amino acids differ from each other’s (clavulanic
acid with TYR160 and GLY 161, sulbactam with SER 77,
ASP 78 and HIS 194 and avabactam with TRP 25, LYS 158
and GLU 208), here we consider all of them as the key of
interaction. This variation in the rout of interaction could be
due to that the IMP-1 is a class B (metalo) B-lactamase, in
which the active pocket site is larger from the other classes,
and it requires a complex of metal to occupy its pocket. The
standard inhibitors and the tested compounds bound
variably in both the active and the allosteric sites within the
pocket. The most important issue here is that the inhibitor
must bound strongly with high affinity with the active site
and prevents the enzyme from catching the B-lactam
antibiotic by occupying part or the whole of the pocket.
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Table 1. Results of the standard inhibitors docked with TEM-1 (1PZO) and the IMP-1(2DOO) -lactamases enzymes

(kcal/mol).
Name Docking Scour Name Docking Scour Name Docking Scour
1PZO | 2DOO 1PZO 2D00O 1PZO 2D00
Clavulanic -5.8 -5.8 Sulbactam -4.9 -5.9 Avibactam -6.1 -6.3
acid
o 5] Al195
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Lo A:192
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Figure 1. 2D chemical structure for clavulanic acid (A), sulbactam (B) and avabactam (C) with the TEM-1 (1PZO)
enzyme.
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Figure 2. 2D chemical structure for clavulanic acid (A), sulbactam (B) and avabactam (C) within the active pocket
site of the IMP-1 B-lactamase (2DOO) enzyme.

The picture is different in the IMP-1 B-lactamase (2DOO)
Figure 2, each standard inhibitor bound separately to a
group of amino acids differ from each other’s (clavulanic
acid with TYR160 and GLY 161, sulbactam with SER 77,
ASP 78 and HIS 194 and avabactam with TRP 25, LYS 158
and GLU 208), here we consider all of them as the key of
interaction. This variation in the rout of interaction could be
due to that the IMP-1 is a class B (metalo) B-lactamase, in
which the active pocket site is larger from the other classes,
and it requires a complex of metal to occupy its pocket. The
standard inhibitors and the tested compounds bound
variably in both the active and the allosteric sites within the
pocket. The most important issue here is that the inhibitor
must bound strongly with high affinity with the active site
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and prevents the enzyme from catching the B-lactam
antibiotic by occupying part or the whole of the pocket.
of the

3.2 Molecular amides

compounds:

docking study

The structures of the studied substituents are scheduled
in Table 2, and the docking outcomes with both enzymes
are summarized in Table 3 for best poses selected based on
score value (kcal/mol) and manual inspection. The
interactions of 2D structures of the amides with the amino
acids residues of both the TEM-1 (1PZO) and the IMP-1
(2DOO) B-lactamases were representing in Figure 3 and 4
respectively.



Saleh A.A. and Mahmood A. A. J. Iragi Journal of Pharmacy 20(1) (2023), 23-32

COOH O

Table 2: The designed structures of the amide substituents.
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Table 3. Docking study results for the amide compounds with TEM-1 - lactamase (1PZO) and the IMP-1 B-lactamase (2DOO)
enzymes (kcal/mol)

Y1 -6.5 -6.4 Y12 -6.8 -8.3 Y23 -6.5 -6.2
Y2 -6.9 -8.6 Y13 -6.7 -7.7 Y24 -6.3 -6.7
Y3 -7.2 -8.9 Y14 -7.2 -9.0 Y25 -6.7 -6.7
Y4 -6.7 -7.8 Y15 -7.4 -8.0 Y26 -6.0 -6.7
YS -7.0 -8.7 Y16 -7.2 -7.6 Y27 -6.6 -7.0
Y6 -7.2 -8.7 Y17 -7.0 9.4 Y28 -7.9 -8.5
Y7 -7.0 -8.7 Y18 -6.8 -7.5 Y29 -6.5 -7.0
Y8 -7.1 -7.5 Y19 -6.9 -7.3 Y30 -6.8 -6.8
Y9 -6.4 -8.8 Y20 -6.9 -8.5 Y31 -6.3 -7.2
Y10 -7.0 -6.5 Y21 -6.7 -7.0 Y32 -8.3 -7.9
Y11 -6.8 -8.0 Y22 -7.7 9.1
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Figure 3. 2D chemical structure for the amides Y3 (A), Y6 (B), Y14 (C), Y17 (D), Y22 (E), Y28 (F), Y30 (G) and Y32 (H)
within the pocket active site of the TEM-1 enzyme (1PZO).
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Figure 4. 2D chemical structure for the amides Y3 (A), Y6 (B), Y14 (C), Y17 (D), Y22 (E), Y28 (F), Y30 (G) and Y32 (H)
within the active pocket site of the IMP-1 B-lactamase (2DOO) enzyme.

The tested amide compounds (Y groups + 7ACA) show
promising results. The docking process with the both
enzymes gives us comparable or even a better score than the
standard inhibitors Table 3. Eight tested amides out of
thirty two were selected on the base of the best docking
results in both enzymes; these are with (Y3, Y6, Y14, Y17,
Y22, Y28, Y30 and Y32), which bound to 5-6 out of 9 amino
acids (those define the interacting space) of the TEM-1 (-
lactamase, in addition to four amino acids that potentiate
the interaction of the compounds with (Y3, Y6 and Y28), and
two more for compounds with (Y17 and Y22) , and only one
more in compound with (Y32) Figure 3. The same amides
bound to 5-7 out of 8 amino acids (those define the
interacting space) of the IMP-1 B-lactamase, compounds
with (Y6, Y14, Y17 and Y30) bound to 5 more additional
amino acids residues that potentiate their binding, the
compound with (Y3, Y22 and Y28) have another 4 amino
acids, and the compound with (Y32) has only one additional
amino acid residue Figure 4.

It is worth to mention that all the eight selected amides
represent docking results more than that of the standard
inhibitors in both enzymes. The substituents (Y3, Y6, Y28
and Y30) all were halogenated, while (Y14, Y22, Y28 and
Y32) were hydrophobic in nature, although (Y22 and Y28)
have an oxygen atom that can potentiate the interaction by

I NS

COOH

28

adding hydrogen bonding. On the other hand Y17 has a
couple nitro groups only.

From the above we can conclude that the active pocket
site of both enzymes classes prefer hydrophobic residues,
this is in agreement with previous studies on type A B-
lactamase (15,18). Another conclusion is that the
halogenated substituents with Meta or Para positions or
even in aliphatic chain all could potentiate the binding with
the both enzymes classes. Also the addition of the oxygen
atom to both the halogenated and the hydrophobic
substituents will potentiate the interaction with the both
enzymes by promoting additional hydrogen bonding with
amino acids residue in the binding sites.

3.3 Molecular docking study of the Schiff bases
compounds:

The chemical structures of the studied substituents are
listed in Table 4, while the docking results with both
enzymes are summarized in Table 5 for best poses selected
based on score value (kcal/mol)and manual inspection. The
interactions of 2D configurations of the Schiff bases with
both the TEM-1 (1PZO) and the IMP-1(2DOO) B-lactamases
were representing in Figure 5 and 6 respectively.

b
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Table 4. The structures of the designed Schiff base compound.

R1 ©/ R6 R 11 ©/\/
R2 /O/ R7 | A R 12 CH;
cl AN ©[
R3 O/ R 38 HSC/O)@ R 13 HO
O
R4 R9 /(I R 14 /O/
H3C\o Cl Cl HO
R5 e R 10 cl
H;C™
’ \QV/\ \©/

Table 5.

The results for the Schiff base compounds docked with TEM-1 - lactamase (1PZO) and the IMP-1 B-lactamase
(2DOO) enzymes (kcal/mol)

R5 -6.9

-7.8 R10 -7.1
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A253

3
ILE ASN /
AZ52  poa9 o =Y ser
"
>
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AL A192
3 A212 = -
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H: N . : :
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A195 H
ILE H
a252 H
SER
A210 A:220
ALA
A192
ILE @ Yoy
AZ20 o
A200 Acl96
ILE
A252 (L

A260

}* —
\
ALA ‘.‘ N ALA
A199 @ & A257
“U
o‘.

LEU ALA
A196 A253

D

E

Figure 5. 2D chemical structure for the Schiff bases R2 (A), R6 (B), R9 (C), R10 (D), R12 (E) and R13 (F) with the TEM-
1 (1PZO) B-lactamase enzyme.

29



Saleh A.A. and Mahmood A. A. J.

Schiff bases compounds (R groups + 7ACA) also show very
good results comparing with the standard inhibitors but still
less than those of the amides. This could be due to the
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hydrogen bonding formed by the carbonyl group of the
amide bond which can potentiate the interaction, while the
(-CH=N-) group of the Schiff basses lack such interaction.
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Figure 6. 2D chemical structure for the Schiff bases R2 (A), R6 (B), R9 (C), R10 (D), R12 (E) and R13 (F) within the active pocket site of the
IMP-1 B-lactamase (2DOO) enzyme.

Six tested Schiff bases out of fourteen were selected on
the base of the best docking results in both enzymes Table
5; these are with (R2, R6, R9, R10, R12 and R13), which
bound to 4-6 out of 9 amino acids (those define the
interacting space) of the TEM-1 - lactamase , in addition to
four amino acids for the compound with (R9 and R10), and
three more for compounds with (R12 and R13), and
compounds with (R2 and R6) only have 2 additional amino
acids Figure 5. The same Schiff bases bound to 4-6 out of 8
amino acids (those define the interacting space) of the IMP-1
B-lactamase, compounds with (R9) bound to 6 additional
amino acids residues that potentiate their binding, the
compounds with (R6 and R10) have another 5 amino acids,
and the compounds with (R2, R12 and R13) have 4, 3 and 2
additional amino acids residues Figure 6.

The substituents (R2, R9 and R10) all are halogenated,
while (R6, R12 and R13) were hydrophobic in nature. Again
as mentioned with the amides the halogenated substituents
and the hydrophobic residues potentiate the affinity and the
binding ability of any compounds when they added to their
structures to act as B-lactamase inhibitors.

4. Conclusion

Molecular docking for 46 derivatives of 7 amino
cephalosporinic acid (7ACA) against both the TEM-1 (-
lactamase (1PZO) and the IMP-1 [-lactamase (2DOO)
enzymes indicate possible enhanced activity of 8 amides and
6 Schiff bases compound compared with the standard
inhibitors (clavulanic acid, sulbactam and avabactam).
These compounds show promising docking interactions with
active pocket site in both enzymes. We can conclude that
the active pocket site of both enzymes classes prefer
hydrophobic residues, and the halogenated substituents
with Meta or Para positions or even in aliphatic chain all
could potentiate the binding with the both enzymes classes.
Also, both the halogenated and the hydrophobic
substituents containing oxygen atom will potentiate the
affinity and the binding ability of any compounds when they
added to their structures to act as B-lactamase inhibitors.
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